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] " PREFACE

This study was prepared by the United States Air Force Environmental Technical Application Center’s
Environmental Applications Branch, Readiness Support Section (USAFETAC/ECR), in responsc (0 a Support
assistance request (SAR) from the Sth Weather Wing, Langley AFB, VA, under the provisions of Air Weather
Service regulation 105-18. It documents work done under USAFETAC project 703-32, and is the second in a scries
of such "descriptive climatologies " prepared at the specific request of operational users. The first product in this
scrics was USAFETAC/TN-88/002, The Persian Gulf Region--A Climatological Study, publishcd in May 1988.
Like its predecessor for the Persian Gulf, this work is also complemented by (wo other Caribbean Basin studics:
one describes transmittance climatology in the 8-12 micron band; the other, refractivity climatology. Publication of
these complemcentary studies parallels or follows the parent work.

The project would not have been possible without the dedicated support of the many people and agencics we have
listed below in the sincere hope we’ve not omitted anyone.

First, our decpest gratitude and appreciation to Mr Walter S. Burgmann, Mr Wayne E. McCollom, Mr Ronald W,
Coyle, Mrs Kay Marshall, Mrs Marianne Cavanaugh, Mr Patrick Jones, Mr William Reller, Mrs Jeanette Davis, Mrs
Glcnda Amistrong, and Mrs Susan Keller of the Air Weather Service Technical Library. Without dedicated help
from the staff of this superb atmospheric sciences library--arguably the best in the United States--this study would
not have been possible.

Thanks also to Mr Mac Fountain, Mr Van Gibbs, Mrs Pam Hughes and other members of Operating Location A
(OL-A), USAFETAC, Asheville, NC, for providing data and data summaries that the authors had previously thought
impossible. These contributions were also vital.

To Maj William F. Sjoberg, SMSgt Charles Travers (USAF-Retired), TSgt Morris Fricdman, and SSgt Gordon
Hepbum of USAFETAC's Readiness Support Section (ECR), our thanks for their hard work, assistance, advice, and
encouragement. When big problems came up, at least one of them was able 10 provide a solution.

Thanks to Mr Robert Fett and Mr Ron Picard of the United States Naval Environmental Prediction Research
Facility for lending us large parts of their archived metcorological satellite imagery and analyzed chart archives.
This information provided many insights into specific meteorological situations that were not available from other
sources. Their permission to reprint selected images is gratefully acknowledged.

Thanks to Mr Maurice Crewe of the United Kingdom Meteorological Office for providing copies of studies not
available clsewhere.

Thanks 0 Lt Col Kemneth Herwzler, Maj Douglas Pearson, Capt Michacl Condray, Capt Eugene Dobry, CMSgt
Virgil Killman, MSgt Thomas Gilligan, MSgt Charles Lau, and SSgt Dale Liewellvn ‘all United Siates Air Force)
and Professor Forrest Williams, United States Naval Postgraduate School, for "peer rovie+3" of draft manuscripts.

The scnior author also thanks thoss many United States, Central American, and Souws American metcorologists
with whom he had the pleasure of discussing the meteorology and climatology of the study region during the past 8
ycars. This study would have been much the worse off without their contributions.

Finglly, all the authors owe sincere gratitude to the Technical Editing Section of the AWS Technical Library.
Special thanks 0 Sgt Corinnc Gage (or her superb technical illustrating skills; without her patience and cooperation,
many of the illustrations included here would not have been possible. Profound and heartfclt thanks go from all the
suthors (0 the AWS Technical Editor, Mr George M. Hom. Without his writing and editing skills, complemenicd by
35 years of weather and aviation experience, this work would have been far poorer and less intelligible. He thwarted
our best efforts to confuse readers by organizing our thoughts and turning them into plain language.
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Chapter 1

INTRODUCTION

AREA OF INTEREST. This study describes the
climatology and mctcorology of the Caribbean Basin.
As treated in this study, that region includes Central
Amcrica, the West Indies, and northern South America
south to the Amazon River. Figure 1-1, next page,
shows the complete area of interest and its three major
subregions:

Central America exiends from the Isthmus of
Tehuantepec southward to the Colombian frontier and
the waters immediately offshore,

The West Indies includes all the West Indian islands
and the waters of the Caribbean Sea.

Northern South America includes the entire northern
portion of the continent from the Caribbean south (0 a
tine along the Amazon River-Rio Maranon system from
Belem, Brazil, 10 5° S on the Pacific coast. Immediatcly
adjacent offshore waters are included.

Each of these three sub-regions has been further divided
into zones of "climatic commonality.” Central America
has been split into seven such zones, the West Indies,
four, and northem South America, nine. These zones are
shown on maps in Chapters 3 through 5.

STUDY CONTENT. Chapter 2 provides a general
discussion of the major meteorological controls that
alfect thc Caribbean Basin. These range from the
macroscale ("scmipermanent climatic controls"), through
the synoptic ("wropical disturbances"), and all the way to
the mesoscale ("land-sea breezes”). The individual
treatments of each climatic zone in subsequent chapters
do not include repeated descriptions of these phenomena,
but thcy do provide specifics unique o the individual
region or zone in question. Therefore, meteorologists
using this study should read and consider the general
discussion in Chapter 2 before trying to understand or
apply the individual climatic zone discussions in
Chapters 3 through 5. This is particularly important
because the study was designed with two purposes in
mind: first, as a master reference to the entire Caribbean
Basin, and second, as a modular reference 1o the several
sub-regions of the Caribbean Basin.

Chapters 3 through 5, then, amplily the gencral
discussions in Chapter 2 by describing the geography,
climate, and metcorology of the Caribbean Basin's three
individual sub-regions (Central America, thc West
Indies, and Northern South America). There are dctailed
discussions of each of the three subregions’ "climatic
zones of commonality,” or regions that are known 1o
feature reasonably homogeneous climatology and
meteorology. (Note: In mountainous areas (such as the
Northern and Southern Mountains of Central America
and the Andes of northern South America), metcorology
is not necessarily internally homogeneous, but it is
distinctly different from that of the arcas immediately
adjacent.

Discussions of each "season” in each climatic zone arc
organized in the following order:

Semipermanent Climatic Controls
Transitory Synoptic Features
Mesoscale and Local Effects
Typical Weather
General sensible weather:

Sky cover

Wind

Thunderstorms

Precipitation

Temperature

CLIMATOLOGICAL REGIMES, Since our entire
study region lies in the tropics, discussions are directed
to phenomena thdt are common to the tropics: that is, the
Monsoon Trough (or Intertropical Convergence
Zone/ITCZ), wrade winds, tropical disturbances, and so
on. All three study regions, however, are alfected by
polar surges during their respective hemispheres’
temperate zone winters. In the northem hcmisphere,
these surges routinely reach southward 10 the ccntral
Caribbean Sea and Honduras; in thc southem
hemisphere, antarctic surges reach northward (0 the
Amazon River. Surges in either hemisphere can, in
extreme cases, penetrate all the way 10 the Caribbcan
coast of South America. The main cffcct of these
outbreaks is to enhance convection atong and ahcad of
surge lines and almost totally supress it behind them,
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The traditional "four seasons,” at least as far as
temperate zonc meteorologists know them, are absent in
the Caribbean Basin. Instead, tropical meteorologists
recognize only a "wel season” and a "dry season,” with
periods of transition from one to the other. We have
used these tropical expressions of "season” throughout
this study, even though the terms "wet” and "dry" can
become blurred in certain areas--notably on the Pacific
coast of Colombia and in the extreme western portion of
the Northemn Amazon Basin.

CONVENTIONS. The spellings of place names and
geographical features are those used by the United States
Defense Mapping Aerospace Center (DMAAC).
Distances are in nautical miles, except for visibilities,
which are in statute miles. Elevations are in feet with a
meter or kilometer value immediately following.
Temperatures are in degrees Fahrenheit with a Celsius
conversion (°C) following. Wind speeds are in knots.
Precipitation amounts are in inches, with a millimeter
(mm) conversion following.

DATA SOURCES. Most of the information used in
preparing this study came from two sources, both within
the United States Air Force Environmental Technical
Applications Center (USAFETAC). Studies, books,
allases, and so on were supplied, with rare exceptions, by

the Air Weather Service Technical Library, or AWSTL,
which is the only dedicated atmospheric sciences library
in the Department of Defense and the largest such library
in the United States. Climatological data came direct
from the Air Weather Service Climalic Database or
through Operating Location A, USAFETAC--the branch
of USAFETAC responsible for maintaining and
managing this database.

RELATED REFERENCES. This study, while more
than ordinarily comprehensive, is certainly not the only
source of meteorological and climatological information
for the military meteorologist concemed with the
Caribbean Basin. The United States Navy has cithcr
published or is preparing to publish several excclient
Naval Tactical Applications Handbooks for the
Caribbean Basin. For example, Naval Environmental
Prediction Research Facility (NEPRF) Technical Report
89-08, Forecasters Handbook for Central America and
Adjacent Waters, September 1989, is an exccllent guidc
for specific Central American forecasting techniques.
Certain USAFETAC Data Summaries provide
summarized meteorological observational data for many
major airports in the Caribbean Basin. Stafl weather
officers and forecasters are urged to contact the Air
Weather Service Technical Library for as much data on
the region as is currently available.
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' Chapter 2
MAJOR METEOROLOGICAL FEATURES OF THE CARIBBEAN BASIN

The "major meteorological features” of the Caribbean Basin are listed below as they appear and are described in this
chapicr. These features affect the weather and climate of the Caribbean Basin the year around. The samc fecatures
are discussed more specifically in subsequent chapters as they relate to individual regions and subregions of the

study arca.
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SEMIPERMANENT CLIMATIC CONTROLS--LOW- AND MID-LEVEL

THE MONSOON TROUGH (or Intertropical
Convergence Zone--ITCZ). The Monsoon Trough
marks convergence between the air of the northern and
southern hemispheres. Here, the northeasterly trade
winds that originate as air flowing around the North
Atlantic High meet southeasterly trade winds that
originatc as air flowing around the South Pacific and
South Adantic highs. Flow from the South Pacific high
routinely crosses the equator and recurves eastward. In
such cases, the recurved air is called the "equatorial
southwesterlies” or "equatorial westerlies." Northward
penctration of this air depends on the time of year and the
location of the South Pacific High. Because of the
converging flow, the Monsoon Trough is the zone of
maximum cloudiness and rainfall. Precipitation and
cloud clusters in Central America north of the mean
Monsoon Trough are normally concentrated along the
continental divide and onshore from each coast, the
products of orographic lift and/or land/sea breezes. In
some high summer cases, the Monsoon Trough actually
oscillates between onshore and offshore, a result of
diurnal heating. Convection and associated precipitation
is concentrated within discrete cloud clusters or bands

scatiered along the Trough. (See "tropical disturbances™
for further discussion of these cloud clusicrs and what
causes them.) The solid look of the Monsoon Trough on
satellite imagery results fromthe merger and advection of
cirrus "blowolT" from these convective clusicrs.

Pressures in the Monsoon Trough are below 1010
millibars. The Trough oscillates north and south in
response (0 the sun’s position and to cross-equatorial
surges. These surges--trade wind or ex-polar frontal--
may drive the Trough well poleward of normal high-sun
positions. (For oceanic or flat terrain air flow, the
distance poleward that a cross-equatorial surge may push
the Trough depends on the angle at which the flow
crosses the equator. Except during the latc northemn
hemisphere summer, the Monsoon Trough is normally
discontinvous across the Andean ranges. Under thesc
conditions, the eastem Pacific Monsoon Trough moves
independently of the South American/Equatorial Atlantic
portion. From December through Fcbruary, the
Monsoon Trough (in both oceans) and the South
American continental surface low-pressurc cell are
located at theis southernmost positions--see Figure 2-1.

North

' A Atlantic Ocean

Figure 2-1. Monsoon Trough Position, December-January-February.
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The northeast (rade wind regime is intensified by
prevailing anticyclonic circulation at 500 millibars over
Central America. (This anticyclonic flow is only
intermittently interrupted by deep extra-tropical westerly
troughs penetrating into the tropics; sec "Semipermanent
Climatic Controls--Upper Levels" for further discussion
of these troughs) The northeast wrades extend
equatorward to roughly 5° N in the Eastern Pacilic.
Pacific cross-equatorial flow (from the southen
hemispherc) is conflined to the area between the equator
and 5° N; this llow originates on the northeastern side of
the South Pacific high. Low-level flow across the
equator is weakest during northern hemisphere winter
due to displacement of the South Pacific high poleward.
As a result, the Pacific low-pressure trough forms
between 2 and S° N. The Andean ranges, with mean
heights of 4 10 S kilometers, normally prevent the trough
from continuing eastward. Instead, it is found again
along the eastem slopes of the Andes in southeastern
Peru near 10° S. It lies along a west-southwest to
east-northeast line to just south of the mouth of the
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Pacific Ocean
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Amazon. Here il enters the cquatorial Atlantic and
continues eastward along 2-4° N. Bruzilian (and some
American) meteorologists believe that trade wind surges
(sce "tropical disturbances” under "Transilory Synoptic
Features”) along the north side of the trough recurve as
cross-equatorial Mlow. Becoming northwesterlies, they
eventually (according (o this theory) drive the Monsoon
Trough decp into the south-central Brazilian highlands
during March and April.

In March through May, the northward movement of
the sun combines with the retun of strong
cross-equatorial flow from the northward-moving South
Pacific High to force the Monsoon Trough northward
(see Figure 2-2). Similarly, increasing southcmn
hemisphere polar outbreaks combine with the northward
march of the sun to move the South American portion of
the Monsoon Trough north in the central Amazon basin.
At the same time, the equatorial -Adantic Monsoon
Trough position shifts northward, leaving the Brazilian
coast towards the northeast, near 5° N.

North
Atlantic Ocean

Figure 2-2. Monsoon Trough Position, March-April-May.
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There is no permancent anticyclone in the equatorial  directly affect the study area. Cross-equatorial (low {rom

eastern Pacific north of the equator during Junc, July, and
August; the Eastemn Pacific High is too far northwest to

the South Pacific High (the "equatorial westcrlics”) acts,
in effect, as the high pressure cell. See Figure 2-3.

North
Atlantic Ocean

Figure 2-3. Monsoon Trough Position, June-July-August.

The mcan position of the trough parallels the Pacific
coast of Central America, and reaches its most northward
points in latc May or early June. During July, it retreats
southward. This "surge and rctreat™ pattern is apparently
in response 10 the westward and northward extension of
the North Atlantic High over the Caribbean during June
and early July. Once established off the Pacific coast of
Central Amcrica in June, the Monsoon Trough is
anchored by three cyclonic centers: one olfshore of
southcrn Mcxico, one off Nicaragua, and another in the
Gulf of Panama. From here, the Trough normally surges
back and forth across the Isthmus of Panama in response
to southcrn hemisphere cross-equatorial  surges and
northern hemisphere trade wind surges (which sec). Due
to terrain cflccts, the Trough may or may not be found
across northern Colombia, but it is not normally apparent
as a distinct trough west of the eastern Colombian plains.
Terrain along the Caribbean coast of South Amcrica

(notably the eastern spur of the Andes in Venczucla)
combined with cold water immediatcly offshore of
Venezuela normally inhibits northward movement of the
Trough into the Caribbean itself. By August, the Trough
follows the Orinoco Valley, entering the Atlantic at the
mouth of the Orinoco and trending east-northcastward.
In the equatorial Atlantic west of 35° W, the large North
Atlantic High maintains northemn hemisphere trade wind
circulation consistently to 10° N. Similarly, the South
Atlantic (or St Hclena) High maintains southcasterly
trades over the South Atlantic northward o ncar 10° N
for those portions of the South Atlantic west of 35° W,
Pacific cross-equatorial flow strengthens in September
and drives the Monsoon Trough to its northcrnmost
position. But the flow weakens in late fall as the South
Pacific High moves southwestward and the casicrn
Pacific Monsoon Trough rctreats southward--sec Figure
24.

24
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Figure 2-4. Monsoon Trough Position, September-October-November.

A combination of (1) weaker Southern Hemisphere
flow, (2) the onset of Northern Hemisphere polar surges
over Central America and the Caribbean, and (3) the
southward movement of the sun drives the Monsoon
Trough southward into the interior of South America. At
the same time, the Equatorial Atlantic Monsoon Trough
moves southward, to near Belem, in response to the solar
cycle and associated southward movement of the North
and South Atlantic Highs. September and October may
see the extreme northern position of the Monsoon

Trough in response to strong equatorial southwesterlies
in the eastern Pacific, Panama, Costa Rica and western
Nicaragua. In extreme cases (as shown in Figure 2-5),
these southwesterlies drive the Monsoon Trough far
enough north to cross Central America in Guatemala,
enter the Caribbean just north of Honduras, slant
east-southeastward to cross the Lesser Antilles between
Trinidad and Barbados, and finally move eastward into
the Atlantic near 15° N. Such extreme northerly
positions, however, are rare.
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Figure 2-5. Extreme Northernmost Position of the Monsoon Trough.

NORTH ATLANTIC ("AZORES") HIGH. This
semipermanent  high pressure cell represents the
descending edge of the northern hemisphere Hadley cell.
Extending west to east from North America to Africa,
this high pressure center is normally centered near 30° N,
35° W in winter and near 35° N, 40° W in summer. It
covers most of the southern North Atlantic Ocean. In
winter, cast-northeasterly trades winds around ils
southern periphery move over the Caribbean Basin at 9
10 12 knots. When the cell shifts northward in summer,
the trades become east-southeasterly at 7 to 10 knots.
This circulation is persistent below 12,000 feet (3,660

meters) MSL. During the northern hemisphere summer,
the depth of the northeasterlies increases as latitude
decreases. Over the central Caribbean they reach 20,000
feet (6.1 kilometers); over the Orinoco Basin, they
extend to 40,000 feet (12.2 kilometers). The southern
side of the wadewind circulation converges with the
South Atlantic High cross-equatorial flow over the
equatorial Atlantic and in the Monsoon Trough, which
scc. Figures 2-6a & 2-6b show mean gradicnt llow over
the North Adantic for January & April and for July &
October.
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Figure 2-6a. Mean Gradient Flow, North Atlantic, January & April.
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Figure 2.6b. Mean Gradient Flow, North Atlantic, July & October.
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Figure 2-7 shows mean mid-level flow for January,
April, July; and October. At 500 millibars, the high
pressure cell sfopes southwestward wigh altitude from its
surface position. During northem hemisphere winter, it

covers the Caribbean Sea. In summer, it shifts northward

into the Gulf of Mexico, the southern United States, and
the north Adantic Ocean. Although this shift allows a

deep easterly flow over the entire Caribbean Basin
during  northem  hemisphere summer,  these
configurations tend to break down during late northern
hemisphere fall and spring. These are mean positions;
in northem hemisphere winters, troughs in the
mid-latitude westerlies often penetrate deep into the

tropics.

OCTOBER

Figure 2-7. Mean Mid-Level (500-mb) Flow, Caribbean Basin. Isopleths are in geopotcntial

meters,




SOUTH ATLANTIC HIGH. Figures 2-8a and 2-8b
show mean gradient flow over the Equatorial and South
Atlantic for January & April and for July & October.
The mean pressure of this southern hemispheric Hadley
circulation pattern ranges from 1018 millibars in
December to 1025 in July. Extending from Brazil to
Africa, the cell migrates northwestward from 32° w0 26°
S by July and the beginning of southem hemisphere
winter. Southeasterly outflow dominates the southern
Allantic basin from 25° S to the equator. Convergence
over water is limited to latitudes north of the equator due
to mean positions and strengths of both the South
Atantic and North Adantic Highs. Surface winds

originating in the southem hemisphere and feeding into
the Monsoon Trough have mean speeds of 6-8 knots in
July, and the Trough zone displaces only to about 10° N.
Southeasterly trade wind speeds just north of the south
Atlantic High, however, average 14 knots. Surface
friction reduces these speeds and tends to deflect wind
direction towards lower pressure. Like the North
Atlantic and North Pacific Highs, this cell slopes
westward and equatorward with height. At upper
tropospheric levels it becomes part of the Equatorial
Buffer  zone. See "Semipermanent Climatic
Controls--Upper-Level, " on page 2-20.
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Figure 2-8a. Mean Gradient Flow, South Atlantic High, January & April.
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Figure 2-8b. Mean Gradient Flow, South Atlantic High, July & October.

NORTH PACIFIC HIGH. Representing  the
descending, northern edge of Hadley cell circulation, this
large semipermanent high-pressure system covers much
of the eastern north Pacific Ocean. In winter, it extends
from the Pacific coast of North America to 160° W, with
its center near 30° N, 140° W. In summer, it reaches
from the Pacific Coast of North America to near 160° E,
with its center near 45° N, 150° W. It affects the
Caribbean Basin only indirectly, and then only at mid-
and upper-levels during Northern Hemisphere winter. Its
major roles are in: (1) developing upper-level westerlies
above 10,000 feet (3,050 meters) during the "dry" season
(November-April), and (2) providing upper-lcvcl
shearing that prohibits the northward intensification of
Eastern Pacific cyclones in October and November.
During June, July, and August, not even upper-level

outflow from the North Pacific High system, centcred
near 45° N, affects the Caribbean Basin. By September,
it has started 1o move southward, reaching near 35° N by
early December.

Another major but indirect effect of the North Pacific
high is the suppression of cyclone development. The
strong fall surges of cross-equatorial flow enhance the
equatorial westerlies and provide the Monsoon Trough
(now off the westem edge of Central America) with
extremely moist low-level flow. The southward
migration of the North Pacific High allows southward
penctration  of  upper-level  westerlics  and  cxpands
subsidence southeastward into southwcstern Mexico. As
a result, tropical cyclones spawned from the trough
recurve northward more frequently in late October and
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November. This puts them into the zone of the
westerlies that acts to shear the upper-level storm
circulation. The combination of upper-level shearing and
cooler sca surface lemperatures act to dissipate tropical
cyclones north of 30° N,

SOUTH PACIFIC HIGH. This semipermanent Hadley
cell is considerably stronger than its South Adantic
counterpart; mean central pressures range from 1025
millibars in July to 1035 in January. This cell plays an
indirect role in Caribbean Basin circulation, since its
outflow forms the Pacific Equatorial Westerlies. These
recurved southern hemisphere winds play a major role in
causing the abnormally heavy precipitation of extreme

western Colombia and the summer precipitation over
western Central America. Reinforcing these winds at 5-
to 7-day intervals during southem hemisphere winter are
periodic mass surges moving northwestward--and
recurving northeastward--that were originally migratory
sub-Antarctic polar outbreaks. Blocked in their eastward
movement by the Andes, these surges are channeled
northward, then northwestward, along the Chilean and
Peruvian coasts. No frontal characteristics have bcen
observed north of 20° S. See "Trade Wind Surges"
under "Synoptic Disturbances.” Figures 2-9a and 2-9b
show mean gradient level flow for January & April and
for July & October.
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Figure 2-9a. Mean Gradient Flow, South Pacific High, January & April.
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Figure 2.9b. Mean Gradient Flow, South Pacific High, July & October.

AMAZONIAN LOW. Although this heat low is a
semipermanent feature of the Amazon Basin (especially
of the western portion), the actual positions of its center
vary from summer (0 winter. Figures 2-10a and 2-10b
show mean positions of the Amazonian Low and the
Monsoon Trough, as well as mean low-level flow during
January and July. Notc that the low-level Monsoon

Trough, as shown here, is discontinuous at the Andes.
Note also that these discussions do not consider the
meteorological effects of the ongoing and widcspread
Amazon Basin rain forest clcaring. As of this wriling (in
early 1989), there had becn no definitive studics
completed and published by the Brazilian melcor-
ological community.
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EXPANDED DISCUSSION--AMAZON LOW AND
SOUTH AMERICAN MONSOON TROUGH. The
following provides a detailed discussion of the Amazon
Low and the South American Monsoon Trough during
southern hemisphere sumnmer and winter, respectively.

January-February-March (summer). Because of
intense subtropical heating (resulting, in part, from
subsidence from the Bolivian upper air high, which see),
the low shifts slightly southward and joins the well
developed summer heat low centered over southeastern
(lowland) Bolivia and northwestern Paraguay near 20°
south. Central pressures average slightly less than 1008
millibars. The Monsoon Trough zone that separates
northern and southern hemisphere circulations in January
(southern hemisphere summer) extends over the entire
Amazon basin. The Monsoon Trough (which see) is at
its southernmost position in response to the convergent
flow of the North and South Atlantic pressure cells as
well as to strong latent heat of condensation resulting
from intense convection in the southwestern Amazon
basin.

July-August-September (winter). The South
Atlantic High slowly increases its pressure as it migrates
northwesiwardly from April until July. Its movement,
combined with the northward march of the solar cycle,
results in a weaker Amazon low that is confined to the
Amazon basin, with mean surface central pressures of
1011 to 1015 millibars. Periodic polar outbreaks reach
the Amazon and join with Atlantic high pressure systems
in air surging northwestward over the equator. Heavy
rain evenls over Venezuela, and the temporary
displacement of the Monsoon Trough into the southem
Caribbean result. During such unusual events,
southwesterly flow has been observed over southwestern
Venezuela. This flow is not considered "equatorial
westerly” due to the air’s original sub-polar origin.
Because of the normal position of the Amazon low, true
equalorial westerlies do not occur over the interior of
South America.

TRADE WIND INVERSION. A mid-level inversion
formed by subsiding North Atlantic High air dominates
the entire Caribbean Basin and its coastal fringes.
Except in the immediate vicinity of convergence lines
and tropical disturbances, this inversion is present all
year. Figure 2-11 gives mean trade wind inversion bases
for January, April, July, and October over Central
America and the Caribbean. Radiosonde information is
too fragmentary, and terrain influence too great, to
permit extension of this analysis into northen South
America.

Inversion strength is weakest (and its presence least
likely) from May through October. Mean inversion base
heights are 12,000 feet (3,660 meters) at Trinidad, but to
the north and west, they average between 8,100 and
9,400 feet (2,470-2,865 meters). Mean thickness ranges
from 700 to 1,000 feet (215-305 meters). Mean
temperatures within the layer are nearly isothermal.

In midsummer, the inversion briefly strengthens due to
a temporary westward migration of the North Atlantic
High. This results in a general decrease in both cloud
cover and precipitation over the Caribbean Basin and its
immediate coasts.

In winter, inversion frequencies and intensities are
reinforced by the mid-level (500-millibar) anticyclonic
circulation discussed earlier. Temperatures at the base of
the inversion average from 1 to 2.5°C cooler than those
al the top. The thickness of this inversion layer averages
between 800 and 1,400 feet (275 and 420 melcrs).
During winter, bases of the inversion vary from 6,000 to
10,000 feet (1,830 and 3,050 meters) MSL, depending on
location,
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Figure 2-11. Mean Trade Wind Inversion Base Heights.

2-16




SEA SURFACE CONDITIONS. Warm sca surface
temperatures are extremely important elements in the
Caribbean Basin’s climate, if for no other reason than
that they sustain tropical air masses. The heat capacity of
water yields small diumal and annual sea temperature
variations; combined with the high annual solar
insolation, the result is a small annual temperature
variation. The Caribbean Sea and the adjacent equatorial
Aulantic and Pacific oucans are large sources of moisture;
the transitory and mesoscale synoptic features that cross
the Caribbean Basin tap them effectively. For example,
hurricanes characteristically intensify over the warmest
water.  Conversely, coastlines oriented parallel 0
prevailing winds produce localized upwelling that,

combined with upper-level subsidence and downslope
offshore flow, causes rain-fall suppression in the
Netherlands Antilles, extreme northem Venezuela, the
Colombian Caribbean coast, and the southern coast of
Ecuador. Anomalous sea surface lemperatures, negative
or positive, have large scale weather teleconnections.
(See El Nino discussions in the "Northern South
America--Pacific Colombian Coast" section). Sca
temperatures fluctuate between 75 and 82°F (23 and
28°C) throughout most of the region; however, they
drop as low as 70°F (21°C) off the southern Ecuadorian
coast in October. Figures 2-12 through 2-15 show mean
sea surface temperatures for January, April, July, and
October, respectively..
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Figure 2-12. Mean January Sea Surface Temperatures.
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Figure 2-14. Mean July Sea Surface Temperatures.
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Figure 2-15. Mean October Sea Surface Temperatures.
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SEMIPERMANENT CLIMATIC CONTROLS~UPPER-LEVEL

MEAN UPPER TROPOSPHERIC FLOW. Mean 300-millibar flow for January, April, July, and October over
the entire study region is shown in Figures 2-16 through 2-19, respectively.

A T

Figure 2-16. Mean 300-millibar Flow, January.
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Figure 2-17. Meatt 300-mitlibar Flow, April.
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Figure 2-18. Mean 300-millibar Fiow, July.
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UPPER-LEVEL WESTERLIES. By late auvtumn, the
mean North Pacific High position moves southward, with
two results. First, the mid-latitude westerlies start 1o
penetrate the Tropics. Second, outflow from the
southeast quadrant of the high results in sustained mean
westerly to northwesterly wind directions above 10,000
feet (3,050 mcters) west of Central America. This
combination periodically reinforces the strength of the
S00mb Caribbean Sea anticyclone, a reflection of the
low-level North Atantic High (which see) that develops
by late November. Reinforcement normally takes the
form of short-wave ridges moving through the westerlies
inmo the Caribbean Sea. As a result, upper-level
westerlies between 10,000 and 40,000 feet (3,050-12,200
meters) provide the steering currents necessary to let
mid-latitude air masses penetrate deeply into the
Caribbean Basin. These ex-polar air masses are the
primary weather producers during the dry season in the
western Caribbean basin. Mean upper-level westerlies
reach 87° 30° W in October, and 80° W by April; refer
back to Figure 2-7.

THE MEXICAN ANTICYCLONE (300-millibar)
occurs from August through October at upper levels and
serves as an exhaust mechanism for northeasterly flow
across the Caribbean basin. Swrong westerly flow over
Canada during summer causes upper-level ridging. This
northerly shift in the high-speed westerly flow results in
a closed high over the western Gulf of Mexico in July.
During October and November, the westerlies shift
south. The Mexican anticyclone, weakening as it moves
southward, reaches its most southerly position at !5° N
before disappearing as closed circulation; by early
December, it has been replaced by strong zonal flow off
the Pacific. In response to this flow and subsidence from
the north Pacific High (which see), a 500-millibar high
forms over Central America in January. Refer to Figure
2-19, Mean 300-millibar Flow, October.

SUBTROPICAL JET STREAM  (Northern
Hemisphere). During winter and early spring, when the
high pressure belts are farthest south, westerly winds
dominate the Western Caribbean basin above 700
millibars. These high-level winds frequently contain a
subtropical jet stream. Upper roughs advect eastward
within this current, allowing subtropical cold vortices
aloft (or "cut-off lows") to move slowly eastward from
the Pacific. Such occurrences are common in late winter
with the presence of a 500-millibar anticyclone over
northern Central America. The eventual shearing of
these troughs by the jet stream isolate "cut off lows” over
the western Caribbean and as far south as 12° N. Typical

winds within the subtropical jct are between 50 and 110
knots, but speeds above 150 knots are not uncommon
around intense troughs.

TROPICAL UPPER TROPOSPHERIC TROUGH
(TUTT). The TUTT is an upper-level trough that
separates the subtropical ridge from the sub-equatorial
ridge in the North Pacific or from the equatorial buflcr
zone in the North Atlantic near South America. The
TUTT is confined, in this study region, (o the North
Atlantic Ocean and Caribbean Sea (from 10 to 20° N) in
northern hemisphere summer and fall. As shown on the
300-millibar mean fiow charts for July and Ocilober
(Figures 2-18 and 2-19), it extends from the extreme
northwestern coast of Africa into (he cxtreme
southwestern Caribbean. The TUTT enters the study
arca near Puerto Rico and ends in the central Caribbean
north of Venezuela. On occasion, it reaches into the
extreme eastern equatoriai Pacific.

Mean streamline wind profiles at 300 millibars show
cyclonic vortices that vary in both synoptic and seasonal
locations. These vortices normally move along the
TUTT in a southwestward dircction. TUTT-gencrated
cloud systems depend upon available heat and moisture.
The TUTT often appears only as a shear line with no
large cyclonic cells or with very shallow dcveclopment
within the upper tropospheric layer. However, il may
appear at other times as a chain of cyclonic cells
hundreds of miles long with deep vertical circulation to
the surface. The major cloud systems are south of the
trough line. If not directly associated with the cyclonic
circulation, they are confined to the westerly flow
between the near-equatorial upper level ridge line and the
TUTT. The more intense convection is associated with
well-developed upper-level cyclonic circulation that
slopes vertically towards the southeast with increasing
height.

The TUTT’s most important role in the Caribbean basin
is that of providing outflow channels for organizing
convection. TUTT location and orientation also play
major roles in the secondary tropical storm/hurricane
formation area locatcd in the western Caribbean.

NORTHERN HEMISPHERE SUBTROPICAL
RIDGE. This major summer circulation (eature
produces the middle and upper troposphere stecring
mechanism for tropical disturbances. Remaining north
of 30° it acts as a formidablc northern boundary to
tropical storm development.
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EQUATORIAL BUFFER ZONE. From January
through March, this upper-level zane represents the
southem edge of the North Atlsntic High. At 500
mili.bars, it is a closed high-pressure cell over the
Caribbean Sea and the western North Adantic. But at
200 millibars, the ridge has sloped south to form the
equaorial buffer zone. In July through September, the
situation is reversed; the remains of the Bolivian High
have merged with the upper-level portion of the South
Atantic High over northern South America to form the
buffer zone discussed here.

SUB-EQUATORIAL RIDGE. This upper-level ridge
is similar to, and plays the same role as, the equatorial
buffer zone over South America. It is, however, far
enough north 10 lie entirely within the northemn
hemisphere (as does the Monsvon Trough), hence the
name. See Mean 300-millibar flow for October, Figure
2-19.

THE BOLIVIAN ANTICYCLONE - (300-millibar).
The Bolivian High is formed in January by a

combination of heating over the Andes and Bolivian
Altiplano and the latent heat of condensation rclcased by
intense convection over the westem Amazon basin.
Much like the Indian-Tibetan summer upper-air
anticyclone, this one acts as an upper-level exhaust
mechanism for convection. Specifically, the Bolivian
High produces a strong divergent upper-level wind field;
this divergence is responsible for concentrating surface
convergence. Streamlines identify the center at 15° S in
January (see Figure 2-16) when the posilion of the
Amazon low and the Monsoon Trough are farthest south
over the continent. Through April, the high maintains a
closed circulation--see Figure 2-17. Winds at 300
millibars average 30 knots. The high moves north to 5°
S by July, weakens drasticafly, and merges with the
South Atlantic High to become the South American
portion of the equatorial buffer zone--see Figure 2-18.
The upper-level wind ficld farther south reflects an
Andean leeside trough similar to that found east of the
Rocky Mountains during Northern Hemisphere winter.
The combination favors the equatorward penetration of
southern hemispheric winter polar outbreaks.
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SYNOPTIC DISTURBANCES

TROPICAL DISTURBANCES. Under this general
heading are discussed the tropical synoptic systems that
cause "disturbed weather” in the Caribbean. Most people
think of the tropics as having regular diumal weather
patterns thal repeat day after day. As might be expected,
"disturbed weather” is any condition that is not routincly
repeated; for example, a rain regime, unusual cloud
cover (or lack thercof), abnormal temperatures, drought,
and tropical storms. We recognize four general types of
tropical disturbances: (1) Trade Wind Surges, (2)
Eastcrly Waves, (3) Subtropical Lows, and (4) Tropical
Cyclones, to include tropical depressions, tropical
stonms, and hurricanes. Each will be discussed in turn.

Trade Wind Surges originate as migratory
high-pressure cells that move equatorward around the
eastern edge of a semipermanent high-pressure center
behind a cold front. The equatorward movement of these
cells is oficn channcled by mountain ranges. As an
example, southern hemisphere high-pressure cells
moving north are channeled by the Andean ranges and
the Brazilian highlands--just inland from the Atlantic
coast--into the western Amazon basin.

As these cells penctrate deeper into the tropics two
things happen. Firsi, they lose all polar air mass
characteristics, and second, the cold front becomes a
shcar line resulting from the loss of air mass
discontinuilies across it. As these "cells" move around
the semipermanent high-pressure areas, the prevailing
winds bring them into the easterly trade wind flow on the
semipermanent high-pressure cell’s equatorward side.
They then move steadily westward until all additional
mass has been dispersed sufficiently to dissipate the
“cell” or until poleward recurvature occurs around the
west side of the semipermanent high.

Surge periodicity, from various studies, is 5 to 7 days.
Poleward recurvature of these "mass surges” into the
equatorial westerlies is not unasual in the Indian Ocean
during the Southwest Monsoon. Such "mass surges” also
apparently occur in eastern Pacific Equatorial Westerlies.

In one of the few available studies conceming
cross-equatorial surges in this region, Fujita also found a
5- to 7-day surge periodicity. He attributcs iormation of
eastern Pacific tropical cyclones, in pan, to deep northern
hemisphere penetration of surges in the equatorial
weslerlies.

Litle is known about mass surges moving westward in
the southeasterly trades that reach South Amcrica. Some
Brazilian meteorologists claim (hat "eastcrly waves”
have been obscrved in the Natal-Balem arca during
March and early April, and recent UK research on the
weather of Ascension Island substantiates these claims.
If the rare phenomenon does occur, it is apparently
confined to the fall.

The terrain peculiarities of the  Amecricas--with a
massive mid- and low-latitude north-south mountain
chain on both continents--dictate that the strongest and
most noticeable trade wind surges will be found in the
summer hemisphere. The winter hemisphere (again
because of the Rocky Mountains in North and Central
America and the Andes in South America) has many
polar incursions that reach to within 10° of the equator.
In the winter hemisphere, therefore, trade wind surges are
normally destroyed before they become noticeable. See
"Polar Incursions"” at the end of this section.

Figure 2-20 is adapted from LeRoux’s "L¢ Climat dc
I’Afrique Tropical" and illustrates the process in the
Atlantic. Note that Professor LeRoux shows this
phenomena occurring over the equatorial Atlantic on
both sides of the Equator. Some Brazilian metcor-
ologists support his conclusions. A similar process is
believed responsible for pulses in the castem Pacific
Equalorial Westerlies, but studies of the south Pacific
high west of South America are too few to draw
definitive conclusions. Fujita’s pioneering study of the
equatorial eastern Pacific westerlies supports such a trade
wind surge origin. Figure 2-21 shows the progression of
these surges in the Pacific.
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Easterly Waves. A number of studies, pro and con, have been done on the easterly wave phenomenon since Richl
discovered it just aftcr World War II. The classic easterly wave takes the shape of an inverted "V" in deep easterlies
and extends upwards to 30,000 or even 40,000 feet (9.15 to 12.2 km). The trough curves northeastward; slope with
altitude is towards the east. Greatest circulation appears 10 be at 850 millibars. Figure 2-22, adapted from Riehl’s
"Tropical Meteorology,” shows the classic Caribbean easterly wave structure.
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Figure 2-22. Caribbean Easterly Wave Structure (from Riehl).
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Figure 2-23, adapted by Riehl from a study done by Reed et al using GATE data, shows horizontal flow palicrns
for four fevéls in the atmosphere. Although the pattems shown are not from the Caribbean, Riehl believes them 1o
be representative of Caribbean easterly avaves, as well.
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Research since Riehl’s pioneer efforts has revealed
permutations of the original concept. For example, it
was discovered shortly after World War II that the
precipitation occurred ahead of the wave trough
whenever the upper-level easterly flow is stronger than
the low-level flow, causing the trough to slope westward

than an enhanced easterly wave) shown in figure 2-24.
The term for this phenomenon was coined by Frank and
his fellow forecasters at the U.S. Weather Bureau’s
Miami Hurricane Center immediately after (the
acquisition of satellite imagery became routine. The
name comes from the enhanced cloud distribution

with height. A major variation on Riehl’s easterly wave  poleward around the inverted trough.
structure is the "inverted V" (apparently nothing more
50W ' 40W 30W.
) T T | T

Figure 2-24, The "Inverted V" Phenomenon.

Easterly waves seem 1o be found primarily in the
westemn equatorial north Atlantic, the Caribbean, and the
western equatorial north Pacific.  Strongest intensities
occur when a very low-level westerly wind layer (100 0
150 mb deep) is present. Such events occur in the
monsoon trough, where equatorial westerlies provide
such flow, or on a lemporary basis in deep easterly trade
flow due 0 local circilation around the wave. Other
tropical oceans see only an occasional easterly wave, and
even the three areas mentioned here often see "spells of
disturbed weather” that don’t fit the easterly wave model.
1t now appears that the easterly wave is only one type of
tropical disturbance resulting from a trade wind surge. It

is common enough in the three areas mentioned to
warranl special identification and tracking. In other
areas, it i3 recognized when it makes an infrequent
appearance. (One surmises that it would not havc been
identified as "the synoptic model” had it not bcen
observed in a relatively dala-rich area--one having
relatively large numbers of upper-air soundings and
numcrous aircralt rcports--at a timc when a large
concentration of  newly-trained  melcorologists’
immcdiate carcer progession depended upon being able
1o make accuraic tropical weather forccasts for routine
military operations.)
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Subtropical Cyclones., As the name implies, these
upper-air circulations are normally found between 20°
and 35° poleward of the equator in either hemisphere.
Known for years in the Hawaiian Islands as "Kona
lows,” subtropical cyclones originate as mid-latitude
upper-level lows. Afier being cut off from the
high-speed weslerlies, some will drift southeast or south
into the tropics. At this point all circulation occurs above
700 mb, with the maximum usually about 400 mb;
low-level circulation is almost non-existent. The cloud
shield consists primarily of middle clouds and cirrus,
with some heavy cumulus and a few embedded

cumulonimbus near the low center. Latent heal of
condensation gradually transforms these lows into warm
cored systems; when this happens, they normally fill and
dissipate.  The subtropical cyclone is belicved to be
partly responsible for Central American "tcmporales.”
On rare occasions, they have been transformed into
tropical cyclones, an event that requires the simultaneous
presence of a low-level disturbance (easterly wave or
squall line) moving inwo the subtropical cyclone
circulation field with enough strength (o reinforce the
subtropical cyclone circulation. Figure 2-25 shows a
typical subtropical cyclone.
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Figure 2-25. Radial Cross-Section, Typical Subtropical Cyclone. Severe constriction of the
horizontal scale allows only features of the vertical motion and cloud systems to be shown. Divergence is indicated
by plus signs, convergence by minus signs. Regions of vertically moving air undergoing dry adiabatic temperature
changes are denoted by D; regions undergoing moist adiabatic temperature changes are denoted by M.
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Tropical Cyclones. In the Caribbean Basin, tropical
cyclones commonly form over warm (81°F/27°C or
warmer) water and in a relatively unsheared vertical wind
structure.  Given these conditions, any one of the
following may act as a trigger: (1) a west African squall
line, (2) an easterly wave, or (3) a TUTT cyclone. In the
first two cases, sufficient outflow must be present above
the top of the developing tropical cyclone (0 sustain the
enhanced convection. TUTT cyclones--similar to

OVERFLOW FROM THE STORM TOP

subtropical cyclones—provide initial outflow for
enhanced convection to form. This convection, by latent
heat of condensation, then forms a high-leve! anticyclone
near the TUTT; this further enhances outflow, which
enhances convection, and the cycle rcpeats. Figures
2-26, 2-27, and 2-28, adapted from Atkinson, Richl, and
Atkinson, respectively, show a tropical cyclone vertical
cross section, horizontal low cross section, and
high-level horizontal cross sections. '
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Figure 2-26. Tropical Cyclone Vertical Cross-Section.
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Figure 2-28. Tropical Cyclone High-Level Horizontal Cross-Section.
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All three of the preceding figures have been modified to
reflect the most recent ropical cyclone research findings.
They show typical cloud distribution and high-level
outflows for tropical storms. All tropical cyclones in the
Caribbean have organized circulations, and are classified
by maximum sustained wind speed (not gusts) into:

*Tropical depressions--Winds less than 34 knots.
*Tropical storms-- winds between 34 and 63 knots.
sHurricanes-- winds above 64 knots.

Intense hurricanes sometimes include "concentric wall
clouds"--a rarc phenomenon that only occurs with central
pressures below 950 mb, but most often below 920 mb.
A circular outer convection ring forms at a radius of
50-75 miles (80-120 km) from the eye. For several
days, these rings contract inward, progressively
weakening the wall cloud structure. Eventually, this
outer cye contracts enough to absorb the existing wall
cloud. This phenomenon distorts "normal” hurricane
wind and precipitation distribution.  "Inner eye"
maximum winds are weaker than might be expected;
winds around the "outer eye” increase in intensity well
beyond that which might be expecied so far from the
center.  Winds between the two wall clouds are
lighter--often remarkably so--than forecast. Precipitation
distribution between the -two wall clouds is similarly
modificd. The left sides of Figures 2-26 amd 2-28 show
these concentric bands; the right sides show the more
common and conventional single band at the eye.
Normally, only hurricanes with long tracks over the
Caribbean reach intensities required to form concentric
wall clouds. "Allen” and "Gilbert" showed such
behavior in their most intense stages. Although "Gloria”
started to form concentric rings, she was not strong
enough to complete them. There is some evidence that
"Joan" had at least an incipient second wall cloud. These
fcatures are often obscured by cirrus and therefore hard
to identify. Microwave satellite sounders, however, offer
the possibility of spotting them by using sea surface wind
paticns.

Storm frequencics and mean tracks are discussed further
in other sections of this study.

POLAR SURGES. Most temperate zone and tropical
meteorologisis agree that classical Norwegian air mass
and frontal theories don’t apply in the tropics. Meteor-
ologists at places where, for example, the Monsoon
Trough is called the "intertropical front” or the "front

intertropicale” (ITF or FIT) are merely reflecting long-
established local convention. In certain areas of the
world, however, polar air does penctrale decply into the
tropics. Such is the case in both North and South
America. Delails are provided in subsequent regional
sections, but some polar surge generalities (ollow:

Surges from the North. In Central America and the
Caribbean, cold fronts repeatedly enter the region from
North America in fall, winter, and spring (a summcr cold
front might rarely reach the northern Gulf of Mexico in
summer). Cold air is channcled by the Rocky
Mounuains, which run intact to as far south as the
Isthmus of Tenhuaniepec and with only a few low gaps
as far as southem Nicaragua. The cokl air modifics
rapidly over the Gulf of Mexico and the Caribbean.

Most meteorologists in the U.S. believe that frontal
characleristics are rarely found south of an east-west line
drawn through Yucatan and the -northcrn Antillcs.
However, Central American meteorologists insist that
small but measurable air mass contrasts can be found in
the lower 10,000 feet (3,050 meters), at feast from
December through March.  Delails aside, it is beyond
question that polar shear lines reach deep into Central
America and the Caribbean. In extreme cascs they reach
the Caribbean coast of Colombia and Venczuela. The
northerly and northeasterly flow behind these shear lines
gives considerable convective activily over any mountain
range oriented even roughly east-west. Satcllitc imagery
is the preferred--and often the only--means of tracking
such surges once they enter the Caribbean Sea. Figure
2-29 shows such a surge--very strong--reaching dcep into
the Caribbean Basin.

Surges from the South. South America, because of
channeling by the Andes and general downslope flow
from extreme southern Brazil into the Amazon Basin,
sees repeated odtbreaks of sub-Antarclic air into the
southern Amazon Basin during July, August, and
September. Strong polar outbreaks reach all the way (o
the Equator; a few have been tracked as far north as
southeastern Colombia, southem Venezucla, and the
southern Guianas. There are at least two documented
cases of southern hemisphere polar surges that reached
the southern Caribbean.  Northward surges arc best
followed by satellite imagery. Convection in the
Amazon Basin is suppressed in the "cold” air behind the
surge line; it is greally enhanced in the Guyana
Highlands and, in rare cases, as [ar north as the south
side of the eastern Andean range along the Venezuclan
coast. Figure 2-30, taken from Parmenter, shows an
extreme case of a southern hemisphere surge.
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MESOSCALE AND LOCAL FEATURES

LAND-SEA BREEZES. Coasts oriented perpendicular
to the prevailing winds, as are the Atlantic and Pacific
Coasts of Central and South America, are a primary
cause of enhanced convection lines. This is particularly
true where the coast is immediately backed by
mountains. Two particular situations are important: In
the first case, the prevailing trades are onshore. A strong
land breeze forms in the early moming hours and
opposes the prevailing trades. Shortly after local sunrise,
a line of heavy cumutus forms 10 to 20 miles (16 to 32

kilometers) offshore. By mid-moming, the collapse of
the land breeze allows this line (o move onshore. The
combination of the trades and sea breezes provide highly
favorable conditions for movement well intand. Depth
of penetration depends on the terrain; in the case of the
Amazon Basin, it may be several hundred miles. Along
the Pacific Central and South American coast, during
those periods when the Equatorial Westerlies reach the
coast, a similar phenomena occurs. Figure 2-31 shows
this process at work.
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EARLY AFTERNOON

g
LAND A \/‘ . NE TRADES +
NE TRADES '\\ A BREEZE
EARLY MORNING LATE AFTERNOON
&2 ]
DISSIPATING u
LAND BREEZE
\‘ NE %ﬂﬂm
S :§. TRADES ss::nsm NE TRADES
- - —

EARLY EVENING

\

LATE EVENING

Figure 2-31. Land/Sea Breeze,

In the second case, the prevailing trades are offshore. A
typical example is that of the Pacific Central American
coast during the wet season when the northeasterly trades
are weak enough to allow convection to move onshore
with the sea breeze. The sequence of events is similar to

On-Shore Gradient Winds.

that with onshore trade flow; this time, however, the
convection line rarely penctrates more than 10 milcs
inland. Exacl "contra-trade” movement is a function of
trade wind and opposing sca breeze strengths, This
process is illustrated in Figure 2-32.
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A special case of land-sea breeze convection occurs over
peninsulas or relatively narrow land masses--such as
Costa Rica and Panama--during periods of weak gradient
flow. Here, sea breezes from opposite coasts meet over
the central ridge line. The result is a late moming
through early evening "standing wall of convection™ over
the ridge crest. Figure 2-33 shows how these convective
lines form.

CARIBBEAN

PACIFIC
f
Figure 2-33. "Standing Wall of Convection."

LAND-LAKE BREEZES. In the absence of trade
winds and mountain valley breezes, late night sees
convergence and heavy cumuliform buildups in the
centers of large lakes--Maracaibo in Venezuela and
Nicaragua and Managua in Nicaragua, for example. Late
aftemoons would see virtually a cloud-free lake
surrounded by a ring of heavy convection some 10 to 20
miles (16 to 32 kilometers) inland from the shore. The
prevailing trades, however, tend to deform this effect into
a bow shape with the end of the bow anchored along the
mountains on either side of the lake. The bow reverses
from night to afternoon, with the night apex being further
upwind and the aftemoon apex further downwind. This
effect combines with mountain-valley breezes to produce
the final shape and location of the convergence line.
Heavy cumulus dissipates in early evening; if the trades
are weak enough, land breezes converge in the middle of
lake to form isolated heavy cumulus during early
moming hours; they dissipate shortly after dawn,
Figures 2-34 and 2-35 show simple and complex
land-lake breeze regimes, respectively.

2-37




EARLY MORNING

" Figure 2-34. Simple Land-Lake Breeze.

MESOSCALE CONVECTIVE COMPLEXES.
Satcllite imagery shows heavy convective clusters in the
interior of South America during the wet season. These
are strikingly similar to the mesoscale convective cloud
clusters (MCCs) found in the United States and, much
like United States MCCs, these clusters last for 18 o 36
hours; they often reach the western Amazon basin.
During May and June some have been observed to
become stationary over the extreme western Amazon
basin. They then apparently recurve eastward against the
flow on the south (poleward) side of the monsoon trough.
Such cases are boik: rare and controversial.

AFTERNOON

EARLY MORNING

Figure 2-35. Complex Land-Lake Breeze.

MOUNTAIN-VALLEY BREEZES may or may not
affect local winds and weather, depending on mountain
orientation and terrain complexity. Windward slopes of
mountains see an enhancement of valley (upslope)
breezes and drastic weakening--if not elimination--of
mountain (downslope) breezes. These result in carlier
formation of mountain cumulus, heavier precipitation
along ridges, and increased chances of ground fog in
valleys. Leeward ridge slopes see opposing effects. The
strongest effects of classic mountain-valley breezes are
normally found in the dry season when prevailing winds
are lighter. Figure 2-36 illustrates this process.
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Figure 2-36. Simple Mountain-Valley Breeze.
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A typical mountain-valley setup sees nocturnal fog and
low straus forming in valleys before dawn and
dissipating by 0900 LST. By 1100 LST, heavy cumulus
has begun to form along the surrounding ridge crests. By
early afiernoon, there are rainshowers or thundershowers
over the mountains. When mountains are high
enough--as in the case of the higher Andean
ranges--snow or hail showers occur. If the mountain- top
synoptic scale winds are strong enough, the showers or
thundershowers move off the ridges and drift
downstream over valleys. Convection dies out shortly
after sunset; by mid- evening, skies are clear.

Variations on the simple mountain-valley breeze theme
abound. Deep mountain canyons often see much warmer
temperatures (many canyon bottoms are semi-arid) due
to adiabatic compression of night mountain winds. Wide
mountain valleys see afternoon convection cells spaced
across the valley. Locations in or near the intersection of
two or more mountain canyons/valleys see a complex
combination of airflows that defy description.
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Chapter 3

CENTRAL AMERICA

This chapter describes the situation and relief, major climatic controls, geography, and general weather of Central
Amgcrica, which is politically divided into seven countries and, for this study, a small part of Mexico. From north
to south (with political abbreviations), the seven countries are: Belize (BH), Guatemala (GT), El Salvador (ES),
Honduras (HO), Nicaragua (NK), Costa Rica (CS) and Panama. For this study, however, the Central American land
mass has been divided into six regions selected on the basis of their topographic and climatological similaritics.
Those six regions, each of which will be discussed in this chapter, are shown in Figure 3-1, overleal.
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CENTRAL AMERICA

SITUATION AND RELIEF. Central America, as
geographically defined in this study and as shown in
Figure 3-1, opposite, is a ruggedly mountainous region
that siretches more than 1,300 miles from the Isthmus of
Tehuantepec and the Yucatan Peninsula in the north to
the Panama-Colombia border in the south. It is about 32
miles (60 km) wide at its narrowest point across the
Isthmus of Panama. Its widest point (513 miles--950
km) is from the northern tip of the Yucatan Peninsula to
the Pacific Coast of Guatemala. Central America is
bounded on the north by the Bay of Campeche and the
. Gulf of Mexico, (0 the south by the North Pacific Ocean,
and (o the east by the Caribbean Sea.

Two major geographic features affect Central
American wcather:  Firsl, mountain ranges (many with
volcanic features) dominate the landscape of every
Central American country. Many peaks reach from
10,000 to 15,000 feet (3,050 to 4,575 meters). All these
ranges form barriers (o the general atmospheric flow and
affect every conceivable meteorological variable.
Second, Central America is effectively a peninsula,
situated so that there are large warm-water moisture
sources on all sides. Large lakes and river systems act as
secondary moisture sources.

For the purposes of this study, the Central American
land mass has been divided into six regions selected on
the basis of thcir topographic and climatological
similaritics. Those six regions, each of which is the
subject of major discussion in this chapter, are shown in
Figure 3-1. These regions are, in their order of
appearance in this study: the Yucatan Plains, the Pacilic
Coastal Plain, the Caribbean Sea Plain, the Northem
Mountains, the Nicaraguan Lakes, and the Southern
Mountains.

MAJOR CLIMATIC CONTROLS. Central America
is dominated by four major features:

The Monsoon Trough, representing the zone of
convergent surface winds, produces extensive arcas of
heavy convection. The semipermanent nature of this
convergence zone distributes rainfall in the form of
thunderstorms over Central America during northern
hemisphere summer and fall. The Trough oscillates
seasonally from 2° N to 17° N, responding to increases in
the magnitude and (requency of equatorial westerlies off
the Pacific.

The Northeasterly Trades, generatcd by the North
Atlantic High, bring warm Caribbean moisture into the
region; seasonal variations in northeasterly flow across
Central America arc shown in Figures 3-2a-b. In
January, as shown in 3-2a, the mountainous interior acts
as an effective barricr 0 the northcasterly flow of
moisture, and all the moisture off the Caribbean remains
east of about 85 degrees. But in July, as shown in 3-2b,
deeper flow penetrates all the way to the Pacific.

The Trade Wind Inversion controls the length and
extent of the Central American dry season; this
phenomenon (exclusive 10 winter) suppresscs con-
vection. The North Atlantic High produces semiperm-
anent subsidence aloft with base heights varying between
6,000 and 9,000 feet (1,830 10 2,745 meters). The
inversion base is not uniformly distributcd over the
region, but generally slopes upward from north to south.
Lowest heights are observed during March and April,
coinciding with the driest periods in the study area.

Tropical Storms and Hurricanes arc wet scason
(June 0 November) phenomena. They (typically
originate as easterly wave impulses off the west coast of
Africa and drift westward in the northeast trade wind
circulation. There is severe wind damage and flooding
wherever these storms make landfall. Figure 3-3 shows
tropical storm source regions for each month of the
Central American wet season.
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Figure 3-2a. Mean January (Dry Season) Vertical Wind Profile. Northeasterly flow weakens east
of 85°N. The inset in both figures is a look-down view that shows how the large-scale topographic barrier inhibits
moisture flow into western Central America.
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Figure 3.2b. Mean July (Wet Season) Vertical Wind Profile. Deep northeasierly flow penetratcs
into the Pacific. Strong flow (greater than 10 knots) is present to 20,000 feet MSL (6,100 meters).
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3.1 THE YUCATAN PLAINS
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Figure 3-4. The Yucatan Plains. This region comprises the entire Yucatan Peninsula south to the Altos
Cuohumantes (Cuohumantes Highlands) and the Sierra de las Minas (Minas Mountains) in central Guatemala. The
region includes the northern extension of Guatemala and the country of Belize. The southwestem boundary runs
along the base of the Chiapas Plateau westward into the Isthmus of Tihuaniepec with an arbitrary demarcation at the
500-foot (150-meter) contour line. Monthly climatology summaries for Campeche, I.lexico, and Puerto Barrios,
Guatemala, are inset.
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YUCATAN PLAINS GEOGRAPHY

The Yucalan Peninsula has long coastlines on the Bay
of Campeche, the Gulf of Mexico, and the Caribbean
Sea. In effect, it separates the Gulf of Mexico from the
Caribbean. The Tabasco region on the northwest (or Bay
of Campeche) coast has large river systems and many
small lakes. Rivers of all sizes have created extensive
marshlands on both sides of the peninsula. Terrain rises
gradually inland from north to south, leveling off 10 a
plateau that stretches from the south-central part of the
peninsula into central Guatemala,

Large bays pockmark both coasts of the Yucatan
Plains region; the two largest are the Bay of the
Ascension and the Bay of Chetumal. The Bay of
Campeche (actually the southward extension of the Guif
of Mexico) dominates the northwest coast. There is a
smaller bay at Isla del Carmen,

Extensive river systems cover the plain. There are
numerous small lakes and lagoons, especially in the
Plains of Campeche and Tabasco to the northwest. Here,
innumerable small lakes are connected by large rivers
such as the San Antonio, the Grijalva, the Uspanapa, and
the Coatzacoalcos. The Chipas Mesa (Meseta de
Chiapas) to the southwest is the source region for the
hundreds of tributaries feeding these rivers. These

meandering waterways have produced extensive
marshlands along the southern coasts of Campeche Bay.

Rivers and marshlands are equally extensive on the
Caribbean Coast. From the Bay of the Ascension
southward to the Gulf of Honduras, the relatively flat
terrain is interrupted only briefly by the Maya Mountains
in southcrn Belize. The rivers in this area, while more
numerous, are not nearly as large as their western
counterparts. The Caribbean coastal elevation is less
than 328 feet (100 meters) and is subject to local
flooding after prolonged heavy rains

The inland region of the Yucatan consists of a plateau
rising gently from the coastal plains into the foothills of
central Guatemala. The combination of gradual slope,
limestone soil, and frequently heavy rain encourage
extensive marshlands in northern Guatemala, especially
in the area north of Lake Peten Itza, at Flores.

Coastal swamps on the Yucatan rapidly give way (o
cropland and scattered forests inland. With increasing
elevation, woodlands begin to predominate. These
broadleaved evergreen forests yield to grasslands in
southern Belize and central Guatemala at terrain heights
over 1,000 feet (305 meters).




YUCATAN PLAINS WET SEASON

GENERAL WEATHER. Suong diumal surface
heating produces daily aftemmoon tradewind cumulus and
isolated showers throughout the region. Hcavicr showers
ai thunderstorms  typically develop within other
synoptic disturbances. Easterly waves, hurricanes, polar

May-November

surges, and tradewind surges in the Monsoon Trough
will trigger larger scale convection (see Figure 3-5). The
300-millibar  fMlow pattem usually sustains  strong
convection during the summcr.

Figure 3-5. Typical Wet Season Weather Pattern. Good outflow at 300 millibars sustains heavy sca
breeze convection throughout Central America, as shown in this 13 August 1986 sateflite photo.

SKY COVER. Rclative humiditics during the wel
scason arc cxtremely high at 70 10 87%. High dew point
temperaturcs (69-74°/21-23°C) produce condensation at
the 2,000- 0 3,000-foot (610- to 915-meter) level during
the day. Pcreent frequency of ceilings below 3,000 feet
(915 mcters) for all hours shows the increasc in sca

breeze trade wind cumulus along the lowlands necar
Chetumal, Mexico, during the summer. Figurc 3-6 gives
month-to-month  comparisons of daytime cciling
frequency below 3,000 feet at Merida, Chcwumal, and
Pucrto Barrios.
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Figure 3-6. Percent Frequencies of Ceilings below 3,000 feet (All Hours).

Mean cloudiness (62-73%) varies little throughout the
Yucatan except on the northern coast of the peninsula,
where it averages 5-10% less. The dillerences are a
function of cloud type; lypically, cirrus associated with
weak easterly waves and polar surges cause the slight
diffcrence. Often, cirrus covers the immediate coastline
during wesaker fronia! passages, while low-level
advection of stratus (with bases near 1,000 feet or 330
melers) is common with the more intense passages.
Cloud cover along the Caribbean shores, on the other
hand, consists of rade wind cumulus (with bases near
3,000 feet or 915 meters and tops reaching 20,000 feet
or 6.2 km) moving inland over the southern plain.

Orographic lifting produces slightly greater mcean
cloudiness. The frequency of ceilings below 1,000 fect

(330 meters) increases after 1900 LST and lasts until
0600 LST because of slower diurnal wind velocitics,
lower air temperatures, and moisture convergence. In
Puecrto Barrios, ceilings less than 3,000 fect are most
frequent (3542 percent of the time) between 1900 and
0600 LST. Land breeze convergence over warm walers
in the Gulf of Honduras increases the percent fregquency
of ceilings below 3,000 feet (915 meters) beginning in
May through an August peak. This phenomenon is
illustrated by the cciling curve in Figure 3-7 for Pucrto
Barrios, Guatemala, between 1900 and 0600 LST.
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Figure 3-7. Percent Frequency of Ceiling/Visibility Below 3,000/3, Puerto

Barrios, Guatemala, 1900-0600 LST.

WINDS. Northeast trade winds average 5-8 knots and
affect the entire region during the summer. Daytime sea
breezes rarely exceed 10 knots, but are stronger in May
when intense surface heating creates a steeper pressure
gradient along the sea breeze front. Winds at 20,000 feet
(6,098 meters) become northeasterly in May at Merida,
Vera Cruz, and Belize City. From June through
September, winds at 30,000 feet (9,146 meters) show
northerly outflow from the 300-mb anticyclone in all
upper-air  observations. See Figure 3-8 for
month-to-month comparisons of wind direction at 5,000
feet at Merida, Belize City, and Vera Cruz. The trade

wind flow on the northemn tip of the Yucatan peninsula,
for example, parallels the coast and is perpendicular to
the sea breeze. The resulting wind vectors are divergent.
Along the windward mountain slopes, breezes from the
Caribbean and the Bay of Campeche produce daytime
convergence lines, while westerly land breezcs,
accentuated by topography, funnel nocturnal low-level
convergence into southern Belize. These convergent
breezes produce annual precipitation amounts of morc
than 130 inches (3,302 mm). The persistence of easterlics
is evident except at Vera Cruz in October; the reason: iw
proximity to migratory lows and mid-latitude westerlies.
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Figure 3-8. Mean Wind Direction for Three Locations on the Yucatan Plains. Vcra Cruz
actually lies to the west of the Yucatan Plains region. Even so, its upper-air observations are representative of

conditions along the southem coast of the Bay of Campeche.

HURRICANES. The main effer1 of Central American
hurricanes is concentrated ncar the coastal port of Belize
City; most storms that affect the Yucatan make landfall
within a 100-milc radius of this unfortunate community.
Ceilings of 500 to 1,000 feet (150-330 meters) are
common, and winds associated with individual spiral
bands vary in strength and direction.  Another similar
disturbance, the Temporale, may occur during surges of
the Monsoon Trough when low-level convergence
stimulatcs the atmosphere in the Gulf of Honduras.
Tropical depressions and sub-tropical cyclones that shear
from descending mid-latitude fronts stagnate in relatively
calm surroundings along the coastal edges of the western
Caribbcan. Monsocon Trough surges concentrate

low-leve! convergence within the pre-existing region of
instability. The conditions lcading to the intcnsification
of these cells are poorly understood. Unlike hurricancs,
temporales are characterized by an “all-layer depression”
(Hastenrath, 1985) maintained by large-scale low-lcvel
convergence (surges), convection, and upslope motion of
moisture along topographic bamriers.  Further, the
"temporale” (as the term is used here) is typically
composed of stratiform cloudiness with virtually no wind
or thunder, thus scparating the phenomena from the
"convective cloud cluster.” However, intense rainfall of
1 to 2 inches (25-52 mm) an hour is not uacommon.
Temporales are most frequent in September and Octoher
during the height of southwesterly flow from the Pacific.
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YUCATAN PLAINS WET SEASON

THUNDERSTORMS. Although convective activity is
al its peak during the wet season here, the annual number
of thunderstorm days throughout the region is
surprisingly low. Merida, on the northern edge of the
plain, averages thunderstorms on 9 days a year, while
Coatzacoalcos, Mexico, farther to the west along the
Mexican coast, averages 33 days. The westward increase
in storminess is related to topography and favorable
coastal configurations that do not create low-level
divergence. Belize City, on the Caribbean coast , has 52
days with thunderstorms during the wet season alone,
with 11 of those days in August and 10 apiece in June
and July. Orographic uplift increases the chance for
severe thunderstorms; there may be small hail and
damaging winds that reach 45 knots.

PRECIPITATION. Distributions vary widély (from 30
to 160 inches) throughout the region, but amounts
generally decrease from southwest to northeast. In
southern sections, easterly wave and Monsoon Trough
instability combine to produce higher rainfall totals. The
west coast of the Yucatan proper averages 30-50 inches a
year, moslly from mid-latilude fronts and tropical
depressions. Inside an imaginary triangle from Punta
Gorda, Belize (16° 10’ N, 88° 45’ W), southward 0
Pucrto Barrios, Guatemala (15° 43’ N, 88° 35’ W), and
then west-northwestward into the northern Guatemalan
plain and southem Mexico, rainfall is a product of

May-November

convergence line convection of daytime onshore flow
along the eastern edges of the Guatemalan mountain
ranges. Along the northern Caribbean coast at the
Yucatan coastal village of Chetumal (18° 30’ N, 88° 18’
W), trade wind flow reinforces the sea breeze, but lack of
significant topography produces average annual
precipitation of only 45 inches. On the northem Mexican
coast, the rainfall totals decrease weslt lo east, from 80
inches annually at Coalzacoalcos to 35 inches at Merida.
Thunderstorms produce the greater percentage of daily
rainfall amounts in summer, and paralleling easterly flow
may produce localized offshore upwelling (cooler sea
surface temperatures) which may contribute to a
precipitation deficiency (and fewer thunderstorm days)
near Merida.

TEMPERATURE. Average wet season highs are
from 85 to 89°F (30-32°C) throughout the Yucatan;
combined with high dew points, heat index values can be
dangerously high.  Absolute high temperatures at
southern locations are generally in the upper 90s (36-37°
C), while on the northern Mexican coast they run in the
103-106°F (40-41°C) range; Merida and Coatzacoakos
have both reached 106°F (41°C). Nights are mild and
balmy; average temperatures, uniformly moderated by
the Caribbean and the Gulf of Mexico, stay between 62
and 70°F (17-22°C).
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YUCATAN PLAINS WET-TO-DRY TRANSITION

GENERAL WEATHER. The most important [cature
that determines transition weather is the dramatic shift in
mid- and upper-level flow from easterly 1o
west-southwesterly. Deep polar troughs (over the
weslcrn United States) and a strong subtropical jet (50-80
knots) allow modified polar air to descend into the region
onc 1o six limes a month. These polar fronts frequently
stall over the Yucatan, producing widely scaticred
showers and sometimes thundershowers.

SKY COVER. Mcan sky cover during the transition
decreases from 55 to 48 percent by the first of December.
When northerly winds are predominant, stratus forms
along the immediate coasts in response to warmer Gulf
walcrs. Bascs average from 1,000 to 1,500 feet
(330-460 mciers). Onm cvenings after thc passage of
"Nortes” or fronts, calm wind conditions can result in
shallow fog and haze just beforc sunrise. Typically,
trade wind cumulus forms over the castern half of the
Yucatan Plains, oftcn with tops near 8,000 feet (2,440
meters) but rarcly above 12,000 fect (3,660 mcters).
Bases form at around 2,000-4,000 fect (610-1,220
meters). Cirrus often accompanics undisturbed weather
conditions.

November-January

WINDS. In November, the passage of "Norics™ (or
[ronts) can produce instantancous wind shifts to the north
and northwest. Spceds can increase by 10-20 knots with
peak gusts over 35 knots. Winds aloft (above 15,000
feei/4,575 melers) are westerly, averaging 20-30 knots
and approaching 70 knots in the subtropical jeL

TEMPERATURES. Maximum tempcraturcs arc {rom
80 to 90°F (25-32°C). Minimum tempcratures along the
coast average 70-74°F (21-23°C). Extremes above 95°F
(34°C) are rare.

PRECIPITATION. The dricr conditions of wintcr arc
reflected in the increasing lack of storm development.
Cold fronts account for 85 percent of dry scason rainfall.
Southern Belize and those arcas of Guatemala that arc on
the Yucatan Plain still receive between 2 and 3 inches of
precipilation by the end of the transition. The northern
parts get 1 10 2 inches a month. Rarc, hcavy rainfall
cpisodes are the products of tradewind surges in the
Monsoon Trough. Figures 3-9a-¢ show one such cpisode
from the initial 13 November 1979 surge through (the
storm’s dissipation 4 days later.

Figure 3-9a. The Initial Surge of the Monsoon Trough, 13 November 1979.
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YUCATAN PLAINS WET-TO-DRY TRANSITION November-January

Figure 3-9¢c. Tropical Depression Formation, 15 November 1979.
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Figure 3-9e. Dissipation Stage, 17 November 1979.
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YUCATAN PLAINS DRY SEASON

GENERAL WEATHER. Large-scale subsidence is the
dominant dry season weather feature. The tradewind
inversion is at 6,000 feet (1,830 melters), with a mean
thickness of about 900 feet (275 meters). The inversion,
along with the dry, anticyclonic flow aloft (WNW-ENE
at 500 millibars) dampens large-scale diurnal convection.

December-April

Conditions aloft confine the sea breeze circulation and
associated tradewind cumulus (0 the immediate
coastlines (5-20 NM inland). Ncarly all dry scason
rainfall days (1 to 5 a month) occur during polar surges.
However, showers are mostly scaticred and rarcly heavy.
Figure 3-10 shows a typical late-winter frontal passage.

Figure 3-10. Polar Surge Reaches the Yucatan Plains. The front shears in westerly flow aloft. Moist
low-level casterlics over the Bay of Campeche converge with colder air behind the front.

SKY COVER. Clear skics dominatc as the trade wind
inversion intensifics. The most significant improvements
arc along thc Bay of Campcche where upper-level
westerly flow is strongest.  Low-lying stratus with bascs
from 1,000 10 1,500 fect (330-460 meters) forms over
the coast during the night, while thicker stratiform clouds
occur with an intense frontal passage. Becausc of drier
air, cumuliform cloud bascs average 3,000-4,000 feet
(915-1,220 meters) as opposed to the 2,000-3,000-foot
(610-915-mcter) bases during the summer.

WINDS. Along and behind the passage of modificd cold
(ronts, strong pressure gradients may increase wind
speed and shift the direction to northwest or north.
Winds greater than 20 knots are common along gust
fronts. These conditions are evident along the Mcexican
coast, but more intcnse outbreaks can affect inland
regions as far south as Belize City.

THUNDERSTORMS. Thunderstorm incidence during
December, January, and February is gencrally less than
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once a month. But by April, an increase in insolation
improves chances of seeing a thunderstorm (o 20-35
percent. As surface heating stimulates convective
activity, cloud tops reach beyond the inversion to 9,000
fect (2,745 meters). Orographic lifting can send them
higher.

PRECIPITATION. During the dry season, mid-latitude
cold fronts regularly affect the region’s weather for 12-48
hours at a time. These fronts are the primary producers
of dry season rainfall, which is mainly showery and
accounts for only 10-20 percent of annual precipitation
totals. Occasionally, there is enough instability o
produce a thundershower, rarely severe. Isolated areas
of the north coast are relatively moist, but this is caused
by moist, low-level northeasterly convergence into
approaching polar fronts. For example, Coatzacoalcos,
on the westcm edge of the Bay of Campeche, gets more
than 20 inches (508 mm) of rain during the dry season,
9.8 inches (249 mm) of which falls in December.
Merida, however, on the eastern edge of Campeche Bay
500 miles northeast of Coatzacoalcos, gets only 5 inches
(127 mm) of rain during the dry season (1.2 inches/30
mm of il in December). Merida is on the leeward side of

December-April

Belize and neighboring Guatemala are flanked by
mountainous terrain and therefore have wel winlers.
Average dry season precipitation amounts here range
from 17 to 22 inches (431-550 mm) with only March and
April receiving less than 2.5 inches (64 mm) a month.

TEMPERATURE. The dry season inversion
suppresses cloudiness; humidities are lowest of the year.
These conditions allow for classic latitudinal temperature
distributions. Daily lows average 71°F/21°C in Decem-
ber, 74°F23°C in April. December Highs range from
84°F/29°C 10 93°F/34°C in the southemn sections. Puerto
Barrios has reached 109°F/43°C in March and
110°F/43°C in April. Farther north, Belize City sees lows
of 68-74°F (20-23°C) and highs of 82-88°F (28-31°C).
Chetumal, Mexico, has lows of 66-75°F (19-24°C) and
highs of 81-86°F (27-30°C).

FREEZING LEVELS. The freezing level on the
Yucatan Plain is a function of latitude. Merida and Vera
Cruz come under the influence of regular mid-latitude
intrusions, while Belize City remains under the control of
trade wind moisture throughout the dry season. Figure

low-level  northeasierlies, while Coatzacoalcos i3 3.11 shows freezing level height, month by month, over
favorably ~ positioned to receive unobstructed  Belize City, Vera Cruz, and Merida.
northeasterly flow. The low-lying southern coast of
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Figure 3-11. Freezing Levels for Belize City, Vera Cruz, and Merida.
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YUCATAN PLAINS DRY-TO-WET TRANSITION

GENERAL WEATHER. Intense surface heating and
an upper-level wind shift are the dominant transition
weather features. Clear skies promole diurnal convection
while upper-level winds encourage vertical development.

April-May

The moist northerlies erode subsidence aloft (at 500
millibars) and the tradewind inversion. A rarc polar
surge early in the transition period (shown in Figure
3-12) is the other significant weather factor.

Figure 3-12. A Late Spring Polar Surge (17 March 1979 Imagery).

SKY COVER. Thcre is a pronounced increase in mean
sky cover during the dry-lo-wct spring transition scason.
Mcan sky cover is between 50 and S5 percent over
Mexico and slightly higher in the south. Caribbean
coastal locations begin 10 see more cumuliform
cloudincss in May. Tops may reach 17,000 feet (4,870
mclers) in the south, and 12,000 fect (3,620 meters) in
the north. Bases are between 2,000 and 3,000 [cet
(610-915 mcters) MSL. The north may sce stratiform
and cirrus  cloudiness in  association  with  (rontal
passages. Low ceilings may extend infand for SO milcs
wherever subsidence has quickly built in during weak
fromal passages. April and May have the highest
frequencics of visibilitics less than 3 miles.

WINDS. During frontal intrusions, winds bccome north
or northwesterly at 10-15 knots, and may persist for up to
12 hours in strong surges. Scaside villages in Guatemala
and southern Bclize sce higher wind speeds from

channcling caused by local opography; speeds increasce
above thc mecan by 5-10 knots and dircction can change
by 45-90 degrees.

PRECIPITATION. With the onset of intcnse surface
heating, precipitation doubles from April 10 May in the
southcrn portions of the Yucatan. By May, all locations
except those on the northwest coast of the peninsula are
geuting 4 inches of rain, or morc, a month.

TEMPERATURES AND HUMIDITIES incrcasc
throughout the transition.  April is plcasant, relatively
dry, and clcar. But by May, tcmperaturcs arc in the mid-

o upper- 80s°F (30-32°C), with humiditics ncar 80%.
Extremcs can rcach F00°F (387°C); all locations scc highs
over 90°F (32°C) on at Icast 10 days in May. Lows arc
mainly in the upper 70s°F (25-26°C).  Nighttime lows
rarcly dip into thc upper 60s°F, or about 21°C.
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3.2 THE PACIFIC OCEAN PLAIN

D T = SR S
Gulf of Mexico  PACIFIC OCEAN
- PLAIN

Goifo De

Techuantepec Honduras ]
1491
toveny 3 om
el Lr'-r'r'rr M0 M O ouerens

Pacific Ocean 12%% =
8% - - Y Q€
EXT MEAN EXT G TSTI nMax : sxr TM MaX
mmnm#ﬁcxr&nmmm‘x’r #EQPNINWMXHINQWSM
wu[WTwTe7] .3 T[] 0T 1.3 JAN o 439 T J9z[T6 ] 1 7]
res{% |6 |68 & ||| o.] & | FEBj104 gs__e1 2 [94]77] 0 .S
me(97 e Jes 1.3 (sl ¢ 28 Mi106] 87 (66 ] .4 (96| | 1 .2

p{o0| &7 (78| « [si|m] ¢ 5.3 APR [105] 88 |68 | 1. 95 % L] 2.3

mvjos] e |72 10.8 [s1[79] 8 3.2 May [106] 85 {70 (79115 [ 5.
AN 98| 84 [0 17.4 |68 77] 8 | 6.4 Jun[102] 83 |68 | 13.9 121 | 4.1
anissjec 172} 14.6 180 |77} 10 | 48 | wuLfi00| g¢ [64] 75 |91 7ri8 | 2.7
”’L. 8 |72] 15.8 |89 | 77| 10 5.3 aus 1021 94 |65 | 9.2 921 771 16 2
sepio7ioe (7ol 160 jO0 77 8 | 7.8 | seplioof B2 66 [%6 (8975124 | 38
ocTios | &4 || 166 jes77] 6 | 5.9 oct[97] 82 |64 159 |es| 6|17 | 36
Muisel 6 1] & Jes 77 & | 6.0 NOVIOT| @3 [63] 1.3 |90[76] 6 | 1.3
oec| 96 | 84 :8_Jos[®) 1 4.1 péc 84 [63] .2 |91[7%[ 2 S

Figure 3-13. The Pacific Ocean Plain. This is a narrow strip of coastal plain that runs along the Pacific
Coast from the Gull of Tehuantepec in Mexico, through El Salvador, and to the Gulf of Fonscca in southcm
Honduras. Steep mountains, rising to 10,000 feet (3,050 meters) in Guatemala, clearly mark the inland Pacific Plain
boundary, which is officially designated as the 500-foot (150-meter) contour through Mexico, southern Guatcmala,
and El Salvador. Summaries for Tapachula, Mexico, and Choluteca, Honduras, are inset.
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PACIFIC PLAIN GEOGRAPHY

The Pacific Plain streiches inland from the Pacific for
20 to 30 miles (32 to 48 km). Elevations then rise
rapidly. Inactive volcanic peaks reach to well over
10,000 feet (3,050 meters) in southern Guatemala and
northern El Salvador, some within 50 miles (80 km) of
the occan. The plain is interrupted only briefly in
wesiern El Salvador near San Salvador where the
mountains spill all the way down to the Pacific. ‘

" Scattered areas of marshland and mangrove swamps,
well supplied by streams and lagoons, lic along the
northern and easiern coasts of the Gulf of Tehuantepec.
This kind of flat terrain reappears in El Salvador and
continues to the Gulf of Fonseca. The entire plain is

mostly grassland with isolated patches of scrub trees. It
is surprisingly free of inlcts and bays and is therefore not
heavily populated, especially in the northwestern portion.

The close proximity of high mountains 0 the coastal
plain has a significant éffect on regional weather
patterns.  Small changes in windflow direction result in
dramatic changes in weather. These effects are most
noticeable with the low-level southeasterly flow of
summer. During this period, the mountains may be
shrouded in low clouds and frequent rainshowers, but the
plain is kept dry by the stability of sinking air from the
mountains.
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PACIFIC PLAIN WET SEASON

GENERAL WEATHER. The Monsoon Trough and
land/sea brecze convergence are the primary low-level
weather controls during the summer. Aloft, weak
anticyclonic outflow and TUTT cells sustain large-scale

May-October

convection.  Figure 3-14 illustrales the e¢xiensive
large-scale convection and the apparenlt source: a
mid-latitude cold front.

Figure 3-14. Low-Level Flow Organizes into a Tropical Depression. This 15 June 1980 satcllitc
imagery shows tropical Pacific moisture converging with an early summer upper-level trough along the Pacific

Plain.

A weak low anchored off the northern coast in the Gulf
of Tchuantepec, along with sea breeze moisture, combine
1o produce frequcnt wet scason thunderstorm activity.
Figure 3-15 shows thick cloud cover along the windward
mountain ridges of the region; orographic uplift is the

trigger for this extensive cloud line. Mesoscale
convergence (nocturnal squall lines) complete the diumnal
wcl scason rainfall cycle; however, this offshore activity
is the result of interaction between the Monsoon Trough
and the land breeze.
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PACIFIC PLAIN WET SEASON

Figure 3-15. Squall Line Development over Southern Portion of Pacific Plain.

In this

6 October 1980 satellite imagery, sea breezes push cloud clusters onshore. Note how the mountain ranges 1o the
cast block Caribbean moisture from penetrating the northern half of the region.

SKY COVER. Diumal cloud cover varies widely over
short distances, but daily aftemoon convection produces
coverage of 5/8ths or more along windward slopes.
Bases average 3,000 feet (915 meters). Tops average
10,000 feet (3,050 meters), but may exceed 20,000 feet
(6,100 mcters) during heavy convective episodes.
Mountain slopes are generally clear from (0700 o 1000
LST, the time of the land-to-sea breeze tramsition.
Ceiling frequencies for Acajutla, El Salvador (shown in
Figure 3-16), are similar 1o those for Choluteca, (Figure
3-17) but lower ceiling frequencics overall represemt
Acajutla’s higher latitude and flatter terrain. The percent
frequency of ceilings for Acajutla also illustrate just how

significant land breezes are in producing nocturnal
convection throughout the region. The availability of
Pacific moisture creates sufficient humidity to form hazc
and smoke during calm periods in the carly moming.
Radiative cooling under calm conditions in the Gulf of
Fonseca may result in pawchy momning fog, espccially
after a night of heavy rain when humiditics arc still
around 90 percent. The double pcaks in cciling
frequencies from May to June and from Scpicmber to
October represent the departure of the tradewind
inversion and maximum southwesterly  flow,

respectively.
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May-October
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Figure 3-16. Annual Ceiling Frequencies for Acajutla, El Salvador. All timesare LST.

¥y & 8

-
(=]
. N

Percent Ceiling Freq (3000—10000ft)

0 T T

L L

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

{ I 1 L 1 1

Figure 3-17. Annual Ceiling Frequencies for Choluteca, Honduras. Six-hour (LST) time blocks
illustrate the relative importance of nocturnal cloud development over the Gulf of Fonseca. Complex topography

contributes 1o the magnitude of the frequencies shown.
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PACIFIC PLAIN WET SEASON

WINDS. On an average wet season day, sea breeze
winds are less than 10 knots; nights are frequently calm.
Thundersiorms may produce gusts to 20 knots.
Stona-associated winds on the Pacific Plain rarely
exceed 50 knots. Nocturnal mountain winds average
10-13 knots inland. _ '

THUNDERSTORMS. The greatest occurrence of
afternoon thundershowers is in August and Sepiember.
August storms are related to the increasing persistence of
diurnal controls, while those in September result from
tropical depressions or southwesterly surges. Tops may
exceed 37,000 feet (11.3 km), and bases are near 3,000
feet (915 meters). Most thunderstorms occur in the
evening. The land brecze forms convection cells
offshore after 2000 LST and again before 0500 LST.

The rcinforcing northeasterlies increase offshore flow

ino the Monsoon Trough.

HURRICANES have been known 10 affect the Pacific
Plain. Some, after originating in the Atlantic and making
landfall on the Caribbean coast of Central America, are
casried by their momentum all the way to the Pacific
side. Although friclion weakens these storms as they
cross from easl (0 west, they tend to reorganize on the
Pacific side. A recent example is Hurricane "Joan"

May-October

which, after making landfall ai Bluefields, Nicaragua, in
late October 1988, continued on through the mountains
all the way to the Pacific side. Joan weakened only
slightly during her crossing. She reformed in the Pacific
(just south of the Pacific Plain region) as Tropical Storm
"Miriam." When such a storm stalls in the mountains, it
can produce rains of 20 inches or more in 48 hours. For
a more detailed description of the Joan/Miriam crossing,
see "Caribbean Plain Wel Season.”

PRECIPITATION. The Pacific Plain gets more than
50 inches (1,266 mm) of rain annually, 90% of which
falls in the wel season. Most falls near the Gull of
Fonseca, where May sca breezes produce squall line
thundershowers with heavy downpours. Stecp mountain
slopes get heavy precipitation through the combination
of Monsoon Trough surges and sea breeze. Wettcst
months here are June, with 10-14 inches (254-353 mm),
and September, with 9-14 inches (229-353 mm).

TEMPERATURE.. Mean daily maximum (¢cmperatures
vary slightly from north to south along the coast; the
range is 89-93°F (32-34°C). Lows run from 72 10 78°F
(22-26°C). Maximum temperatures are in May, when
stations around the Gulf of Fonseca see highs of
100-105°F (38-41°C).
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PACIFIC PLAIN WET-TO-DRY TRANSITION November

GENERAL WEATHER. Early November surface position of the Monsoon Trough, and land/sea breeze
conditions arc favorable for transient synoptic convergence. By transition’s end, surfacc conditions
disturbanccs (polar and tradewind surges) to intensify  stabilize; the tradewind inversion strengthens with
into large-scale convective activity. These surface leeside adiabatic northeasterlies drying out the region.
conditions include the warm waters of the Pacific, the ’

Figure 3-18a. An Equatorial Westerly Surge as seen in 1 November 1976 Satellite Imagery.
Convective clusters move northward in the castern Pacific.  Southwesterly flow surges moisture into the Monsoon
Trough, crcating hcavy (but tcmporary) convection that lasts for 24-48 hours before the Trough recedes to the south.




PACIFIC PLAIN WET-TO-DRY TRANSITION

November

Figure 3-18h. 3 November 1976 (1200 LST) Imagery Showing the Receding South-

westerly Surge. This photo was taken 48 hours after the onc in Figure 3-17a. The massive cloud cluster has
movced 5 degrees 10 100-105 degrees west.  The well-defined east-to-west cloudline shown in Figurc 3-18a at 8-9

degrees north is now disjointed at about 5 degrees north.

SKY COVER. Most cloud cover is shallow trade wind
cumulus with tops from 6,000 to 8,000 fect (1,830-2,44(
meters) around the Gulf of Fonscca. Bases average
2,000-3,000 feet (610-915 meters).  Cirrus accompanics
most frontal intrusions, but some cumulus may be mixed
with stratus in stronger systecms. By the end of
November, skics arc virtually cloudlcss as the
northeasterly flow descends adiabatically.

WINDS. Daytime winds along the coast are 5-10 knots
from the northeast. The descending mountain airflow in
the interior is stronger at 10 to 17 knots, and can gust 1o
30 knots on clear days. The passage of a "Nortc™ brings
north and northwesterly breezes ranging from 2 1o §
knots to bricl gusts of 30 knots in morc intensc
intrusions. Winds are calm at night.




PACIFIC PLAIN WET-TO-DRY TRANSITION

THUNDERSTORMS. By the middle of November, the
chance of a thunderstorm or shower is extremely rare;
the subsidence inversion effectively suppresses
convection.

HURRICANES. Although an occasional tropical storm
develops over the Pacific, there are no recorded instances
of a storm making landfall this late in the season.
Maximum rainfall amounts in November, however,
suggest that the outer canopies of these storms may
" produce enough vertical motion to create localized heavy
showers.

PRECIPITATION. Rainfall amounts during the
November transition drop off considerably. In some
ycars, no rain at all fell in November; it is only in the
Gulf of Fonseca that an abnormally wet November has
been observed. Northem portions of the region normally
get between 1 and 2 inches (25-51 mm) a month in
November (in response (o the increase in mid-latitude
frontal passages), while the central and southern sections

November

(except ior the area in and around the Gulf of Fonseca)
average only 1/2 to 1 inch (13-25 mm). Temporales are
potentially destructive forces in this region, where rivers
cannot hold excessive runoff. Temporales produce
heavy mainfall with virtually no wind or thunder;
upwards of 10 inches of rain can fall in 24 hours. In the
absence of steering currents, such storms may rcmain
stationary for hours. The vertical profile of moisture
inflow shows continuity throughout the entire circulation
and resembles, (0 some extent, a small hurricane without
spiral banding. Since maintenance of such intense
rainfall requires formation over water, coasial areas get
the most rain. Storms weaken as they move inland and
run out of moisture.

TEMPERATURE. Daily highs reach into the mid- to
upper-80s °F (30-32°C), but humidities average between
50 and 65 percent. An occasional high will reach 100°F
(38°C) in the Gulf of Fonseca where hot, adiabatic winds
funnel into the Gulf. Elsewhere, 90°F (32°C) readings
are found on 2 out of 3 days in November.
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PACIFIC PLAIN DRY SEASON

GENERAL WEATHER. The narrow coastal plain is
dominated by the tradewind inversion and its leeside
drying effect.  Subsidence aloft at S00 millibars
strengthens the inversion and forces prevailing
northeasterly flow 10 descend adiabatically into the
region. Only polar surges (occurring 2-10 times per
scason) produce light rainfall and disturb the inversion
layer. Figure 3-19 shows one such disturbance.

December-April

Frequendly, these surges only provide somc scaticred
stratocumulus, like those shown in Figures 3-20a and b.
Along the mountain slopes, these synoplic disturbances
converge with weak onshore flow to produce standing
convection. Moderate o heavy showers are brief. Dry
air quickly fills the convection, either through a land
breeze reversal or renewed northeasterlies.

Figure 3-19. 1 April 1976 Satellite Imagery Showing Shearing of 2 Mid-Latitude

Cold Front.
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PACIFIC PLAIN DRY SEASON December-April

Figure 3-20a. A Mid-Latitude Disturbance (27 March 1978) Descends Over
the Pacific Plain.

Figure 3-20b. A Sheared Polar Front (28 March 1978). Stratocumulus and

dry scason rainfall occur with instability from this sheared front.
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PACIFIC PLAIN DRY SEASON

SKY COVER. Skies arc nommally clear. Mountain
slopes, however, are least cloud-free becanse of frontal
intrusions (hat lift sirmasses orographically. Some
dry-scason cloudiness occurs in the southern portions of
the Plain at about 0600 LST just before the local land/sca
breeze reversal; the sea breeze brings in enough
moisture to create 2/8 sky cover, al most. Bases rarely
form b-low 3,000 feet (915 meters) during the dry
season;, tops are 6,000-8,000 feet (1,830-2,440 meters).
The daytime sca breeze is nearly cancelled by the
persisient northeasterly trade wind flow, but the
noctumal land breeze in the Gulf of Fonseca is
reinforced. Descending dry air occasionally acquires
moisture as it sweeps through the Gulf of Fonseca to
form nocturnal cumulus against terrain in western parts
of the Plain. -

WINDS. Throughout the dry season, northeast winds
descend adiabatically down the mountain slopes, then
accelerate over the lowlands of the Plains. The daily
southerly sea breeze never equals the force of the dry
northeasterlies, but may meet the gradient flow with
enough effect (0 produce brief showers. Winds associ-
ated with a "Norte” can exceed 50 knots during intense
polar intrusions, but gusts normally only reach 25 knots.

December-April

PRECIPITATION. Average monthly rainfall for
December, January, February, and March is less than 0.6
inches (15 mm). In pars of coastal El Salvador and
Guatemala, January and February rainfall averages just
over a trace. In the Gulf of Fonseca area, the driest
month varies from December on the coast to April
inland. Low-level convergence from local cliects can
produce the occasional shower.

TEMPERATURES. Temperature gradients vary morc
during the dry scason; humidities are very low. The
largest gradients are in the higher elevations where peaks
are snow-covered on the average of 3 days a year. The
fowland slopes of the northem fringes of the region may
be affected by passing cold fronts that are seldom strong
enough (o lower coastal temperatures significanily. San
Jos2, on the coast of Guatemala, has scen lows of 56°F
(13°C) in December, but daytime highs arc normally in
the low 80s °F (27-29°C). Along the coast of the Gulf of
Fonseca, cooling gulf breezes hold highs to below 85°F
(29°C), while interior temperatures average well above
90°F (32°C). Locations on the coast, however, may also
see 90°F temperatures if the prevailing adiabatic flow
takes on a more northerly component.
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PACIFIC PLAIN DRY-TO-WET TRANSITION

GENERAL WEATHER. The gradual retum of
prevailing  southwesterly synoptic scale flow and
intensifying diurnal convection cycle arc the primary
weather fcatures during the period. The "chubascos de
los chiquirines,” a local name for squall line development
always observed in early May, are the result of the
southwesterlies reinforced by a strong sea breeze.
Thunderstorms, gusty winds, and heavy showers
accompany these northeastward-moving disturbances.

SKY COVER. Mean sky cover increases from 45 to 57
percent through the transition.  Diurnal afternoon
cloudiness is reinforced by the Monsoon Trough, which
strengthens the sea breeze and increases southwesterly
flow. Tradewind cumulus begins to develop after 0900
LST but dissipates after 1900 as land breezes take over.
Cumulus tops may exceed 20,000 feet (6.2 km), but
" gencrally remain below 12,000 feet (3.8 km). Bases
average 3,000-4,000 feet AGL (915-1,220 meters).

WINDS become southerly to southwesterly with the
initial surges of the Monsoon Trough. Speeds average
5-8 knots, but thunderstorms or heavy convective cells
may producc gusts 0 20 knots. The prevailing
northeasterlies average 8-11 knots and dominate inland,
clfectively canceling the sea breeze everywhere except
along the immediate shoreline.

April-May

THUNDERSTORMS. The number of thunderstorm
days increases from only 1 in April to 3-5 in May. This
is because of the increase in convective cloudiness and
instability introduced by the reappearance of the
Monsoon Trough and the weakening of the tradewind
inversion.

PRECIPITATION. By late May, heavy rainfall rctums
to the Pacific Plain and its inland mountain slopcs.
Amounts range from 11 inckes (279 mm) in the Gulf of
Fonseca o 4 inches (102 mm) on the nerthemn fringes of
Guatemala and Mexico. The south is weltcr because of
the Monsoon Trough.

TEMPERATURES. The highest transition season
temperatures are in the Gulf of Fonseca; Amapala,
Honduras, has recorded 105°F (41°C). Farther up the
coast at San Jos, Guatemala, highs have reached 103°F
(40°C). Average highs range between 88 and 93°F
(31-34°C) under clear skies. Lows rarcly dip below
70°F (21°C) along the water, but Choluteca, Honduras,
on the interior Gulf of Fonseca plain, has secn 52°F
(11°C) in May. Average lows range from 74°F (23°C)
at Choluteca to 78°F (26°C) at San Jose.
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Figure 3-21. The Caribbean Plain. This north-south strip of Honduras and Nicaragua lics betwecn
mountains inland to the west and the Caribbean Sea to the east. The portion south of the Rio Coco is commonly
called "Costa de Mosquito,” or "The Mosquito Coast.” About 75 miles wide and 350 miles long (139 by 648 km),
the plain stretches from Punta Patuca in the north to Punta Gorda in the south. The area is crisscrossed by numerous
rivers east from the mountains to the sea. Broad river deltas along the coast have resulted in extensive marshlands.
Insets provide climatic summaries for Puerto Cabezas and Bluefields, Nicaragua.
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CARIBBEAN PLAIN GEOGRAPHY

This low-lying region is occasionally interrupied by
groups of hills lcss than 2,000 fect (610 meters) in
clevation. There are numerous rivers and  streams;
lagoons and small inlets extend over a large portion of
the immcdiate coastal plain. Extensive marshlands and
swamps cover the region. In Honduras, flat terrain
stretehes intand nearly to the hill regions. There is great
scasonal variability in the size of these marshlands and
swamps, but they are at their greatcst extent during the
SUmMMCr rainy scason.,

An important climatic featurc of the Caribbcan Plain
is the clevated underwater "Miskito Shelf™ that cxtends
some 100-150 kilometers off the Nicaraguan coast.
These shallows offer an undisturbed haven for warm
wropical water currents. Warm and moist air from the
shallow water here is an ever-present source of high
humidity, cloudiness, and cxtremcly wet comditions,
especially on the arca known as the "Mosquito”™ Coast--
see Figure 3-22.

Figure 3-22. The Miskito Shelf. Thcse shallow coastal waters off the Honduran-Nicaraguan coast arc ycar
around producers of cloud covcr, as shown in this 23 November 1976 satcllitc photo.

Scveral large rivers cross the Caribbean Plain, The
Patuca River (Rio Patuca) meanders through northcast
Honduras cnroutc to the Caribbcan. The Rio Coco
designates  the ‘eastern  guarter of  the  Honduras-
Nicaraguan botder.  The Rio Grande finds its source in
thc mountain streams of central Nicaraz;ua before cnding

in the Caribbcan; most small villages in this region arc
found along thcse rivers. Tropical savanna dominaics the
plain, giving way 10 swampy grasslands ncarcr the
coasts. Isolatcd arcas of broadlcaved deciduous forests
can be found, but only in the dricr soils of regions well
away from the coast.
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CARIBBEAN PLAIN WET SEASON

GENERAL WEATHER. Moist  northeasterly
tradcwinds and a well-developed outflow mechanism for
sustaining convection aloft at 300 millibars convert sca
breeze-induced cumulus into substantial large-scale
thunderstorm  celis. The common weather patem
develops with the initial (0830 LST) acceleration of
onshore (northeast tradewind) flow. Showers develop
early in the diurnal cycle, followed by rapid vertical
cumulus formation by mid-aliernoon. Thunderstorm
movement is westward at only 5-10 knots; their
rciatively slow progress across the terrain can result in
1-2 inch rainfall accumulations beneath individual cells.

May-October

SKY COVER. Mean cloudiness over the Plain is more
than 75 percent in June, decreasing to about 65 percent
by October. Cloud tops that form at dawn over the coast
rarely exceed 6,000 feet (1,830 meters); bases are 1,500-
3,000 feet (460-915 meters). As the day goes on,
cumulus tops vary from 10,000 feet (3,050 meters) along
the coast to 20,000 feet (6,100 meters) inland, the latter
in response 1o orographic lift. Bases are 3,000-4,000 fcct
(915-1,220 meters). Figure 3-23 compares ceiling
frequency below 3,000 feet at three stations. Visibilitics
under 3 milcs ars rare, but the highest frequency (23
percent) is during the day, with heavy summer rainfall.
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Figure 3-23. Percent Frequency of Ceilings Below 3,000 feet for Three Locations on the
Caribbean Plain. The lowest ceilings occur during the wet season. Puerto Lempira shows a marked increase in
low ceilings toward the latter part of the season because of mid-latitude frontal passages.

WINDS. The Caribbean Plain is dominated by the
diurnal land-sea breeze phenomenon. Speeds rarely
exceed 10 knots during the day, but individual
microbursts and downdrafts from larger convective cells
can reach 20 knots.

TROPICAL DISTURBANCES are much more likely
to strikc the northern part of the Plain, and with greater
frequency and intensity. Damage is more tikely to be

caused by flooding than by high winds, cven though
speeds can reach 120 knots. Normally, howcever, winds
only reach 40-50 knots along the edges of storms passing
nearby.  Also, easterly wave passages can creale
upper-level  disturbances that are frequently scen in
satcllitec imagery. Thesc waves traverse the narrow
Central American landmass as weakly devcloped cloud
complexes of cirrus and mid-level cumulus.
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CARIBBEAN PLAN WET SEASON

The Caribbean Plain is in an area ¢f frequent hurricane
activity; a major source for hurricane development is
located 300-400 miles east-northeast of Blueficlds,
Nicaragua. The best months for hurricanes are June
through October, but they can occur in any month.

The northemn half of the plain sees the most storm
activity; Puerto Cabezas is near the center of Central
American hurricane frequency. In 1971, Hurricane Edith
hammered Gracias & Dios with 140-knot winds and a
central pressure of 943 millibars.

Although the easterly wave track extends into the
southcastem Caribbean by late August, hurricane centers
scldom actally make landfall in southern Nicaragua
south of 15° N; only three storms have done so in this
century. On 18 September 1971, Hurricane Irene hit the
southern Nicaraguan coast near Blucfields, the first
tropical storm since 1911 to make landfall that far south.
Irene recorded only 40-knot winds at Bluefields, but a

May-October

reconnaissance flight reported visible damage at the
actual point of landfall along the sparscly populated
coastline. More recently, Hurricane Joan made landfall
at Bluefields on 22 Oclober 1988 with a central pressure
of 934 millibars and 120-knot winds. Afler causing
considerable damage, Joan moved into the intcrior,
crossing the mountains in Southern Nicaragua. Although
she weakened slightly, good outflow sustained hcavy
convection. Joan, like Irene, intensificd and rcformed as
Tropical Storm "Miriam” along the Pacific coastline in
the Nicaraguan Lakes region, which see. Frecipitation
totals for this storm were sketchy, but Bluefields got 5-10
inches and 15 inches were reported in the mountains.
There was extensive flooding. An estimated 400 miles
of roadway was washed away. Figure 3-24, preparcd
with data (rom the National Hurricane Center in Miami,
shows Joan’s track from 20 October as shc approached
the Nicaraguan coast to 25 October when she moved off
into the Pacific as Tropical Storm Miriam.
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Figure 3-24 Hurricane Joan/Tropical Storm Miriam Track, 20-25 October 1988. (From an
initial report provided to USAFETAC by Dr. Hal Gerrish, NHC.)
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CARIBBEAN PLAIN WET SEASON

THUNDERSTORMS coccur on 6-14 days a month
during the wet scason; one or two arec severe, and
associated with tropical disturbances and surges in the
Monsoon Trough.

PRECIPITATION. The Caribbean Plain sees the
greatest amount of wet season rainfall in all of Central
America--the annual average is more than 100 inches at
all locations. Three lactors contribute: (1) the absence of
topographic barriers to the predominantly northerly flow,
(2) a persistent trade wind blowing off the Miskito Shelf,
and (3) frequent hurricane activity. These three factors
alone arc responsible for 70 percent of the annual
precipitation here. Northern sections are slightly wetter
in the fall because of increased hurricane activity there.
For cxamplc, Cabo Gracias a Dios, Honduras (with a
4-year period of record), receives 17 inches (432 mm) in
Scptember and 19.8 inches (503 mm) in October, while
Bluefields gets only 12.3 and 13.6 inches (312 and 345
mm). But overall, the Southeastern portion of Nicaragua

May-October

near Bluefields is one of the wettest locations in the
Caribbcan Basin; annual rainfall there averages 159
inches (4,039 mm). Cabo Gracias a Dios, al the
northeastern tip of the region, averages 154 inches (3,912
mm), but Puerto Lempira, up the coast to the north and
west, gets only 105 inches (2,667 mm). Bonanza, in
north central Nicaragua, gets 119 inches (3,023 mm),
while Puerto Cabezas, on Nicaragua's central coast, gels
123 (3,124 mm).

TEMPERATURE variations during the Caribbean Plain
wet season are small, but it is warmest in carly May
before the daily convective cycle begins. Increases in
cloudiness dampen insolation by late July, and
temperatures decrease. High sea surface temperatures
warmm the air over the land surface al night. The average
high at Cabo Gracias a Dios is 86°F (30°C); at
Bluefields, it is 88°F (31°C). Lows arc uniformly
73-74°F (23°C) on the coast, but slightly warmer inland.
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CARIBBEAN PLANN WET-TO-DRY TRANSITION

GENERAL WEATHER. The transition weather
patiemn is dominated by distinct vertical moisture
profiles. The tradewind inversion separales moist
northeast tradewinds and sea breezes from drier,
subsident westerly flow aloft. The diumal cumuliform
development cycle is not altered, but tradewind cumulus
cannot pencirate the tradewind inversion; intense shower
and thunderstorm activity is therefore reduced.
Typicalty, only light 10 moderate showers of shornt
duration develop within smaller convective cells.

SKY COVER. Coastal skies gradually change from
cumulus with tops above 15,000 feet (4,575 meters) (o
clouds with 10ps below the inversion at 8,000 feet (2,440
meters) Stratiform decks between 2,000 and 4,000 feet
(610-1,220 meters), found at dawn in calm conditions,
give way to cumulus by midday. In the north, the
imensity of the inversion suppresses convective
development. Inland locations close 10 the bases of
mountains see drying and only scattered cumulus by
aflemoon. Bases are 4,000-5,000 feet (915-1,525
metcrs); tops rarely exceed 8,000 feet (2,440 meters).

WINDS. Daytime winds along the Honduran coast,
intensified by the sea breeze, average 8-12 knots from

November

the north. In central and southem sections, winds are
easterly wil a speeds of 7-10 knots. Gusts associatcd with
disturbances and frontal passages can reach 25 knots
along coasts, and up (0 35 knots on mountain slopes.

PRECIPITATION. Rainfall is heavy (8-15 inches/
203-381 mm) along the immediatc coastline, but it is
still less than half the avcrage amount for October. The
persistent northerly trade wind component cxtends its
influence southward from Northern Honduras in winter
and is accemuated by a sea breeze that concentraics the
moisture below the inversion layer. Locations inland arc
drier because moisture evaporates as air asccnds through
the inversion layer.

TEMPERATURES. Mild days and nights dominatc the
early transition period. Coastal locations average
83-86°F (28-30°C) during the day and 72-75°F
(22-24°C) at night. Inland villages see similar highs but
slightly cooler nights (67-71°F-20-22°C) due 10
radiative cooling. By the end of the transition (i.c., by
the start of the dry season), strong insolation raiscs
average coastal highs into the 86-88°F (30-31°C) rangc,
89-93°F inland.

3-37




CARIBBEAN PLAIN DRY SEASON

GENERAL WEATHER. Subsidence becomes the
primary wcather control. Showers are common with
weak polar surges; the only synoptic disturbance capable
of temporarily weakening the tradewind inversion (mean
height 6,000 feey/1,830 meters--7,000 feet/2,200 meters
al Blucficlds) and subsident 500-millibar flow aloft.
Below the inversion layer, persistent onshore flow
produces instability showers.

SKY COVER. Most daytime cloudiness is stratiform
mixed with trade wind cumulus. Because of subsidence
aloft (above 10,000 feet--3,050 meters) cloud tops are
limited to 6,000-8,000 feet (1,830-2,440 meters) near the
coast and 4,000-6,000 feet (1,220-1,830 meters) inland
ncar the mountains, provided enough moisture is
ransported far enough into the interior. Bases average
3,000-4,000 feet (915-1,220 meters).

WINDS. Winds in the moming are northwesterly,
oricnted with the land breeze. Inland winds are
northerly, usually at 8-12 knots. In the south, the sea
breeze results in easterly winds by 1000 LST. In the
north, the normal northerly component reinforces the
afternoon sea breeze. Frontal passages can produce brief
gusts to near 20 knots.

PRECIPITATION. The "dry" season on the Caribbean
Plain is relatively wet in comparison with other Central
American locations. Rainfall along the coast averages
more than 2 inches a month, but interior locations are
much drier. Northern sections can expect cloudiness and
rain with virnually all frontal passages; rainfall varies
from moderate drizzle lasting for 3-12 hours to short
periods (2-10 minutes) of moderale rain. Southemn

December-April

sections, on the other hand, are seldom affected by
frontal passages beyond a simple wind shift.  Lower
sea-surface temperature, a decrease in surface healing,
and increased intensity of the trade wind inversion
combine to make this season "dry." In the north, most
dry season precipitation is drizzle or that from stratiform
cloudiness. Southern coasts receive the most dry season
rainfall. ’

TEMPORALES tend to form in isolated areas of
low-level convergence; most occur in December. These
storms can create wetter than normal dry scason
conditions by dumping upwards of 15 inches of rain in
less than 36 hours. Lowland floods and hillside
slumping or mudslides may cause exlensive damagc.
The source region for temporales is !ocatcd along the
coast north of Bluefields. The Miskito Shelf discussed in
"Geography" is the spawning ground for intensifying
weakened cold fronts pushing southward over the
northern portions of the region. Stagnating shear lines
are trapped within an extremely calm environment in the
western Caribbean Basin. Occasionally, a succession of
frontal passages renews instability through a deepcr laycr
of the pre-existing disturbance and generates strong
shearing between the trades and the new frontal intrusion
at the lower layers. These regenerated circulations, using
warm Caribbean moisture, create strong vertical moisture
profiles and build slowly into large convective
complexes.

TEMPERATURE. Winter lowering of average sea
surface temperalure also lowers air temperatures.
Nighttime temperatures are near 70°F (21°C), reaching
85°F (30°C) during the day under partly cloudy skies.
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CARIBBEAN PLAN DRY-TO-WET TRANSITION April-May

GENERAL WEATHER. Changes. in upper-air
circulation pdttems allow convective activity (o dominate
transition weather. The migration of she Azores High
and westerly flow aloft away from the region weakens
the tradewind inversion. As a result, diumal trade wind
cumulus grows vertically throughout daylight hours and
pushes inland.

SKY COVER is predominantly trade wind cumulus.
Tops rcach 10,000 feet (3,050 meters) along the
immediate coast, but may reach 15,000 feet (4,920
meters) inland. Bases average 2,000-3,000 feet (610-915
meters). Sky cover increases from 2/8ths in the morning
to 5/8ths by mid-aflernoon.

WINDS. Trade wind flow averages 5-8 knots overnigit,
imensilying to 6-9 knots by midday in response 1o the

sea breeze circulation. Flow is generally east-
northeasterly, but terrain in Honduras produces a more
northerly component.

PRECIPITATION. Rainfall pattemns become diurnal.
May rainfall amounts triple (or even quadruple) April's.
Most locations get at least 8 inches (203 mm) of rain in
May. Cabo Gracias & Dios gets 16.2 inchcs (411 mm),
Bluefields 13.7 (348 mm).

TEMPERATURES. Daylight hours see a substantial
increase in cloud cover, particularly along the coast
where average highs reach 87-89°F (31°C) bcfore noon.
Trade wind cumulus doesn’t build up in the interior until
about 1400 LST; the daily high there is near 90°F
(32°C) in slightly drier air. Lows are in thc mid-70s °F
(23-25°C).
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3.4 THE NORTHERN MOUNTAINS
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Figure 3-25. 'The Northern Mountains. Thc region is named for the scrics of mountain ranges that run
from the south side of the Isthmus of Tehuantepec across central Guatemala, through most of Honduras, and into

m cenu:al Nicaragua just north of the Gulf of Fonscca and the Nicaraguan Lakes. Inscts provide comparative
climatological summaries for Tela and Tegucigalpa.
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NORTHERN MOUNTAINS GEOGRAPHY

As in most of Central America, inhabitants of the
Northern Mountains classify climale according (o
comfort, which is largely determined by altitude. The
three local “comfort zones” are:

*Tierra caliente™ or "hot land,” between sea level
and 4,900 feet (1,500 meters).

*Tierra templada™ or "emperate land,” belween
4,900 and 7,200 feet (1,500-2,200 meters).

"Tierra fria™ or "cold land," above 7,200 feet
(2,200 meters).

The most striking topographic features of the region
are described below:

Transverse Ranges. The mountains straddling the
border of Nicaragua and Honduras have an unusual
orientation  (northeast (0 suuthwest) in that they lie
transverse to the primary ianges that lie northwest to
southeast through Central America. Elevations are 3,000
to 5,000 feet (915 to 1,525 meters) MSL in northern
Nicaragua, decreasing to 2,000 to 3,000 feet (610 to 915
meters) as they move southward. Smaller ranges extend
castward from the higher mountains, establishing a clear
peak-valley pattern throughout Nicaragua.

Volcanos (many of which have erupted since 1800)
form a line from the Volcan Tacana in southwestern
Guatemala through the Volcan de San Miguel in
southcastern El Salvador. These volcanic cones
dominate the landscape in the southem part of this
region, towering from 12,000 to neardy 14,000 feet
(3,660 w0 4,270 meters) in Gualemala and from 6,000 to
8,000 feet (1,830 10 2,440 meters) in El Salvador. The
terrain surrounding  these volcanos is much higher in
southern Gustcmala, averaging 6,000 to 10,000 fect
(1,830 10 3,050 meters). In El Salvador, the elevation in
the volkcanic region is 3,000 to 5,000 feet (915 0 1,525
melers).

Extensive river valleys cut deeply inlo the entire
region. These valleys, oriented southwest-to-northeast,
are especially prevalent in noritheastern Guatemala and
northem Honduras. The Motagua River valley runs
parallel to the northern third of the Guatcmala-Honduras
border. The Ulua and Aguan river valleys run 60 (0 75
miles (96 to 120 km) inland from the Caribbean coast of
Honduras. All three form a sharp contrast 0 the
surrowmding mountains and reach to only 200 feet (60
meters) MSL elevation in isolated areas. Other river
valleys (such as the Patuca River Valley along the
Honduras-Nicaraguan border and the Lempa River
Valiey in El Salvador) are not as extensive.

Small mountain lakes are interspersed thmughout the
mountains of Guatemala and Honduras and are the
source of some of this areca’s major rivers. They also
frequently create areas of marshlands in coastal regions.
Two of these lakes are the Angostura Reservoir (Presa de
la Angostura) and Lake Izabel (Lago de lzabel). The
first is a manmade reservoir near the southem
Mexico-Guatemala border. It is over 50 milcs (80 km)
long with an average width of 10 miles (16 km), but it
expands briefly to 20 miles (32 km) at the widest point.
Its elevation is 1,750 feet (534 meters) MSL. Lake
Izabel, located in extreme northeastern Guatemala, is
entered through the Bay of Amatique and the Gulf of
Honduras. It drains into the Caribbean via the Dulce
River (Rio Dulce). There are extcnsive marshlands on
the westcrn shore. Lake area is nearly 350 square miles
(896 sq km). It is just above sea level. Mountain ridges
surround Lake Izabel on three sides and are the source of
the numerous streams that feed the lake.

“The variability of vegetation in the Northern
Mountains region is related o elevation. Grassland and
isolated patches of scrub trces are prcdominant in
mountain areas, while valleys have some broadleaved
evergreen forests. Coastal plains, especially around river
deltas, have extensive mangrovc swamps and
marshlands.
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NORTHERN MOUNTAINS WET SEASON

GENERAL WEATHER. An outflow mechanism aloft
and large-scale convergence over significant topography
arc the two major weather-producing leatures of the
Northern Mountains wet season. The Mexican 300-
millibar High sustains heavy convection that is
consistently fucled by orographically lifted tradewind
(Pacific and Atlantic) airflow. Over the lower terrain
(below 1,500 meters) in the south, moisture convergence
is along the Monsoon Trough near the 850-millibar level.
In cither case, thunderstorms are irequent and
occasionally severe.

SKY COVEK. The wel season is extremely cloudy,
with most days averaging 6/8 10 7/8 coverage after 1400
LST. Cumulus dominatcs, with bases around 3,000 feet
(960 meters) AGL. Deep upper-level moisture produces

May-October

prolonged periods of low ceilings and valley fog.
Extensive cloudiness overrides the natural diumal
dissipation cycle of valley fog. Along the northern
portions of the region, sea breczes dramatically incrcase
cloudiness in the interior Motagua River valleys. Sca
breeze moisture enters the Motagua Valleys through
Puerto Barrios; narrow valleys with sicep-sided slopes
transport moisture 201-300 NM inland. Orographic
uplift produces extensive cloudiness, but tops rarely
exceed 12,000 feet (3,840 meters) with swilt airflow
funneling through o the interior. Bases arc from 1,000
to 2,000 fect AGL (320-640 mcters). Figurc 3-26 shows
low visibility patterns for two stations that lic along the
western edge of sea breeze penetration. Visibilities of
less than a mile correspond (0 the delayed cntrance of
moisture and distance travelcd by Caribbcan moisturc.
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WINDS. Prevailing winds at 5,000 feet (1,525 melers)
during thc wet season are from the northeast at 9-12
knots. Wind speeds in the higher elevations run 10-20
knots. the landfsea brecze circulation sets up onshore
flow around 0830 LST, producing winds between 7 and

3

Figure 3-26. Visibility/Time Curves for Huehuetenango and Guatemala City.

10 knots on the Atlantic coast. On the oppositc (Pacific)
side, the sca breeze is negated and specds are lowcr,
usually only 3-7 knots. The nocturnal land brecze on the
Pacific side is between 7 and 10 knots.
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NORTHERN MOUNTAINS WET SEASON May-October

Figure 3-27bh. Easterly Wave Enters the Northern Mountains, Day 2: The wave intensifics and
moves onshore. Slow-moving convection over the mountains produces hcavy rains.

Figure 3-27c. Easterly Wave Stalls and Intensifies, Day 3: Thc complex intcraction between the
Monsoon Trough and the casterly wave is cvident.  Extensive cloudiness is fucled by Caribbean moisture and
convergent low-level airflow.
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NORTHERN MOUNTAINS WET SEASON May-October

Figure 3-27d. A Chaotic Synoptic Disturbance, Day 4: The casterly wave is tost bencath a massive
cloud canopy. Weak upper-level conditions allow the pattcrn to continue.

-
£ Ent : -
~ » i ’a' ‘
_....,’,’.'->L r‘:ﬂ-ﬂ '."‘f' .
Figure 3-27e. The Disturbance Covers Entire Region, Day 5: The disturbance covers the entire
region. The Monscon Trough has maintained its position throughout the incident, as is usual. ‘
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NORTHERN MOUNTAINS WET SEASON

PRECIPITATION. Moumain ridges perpendicular to
the prevailing flow usually get more rain. Along the
northwest scctions of Guatemala near Finca Santa Teresa
and Finca Moca Grande, for example, average annual
precipitation exceeds 175 inches at the 3,000-foot
(970-meter) fevel, but is only 30 inches farther inland at
7,800 feet (2,200 meters). The annual rainfall for
Quetzalienango is cnly 36 inches a year because of
complex and rugged terrain that produces a "rain
shadow™ effect. The Motagua River Valley in Central
Guatemala gets more than 110 inches a yecar because of
the unrestricled flow of moisture from the Gulf of
Honduras westward through Puerto Barrios. The
Motagua Valley runs northeast to southwest and rises
only 590 feet (180 meters) 100 miles inland from the
Gulf of Hoduras. It is surrounded by peaks higher than
10,000 feet (3,050 meters). In north-central Nicaragua,
where lower terrain produces less uplift, rainfall amounts
are between 50 and 70 inches annually.

TEMPERATURES. Mountain  valleys  with
undisturbed airflow are slightly cooler during the day,
but the general iemperature regime is strictly a function
of altitude. The wet season sees cooler daytime
temperatures because of the increase in cloudiness.
Avcrage low temperatures in the highlands are between
the low 60s °F (16-17°C) and the mid 70s °F (23-25°C).
Highs rarely excecd 90°F and are usually in the 74-82°F
(24-28°C) range. Only during a prolonged period of dry
weather (such as with the "veranillo™), will temperatures
rise. Clear nights with light winds produce radiation fog
and drop lows into the 50s (14-16°C).

FREEZING LEVELS. The proximity of the Monsoon
Trough during June and July results in increasing
orographic uplift in this mountainous region; there is a
marked increase in convection. Freezing levels across
the region may drop by as much as 700 meters.

STANDING (MOUNTAIN) WAVES. Even the
weakest of easterly waves can produce turbulence in the
form of lceside mountain or gravily waves. Because of
low clouds or clcar skies during early moming hours,
therc may be no visual warning to an observer on the
ground. The presence of an inversion is not necessary
for the formation of a suanding wave or the resulting
turbulence.

May-October

MOUNTAIN VALLEY WIND FEATURES. In the
Northern Mountains wetl season, mountain slope
insolation is considcrably reduced due to increased cloud
cover; lower temperawres result in weakened
mountain/valley breezes. In the Motagua Valley,
however, which lies parallel 1o the trade wind flow,
winds are funneled and intensified by the venturi cffect.
Noctumal mountain valley temperalure inversions
produced by the sinking of air along valley slopes
produce radiation fog, especially in valleys isolated from
persistent trade wind breezes. Cloudiness, mist, and fog
also decrease the amount of sunshinc and thermal energy
necessary to dissipate moisture. Figure 3-28a shows
typical valley wind system development at mid-moming
during valley inversion breakup; Figure 3-28b shows the
typical breakup sequence of a valley inversion.

Figure 3-28a. Large Scale View of Valley
Inversion Layer. The inversion is thickest at lower
elevations due Lo gravity; locations near valley bottoms
can expect persistent fog. Mountain valley inversions
dissolve upstope first (from Whiteman, 1982).
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NORTHERN MOUNTAINS WET SEASON May-October

»_TOP OF INVERSION -

A - Typical inversion

C - Siope circulation develops

Figure 3-28b. Typical Valley Inversion Breakup. On the left, potential iemperature (theta) versus
height (Z). A is a cross-section of a typical inversion. B shows slope heating and mixing along the cdges of the
inversion. C shows mountain siope circulation devefoping by mid-moming. D is the destruction of the inversion. E
is the final stage--the inversion disappears (from Whiteman, 1982). -
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NORTHERN MOUNTAINS WET-TO-DRY TRANSITION

GENERAL SENSIBLE WEATHFR. The trade wind
inversion and upper-level westerly flow (above 10,0(X)
feet-3,050 metcrs) are the primary weather controls
during the transition. Ocean moisture (from west and
cast) becomes (rapped below the inversion. The

inversion layer prevents moisture convergence, excepl

November

along the lower terrain (below 4,800 fect--1,500 melers)
of southcrn Nicaragua, where the two air masses
frequently meet along the Monsoon Trough. Figures
3-29a and b illustrate convergence over lower, less
complex terrain.

Figure 3-29a. The Normal Position of the Monsoon Trough During the Wet-to-Dry
Transition. 14 November 1979 satellitc imagery shows how Monsoon Trough convection (the thick cloud linc)

is normally located between 8 and 10 degrees north.

Figure 3-29b. Monsoon Trough Interaction with Passing Polar Front. This 15 November 1979
photo shows a cold front moving southward in the Northern Mounuins and intcracting with the Monsoon Trough to.
producc cxicnsive thundershowers. To the southwest (at 10 degrees N, 90 degrees W) the two synoptic fcaturcs

combine to form a hurricane.
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NORTHERN MOUNTAINS WET-TO-DRY TRANSITION November

SKY COVER. The Guif of Honduras and its coastlines
are at their wettest period of the year. There is fow-level
stralus and mixed cumuliform cloudiness along the
coasts and inland to the west where moist cumenits
prevail. Bases range from 1,500 to 2,500 feet (500-850
metcrs) MSL. The rest of the region sees a gradual
decrease in humidity and upper-level moisture.
Mid-level stratiform cloud and some temrain-induced
cumulus with tops to 10,000 feet (3,050 meters) are
found along windward slopes. In November, mean sky
cover decreases from about 75 percent to about 60
percent. At Guatemala City, sky cover drops from 75 to
54 percent; at Tegucigalpa, from 79 to 69 percent. At
San Pedro Sula and Tela, which are still relatively "wel,"
mcan sky cover drops from 82 to 73 percent, and from 72
to 67 percent, respectively.

WINDS. Prevailing wind direction during the transition
period is northeast. The inversion limits the vertical
exient of this flow to 6,000 to 10,000 feet (1,900-3,050
meters). Above 10,000 feet, moderate westerly flow
dominates 0 20,000-30,000 feet (62-94 km). A
periodic mid-latitude intrusion can bring winterlike
conditions to the highlands. Bitter winds out of the north

can reach 20 to 30 knots and lower tempcratures into the
fifties. The onset of these "Nortes” signals the transition
from wet to dry conditions.

PRECIPITATION. By November, most Northern
Mountains locations are getting only half the rainfall they
got in October (Guatemala City about six times less,
Quetzalicnango ten times less, and Tegucigalpa three
times less). But there is much heavier rainfall at coastal
locations along inland valleys that allow the funncling of
moist easterly low-level flow. At La Ceiba, Trujillo, and
Tela, for example (all on the northem coast of
Honduras), there is more rain in November than in
October; in fact, the so-called "transition” season here is
more of a "wet” season, and is when maximum monthly
rainfall occurs.

TEMPERATURES. Average (cmperalures remain
mild. The northemn coast at La Ceiba sces highs ncar
82°F (28°C) and overnight lows of 70°F (21°C). Inland,
at San Pedro Sula, daily highs and lows average 85°F
(29°C) and 68°F (20°C). In general, increases in
elevation increase the daily temperature range becausc of
drier winter air.

349




NORTHERN MOUNTAINS DRY SEASON

GENERAL WEATHER. The most important dry
scason weather feature is the strengthening trade wind
inversion.  Moist low-level casterly flow ascends the
Caribbean slopes 10 condense and evaporate quickly

December-April

within the inversion layer. This process rclcascs latent
heat and produces dry, warm easterlics 10 western
(leeward) scctions. Only polar surges (onc to four a
month) disrupt the pattern,

Figure 3-30. A Strong Polar Intrusion. In this 21 January 1979 photo, cloud streaks illustraic the ability
of westcrly flow to shear polar surges in the tropics. More intense fronts remain intact over northern parts of the

region,where they produce frontal type showers.

SKY COVER. Fog, with low ceilings and visibilities,
occurs daily in some mountain valleys above 6,000 fect
(1,850 mciers). Other vallcys see shatllow cumulus,
generated by the differential heating of mountin siopes,
that rarcly rcach above 10,000 feet (3,050 mcters) duc to
subsidence aloft.  Individual valley orientation o wind
and sun produce local anomalies in  undisturbed
conditions. The highest frequencics of ceilings below

3,000 feet (915 meters) occur during the height of polar
intrusions along the northern Honduran coast.  Slightly
higher frequencies occur during daylight hours hecausc
of the assistance provided by sca breezes. Figures 3-31a
and 3-31b for San Pedro Sula, Honduras, show the
highest percentages of occurrence for ccilings below
3,000 feet (915 meters) and visibilitics below 1 nautical
mile in the dry scason.
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NORTHERN MOUNTAINS DRY SEASON
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NORTHERN MOUNTAINS DRY SEASON

WINDS. The prevailing northeasterlics are tecmporarily
replaced by cold fronts moving out of the United States.
Winds behind the front are northwesterly, but vary
locally in valleys. Gusts may reach 40-50 knots. Mean
upper-level winds are northerly during the dry season.
Mountain wave and clear air turbulence (CAT) are often
associated with closcly packed isotherms at 300
millibars. Studies show that the greatest probabilities for
CAT are ahead of the bases of large amplitude troughs,
with frequency directly proportional to the strength of
westerly flow. Here, CAT occurs most often between
35,000 and 43,000 feet (10,500-13,400 meters). CAT is
more severe along the lee sides of mountain ridges than
near individual peaks. Mountain waves are usually
found below the inversion layer. A sieep tcmperature
gradient or strong inversion strengthens the mountain
wave. The Caribbean ranges of central and northern
Nicaragua are likely source regions for mountain waves.

TEMPORALES. Conditions for formation of the
temporale along the Gulf of Honduras are favorable.
Normally forming over moist ocean shallows, thesc
systems produce hurricane-type rainfall, but without
burricane winds. The extremely heavy rainfall persists
for periods of 24 to 36 hours. Stagnating cold fronts
shear at higher levels and form cutoff lows at the surface.
Low-level convergence from the easterly surface flow
tends to induce cyclonic turning of moist air into the arca
of low pressure.

PRECIPITATION. March and April are rormally the
driest months of the Northern Mountains dry season.
Because winter is the driest season and the highest peaks
lie above the inversion, snow rarely accumulates. The
western parts of the Northern Mountains are very dry in
wintcr; eastern portions are wetter. An exception is
along the northern Honduran coast where winter is the
wettest season. The topography of the northern coast of
Honduras (from La Ceiba to Trujillo), along with
synoplic wcather patterns, results in anomalously wet
winters in this area. The entire northern coastline,

~north to northwesterly.

December-April

oricnted west-to-east, is backed by exicnsive coastal
ranges and lies below the trade wind inversion. The
mountain ranges provide orographic lift for ncarby Gulf
of Honduras moisture. In winter, synoptic airflow is
The moiswre flow lifts
orographically, producing continuous rain showers. The
trade wind inversion confines moisture to the adjacent
coastal plain. The land/sea brecze, reinforcing onshore
flow by day and producing convergence lincs by night,
produces drizzle and showers at any time of day. Adding
to the rainfall anomaly here is the fact that frontal
activity is frequent during winter. Polar surges pick up
Gulf moisture belore crossing the coast. This moisture
further increases rainfall potential as it climbs the coastal
ranges. Orographic precipitation from low-lcvel stratus
is normal on immediate coasts. Inland, orographic uplift
produces cumulus on windward slopes and clearing skics
on leeward sides. Polar intrusions can carry instability
several hundred miles into the interior, where air rides up
and down over successive ridges. As air descends the
first ridge, it loses some of its moisturc. 1t is lifted over
the second and successive ridges until all thc moisture is
gone. Rainfall can be heavy, particularly if one of these
systems stagnates.

TEMPERATURES. Air temperature here is usually a
function of altitude rather than of latitude. Winter's dry
air provides a large diumal tcmperature range, but at
times a high incidence of fog can decrcase that range. At
Quetzalienango (elevation 7,806 feet or 2,380 mcters),
nighttime lows average 34-38°F (1-2°C); daytime highs
are from 68 to 77° F (20-24°C). At Guatemala City
(elevation 4,885 fee/1,490 melcrs), average lows are
54-58°F (11-13°C); highs are in the 73-80°F (22-25°C)
range. At San Pedro Sula (elevation 280 fect/85 mciers)
on the north coast of Honduras, lows average 64-68°F
(18-20°C), highs 85-92°F (30-33°C). The "Norte,"
which can begin as early as October, doesn’t affect
temperatures here until December. Thermal gradicnts
behind fronts rarely drop the temperaturc by morc than 3
to 5°C.
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NORTHERN MOUNTAINS DRY-TO-WET TRANSITION

GENERAL WEATHER. The overlap between the
December-Aprit  dry season and the March-May
dry-to-wet transition results form large variations in trade
wind inversion strength over this vast area. A
weakening wrade wind inversion, deep northcast trade
wind moisture, and the Monsoon Trough combine to
control the transilion weather paltern.  Persistent
low-1evel convergence produces heavy shower activity in
southern sections along the Monsoon Trough, while
orographic uplift against the Caribbean (windward)
slopes is rcponsible for large-scale convection in the
north and east.

SKY COVER. Along the northern Honduran coast, sky
conditions improve slowly. Most other locations are
exposed to early moming fog, smoke, and haze. Cloud
tops over the eastern half of the region begin to reach
15.000-18,000 feet (4,600-5,500 meters) as the inversion
layer’s thickness and temperature gradients decrease.
Bases are typically 2,000-3,000 feet (610-915 melters)
with scatlered cumulus along ridges. Polar intrusions
lower bases to 1,000-2,000 feet (330-610 meters), with
cumulus embedded throughout stratus decks. Monsoon
Trough surges produce high cirrus canopies that precede
the eventual isolated thunderstiorm activity. Turbulence
along the Monsoon Trough is light to moderate; icing is
possible in tops above 30,000 feet (9,125 meters).

March-L:ay

WINDS. Early in the transition, wind speeds are strong
because of the influence of the S00-millibar anticyclonc.
Predominantly northeasterly, a "Norte” can provide bricl
periods of north and northwest surface flow. Mountain
and valley currcnts are strongest in the high sun periods
of April and May, especially in the north.

THUNDERSTORMS. Commonly associated with the
rare northward surge in (he Monsoon Trough,
thunderstorms orient themsclves wesl-lo-cast over
southern sections of the Northern Mountains. Surges of
these cross-equatorial breezes touch off large clusters of
convection. With the inversion virtually nonexistent
over the Pacific, tops can reach 45,000 feet (13.5 km).
Lightning and hail are rare, but orographic uplift may
increase the severity of the disturbances.

PRECIPITATION. By May, vertical instability begins
to increase. May rainfall averages more than 4 inches
(102 mm) everywhere except on the. highcst peaks and
along the north Honduran coast.

TEMPERATURE and relative humidity increase
throughout the period. Diurmnal ranges, however,
decrease as moisture in the upper levels incrcases. Highs
average between 82 and 93°F (28-33°C). The highest
temperatures are at coastal locations.
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3.5 THE NICARAGUA LAKES
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Figure 3-32. The Nicaragua Lakes. This region runs northwest to southeast from the Gulf of Fonscca
across coastal Nicaragua along the 500-foot (150-meter) contour, then straddles the Nicaragua-Cosla Rica border to
end between San Juan del Norte and Puerto Limon on the Carribean coast. A climatic summary for
Managua/Sandino is inset.
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NICARAGUA LAKES GEOGRAPHY

Lake Managua and Lake Nicaragua dominate the
rcgion. Lake Nicaragua, the larger of the two, is about
100 feet (30 meters) above sea level. Except for a string
of volcanic cones that run through the area from the Gulf
of Fonscca to the approximate center of Lake Managua,
the region is relatively flat. Several volcanic cones rise
from the surface of Lake Nicaragua. The largest of these,
al Aliagracia, is 5,285 feet (1,611 meters) MSL.. 1t has
erupted since 1800. The city of Managua and its
Augusto Cesar Sandino International Airport (194
feet--59 meters) lie on the southernmost shore of Lake
Managua.

Several unique geographic features of the lakes region
have o dramatic cffect on its weather:

First, the large water expanses of the lakes: although
Lakc Nicaragua (with about 4,000 sq miles--10,240 sq
km) dwarfs its northern neighbor Lake Managua (about
500 sq miles--1,280 sq km), both are significant moisture
sources. The lakes are connected by a small river which
helps keep both elevations just over 100 feet (30 meters)
above sca kevcl.

Second, the termain here is relatively flat with
clevations between 100 1o 200 feet (30 to 60 meters).
But there are isolated groups of mountains that top 5,000

feet (1,525 meters), including volcanic cones that
protrude from the surface of Lake Nicaragua. There is
also a small range of mountains in thc namrow strip of
land between the lakes and the Pacific Occan. The tops
of these hills are between 2,000 to 3,000 feet (610 10 915
meters).

Finally, there is the Marabios Range, located between
the northern shore of Lake Managua and the Gulf of
Fonseca. This range is oriented northwest-to-southeast
with a maximum elevation of 5,725 feet (1,745 mcters).

A fiat expanse of land between Lake Nicaragua and
the Caribbean is an ideal drainage basin for rivers
flowing from the mountains on either side. The terrain to
the south rises rapidly (0 peak at over 10,000 feet (3,050
meters) in central and southem Costa Rica. The
mountains to thc north arc much smallcr, with tops
between 1,500 to 2,000 feet (455 to 610 meters). Rivers
crisscross the entire region, with swamps and marshland
along the southern shore of Lake Nicaragua and another
stretch near the Caribbean. ’

Evergreen forests predominate outside the
swamplands. Nicaragua makes use of the tcrrain on the
castern shore of Lake Nicaragua for farming, using
irrigation to create extensive rice paddies.
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NICARAGUA LAKES WET SEASON Mid-May--October

‘ GENFERAL WEATHER. The Monsoor Trough and  the Pacific push onshore and fuel the diurnal convective
the southwesterly flow acsoctated with it are the primary  cycle. Showers and thunderstorms arc daily occurrences.
wet season weather features. Moist southwesterlies of

Figure 3-33a. Convection Develops in Association With the Norther'y Surge of South-

westerly Flow. In this 12 July 1976 photo, large-scale convection develops over open watcr north of the
Monsoon Trough.,

Figure 3-33b. The Disturbance 24 Hours Later. The large cloud clusier’s movement is controfled by
onshore Mow.
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NICARAGUA LAKES WET SEASON Mid-May--October

The Monsoon Trough oscillates diurnally, moving
onshore by day and receding over water by night. Figure

At photo time (1100 LST), the sca brecze was not yct at
full strength, but it would eventually push the entire line

3-34 shows hcavy conveclive activity poised offshore.

over land.

Figure 3-34. Nicaragua Lakes’ Effect On Convective Activity. In this 11 September 1979 photo,
notice the narrow ring of cloud-free sky along Lake Managua’s rim. Surface data might indicate some mcsoscale

divergence in the low-level wind profile.

SKY COVER. Diumnal sca breezes generate trade wind

cumulus until 1600 LST. Momings average 3 to 5/8ths
sky cover with bases between 1,500 and 2,500 feet AGL
(460-765 metcrs). In the south and nearby mountains,
Caribbcan moisture forms bases at 1,000-1,500 feet
(330-460 meters); higher temain is obscured. Embedded
thunderstorms are found in solid stratocumulus decks
with 3,000-foot (915-mcicr) bases. In the northem
sections there is a complex interactive cycie between
diurnal convection and lake breezes. Cloud cover
remains less than 2/8ths until 1100 LST before the

diurnal heating cyclc reverses the lake breeze. By 1200
LST, convective cclls are between 6,000 and 12,000 fect
(1,830-3,660 meters), Visibilitics rarcly fall bclow 6
miles but they can go beclow 4 miles in carly moming
haze or heavy rain. In Figure 3-35, lowcer cloud bascs arc
shown for Juigalpa, a location dominaicd cqually by
Caribbean and Pacific moisture. Juigalpa is located near
the windward (Pacific) slopcs of thc Northern
Mountains;  orographic uplift causes the increased
frequency of low ccilings in midsummer.
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Figure 3-35.
Locations.

WINDS. Trade winds are generally light, averaging
5-10 knots. The lakes proper, however, have their own
focalized wind structure caused by the diurnal lake
breeze effect. Prevailing winds at Managua are easterly
at less than 10 knots. In the isthmus between the lakes,
however, speeds increase to 11 or 12 knots. At night
around the lake, onshore flow produces steady breezes
varying from the prevailing northeast flow but rarely
exceeding 8 knots.

THUNDERSTORMS. The convergent low-level flow
over the southern part of the Lakes region produces
numerous severe thunderstorms, many with gusty winds
and 3/4" hail. Rivas, Nicaragua, south-southwest of
Managua, sees an average of 12 such severe storms a
year, most between August and October.  Strong
low-level convergence from the Monsoon Trough,
imeracting with northeasterly flow, builds large
convective towers that reach 10 42,000 feet (12.8 km) or
more.

PRECIPITATION.  Although the lakes provide
additional moisture to locations downwind of the prevail-

Ceiling Frequencies Less Than 3,000 feet For Three Nicaragua Lakes

ing flow, heavicr precipitation downwind is not evident.
The southernmost fringes of the region are in the direct
path of flow off the Caribbean, These sections are
extremely wet and get more than 85 inches (2,160 mm)
of rainfall a year. Most of the rain in the south falls as
the result of convective activity between 1200 and 1800
LST. Normal wet season weather, however, consists of

. diurnal convective thundershowers between 1500 and

2200 LST. In the interior, noctumnal thundershowers are
common, thanks 10 localized wind regimes and
topography to the east. Most thunderstorm activily
results from the convergence of flow off the Caribbean
and the sea breeze off the Pacific. Cells regularly
propagate northwestward into Nicaragua from Costa
Rica. As these cells move out over the lakes,
redevelopment depends on the strength of the dry
mouniain winds from the east and the dynamics of the
lake breezes themselves. In the northern half of the
region, divergent flow produces an annual rainfall
averaging only 35 to 50 inches (809 to 1,270 mm). Herc,
too, localized convective cclls are the primary weather

producing systems.
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NICARAGUA LAKES WET SEASON

TEMPERATURE. Wei scason mean daily highs drop
from 91-95°F (33-35°C) in May to 87-90°F (31-32°C)
by July. Temperatures in urben Managua are 2-5°F
(I-2°C)h'lghetduebtll=hatislalddfect,bmnoc(|mnl
breezes off Lake Managua bring relief. Low

Mid-May—October

temperatures are a funclion of proximity 10 walcr;
locations near the lake stay near 74-75° F (23-24°C),

while those farther from the lake's modifying breczes are

in the upper 60s °F (20-21°C).
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NICARAGUA LAKES WET-TO-DRY TRANSITION

GENERAL WEATHER. Increasing subsidcnce aloft
(above 7(X}) mb) and the tradewind inversion are the
primary wcather controls during November. Upper-level
westerlies produce subsidence aloft as well as drier air,
and act as the steering mechanism (or active polar surges.
The trade wind inversion intensifies at 5,000-6,000 feet
(1,600-1,830 mcters), causing descending northeasterly

November

tradewind flow into the region 10 warm and dry
adiabatically, significantly dampening the diumal
conveclive cycle. Polar surges and remnants of
tradewind surges (in the Monsoon Trough) tcmporarily
disrupt the inversion and subsidence aloft. Figure 3-36
shows the typical cloudiness/weather associated with a
polar surge.

Figure 3-36 The Pacific Influence on a Polar Surge Into the Lakes Region. Sca breczes pump
low-lcvel, Pacific moisture into this 14 November 1975 disturbance. Withoul an inversion to cap convection,
isolatcd thundershowers develop.  Cloudiness and rainfall rarely persist for more than 24 hours. Typically,
northcasterlics reestablish, with lec side dry air dissipating the convection.

SKY COVER. Bases average 2,000-3.000 feet
(610-915 mcters) but rarcly cxcecd 10,000 feet (3,050
mcters) in the northern third of the Lakes region. Tops
may rcach 20,000 fect (6.2 km) in the south, where
greater instability results from moist Caribbean and
Pacific airflow.

‘»

WINDS. VWinds arc normally northeasterly, but
localized winds on the lakes vary in dircction.  Speeds
are normally 8 to 12 knots, greater along the lcading
edges of frontal incursions. Downslope breezes caused
by the stronger trades can reach 20 knots or betier in the
absence of cloud cover.
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NICARAGUA LAKES WET-TO-DRY TRANSITION

PRECIPITATION. November rainfall averages 2 10 3
inches (51-76 mm) throughout the Lakes region. There
may be showers from shallow convective cells in late
afternoon. The increased inversion strength and stronger
northcasicry flow limit vertical development over flat
terrain, but orographic lifting may let individual cells
grow to 20,000 feet (6.2 km) and spread precipitation
downwind.

November

TEMPERATURES. The Lakes region averages 4 days
a month during which tcmperatures are above 90°F
(32°C). Lows rarcly dip below 68°F (20°C), and then
only at high elevations with the passage of a cooler
mid-latitude front. Sea temperatures arc still high
enough to moderate lake and ocean locales. Daytime
highs average 86°F (30°C); lows about 75°F (24°C).
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NICARAGUA LAKES DRY SEASON

GENERAL WEATHER. Upper-level westerlies, the
trade wind inversion, and polar surges are the three
primary winter dry scason weather controls. Upper-level
westerlies bring dry, subsident air aloft; but onc to five
times a month, the westerlies carry weak troughs into
the region, along with light showers. The trade wind
inversion, however, forces the prevailing northeasterly
flow downward into the region, where it becomes
adiabatically dry, rather than moist.

SKY COVER. The diumal convection cycle is
dampened by the combined effects of the inversion and
strong adiabatic leeside drying. Clouds are most
common at night, with the lakes providing the moisture.
Sky cover at dawn is 3/8ths with bases at 2,000 feet (610
meters); visibilities are between 3 and 6 miles. By late
afternoon, sky cover decreases o 1/8th; visibililies are
greater than 6 miles. Sky cover rarely exceeds 2/8ths;
bases are rarcly lower than 3,000 feet (915 meters).
Early momings occasionally see fog forming where
lopography serves as a wind break and radiation cooling
is favorable.

December--Mid-April

WINDS. The strongest mcan wind speeds (9-12 knots)
are observed in the dry season. Prevailing direction is
northeasterly in the lower 10,000-15,000 feet (3,280-
4,600 mcters, but above 15,000 feet (4.6 km)), persistent
westerlies average 25-40 knots. Along the eastern fringes
of the Lakes region ncar mountain slopes, winds can gust
10 40 knots in advance of stronger polar intrusions.

PRECIPITATION. Rainfall averages lcss than 1 inch
(25 mm) 2 month from December to April, except for the
extreme southeastern comner ncar the Nicaraguan-Costa
Rican border. The Lakes region proper is isolated from
Caribbean moisture by the interior mountains, and the
persistent trade winds descend into the rcgion as dry
adiabatic flow; dry season precipitation is scant. Polar
surges provide an isolated shower every 7 to 10 days.

TEMPERATURES. Peak insolation occurs in April,
when skies are clcaresl. As a result, highs of 90-95°F
(32-35°C) are observed in April and May. The avcrage
low is 75°F (24°C). Winter temperatures arc normally in
the upper 70s °F (25-27°C) and lower 80s °F (27-29°C).
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GENERAL WEATHER. The wade wind inversion’s
disappearance is thc major transition weather fcature.
The wcakening inversion layer climinates the source of
dry, adiabatic northeasterlies. The sea breeze circulation

Mid-April—-Mid-May

intengifies and gencrates diumal convection. In lakc
spring, frontal passages occasionally descend into the
region. Figure 3-37 illustrates the clouds and wcather
that often accompany weak polar surges.

Figure 3-37. A Weak Frontal Passage Enters the Lakes Region. Thesc fronis rarcly have
significant weather along the frontal boundary. Typically, the sheared front creates instability aloft, which enhances
the pre-established synoptic pattern. In this 12 April 1976 case, the Monsoon Trough over southem Central America
is well-developed; cloudiness develops along the northern extension of the Monsoon Trough.

SKY COVER. During episadcs of Monsoon Trough
convergence, sky cover will be 4 1o 6/8ths cumutus with
tops to 20,000 fcet (6.2 km) and bases at 2,000-3,000 fect
(610-915 mcters). Diumnal convection (in the absence of
additional sources of instability) prohibits cumulus from
cxtending beyond 15,000 fect (4.8 km) duc to the
tradewind inversion. Momings along the lakes can sce 6
to 7/8ths coverage of light stratiform cloud due to
radiation cooling over land and lakeshore breezes that
sweep moisture ashore.  These layers are at 4,000-6,000
feet (1,220-1,830 meters), with bascs as low as 1,000 fect
(330 meters). They bum off quickly, however, when the
sun begins W gencrate the fand/sca breeze mechanism.

WINDS. Normal northeasterly flow averages 5-8 knots,
hut onshore Monsoon Trough flow can produce gusts (o
IS knots. Maximum specds arc rczhed during

mid-aftemoon in response (o sca brecze reinforcement of
onshore Mow. The decrcase in descending mountain
airflow from the cast allows the sca breeze 10 penetrate
deep into the interior.

PRECIPITATION. All locations in the Lakes region
get more than 5 inches (127 mm) of rain during May, a
ten-fold incrcasc over April.

TEMPERATURE. Latc dry scason conditions scc the
greatest insolation.  Clear skics allow an average high in
Managua of 93°F (34°C). Lows rcmain balmy, with
74°F (23°C) normal.  Along the lakes, daytime
tcmperaturcs can be as much as 3°C cooler during the
day and 2°C warmer at night because of the moderating
cffects of thesc large water bodics.
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Figure 3-38. The Southern Mountains. This region is bounded on the north by a linc drawn at the
500-foot (150-meter) contour and running from La Cruz (on the southem shore of Lake Nicaragua) to Pucrto Limon
on the Caribbean coast. From this line south, the region cncompasscs all the rest of Costa Rica and Panama. Only

Panama.
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SOUTHERN MOUNTAINS GEOGRAPHY

A high ridge of mountains extends through the central
sections of Costa Rica and western Panama. These
exlensive mountain systems include numerous inactive
vokanos, most of which are in central Costa Rica and
ncar the Costa Rica-Panama border. The tops of these
cones run between 10,000 and 12,000 feet (3,050 to
3,660 meicrs). The northern and southern extremes of
this mountainous region have maximum elevations of
5,000 to 7,000 feet (1,525 t0 2,135 meters). The
mountains slope quickly into the coastal regions, leaving
only narrow plains in most areas. Exceptions are found
mainly where bays, lagoons, and gulf areas have been cut
into both coastlines.

Several large peninsulas jut into the Pacific; three of
these are of particular interest:

The Nicoya Peninsula, in extreme northwestern
Costa Rica, is covered with rolling hills that have tops
near 3,000 feet (915 meters). The Gulf of Nicoya, along
the southcrn edge of the peninsula, separates it from the
mainland.

The Osa Peninsula is in southwestern Costa Rica.
Smaller than the Nicoya, it also has a few hills, but most
of it is covered with mangrove swamps and marshiand.
It is the drainage basin for numerous rivers flowing {rom
the mountains on the mainland to the sea.

The Azuero Peninsula, in weslem Panama, covers
100 sq mi (256 sq km) and is relatively flat with only
isolated hills. It is covered with small rivers and
expanses of marshland. The peninsula divides two of the
largest gulfs in Central America: the Gulf of Chiriqui
and the Gulf of Panama,

The Caribbean coastal side of the Southern Mountains
region is relalively unbroken, interrupted bricfly in
western Panama by the Chiriqui Lagoon and Almiranti
Bay. There is almost no coastal plain exccpt near the
Isthmus of Panama.

There are several noteworthy valleys in the Southem
Mountains. The San Jose Valley in central Cosia Rica
runs northwest 10 southeast. Although it is well above
sea level (3,000 to 4,000 feet--915 to 1,220 meters) it is
surrounded by ridges pushing to well over 10,000 fect
(3,050 meters). Another vatlcy, near the border of Costa
Rica and Panama, runs parallel to the ridge line and dips
10 540 feet (165 meters) at its lowest point. This
southern valley is an ideal collection point for numesous
mountain streams that run into the Terraba River, which
then flows into the Pacific near the Osa Peninsula.

Tropical/subtropical e'vergreen seasonal broadicaved

forests dominate the region except in marshy peninsula
areas where dense ferns and small mangroves prevail.
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SOUTHERN MOUNTAINS WET SEASON

GENERAL WEATHER. Complex topography and
extremely unstable conditions resulting from low-level
moisture convergence (Pacific/Atlantic air masses) and
complex topography contribute to extremely wet
conditions here during the summer wet season. The
Monsoon Trough and moist, northeasterly tradewinds
consistently produce unstable conditions, thunder-
showers, and heavy isolated areas of rain. Persistent
low-level tradewind convergence enhances the diurnal
convective cycle. Typically, clouds develop immediately
after the 0900 LST onset of the sea breeze. Extensive
volcanic ridges provide orographic uplift. Stationary
convergence lines (oriented west to east) establish along
these ridges and bring heavy rainfall to the interior.

May-October

SKY COVER. On the Caribbean coasts of Costa Rica
and Panama, sea breezes reinforce the northeast trades.
Caribbean moisture pushes inland along windward slopcs
and lifts orographically. Convergence lincs develop
along the windward slopes and spread out into the
coastal plains. Typically, tradewind cumulus forms by
1000 LST with bases of 3,000-4,000 feet (915-1,220
meters), building o 20,000 feet (6,100 meters) by 1400
LST. Figure 3-39 compares ceiling frequencies for
Puerto Limon, Costa Rica, Howard AFB, Panama, and
San Jose, Costa Rica. It clearly shows the difference
between windward (Puerto Limon) and leeward (Howard
and San Jose) situalions.
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Figure 3-39. Percent Frequency of Ceiling: Three Southern Mountains Locations. Perccnt
occurrence frequency curves show that Howard and San Jose peak (although still less than 6 percent) latc in the wet
season as the Monscon Trough dominates the synoptic scale weather pattem. Since southwesterlies now prevail,
San Jose’s leeside orientation to northeasterlies is altered. In the case of Puerto Limon, (errain is more of a factor;
the radewind inversion confines moisture to Caribbean slopes early in the wet season. Puerto Limon’s coasial
configuration also enhances onshore flow. Late in the wet season, southwesterlies produce a rain shadow effect, and

low ceilings are less frequent.

WINDS. Flow is sustained northeasterly (5-9 knots);
however, synoptic-scale southwesterlies prevail from
July to October in southern Costa Rica because of the
Monsoon Trough. These winds are concentrated here
because of the high terrain (oriented WNW to SSE) that

diffuses their effect further east into Panama. The
complex terrain and coastal configurations in this region,
along with complex sea breeze-synoptic flow
interactions, produce local surface winds that can vary
from prevailing flow by 45 10 90 degrees. Localized
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SOUTHERN MOUNTAINS WET SEASON

zones of convergent/divergent wind fields make
large-scale wind forecasting difficult. The Canal Zone,
as well as the northwest interior and southern coasts of
Panama, is particularly complex with regard to local
wind patterns. Pacific flow (southerly) only reaches 5-15
NM inland, and is a funclion of sea breeze circulation
along southern coastlines.

THUNDERSTORMS. The diurnal convection cycle
produces numcrous large-scale thunderstorm cells, some
reaching to 40,000 feet (12.2 km). Low-level converg-
ence between sea breeze circulations fuels the activity. A
sccondary source of thunderstorm activity is concen-
trated in the mountainous interior. Orographic uplift
produces 70-90 thunderstorms a year in the mouniains,
versus 40-60 a year over the plains.

HURRICANES rarely make landfall in the Southern
Mountains region. The only recorded occurrence was in
fatc November 1969, when Hurricane Martha, with a 980
mb central pressure and maximum winds of 80 knots,
struck the northern coast of Panama. Five deaths were
reported in Costa Rica due 1o flooding and landslides;
damage estimates were upwards of $30 million. Martha
originated as a cutoff low generated by the Monsoon
Trough. No rainfall amounts were available.

May-October

PRECIPITATION. Rainfall amounts throughout the
Southern Mountains region are generally more than 6
inches (152 mm) a month from May through October.
The southwesterlies, which prevail from -July through
October, increase southern Costa Rican rainfall but have
litle effect elsewhere in the region, which is shelicred
from southwesterly flow by terrain.

TEMPERATURES. Along northern coasts, highs are
consistently in the 83-87°F (28-31°C) range. Overnight
lows, moderated by the ocean, range from 69-72 °F
(21-22°C). It is considerably cooler in the higher
elevations of the windward ranges becausc of adiabatic
processes. For example, Villa Mills, Costa Rica (al
10,157 feet/3,097 meters) averages highs of 60-64°F
(16-17°C), and lows of 41-42°F (5°C). In contrast, San
Jose (at 3,845 feet/1,172 meters) averages 78-80°F
(25-27°C) during the day and 60-61°F (16°C) at night.
In Panama, Cerro Punta (at 6,110 feet/1,863 meters)
averages highs of 68-69°F (20°C) and 49-52°F (9-11°C)
for lows. On the coast, Howard AFB averages 86-89°F
(30-32°C) during the day and about 75°F (24°C) at
night.
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SOUTHERN MOUNTAINS WET-TO-DRY TRANSITION

GENERAL WEATHER. Subsidence aloft is the
primary fcaturc of wetl-to-dry transition weathcr.
Developing anticyclonic circulation (northerly at SO0
millibars) and rcinforcing surface conditions (cooler land
and sea surface temperatures) stabilize the atmosphere.
The trade wind inversion, which averages 6,600-8,200

November-December

feet (2,100-2,500 meters), dampens vertical trade wind
cumulus devclopment. Only a tcmporary synoplic-scale
northward surge in thc Monsoon Trough dcstroys the
developing subsidence during this period. Figure 3-40
shows a Monsoon Trough disturbance migrating
northwestward toward the Southern Mountains.

Figure 3-40. Monsoon Trough Convection. In this 15 November 1975 photo, cloud clusters arc the
result of orographic uplift of equatorial moisture along the Andean Chain in Colombia. These clusters move over
warm walcrs, inicnsify, and travel northward. The northeast trades, however, stecr the clusters wesiward. Clouds
(imostly cirrus and stratocumulus) reach the southem coasts of the region, occasionally accompanicd by light

showers.

SKY COVER. Thunderstorms associatcd with the
Monsoon Trough and land/sea breeze persist in certain
parts of the Southern Mountains as late season surges
push the Trough bricfly northward. Cloud cover
averages from 5 10 6/8ths during the day. Bases are
3,000-4,000 fect (915-1,220 meters) along windward
slopcs, on mountain peaks and ridge lincs, and on the
imcrior coastal plains. Tops average 12,000 feet (3.8
km), but may rcach 17,000 feet (5.3 km). Bases of thc

leeward cumulus average 4,000-6,000 fect (1,220-1,830
meters.  The introduction of the trade wind inversion
decreases mean cloud cover on the lec (Pacific) side of
major barriers during the transilion due 1o adiabatic
processcs. Late in the transition, undisturbed conditions
produce thin altostratus with mixed trade wind cumulus.
By midday, bases are 3,000-5000 feet (915-1,245
melers). Tops reach 9,000 fect (2,745 mcicrs) in the
lowlands. Stratus covers ridge crests above 6,000 foct
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SOUTHERN MOUNTAINS WET-TO-DRY TRANSITION

(1,830 meters) in the moming, later changing o 1
3/Ruhs isolated trade wind cumulus with bases at 2,000 to
3,000 fect (645-915 meters). Evenings typically revert 10
broken stratus in response (o a lack of surface-induced
convection.

WINDS. Prevailing direction is from the northeast.
Speeds are light and variable (5-8 knots), but typically
increase with height (10-15 knots at 3,000 feet915
meters). Local topography can isolate certain areas and
create unique circulation patterns.  An example is at
Golfito, Costa Rica, where mountain winds from the
northeast combine with local sea breezes t0 produce
blustcry conditions and moderate cumuliform

development.

PRECIPITATION. December thunderstorm days at all
locations decrcase 10 one-half the wet season totals. The

November-December

northeasterly trades produce adiabatic leeside drying.
This drying phenomenon affects the southern Costa
Rican coastline except at Golfito, where more than | inch
(25 mm) of rain falls in December. Local terrain and
wind circulations are responsible for all such unique and
isolaed conditions. Southern Panama’s dry transition
conditions are similar to those in southen Costa Rica. A
strong inversion limits Caribbean moisture infand along
the northern coast, confining cloud cover and instability
showers to the immediale coasts--most moisture is lost
quickly over land.

TEMPERATURE. Average highs range between 82
and 91°F (28-33°C) in November and December.  The
number of days with 90°F (32°C) or beuer varies from §
to 12 a month over the catire region. Lows are gencrally
between 62 and 69°F (17-20°C).
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GENERAL WEATHER. The trade wind inversion and
the Andcan Mountin chain are the most irfluential
factors in determining dry season weather; increased
subsidence gencrated along and above the inversion
significantly restricts tradewind cumulus and thunder-
storm activity. The Andes Mountains, however, deflect
equatorial southwesterlies and force orographic lifting of
wamn Pacific moisture.  Uplifted air intensifies into
convective cloud clusters along the Monsoon Trough
from 3 to 7 degrees North during winter and carly spring.

SKY COVER. The Caribbean coasts of Costa Rica and
western Panama (as well as their adjacent windward
interiors) sce 2 to 3/8ths cloud cover by 1000 LST.
During latc aftemoon, windward sfopes see maximum
cloudiness as air is lifted orographically. Sky cover
peaks at S to 6/8ths during the dry season. Bases are
generally between 2,000 and 3,000 feet (610-915
melers); (ops rarcly reach above the base of the trade
wind inversion, which is now at 6,000-8,000 feet
(1,830-2,440 meters). On the Pacific side of the
mountains, the percemage of possible sunshine reaches
9 percent in March. From Puntarenas northwestward
inlo Nicaragua, the mountains create a lee side rain
shadow whcre skies are nearly cloudless all day. Cioud
cover averages only 1/8th and rarely excceds 3/8ths.
Bases rarely form above 4,000 feet (1,220 meters), even
during the aftemoon. Cloudiness along the Isthmus of
Panama depends on the location of the convergence line
resulting from the northeasterly trade flow and airflow
deflected by the Andes. By midday, sky cover averages
4 10 6/8ths as clouds drift near shore. Tops rarely exceed
12,000 fect (3.7 km), but cells may produce light to
moderate rainfall that is localized, short-lived, and
typically generated along the edges of cumulus canopies.

WINDS. Light to moderate turbulence is more frequent
in the dry scason because of the strong trade wind
inversion in the lower atmosphere. Modecrate clear air
turbulence and mountain lee waves can develop with
descending northeasterly flow along the lee (Pacific side)
of the cxtensive mountain ranges of Costa Rica. Large
amplitude waves, particularly during March, are formed
by the adiabatic compression of northeasterly (low

January-March

passing over the compiex terrain. Downslope breezes
can reach 20-30 knots at the surface with isolated valley
circulations shifling wind directions 90 degrecs 0 the
prevailing flow.

PRECIPITATION. The Southern Mountains arc dricst
in March. Costa Rica’s extensive mountain rangcs
separate Coslta Rica and western Panama into (wo
separale and distinct dry season precipitation zones. The
Pacific side has a 4-5 month dry season, but on the
Caribbcan side it lasts only 3 months. The Pacific side
averages less than 1/2 inch of rainfall (13 mm) a month
during its dry season, but the Caribbean sidc is ten times
welter.  Essentially, the Caribbean side’s "dry” scason
occurs only when the trade wind inversion inhibits
thunderstiorm aclivity and decreases the amount and
frequency of heavy rainfall. High terrain on the
Caribbean side riscs above the trade wind inversion and
acts as a wall separating moist windward flow from dry
leeward flow. The northeasterlics sweep moist
Caribbean a‘r inland to the windward slopes. This
moisture r~mains below the inversion layer and
conden.es to result in drier flow along the ridge crests.
The same northeasterlies compress over the ridges and
descend leeward slopes adiabatically. During the
abbreviated "dry" season, orographic convection persists
in the moist Caribbean air mass on the windward side of
mouniain slopes and below the trade wind inversion.
Since the inversion limits vertical cloud development to
only about 8,000 feet (2,440 meters), light 10 moderatc
showers--rather than thundershowers--dominate the
windward slopes.

TEMPERATURE. Generally, mean daily temperatures
are warmer in the winter dry season than in the summer
wel season. Polar outbreaks, however, can bring below
freezing temperatures Lo the higher elevations. In Costa
Rica, average highs below 3,000 feet (915 meters) range
from 82 to 87°F (28-30°C) on the Caribbcan side and
89-95°F (32-35°C) on the Pacific side. Puntarcna, Costa
Rica, is the warmest spot in the region, averaging 95°F
(35°C) daily. In Panama, the avcragc lcmperaturc
remains constant at 86-88°F (29-30°C) throughout the
dry season.
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GENERAL WEATHER. Intensifying sea breezes and
low-lcvel convergence into the northward migrating
Monsoon Trough are the dominant dry-to-wet transition
features. Low-level convergent sea breezes accelerate
the diurnal convection cycle under clear springtime skies.
Surface heating, in turn, heats the atmosphere. The trade
wind inversion weakens and allows vertical development
of tradewind cumulus. Thunderstorm activity increases
dramatically. The Monsoon Trough increases instability
aloft and pumps equatcrial moisture to the 700-millibar
level, sustaining diurnal convection.

SKY COVER. Mountain slopes and ridges may be
totally enveloped in cloud from 1000 to 1600 LST. Tops
can reach 20,000 feet (6.2 km). Bases generally form at
2,000-3,000 fect (610-915 meters) with visibilities
between 3 and 6 miles. Along coastlines, cloud cover
beecomes 2 to 3/8ths by midday; tops average 10,000 feet
(3,280 meters), bases 2,000 feet (610 melers).
Visibilities are rarely less than 6 miles.

WINDS. With the increase in sea breeze circulation
resulting from increased insolation, northeasterly winds
along Atlantic coasts become stronger during moming
hours. Generally light and variable umit 0900 LST,
spceds increase to 10 knots by midday when the sea
breeze mechanism is in full gear. By late afternoon,
downdrafts from heavy cumulus can produce gusts up to
25 knots. Topography in this mountainous region
accelerates and obstructs winds, creating turbulent eddies
that are difficult 10 forecast. On the Pacific coasts, flow
is also northeasterly. When the Monsoon Trough is
favorably positioned, however, southeasterly flow moves
onshore tcmporarily at 6-10 knots; this flow is only
temporary because of the Trough’s diurnal oscillation.

April

Onshore flow, coupled with downslope currents off the
mountains, can create convergence lines inland. Winds
ncar these lines average 10-20 knots and vary in
direction.

THUNDERSTORMS. Increases in the frequency of
Monsoon Trough surges produce strong convergence line
thunderstorms along the interior mountains. Small hail
and strong winds (25-40 knots) may occur in isolated
towers that reach above 30,000 feet (9.5 km). Thesc
storm cells can intensify and eventually spread
downwind onto the plains, creating heavy downpours
and localized flash [looding.

PRECIPITATION. In April, most locations get
between 1 and 3 inches (25-76 mm) of rain, but by May,
monthly rainfall everywhere has increased to al lcast 8
inches. (203 mm) Most rainfall is either from intensc
thunderstorms spawned by the Monsoon Trough or from
the effects of orographic uplift. On the northwest
Adtlantic coast, May rainfall averages over 13 inches (330
mm), due primarily to the reinforced sea brecze.

TEMPERATURE. Increased sunshine carly in the
period maximizes temperatures by April. The onset of
the wet season produces slightly lower mean daily highs
because of the increase in cloudiness during daylight
hours. In the mountains, average spring tcmpcraturcs arc
significantly cooler, the result of elevation and large
increases in cloud cover. The mean range for
temperatures at lower elevations is 87-93°F (31-34°C)
for highs and 70-74°F (21-23°C) for lows. At the higher
elevations, highs remain mild, averaging 74-78°F
(23-25°C) during the day and 61-67°F (16-20°C) at
night.
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Chapter 4

THE WEST INDIES

This chapter describes the situation and relief, major climatic controls, geography, and general weather of the West
Indies, a geographical grouping that comprises a large number of islands stretching from northwest o southcast
across the entire Caribbean Basin. For this study, these islands have been sorted into four climatologically similar

groups as shown in Figure 4-1, overleaf. This chapter will address each of these four regions in considerable detail.
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“THE WEST INDIES

SITUATION AND RELIEF. The West Indies divide
the Caribbean Sca from the Atlantic Ocean. For this
study, the islands that make up the West Indies are
divided into four groups; as shown in Figure 4-1, these
are the Greater Antilles, the Lesser Antilles, the Southern
Islands (or Netherlands Antilles), and the Caribbean
open walers,

The West Indies cover a vast extent ol water.
Trinidad lics about 1,700 miles (3,145 km) from Belize
and about 1,650 mikes (3,052 km) from Miami. The
southern coast of Trinidad is almost exactly 10 degrees
north of the equator, and the northem coast of Cuba (at
Havana) is at about 23 degrees north. All the islands are
surrounded by the warm waters of the Caribbean Sea
which, thanks to the North and South Equatorial Currents
of thc Atlantic, seldom falls to less than 80°F (26°C) at
the surface. As expected, the entire island chain enjoys
what onc might call "tourist weather."

Mounttinous features and warm surrounding waters
arc thc itwo major geographical factors that influcnce
West Indian weather. The great mountain system that
stretches from Alaska (o the tip of South America was
formed by tectonic folding millions of years ago.
Although relatively minor, a branch of that system
extends through the West Indies. Many of the eastern
islands arc the above-water remains of partially
submerged mountains, many with volcanic features and
some still active. Most of the West Indian islands are
formed of folded sediments, but the istand of Dominica,
among others, is entirely volcanic in origin.

The tallest peak (10,128 feet--3,053 meters) in (he
West Indics is in the center of the Dominican Republic.
Another rcaches 8,773 feet (2,674 meters) near
Port-Au-Prince, Haiti. Others in the Greater Antilles
reach to 7,700 feet (2,347 meters) on the southwestern tip
of Haiti; 0 7,402 feet (2,256 meters) near Kingston,
Jamaica; and to 6,542 feet (1,994 melers) on the south
coast of Cuba. In contrast, the highest peak in the entire
Lesser Antilles reaches only 4,813 feet (1,467 melers) at
Guadalupe. Earthquake activity is common, much of it
cenicred in the Puerto Rico trench which, at nearly
30,000 fect (9,144 meters) is Lhe greatest known depth in
the Atlantic.
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Nearly all West Indian towns of any conscquence are
seaports. Since most of the airfields (and, as a result,
most of the observing sites) in the islands are at or near
sea level, it should be noted that much (but not all) of the
climatic data for the West Indies is typical of that
exposure and elevation.

MAJOR CLIMATIC CONTROLS. The West Indies
are dominated by two major features:

The North Atlantic (or Azores) High Pressure Cell
is part of the belt of high pressure (or descending Hadley
circulation) encircling the earth at about 30 degrees
north. The proximitly of this high’s center to the West
Indies increases atmospheric stability during the northern
hemisphcre winter and results in decreased precipitation
and a "dry season.” The ccll's northward migration
from 30 to 35 degrees north during northern hemisphere
summer results in decreased atmospheric stability,
increased convection, and a "wel season.” Scasons
(separated by short transition periods) throughout the
West Indies are gencrally classified as follows:

-Dry-Wet Transition (mid-April to mid-May)

‘Wet Season (May to November)

-Wet-Dry Transition (mid-November to mid-December)
*Dry Season (December to April)

Wet and dry seasons are discussed in detail in
subsequent sections devoted to each region. Although a
detailed discussion of "seasons” is not included in the
section on the "Caribbean Waters" region, conditions on
several small islands there are discussed and can be
considered representative of conditions over open waler.

Local Terrain. The termain itsclf is the sccond major
climatic factor influcncing local climate. Mountainous
arcas, such as thosc found on the four main islands in the
Greater Antilles group, for example, often modily the
climate on windward and upper leeward slopes duc (0
orographic uplift of moist eastcrly trade winds. Becausce
of this effect, some places don’t have the clcarly defined
wet and dry seasons common to most of the Indies.




4.1 THE GREATER ANTILLES
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Figure 4-2. The Greater Antilles. This region comprises four major islands and some lesser islands ncarby.
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Figure 4-3. Cuba. At 46,700 square miles, Cuba is the largest island of the Greater Antilles. It is 746 miles
(1,194 km) long and varies in width from 25 to 125 miles (40 to 200 km). A ridge in the center of the island rises to
1,017 feet (310 meters), but most of the island is mangrove swamp. The Isle of Pines (or Isle of Youth) lies across
the Gulf of Batabano about 80 miles (140 km) south of Havana. Cuba is surrounded by hundreds of other much
smaller istands, most of which are parts of coastal archipelagos interspersed with coral reefs. Low, hilly tcrrain, with
exiensive swampy regions along the coast, characterizes much of Cuba. Most rivers are short and fast running.
Except for the high ground on the east, west, and central portions, most of the island’s surface is below 700 or 800
fect (213 or 278 meters). There are only three mountainous areas on the island to speak of. The Sicrra Macstra and
Sierra dcl Cristal mountain ranges join to run from east to west along the southern coast of eastern Cuba near
Guantanamo. Elevations here drop steeply to the southen shore, broken only by Guantanamo Bay. Ridges arc
generally above 3,000 feet (914 meters), but some peaks are above 5,000 fect (1,524 meters). The highest of these is
Pico Turqueno in the Sierra Maestra at 6,542 feet (1,994 meters). Another less impressive mountainous feature runs
along the south-central coast near Cienfuegos; the highest point of its largest feature (Loma San Juan) is 3,773 feet
(1,150 meters). The third range (Sierra Del Rosario) is on the western part of the island; this ridge runs southwest
to northeast for about 100 miles and reaches 2,270 feet (692 meters) at its highest point.

4-5




CUBAN DRY-TO-WET TRANSITION

GENERAL WEATHER. Large-scale flow changes
from the northeasterly flow of the dry season to become
more easlcrly. The trade wind inversion begins 10
weaken and rise as the Azores High migrates north;
upper-level subsidence becomes less pronounced. As
subsidence lessens, the unstable lower layers become
deeper and allow conveclive precipitation to become
more widespread. Polar outbreaks are still possible early
in the transition, but their strength and frequency arc
greatly reduced. Local effects such as land/sea breezes
and mountain/valey winds become more significant.

SKY COVER. Increasing low-level instability is
reflected by the higher percentage of ceilings/visibilities
below 3,000/3, especially in the afternoon; percent
frequencies increase from just over 30% in March to
nearly 50% by May. Cumulus tops now are often above
10,000 feet (3.1 km).

WINDS. Low-level winds remain easterly below 10,000
feet (3.1 km); at higher levels, mean winds are still
northwesterly.

Mid-April-Mid-May

THUNDERSTORMS. The mean number of days with
thunderstorms increases from an average of one in March
to more than five a month by May. Thundcrstorms can
occur with the isolated polar outbreak early in the season,
especially on the northwestern edge of the island.

PRECIPITATION. Increasing instability in the lower
levels is reflected in the increase in precipitation; by
May, average monthly rainfall is nearly 4 inches (102
mm). Totals on the eastcrn edges of the island are more
than an inch less, however, thanks to the protection
afforded by the nearby hills.

TEMPERATURES. There is little change in mecan
temperature from the dry scason. Average highs run
from the low o mid 80s°F (28-30°C), and mcan lows are
in the low 70s°F (22°C).




CUBAN WET SEASON

GENERAL WEATHER. By September, the persistent
trade winds assume a more east-southeasterly component
and bring warmer air over the island. The depth of the
low-level trade winds increases. The northward
migration of the Azores High (to about 35° N, 40° W)
results in less subsidence aloft and more instability. The
trade wind inversion becomes weaker and rises to over
9,000 feet (2.7 km), permitting convection (o increase.
During July, however, the westem lobe of the Azores
High moves across Cuba to temporarily raise pressure,
increase subsidence and stability aloft, and suppress
convection. Many parts of Cuba experience a "mini dry
season” at this time.

SKY COVER. Cloudiness is at its maximum, averaging
5 10 7 tenths coverage. Ceilings/visibilities are below
3,000/3 from 10 10 30% of the time at most locations, but
may be less than 1,000/2 up to 10% of the time. There is
more cloudiness in the higher elevations. Afternoons are
cloudiest as convective clouds build. Figures 4-4a and
4-4b clearly indicate the greater wet season diurnal
variation in cloud cover. Since Guantanamo Bay is
protected on two sides by mountains, the percent
frequency and diurnal variation in cloud cover here are
much less than at other locations on the island, even in
summer.

00-05 LST CEILING and VISIBILITY < 3,000/3
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Figure 4-4a. Percent
Ceiling/visibility  <3,000/3,
Havana vs. Guantanamo Bay.

Frequency
00-05 LST,

May-November

Visibility is typically very good, averaging better than
6 miles 9% of the time. Sudden showers may restrict
ceiling and visibility to near zero for short periods.
Cumulus cloud bases are usually 2,000 to 4,000 feet (610
to 1,220 meters) with tops exceeding 10,000 feet (3.1
km). Some alt:-. ‘us and cirrus may be present.
Passage of easterly waves, tropical storms, or hurricanes
resuits in well-developed altostratus and nimbostratus
with embedded cumulonimbus. Reduced visibilily in fog
is infrequent and usually restricted to inicrior valley
locations. Light haze is often present, but it rarely
restricts visibility to less than 5 miles. The freezing level
is about 15,000 feet (4.6 km); icing may be found above
that, primarily in towering cumulus and cumulonimbus.
Turbulence is expected in or near convectlive clouds.

WINDS. The easterly trades dominate, but the passage
of easterly waves, tropical storms, or hurricancs tends to
disrupt the normal easterly/northeasterly flow. Mean
speeds are still 5-10 knots, but local terrain features often
modify the prevailing wind. Because the casterly trade
winds are blocked by mountains to the north, locations
on the southern coast of Cuba are more prone to land/sca
breeze effects. Early moming winds are northerly or
northeasterly as cool air drains down out of the

12-17 LST CEILING and VISIBILITY < 3,00073
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CUBAN WET SEASON

mountains. A southerly sea breeze often sets up in the
afiernoon. In September, winds are easterly up to 25,000
feet (7.6 km), tuming Lo become north-northwesterly
from 32,000 to 48,000 feet (9.8 to 14.634 km), and
returning to easterly above 48,000 feet.

TROPICAL DISTURBANCES. Tropical storm
activity increascs through the wet season, peaking in
August, September, and October. Activity is least at the
beginning and end of the wet season; [requency is only

May-November

2% in May and 7% in November. Atlanlic storms tend
to recurve north or south 10 miss Cuba, as shown in
Figure 4-5. Storms may also originate in the warm
waters of the western Caribbean--see the carlier
discussion of the TUTT. Siomm incidence is least on the
eastern end of Cuba, increasing toward the west;- storms
that do hit eastern Cuba tend to weaken as thcy cross
Hispaniola, which lies near the mean path of storms
moving toward Cuba from the east or east-southeast.

Figure 4-5. Total Number of Hurricanes and Tropical Storms (by 2 1/3-degree Squares)
for 72 Years (1886-1957). Arrows show location of maximum storm occurrence frequency.

THUNDERSTORMS. Most locations in Cuba see their
maximum thunderstorm activity from June through
September. Hail is not generally observed at lower
elevations but may occur in the mountains. Mountainous
sections of eastern Cuba may see enhanced thunderstorm
activity during passage of casierly waves because of

orographic uplift.
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PRECIPITATION. Annual rainfall amounts are 5-7
inches (127-178 mm) higher on the westem sidc of the
island due to the higher incidence of tropical storms and
hurricanes there, but some windward cxposurcs on
eastern mountain slopes may get as much rain as in the
west--see the discussion of dry season precipitation.
Most of Cuba has a double precipitation maximum




CUBAN WET SEASON

during the wel season. Most stalions see a
precipitation maximum in September, October, and early
November;  there is a secondary maximum in May,
followed by a temporary reduction in July caused when a
lobec of the Azores High moves over the Caribbean.
Pressure falls to its lowest levels of the year after the July
{ull in rainfall. Exposed locations on the windward side
of the Sagua Baracoa Mountains do not follow the
"two-scason” rcgime--see the discussion of dry season

precipilation.
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May-November

TEMPERATURES. Mean daily maximums are from
the mid 80’s (°F) (0 the low 90°s (29-33°C). Mcan daily
minimums are in the low 1o mid 70’s (22-25°C). Higher
elevations can be 10 to 15°F (6-9°C) cooler.

SEA SURFACE TEMPERATURES. Water
temperatures have now warmed to 84°F (29°C) and act
as a heat source that drives convection and hclps sustain
tropical storm and hurricane activity.




CUBAN WET-TO-DRY TRANSITION

GENERAL WEATHER. Large-scale flow regains its
northeasterly component as the center of the Azores
High moves south from its summer position (35° N, 40°
W) to its winter position (30° N, 35° W). The trade
wind inversion begins (o strengthen and lower as the
Azores High also migrates south. The result is increased
subsidence aloft and increased stability. Convection is
suppressed over most of Cuba. In November, polar air
masses and associated post-frontal high-pressure systems
begin 0 move south out of the United States and into the
Caribbean.

SKY COVER. Mean cloud cover is reduced during the
transition, but it is still between 35 and 45% over most of
the island. As the trade wind inversion lowers, tops of
the dominant cumulus and stratocumulus lower from
8,000-9,000 feet (24-2.7 km) to 6,000-8,000 feet
(1.8-2.4 km). Cloud bases arc still between 2,000 and
2 000 feet (610 and 915 meters).

Mid-November--Mid-December

WINDS. There are no major changes in winds, which
continue (0 be northeasierly at 5-10 knots. Causcs of
gusty winds change from the infrequent tropical
disturbances of summer 0 the more frcquent frontal
passages of winter. Again, higher winds arc morc
common on the northwestern end of the island.

THUNDERSTORMS. The average number of days
with thunderstorms falls drastically during the transition.
Only 1 or 2 days a month now sce a thundcrstorm, with
activity confined (o the passage of strong polar
outbreaks.

PRECIPITATION. The dry season is very dry--mean
monthly precipitation is only | to 2 inches (25 10 Si
mm), compared o 5-7 inches (127-178 mm) in the
summer.

TEMPERATURES. Average highs arc in thc low to
mid 80s °F (28° to0 30°C). Average lows arc between 65
and 70°F (19 and 22°C).
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CUBAN DRY SEASON

GENERAL. WEATHFR. Cuba’s dry season is
domimated by the casterly trade winds that reflect flow
around the Azores High. January winds are easterly
from the surface 10 abouwt 15,000 fect (4,573 meters)
MSL. Cuba, and especially northwestern Cuba, can also
come under the influence of strong transitory highs
following the passage of northen hemisphere polar
fronts. Hcavy cumulus buildups and precipitation can
occur along the mountains of extrcme eastern Cuba,
which are oricnted perpendicular to the easterly flow. In
undisturbed flow, the trade wind inversion’s base is at
7,500 fect (2,287 meters) MSL.  Air below the inversion
is moist and unstable; above, the air is conditionally
unstable but dry. Strong polar outbreaks moving south
and southcast from the United States cross Cuba as often

Figure 4-6. GOES Imagery:

December-Aprii

as three times a month. Locations in extreme
northwestern Cuba (such as Havana) will often bear the
brunt of these incursions as they move 10 the cast
Passage of polar fronts can occur into mid-May.

Cuba, like most of the northern West Indics, may scc
dry season polar frontal passages in stages. Afler the
initial push of cold air moves the front into the region, it
tends to become quasi-stationary. At times, another
upper-level disturbance may causc a wave o develop on
the front, pushing it (arthcr southward. The southward
movement can also be causcd by a sccondary push of
polar air from North America. The satcllitc imagery in
Figure 4-6 shows a typical cold (ront moving through
Cuba.

1700Z 19 February 1980 Polar Intrusion.
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CUBAN DRY SEASON

SKY COVER. Cloudincss is at its yearly minimum
during the dry secason, averaging only 3 o 5 tenths
coverage. Ceiling/visibility is below 3,000/3 from 10 o
30% of the time and below 1,000/2 from 5 to 10% of the
lime. Mountainous or exposed locations see more
cloudiness than sheltered locations; afternoons are
cloudiest everywhere. Visibilities average better than 6
milcs 90% of the time, but sudden showers may restrict
ceilings and visibilities to near zero for short periods.
Cumulus cloud bases are usually 2,000 to 4,000 feet
(610-1,220 meters) with tops at 6,000 to 8,000 feet
(1,829-2,439 meters). Some altostralus and cirrus may
also be present.

Unstable (originally continental) polar air continues (0
flow across Cuba for several days after a cold front
passage. This results in well-developed stratocumulus
and nimbostratus with embedded cumulonimbus
possible, especially over northwestern sections of the
island. Bchind the front, the trade wind inversion
typically ruptures and allows convection;  heavy
cumulus, showers, and isolated thundershowers occur
over mosi of the major mountain ranges. This aclivity
continues until the easterly trades and the trade wind
inversion are reestablished. Reduced visibility in fog is
infrequcnt and usually restricted to interior valley
locations. Light haze is often present, but it rarely
restricts visibility to less than 5 miles. The mean
freczing level is at about 15,000 feet (4,573 meters);
icing may be found above that level, primarily in
towering cumulus and cumulonimbus, Turbulence may
be expected in or near convective clouds.

WINDS. The dominant easterly trade winds average 8
10 12 knots, but they can be modified by terrain. Gale
force winds (greater than 28 knots) are rare but may
accompany stronger polar outbrcaks. When the
occasional frontal wave forms along a slow-moving polar
front in the southwestern Gull of Mexico, Cuba sees
strong southwesterly to westerly winds. In January, the
prevailing flow rcmains easterly up to 15,000 feet (4,573
meiers), urns westerdy up to 55,000 feet (16,768 meters),
and then becomes casterly again.

December-April

Land and sea breezes are pronounced. Localions on
the southern coast are more prone to local wind effects
because the easterly trades are oficn blocked by
mountains. Early moming winds arc northerly or
northeasterly as cool air drains down out of the
mountains. A southerly sea breeze often develops by
afternoon.

THUNDERSTORMS. The infrequent dry scason
conveclive aclivity is usually associated with polar
outbreaks. Thunderstorms average less than three a
month at most locations, but windward mountain slopcs
may get more. Storms are of short duration but may
reduce ceilings and visibilities to near zero for briel
periods. Hail is rare, bul can occur at higher clevations.

PRECIPITATION. Prolonged rainfall is rare except
during passages of the polar front or upper-level troughs,
when rains may last for 1 to 3 days. Precipilation
amounts on windward and upper leeward slopes arc
increased due to orographic lifting. Convective clouds
that form when winds are forced up windward slopes
often move across the peaks and spill over the lecward
side. Winds may also be deflected around the sidcs of
the mountains to converge on the upper lecward sides
and enhance precipitation. At Baracoa (on the windward
side of the Sagua Baracoa Mountains), mcan annual
rainfall is 68 inches (1,727 mm); in contrast,
Guantanamo Bay (on the opposite coast in the lee of the
mountains) gets only 41 inches (1,041 mm).

TEMPERATURES. Mean daily maximums are in the
low 80°F (27-29°C) range; mean daily minimums are in
the mid to upper 60’s °F (17-20°C). Mountain locations
may be 10-15°F (6-9°C) cooler.

SEA SURFACE TEMPERATURES. January sca
surface temperatures range from 77°F (25°C) along the
northern coast o 80°F (27°C) in the south. The
moderating effect of the walcr helps maintain small
yearly temperature variations, particularly on the coasts.

4-12




4.1.2 JAMAICA
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Figure 4-7. Jamaica. Jamaica, an oblong isfand about 119 miles (220 km) long and 38 miles (70 km) wide, is
only about 84 miles (155 km) south of Cuba. Jamaica is mostly rugged, with coastal valleys and plains along the
southern coast. Dense rain forests are found in the John Crow Mountains. Cactus and thorn scrub abound in
unirrigated parts of the dry south coast, where five well-defined plains arc located: the St Thomas Plain, cast of
Morant Bay; the St Catherine Plain, centered on Spanish Town; the plain of Vere, south of May Pen; the Black
River Plains in St Elizabeth; and the Westmoreland Plain. Elevations nisc from cast to west; most arc well above
2,000 feet (610 meters). The most remarkable feature is the 7,402-foot (2,256-meter) peak (Blue Mountain Pcak)
just east of Kingston, on the eastern side of the island. In the Bluc Mountain rcgion, the Yallah River cuts a decp
trench several thousand feet deep. In 1692, an earthquake put two-thirds of the city of Port Royal, on the southcast
coast, into the sea.
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JAMAICAN DRY-TO-WET TRANSITION

GENERAL WEATHER. In the transition from the dry
to the wet season, large-scale flow becomes more
easterly than northeasterly. The trade wind inversion
begins to weaken and rise as the Azores High migrates
north; upper-level subsidence becomes less pronounced.
As subsidence lessens, the unstable lower layers become
deeper and allow convective precipitation to become
morc widespread. Polar outbreaks are still possible early
in the transition, but their strength and frequency are
greatly reduced. Local effects, such as land/sea breezes
and mountain/valley winds, become more significant.

SKY COVER. Increased low-level instability is
reflected in  the slightly higher percentage of
ccilings/visibilities below 3,000/3, especially in the
aficrnoon. Frequencies increase from just over 25% in
March to more than 30% by May. Cumulus tops now
frequently reach to above 10,000 feet (3.1 km).

Mid-April-Mid-May

WINDS. Winds below 20,000 fect (6.1 km) are from the
east, but they tum to become southwesterly at higher
levels.

THUNDERSTORMS, The mean number of days with
thunderstorms increases from an average of 1 in March
to more than 3 a month by May.

PRECIPITATION. Instability in the lower levels is
again reflected in the increased monthly precipitation
lotals. By May, average monthly rainfall is nearly 4
inches (101 mm). On the lee side of the Blue Mountains,
May rainfall is 10 inches (254 mm), twice that in the
sheltered bay at Kingston, south of the mountains.

TEMPERATURES. There is littlc change from the dry
season. Average highs are in the low (0 mid 80s°F (28 o
30°C), and mean lows are in the low 70s°F (22 10 23°C).
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JAMAICAN WET SEASON

GENERAL WEATHER. By September, the persistent
trade winds assume a more east-southeasterly component
to bring warmer air into the region: The depth of the
low-level trade winds increases. Easterly winds now
extend above 25,000 feet (7.6 km) MSL. The northward
migration of the Azores High to about 35° N, 40° W
results in decreased subsidence aloft and decreased
stability. The trade wind inversion becomes weaker and
rises o over 9,000 feet (2.7 km), permitting convection
to increase. In July, however, the western lobe of the
Azores High moves across the West Indies to
temporarily raise pressure, increase subsidence and
stability aloft, and suppress convection. During this
time, Jamaica experiences a "mini dry season."

SKY COVER. Along the northemn coast at Montego
Bay, aftemoon ceilings and visibilities are less than

00-02 LST CEILING and VISIBILITY < 3,00073

wr

10 4

0

Figure 4-8a. Percent Frequency Ceiling/
Visibility <3,000/3, 00-02 LST, Kingston vs.
Montego Bay.

WINDS.  Easterly trade winds dominate; mean
speed/direction is 8-12 knots from the east-southeast, but
terrain can alicr the flow. In September, winds are
casterly up to 27,000 feet (8,232 meters), backing to
northwestcrly from 34,000 to 50,000 feet (104 0 15.2
km), and rcurning (o easterly above 60,000 to 65,000

May-November

3,000/3 up to 30% of the time, but slightly less frequent
along the southem coast at Kingston (see Figurcs 4-8a
and b). Ceilings and visibilities are never less than
1,000/2 more than 2% of the lime at most lower
elevations, even when mountains are shrouded in clouds.
Sky cover is typically 4 w S tenths in cumulus and
towering cumulus, bul some altostratus and cirrus may
be present. Cloud bases are normally 2,000 to 4,000 feet
(610 to 1,220 meters) MSL, with tops at 8,000 to 10,000
feet (2.4 to 3.1 km). Passage of a tropical disturbance
may produce well-devcloped nimbostralus and
cumulonimbus. Fog is rare, but haze may restrict
visibility to 5 miles. Sudden showcrs may reduce
ceilings and visibilities 10 near zero for bricl periods.
Icing may be found in clouds above the frcezing level,
which is about 15,000 fect (4.6 km). Turbulcnce can be

expected in and near convective clouds.

15-17 LST CEILING and VISIBILITY < 3,000/3
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Figure 4-8b. Percent Frequency Ceiling/
Visibility <3,000/3, 15-17 LST, Kingston vs.
Montego Bay.

feet (18.3 10 19.8 km). The prevailing easterlies often
mask local land and sea breezes, particularly on the
exposed east coast. But on the west coast, where trade
wind flow is blocked by thc mountains, the land/sca
breeze effect prevails. Interior valleys sce mountain
breezes at night, as cool air flows down the hills.
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JAMAICAN WET SEASON

TROPICAL DISTURBANCES. Tropical storm and
hurricane activity increases through the wet season, with
greater frequencies in August, September, and October.
Although many tropical disturbances form well off over
Atlantic waters belore migrating into the Caribbean,
others spawn in the warm Caribbean itself (see the
discussion of the TUTT in Chapter 2). The mean
Atlantic storm (rack takes them close to Jamaica, as
shown in Figure 4-4. But most storms that form in the
Caribbcan often move north or west, only brushing
Jamaica with their outer edges. Even so, rainshowers
and gusty winds several hundred milcs from the storms’
centers may affect the island. Storms that do strike
Jamaica ofien pass over Hispaniola first, where they
become rmuch weaker.

THUNDERSTORMS.  Thunderstorms are frequent
throughout the summer, even in the relatively sheltered
arca along the southern coast of Jamaica. Kingston’s
peak month for thunderstorms is September, with 8
thunderstorm days. Mountain locations, especially in
eastern Jamaica, can expect more storms due {0
orographic lifting. Coastal locations have 6-8 a month.
Hail at thc surface is extremely unlikely, but may be
found at higher elevations.

May-November

PRECIPITATION. Sudden showers or thunderstorms
are the rule. Easterly waves, tropical storms, or
hurricanes may bring hcavy precipitation for extended
periods. Monthly averages are 5 to 8 inches (127 10 203
mm), more in the mountains. Where the Blue Mountains
lic perpendicular to the easterly trade winds, orographic
lifting enhances precipitation on windward and upper
leeward slopes. Hill Gardens has monthly rainfall means
of more than 15 inchcs (381 mm) in October and
November. Winds may also flow around the mountains
and converge on the leeward side, enhancing
precipitation on upper leeward slopes.

TEMPERATURES. "Warm and humid” is the rulc
during the Jamaican wet season. Mean daily maximums
reach 90°F (32°C) al some locations. Mean daily
minimums are in the low to mid 70s°F (21-23°C)
Temperatures at higher elevations (over 4,500 feet or
1,572 meters) may be as much as 15-20° F (9-12°C)
cooler than on the coasts.

SEA SURFACE TEMPERATURES. By now, watcr
temperatures have warmed to 84°F (29°C) and act as a
heat source to drive convection and sustain tropical storm
and hurricane activity.
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JAMAICAN WET-TO-DRY TRANSITION

GENERAL WEATHER. Large-scale flow regains its
northeasterly component as the ceater of the North
Atlantic high moves south from its summer position at
35° N, 40° W 1o its winter position at 30° N, 35° W.
The trade wind inversion begins to strengthen and lower
as the North Adantic High migrates south. The result is
increased subsidence aloft and increased stability.
Convection is suppressed. In November, polar air
masses and associated post-frontal high-pressure systems
begin 0 move south out of the United States and into the
Caribbean.

SKY COVER. Mean cloud cover is reduced during the
transition, especially at night. Afiernoon cumalus with
bases between 3,000 and 5,000 feet (915- 1,500 meters)
occurs 20-25% of the time, but less than 10% at night.
Orographic lifting in the mountains produces: more
clowdiness. As the trade wind inversion lowers, tops of
the dominant cumulus and stratocumulus also lower from
8,000-9,000 feet (2.4 to 2.7 km) to 6;000-8,000 fees (1.8
to2.4-km):

Mid-November--Mid-December

WINDS. There is a slight change in wind speed and
direction, to northeasterly at 5-10 knots. The cause of
gusty winds changes from the infrequent tropical
disturbances of summer to the more frequent frontal
passages of winter.

THUNDERSTORMS. The average number of days
with thunderstorms drops drastically. Thunderstorms
occur on only 1 or 2 days a month, with activity confincd
to passage of strong polar outbreaks.

PRECIPITATION. Mean monthly precipitation is only
1 to 2 inches (25 to 51 mm), compared to 5 to 7 inches
(127 t0 178 mm) in the summer,

TEMPERATURES. Average highs are in the mid 0
high 80s°F (29 to 31°C). Average lows are in the fow
70s°F (22 10 23°C). The mountains are 10-15 degrees
cooler throughout the day.
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JAMAICAN DRY SEASON

GENERAL WEATHER. Jamaica's dry season is
dominated by the easterly trade winds that reflect flow
around the Azores High. Winds are easterly from the
surface o about 15,000 feet (4,573 meters) MSL in
January. In undisturbed flow, the trade wind inversion is
based at 7,500 fleet (2,287 meters) MSL. Air below the
inversion is moist and unstable; the air above is
conditionally unstable but dry. Strong polar outbreaks
moving south and southeast from thc United States can
occasionally affect Jamaica, but they are dramatically
modified by their long journey across the warm waters of
the Gulf of Mexico. Jamaica is sheltered to the north and
cast by the much larger islands of Cuba and Hispaniola.

Jamaica, like most of the northern West Indies, may
sce dry scason polar frontal passages in stages. The
initial push of cold air moves the front over the island,
but it becomes quasi-stationary as it moves eastward.
Another upper-level disturbance occasionally causes a
wave (0 devclop on the front, pushing it farther south.
This southward movement can also be caused by a
secondary push of polar air from North America.

Passage of a strong polar front typically ruptures the
trade wind inversion and allows post-frontal convection.

December-April

Additional heat and moisture picked up from the Gulf of
Mexico and the Aulantic helps in producing heavy
cumulus, rain showers, and perhaps thunderstorms over
Jamaica. Strong outbreaks, called “"Nortes” or
"Northers,” produce widespread heavy rain and (rarely)
gale force winds greater than 28 knots. The southern
coast of Jamaica is shiclded from the full cffects of these
systems by the nearby mountains.

The Biue Mountains, on (4e eastern end of Jamaica,
lie nearly perpendicular to the northeast trade winds,
resulting in substantially greater rainfall on windward
slopes. The higher leeward slopes also get more rainfall
when towering cumulus and cumulonimbus (formed as
trade winds are forced up the windward slopes) move
across the peaks and spill over onto the Iceward side.
Winds may be deflected around the sides of mountains lo
converge on upper leeward sides and produce
precipitation. The table compares January temperature
and precipitation daa for Hill Gardens (on the higher
leeward slopes of the Blue Mountains) and for
Kingston-Norman Manley Airport (on the shelicred
southern coast 14 miles southwest of Hill Gardens). It
shows the profound diffcrences terrain can havc on
Jamaican climate:

SKY COVER. Coverage is 3 to 4 tenths along southern
coasts and 4 to 5 tenths along northern coasts, but higher
in thc mountains. At Kingston and along the southern
coastal fowlands, ceilings and visibilities are below
3,000/3 about 20% of the time in the afternoon, but less
than 10% at other limes. Because of its direct exposure
to the northcasterly trade winds, afternoon ceilings and
visibilities along the northem coast are below 3,000/3 at
least 30% of the time, and below 1,000/2 up to 3% of the
time. Cloud bases run from 2,000 to 4,000 feet (610 to

HILL GARDENS KINGSTON
(4,897 feet--1,493 meters) (10 feet--3 meters)

Temperature

Extreme Maximum 71°F (22°C) 92°F (33°C)

Mean Daily Maximum 66°F (19°C) 86°F (30°C)

Mean Daily Minimum 53°F (12°C) 75°F (24°C)

Extreme Minimum 45°F (07°C) 66°F (19°C)
Precipitation

Mean 7.0 inches (178 mm) 0.9 inches (23 mm)

Maximum 24-Hour 8.6 inches (218 mm) 1.8 inches (46 mm)

L Mean annual 105.5 inches (2,680 mm) 31.5 inches (800 mm)

1,220 meters); tops are from 6,000 to 8,000 feet (1.8 1o
24 km). Fog is rare and usually restrictcd to inland
valleys. Light haze is common, but rarcly rcduces
visibility to less than 5 miles. Sudden showers may
reduce ceilings and visibilitics to near zcro for short
periods. Icing may be found in clouds (primarily
convective buildups) above the freezing level of about
15,000 feet (4.6 km). Turbulcnce may also be expected
in and near towering cumulus and cumulonimbus.
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JAMAICAN DRY SEASON

WINDS. Winds are easterly up to 15,000 feet (5.1 km)
MSL throughout the dry season. The dominant easterly
trades average 6 to 12 knots but can be modified by
terrain such as that at Jamaica’s easten end, where
low-level winds are tumed 10 the northwest; easterly
winds are reestablished above the mountains at 2,000 feet
(610 meters). Land and sea breezes are common in
Jamaica. The southwestern coast experiences more local
breezes because mountains there block the easterly trade
winds. Passage of a polar front may produce northerly
winds for 1 or 2 days.

THUNDERSTORMS. Dry season thunderstorms are
infrequent, averaging only one or two a month.
Windward mountain areas can see more. Hail at the
surface is extremely rare, but it can occur at higher
elcvations.

PRECIPITATION. Most precipitation is in brief
showers, but during a polar incursion or passage of an

December-April

upper-level trough, showers and thunderstorms may
persist for 1 or 2 days. As mentioned earlier,
precipitation is very terrain-dependent. In the Blue
Mountains, for example, there is no dry scason, per sc;
rainfall there (5 10 8 inches or 127 10 203 mm a month) is
nearly quadruple that of other island locations.

TEMPERATURES can be very comfortablc, especially
in cooler mountain locations where daily highs and lows
might be 15°F (8°C) lower than on the coasl. Average
highs are in the low 80s °F (28° C), with lows in the low
70s °F (22-23°C). Even extremes are modcrate--they
range from the low to mid 90s °F (32-34°C) (o the upper
50s °F (14 10 14°C).

SEA SURFACE TEMPERATURES in January arc
80°F (27°C). The moderating effccts of the water help
to maintain the small annual temperaturc variation,
particularly atong coastlines.
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4.1.3 HISPANIOLA

CAMAL gu SUD
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Figure 4-9. Hispaniola (Haiti and the Dominican Republic). Hispaniola lies east of Cuba; it occu-
pies 27,500 square miles. The second largest island in the Greater Antilles comprises Haiti and the Dominican
Republic, countries politically separated by a jagged north-south line. Haiti occupies the western third of the island,

the Dominican Republic the remaining two-thirds.

HAITI can be described as two peninsulas that resemble a "V"
lying on its left side with Port au Prince at its base. The Canal
de Saint-Marc washes the northern portion of the "V"; the
Canal du Sud, the south. Both are minor features of the Gulf of
Gonave. The southern leg of the "V" is ruggedly mountainous,
with steeply sloping coastlines. It features the highest peak in
Haiti (Pic La Selle, southeast of Port-au-Prince near the
Dominican border), with an elevation of 8,773 feet (2,674
meters). Another peak at the other end of the peninsula, in the
Massif du Sud, rises to 7,700 feet (2,347 meters). The northemn
leg of the "V" is less mountainous, with narrow river valley
plains that average 1,000 feet (305 meters) between ridges.
These smaller hills asnd mountains average 1,500 w0 4,000 feet
(457 w0 1,219 meters). The northern peninsula is about 80
miles (128 km) wide along the Dominican Republic border,
extending westward about 120 miles (222 km) and narrowing
to a width of 10 miles (19 km) near the western tip. The
southcm peninsula extends 180 miles (333 km) westward from
the Dominican Republic border and varies in width from 15 w0
25 miles (28 10 46 km). Haiti also includes several offshore
islands. The largest, Ile de la Gonave, is located in the Guif of
Gonave about 90 km from Port su Prince.

The DOMINICAN REPUBLIC occupies the eastem
two-thirds of Hispaniola. The eastem third is mostly a low, flat
plain rising northward to rolling hills that average slightly ovcr
1,000 feet (305 meters). The western two-thirds of the country
is divided by four mountain ranges oriented west-northwest and
east-southeast; from north to south, these ranges are the
Cordillera Septentrional, Cordillera Central, Sierra de Neiba,
and Sierra de Bshoruco. Lying between the Cordillera
Septentrional and the Cordillera Central is a broad valley
(Valle de Cibao) that extends from Montieristi to Sanchez and
rises from sea level at each end (o near 700 feet (213 meters) at
Sanchez. lts rivers drain the northern half of the country. The
whole central part of the Cordillera Central extends to above
5,000 feet (1,524 meters). Pico Duarte is the highesi peak,
with an elevation of 10,128 feet (3,087 meters), the highest in
the West Indies. Rugged upland valleys are cut deeply by fast
running streams between the Cordillera Central and the Sicrra
de Neibn. A low valley streiches westward from Bahia de
Neiba between the Sierra de Neiba and the Sierra de Bahoruco.
Santo Domingo is on the south central coast.
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HISPANIOLA DRY-TO-WET TRANSITION

GFENERAL WEATHER. Large-scale flow becomes
more easterly than northeasterly. The trade wind
inversion begins to weaken and rise as the Azores High
moves north.  Upper-level subsidence becomes less
pronounced. As subsidence lessens, the unstable lower
layers become deeper, allowing convective precipilation
to become more widespread over Hispaniola. The
northern coasts see what amounts to a second wet season
during April and May. This can be auributed (0 the
strengthcning of the land/sea breeze as temperatures rise
while the trade-wind inversion is still weak.
Convergence of local winds with trade wind flow can
occur along northem coasts.

SKY COVER. Increased low-level instability is
reflected in  the slightly higher percentage of
coiings/visibilities below 3,000/3, especially in the
aftemoon. The northern coast’s "mini wet season” is
shown by comparing May ceiling/visibility at
Port-au-Prince in southern Haiti (below 3,000/3 less than
10% of the time) with Puerto Plata along the northemn
coast of the Dominican Republic, where ceiling/visibility
is below 3,000/3 at lcast 30% of the time. There is an
afternoon cloud cover maximum throughout Hispaniola;

—

Mid-April-Mid-May

afternoon cumulus bases are between 5,000 to 7,000 feet
(1.510 2.1 km).

WINDS. Low-level winds are from the east below
20,000 feet (6.1 km), but southwesterly at higher levels.

THUNDERSTORMS. The most noticeablc change
during the dry-to-wet transition is the sharp increase in
convection. Thunderstorm days at many locations
increase from 2 or 3 in April (0 8-10 in May.

PRECIPITATION. Low-level instability is reflected in
increased monthly precipitation totals. Hispaniola’s
rugged terrain produces a wide range of monthly mcan
precipitation amounts in all seasons. By May, mountain
stations average more than 10 inches (254 mm). At other
locations, rainfall often doubles between April and May,
to between 5 and 7 inches (127 to 178 mm).

TEMPERATURES. There is little change in mcan
temperature from the dry season. Average highs are
from the mid to high 80s°F (30 to 32°C). Lows are in
the low 70s°F (22 10 23°C). Mountain locations avcrage
from 10-15°F (5.5-8°C) cooler.
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HISPANIOLA WET SEASON

GENERAL WEATHER. Hispaniola lies in the band of
persistent trade winds throughout the wet season. In
undisturbed air, convection from orographic lift over
rugged terrain occurs daily. Tropical disturbances are
frequent visitors. Unlike Cuba and Jamaica (which
Hispaniola protects), the island must bear the full fury of
maturc tropical disturbances that move westward across
the Atlantic. The easterly wave, however, is the most
frequent disturbance herc. These disturbances are usually
very deep, extending from the surface to above 15,000
feet (4.6 km). In Scptember, the persistent trade winds
assume a more cast-southeasterly component to bring
warmer air into the region. The depth of the low-level
trade winds incrcases. Easterly winds now extend above
25,000 feet (7.6 km) MSL. The northward migration of
the Azores High (o about 35° N, 40° W) results in
decreased subsidence aloft and decreased stability. The
trade wind inversion weakens and climbs to over 9,000
feet (2.7 km), allowing increased convection. In July,
however, the westem lobe of the Azores High moves
across Hispaniola to temporarily raise pressure, increase
subsidcnce and stability aloft, and suppress convection.
Many parts of Hispaniola experience a "mini dry season”
al this time.

00-05 LST CEILING and VISIBILITY < 3,000/3
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Figure 4-10a. Percent Frequency Ceiling/
Visibility <3,000/3, 00-05 LST, Puerto Plata,
Dominican Republic. Port au Prince data not
available.

May-November

SKY COVER. Sky cover is generally 4 10 7 tenths of
cumulus and towering cumulus. Some mid- and
upper-level clouds may also be present. Clouds build in
the aftemoon due 10 convective heating. Ceilings and
visibilities are below 3,000/3 from 10 1o 30% of the lime
at most locations. Stations along the northeast coast and
on the windward side of the Cordillera Scpientrional
mountains may see ceilings and visibilities bclow
3,000/3 more than 40% of the time--sec Figures 4-10a
and 4-10b for north-south and diurnal comparisons.
Ceilings and visibilities are rarcly below 1,000/2
anywhere except at windward mountain locations.
Sudden showers may reduce ceilings and visibilitics to
near zero for briefl periods. Cloud bases are typically
2,000 10 4,000 feet (610 10 1,220 meters) MSL with tops
at 8,000 to 10000 feet (24 to 3.1 km) MSL.
Cumulonimbus tops may reach 50,000 feet (15.2 km).
Fog is rare, but may form in interior valleys and in the
mountains where clouds lic against the slopes. Light
haze is oficn present but rarcly restricts visibility to less
than 5 miles. Icing can be expected in clouds abovc the
freezing level, which lies at about 15,000 feet (4.6 km)
MSL. Expect turbulence in and near convective clouds.

18-20 LST CEILING and VISIBILITY < 3,000/3

[] == Puerto Plata
. smmmm Port au Prince
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Figure 4-10b. Percent Frequency Ceiling/
Visibility <3,000/3, 18-20 LST, Puerto Plata
vs. Port au Prince, Haiti.
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HISPANIOLA WET SEASON

WINDS. In September, upper winds are east-
southeasterly up to 25,000 feet (7.6 km) MSL. They
veer to the south at 28,000 feet (8.5 km), then tum 10
westerly or west-noithwesterly fronr 30,000 to 50,000
feet (9.1 w0 15.2 km), returning to easterly above 60,000
10 65,000 feet (18.3 to 19.8 km) MSL. Surface winds are
casterly with mean speeds ranging from 9 knots in the
interior and along the western coast to 14 knots along the
other coasts. Local terrain influences can modify mean
flow. Land and sea breezes are common. At Santo
Domingo, on the south coast of the Dominican Republic,
mean surface winds are out of the north as the casterly
trades are deflected by the Cordillera Oriental and
western  Cordillera Central mountains, oriented
west-northwest 1o east-southeast. At Sabana De La Mar,
mean winds are southerly as a result of deflected trade
winds, enhanced land breeze, and downslope winds from
the Cordillera Oriental.

TROPICAL DISTURBANCES. Tropical storm and
hurricane activity increases through the wet season,
reaching a peak in August, September, and October.
Storms are lecast frequent at the beginning and end of the
wet season; only 4% occur in May, 5% in November.
The eastern portion of the Dominican Republic often
takes the full force of tropical storms and hurricanes as
they move westward from the Adantic. Haiti, on the
wesicrn part of the island, is spared as most storms
weaken by moving through and across the mountains of
The Dominican’ Republic. Southern portions of the
island are more vulnerable to siorms approaching from
the southeast; when "Emily” crossed Hispaniola on
Septecmber 22, 1987, she came on shore near Barahona,
Dominican Republic, with 100 mph winds. Weakening
as she crossed the mountains to the north coast of Haiti,
Emily was only capable of 65 mph winds the next
moming when she reentered the Caribbean.

May-November

THUNDERSTORMS are very frequent; although often
associated with tropical disturbances or easterly waves,
air mass thunderstorms are certainly possible. Shelicred
locations such as Port-au-Prince can expect 15-20 days
with thundersiorms during the wet season; lce side
mountain focations can have even more. Tops easily rise
to over 50,000 feet (15.3 km). Turbulence is a danger
with any type of thunderstorm. Hail at the surface is
highly unlikely but may occur at the highest clevations.

PRECIPITATION usualily falls as sudden showcers in
thunderstorms of short (less than 1/2 hour) duration, but
the passage of easterly waves, Wropical storms, and
hurricanes may bring heavy rainfall lasting for scveral
days. Interior locations tend to be much drier than
exposed, windward, and mountain locations. Mcan
monthly precipitation in interior locations is 6 o 8 inches
(15210 203 mm). In other areas, it is well over 10 inches
(254 mm) a month. An interesting phenomenon occurs
in the Valle de Cibao, where the eastern end of the vallecy
(east of Salcedo) slopes upward and is under the
influence of almost unintcrrupted easterly trade wind
flow, producing abundant rainfall from orographic lift.
The largest percentage of the population of the
Dominican Republic lives in this part of the vallcy. West
of Salcedo, the valley slopes downward (0 the ocean at

Montecristi;  sheltered, this portion has much less
rainfall.
TEMPERATURES. Hispaniola is hot and humid

throughout the wet season. At lower elevations, mean
daily maximums are from the mid 80°s to thc mid 90’s°F
(29-34°C). Mean daily minimums range from the mid
60’s to mid 70's°F (19-25°C). Mountain locations can
be 10°F (6°C) cooler.

SEA SURFACE TEMPERATURES. Waters that have
warmed (o 84°F (29°C) act as a heat and moisture source
to drive convection and sustain tropical storm and
harricane activity.
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HISPANIOLA WET-TO-DRY TRANSITION

GENERAL WEATHER. Large-scale flow regains its
northeasterly component as the center of the Azores High
moves south from its summer position at 35° N, 40° W
to its winter position at 30° N, 35° W. The trade wind
inversion begins (o strengthen and lower as the North
Atlantic High migrates south; the result is increased
subsidence aloft and increased stability. Convection is
suppressed over most of Hispaniola, In November, polar
air masses and associated post-frontal high-pressure
systems begin 1o move south out of the United States and
into the Caribbean.

SKY COVER. Mean cloud cover during the transition
drops 10 25-35% over most of the island. As the trade
wind inversion lowers, the cloud tops of the dominant
cumulus and stratocumulus go from 8,000-9,000 feet
(2.4-2.7 km) to 6,000-8,000 feet (1.8-2.4 km). Cloud
bases remain between 2,000 and 3,000 feet (610 and 915
meters).

WINDS. There are no major changes in surface flow,
which is still easterly at 5-10 knots. There is a reduction

Mid-November--Mid-December

in frequency of gusty winds as tropical disurbances and
easterly waves become less common,

TROPICAL DISTURBANCES. Frequency of tropical
storms and hurricanes decreases sharply in November as
sea surface temperatures cool and the Azores High
moves southward.

THUNDERSTORMS. The average number of days
with thunderstorms falls drastically to only 1 or 2 a
month.

PRECIPITATION. The dry season sets in somewhat
later in the northern pant of Hispaniola, where monthly
rainfall averages don’t drop below 5 inches (127 mm)
until January. Mountain locations have to wait until well
into the dry season before monthly precipitation averages

drop appreciably.

TEMPERATURES. Average highs are in the low o
mid 80s°F (27 w 29°C). Average lows arc in the high
60s to low 70s°F (20 w 22°C).
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HISPANIOLA DRY SEASON

GENERAL WEATHER. Hispaniola’s dry season is
dominated by the easterly trades that result from flow
around the Azores High. In January, winds are easterly
from the surface 0 ncar 15,000 feet (4.6 km) MSL.
Hispaniota is far enough east to come under the influence
of strong transitory highs that follow the passage of polar
fronts from North America, as well as of migratory highs
on the western part of the Azores High. The fronts and
the cold anticyclones that follow them, however, have
been greatly modified by the time they reach Hispaniola.
A day or two of cloudy skies, light rain, and cooler
temperaturcs are followed by increased pressure and
cloudless skies. Hispaniola can be viewed as a graveyard
for most fronts that reach it. Fronts that cause light rain
in Haiti, for example, may not have enough force left to
cause more than a slight wind shift in the Dominican
Republic. In undisturbed flow, the trade wind inversion
is based a1 7,500 feet (2.3 km) MSL. Air below the
inversion is mouist and unstable; air above is
conditionally unstable, but dry. Strong polar outbreaks
moving south and southeast from the United States can
disrupt this inversion for a day or two, allowing an
incrcase in cloudiness. Hispaniola, like most of the
northem West Indies, may see dry season polar [ront
" passages in stages. The initial push of cold air moves the
front into the region, but as it moves eastward it becomes
yuasi-stationary. A second upper-level disturbance can
_cause a wave 10 develop on the front and push it farther
south. This southward movement can also be caused by
a secondary push of polar air from North America.

SKY COVER. Cloud cover is generally 3 to 5 tenths of
cumulus and trade wind stratocumulus. Ceilings and
vigibilitics are below 3,000/3 up to 40% of the lime at
windward coastal locations, but higher in the mountains.
Forced uplift of the (rade winds over the larger
mountains on Hispaniola produces heavy cumulus. In
inland vallcys, ceilings and visibilities are less than
3,000/3 only 5% of the time. Ceilings and visibilities
drop below 1,000/2 no more than 2% everywhere cxcept
in windward mountain locations. Cloud bases are
usually 2,000 to 4,000 feet (610 1o 1,220 meters) MSL;
tops range from 6,000 to 8,000 feet (1.8 w0 2.4 km) MSL.
Fog is uncommon but may form at isolated coastal
locations, in interior valleys, or along mountain slopes.
Light haze is common but rarely limits visibility to less
than 5 miles. Precipitation in sudden showers may
reduce ceilings and visibililies to near zero for shon
periods. Passage of a polar [ront may bring | or 2 days
of convective cloudiness and showers. The freezing
fevel is usually near 15,000 feet (4.6 km) MSL; icing
may be encountered above. Turbulence may also be
expected in and near convective clouds.

December-April

WINDS. January upper-level winds remain easterly to
15,000 feet (4.6 km), backing from northerly at 18,000
feet (5.5 km) to westerly or west-northwcslerly from
23,000 to 50,000 feet (7.0 to 15.2 km), then returning to
easterly above 60,000 to 65,000 fcet (18.3 to 19.8 km).
Mean surface winds are easterly a1 8 to 10 knots along
the western and interior sections of the island, and 11 10
13 knots along the coasts. Mcan direction is
east-northeasterly along the northern coast, easterly
elsewhere. Passage of a polar front. however, may bring
northwesterly winds for 1 or 2 days. Many areas
experiecnce local modification of winds duc to
topography--see the discussion on land/sca breczes.
Since Dominican Republic mountain rangcs lie ncarly
parallel 10 the easterly trades, "funnelling” of winds in
cast-west valleys is common, especially in the vallcy
between the Sierra de Neiba and Sierra de Bahoruco
mountains along Lake Enriquillo. Locations on the
western coast, where the easterly trade winds are oficn
blocked by mountains, are morc prone to local breezes.
Port-Au-Prince, Haiti, often sees a westerly sea brecze
from late moming through late afternoon. Locations on
the southern coast have southerly sea breezes during the
day. Interior valleys and locations near mountains on the
southern and western coasts may have a land breeze at
night as cool air flows down the mountain slopes.

THUNDERSTORMS. Thunderstorms occur 2 days a
month or less at most locations, but windward mountain
slopes may sec more. Hail at the surface is highly
unlikely but may occur at high mountain locations.

PRECIPITATION. Most rainfall is in bricf showers,
but polar incursions may produce activity lasting for 1 or
2 days. Coastal locations throughout Hispaniola average
less than 2 inches (51 mm) a month. Therc is more rain
in the Cordillera Central and the Cordillera Scpicntrional,
however, where monthly rainfall averages 5 to 7 inches
(127 10 178 mm). The Cordillera Central also has a
signilicant effect on the weather of central Haiti as it
blocks the easterly trade winds; subsiding air on the
leeward side of the range drops mean
December-February precipitation (0 fess than 1 inch
(25.4 mm) a month.

TEMPERATURES. Mcan daily maximums at fower
elevations range from 82 to 90°F (28-32°C). Mcan daily
minimums are 60-72°F (16-22°C). Mountain locations
are cooler. Constanza (elevation 4,072 fect/1.2 km) in
the Dominican Republic sees mean daily maximums of
74-76°F (24°C) and mcan daily minimums of 46-54°F
(08-12°C).  Constanza has recorded an extrcme
minimum of 32°F (0°C).
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HISPANIOLA DRY SEASON December-Aprii

SEA SURFACE TEMPERATURES. Sea surface smail annual temperature variations, especially along the
icmperatures in January are 80°F (27°C). The coastlines.
moderating effects of the warm water help to maintain

4-26




4.1.4 PUERTO RICO
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Figure 4-11. Puerto Rico. At 3423 square miles, Puerto Rico is the third Jargest istand in the Greater
Antilles. It is 70 miles (130 km) due east of Hispanola. San Juan is on the northeast coast. Coastal pfains average
200 10 500 feet (61 1o 152 meters), but foothills of 1,000 to 1,200 feet (305 to 366 meters) are found farther infand.
An east-west mountain range (the Cordillera Central) stretches the entire length of the istand. Elevations average
3,000 feet (914 meters), but there are some peaks over 4,000 feet (1 219 meters). Cerro de Punta, in the approximate
center of the istand, is the highest peak at 4,390 feet (1,338 meters). The small islands of Vicques (988 fect--301
metcrs) and Culebra (660 feet--201 meters) lie about 10 and 15 miles (19 and 28 km), respectively, off the castern
coast and the Roosevelt Roads Naval base. Mona Island lies about 32 miles (60 km) off the westorn coust and
Mayaguez. Elevations are shown in fecL.
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PUERTO RICAN DRY-TO-WET TRANSITION

GENERAL WEATHER. Large-scale flow hecomes
more casterly than northeasterly. The trade wind
inversion begins to weaken and rise as the Azores High
migrates north; upper-level subsidence becomes less
pronounced. As subsidence lessens, the unstable lower
layers become deeper, allowing convective precipilation
to become more widespread over Puerto Rico.

SKY COVER. There is a general increase in cloud
cover over the island during the transition. This is
reflectcd by the slightly higher percentage of
ceilings/visibilitics below 3,000/3, especially in the
afternoon, when frequencies go to 20-25%. The southem
coast of Puerto Rico, however, is still well protected by
the Cordillera Central; frequency of ceiling/visibility
below 3,000/3 there is only 3-5%.

WINDS. Winds below 20,000 feet (6.1 km) are from the
east, becoming westerly above.

Mid-April-Mid-May

THUNDERSTORMS. The number of thundorsiorm
days increases from 1-3 in April 10 6-8 by May.

PRECIPITATION. Puerto Rico’s rugged icrrain
guaraniecs a wide range of monthly mean precipitation
amounts. Several stations on the westem end of the
island have a "mini wet season” during April and May,
when they average more than 10 inches (254 mm) of rain
a month, the highest precipitation amount in all Pucrto
Rico. It is unclear what causes this anomaly. Expect
considerably higher rainfall amounts in the mountains.

TEMPERATURES. There is little change in the mean
temperature. Average highs run from the mid to high
80s°F (29 to 31°C). Mean lows arc in the low 70s°F (22
10 23°C). Mountain locations are 10-15 degrees cooler.
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PUERTO RICAN WET SEASON

GENERAL WEATHER. Puerto Rico lies in the band
of persisient trade winds throughout the wet season. In
undisturbed air, convection occurs on a daily basis,
caused by orographic lifting over rugged (errain.
Tropical disturbances are frequent visitors. Unlike Cuba
and Jamaica, which are protected by Hispaniola, Puerto
Rico must bear the full fury of mature tropical
disturbances moving westward across the Atlantic. The
casterly wave, however, is the most frequent disturbance
to affect the island. These are usually very deep, often
extending from the surface to above 15,000 feet (4.6
km). In September, the persistent trade winds assume a
more east-southeasterly component, bringing warmer ais
into the region. The depth of the low-level trade winds
increases. Easterly winds now extend above 25,000 feet
(7.6 km) MSL. The northward migration of the Azores
High (to about 35° N, 40° W) results in decreased
subsidence aloft and decreased stability. The trade wind
inversion becomes weaker and rises to over 9,000 feet
(2.7 ki), permitting convection to increase. During July,
however, the western lobe of the Azores High moves
across Puerto Rico (o temporarily raise pressure, increase
subsidence and stability aloft, and suppress convection.
Many parts of Hispaniola experience a "mini dry season”
at this time.

Even though they are rare, waterspouts and tomadoes
can occur in Puerto Rico. Walerspouts have been
observed in the Passage De Vieques off the Easten
coast. Most stay off shore, but some have moved inland.
In 1980 such a funnel cloud touched down in Officers’

m

May-November

housing at Roosevelt Roads Naval Air Station, where it
caused minor damage.

SKY COVER. Cloud cover is about 5 to 7 tenths with
cumulus the favored type. Bases are normally 2,000 to
4,000 feet (610 to 1,220 meters) MSL., with tops at 8,000
to 10,000 feet (2.4 to 3.1 km) MSL. Towering cumulus
and cumulonimbus build during the aftcrnoon.
Ceilings/visibilities are below 3,000/3 up to 30% of the
time, but at most locations are never below 1,000/2 more
than 2% of the time. Lower ceilings and visibilitics arc
normally due to sudden heavy showers that persist only
briefly. Fog is rare and normally conlined to interior
valleys. Ceilings and visibilities may be considerably
lower at mountain locations. Light haze is common but
rarely restricts visibility to less than 5 miles. The
freezing level is at about 15,000 feet (4.6 km) MSL;
expect icing in clouds above, especially in conveclive
buildups. Expect turbulence in and ncar convective
buildups.

During the wet season, Puerto Rico sees an unusual
cloud phenomenon caused by the sea breeze. As the sea
breeze sets up, orographic uplift causes large cumulus
clouds to build over the interior mountains. The
upper-level subsidence of the sea breeze cell is found just
offshore, where it hinders development of tradewind
cumulus over open waters. In such situations, larger
islands such as Puerto Rico see an odd ring of clear air
encircling them.  Figure 4-12 shows how  this
phenomenon occurs.

Figure 4-12. Clear Ring Around Puerto Rico. An effect of the sea breeze on large islands.
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PUERTO RICAN WET SEASON

WINDS. Easterly trade winds dominate the wet season,
averaging 12 0 14 knots. In September, winds are
easterly through 25,000 feet (7.6 km) MSL. They veer
through southerly to southwesterly at 30,000 feet (9.2
km), westerly at 40,000 feet (12.2 km), and
northwesterly at 50,000 feet (15.2 km). Winds return to
casterly above 60,000 to 65,000 feect (18.3 10 19.8 km).
Land and sca breezes arc a daily feature of the wet
scason. Along the western coast (where the easterly
trades are blocked by the central mountains) there is a
westerly sea breeze during the afternoon. Interior
locations at the bases of mountains see mountain breezes
al night as coot air flows down the slopes.

TROPICAL DISTURBANCES. Activity increases
through the wet season, peaking in August, September,
and October. Many tropical disturbances form well out
into the Atlantic and migrate into the Caribbean (see
figure 4-5). Eastcrly waves begin to cross the Caribbean
laic in May, increasing in number as the wel season
progresses. Associated weather ranges from increased
cloudiness 0 heavy showers and thunderstorms with
heavy rmainfall along (and bchind) the wave; 8 inches
(203 mm) in 24 hours has been observed. Passage of an
casterly wave can be expeclted every 4 or 5 days.
Low-level trade wind surges in the easterlies also move
through the Caribbean frequently during the wet season;
associated weather ranges from increased cloudiness to
showers and thunderstorms. The mountains in eastern
Puerto Rico may see enhanced convection due to
orographic uplift.

May-November

THUNDERSTORMS. This ig not just the wet scason in
Puerto Rico; it is the thundersiorm season as well.
Thunderstorm activity increases throughout the wet
season, averaging S5-10 a month. Although most
thundersiorms are associated with tropical disturbances
or easterly waves, air mass thunderstorms can occur,
especially over the mountains. Hail at the surface is
highly unlikely, but it may occur in the highcr clevations
in severe storms,

PRECIPITATION. Rainshowers and thundcrstorms
(all of short duration) are common. Windward mountain
slopes get much more precipitation than interior, lceward
locations. Extended periods of precipitation are usually
limited to the passage of easterly waves, tropical storms,
and hurricanes. The wellest part of Puerto Rico is on the
Northeast coast in the Luquillo mountains, which rise to
over 3,000 feet (915 meters) MSL. Average rainfall al
some locations is as much as 180 inches (4,572 mm) a
year; some years record 250 inches (6,350 mm).

TEMPERATURES. Mean maximum temperaturcs run
from the low 80’s to low 90’s°F (28 to 33°C). Mcan
minimum (cmperatures are in the mid-60 w mid-70°F
(18 10 24°C) range. Mountain locations may avcrage
10°F (6°C) less.

SEA SURFACE TEMPERATURES. Water
temperaturcs warm (0 almost 84°F (29°C) and act as a
heat source to drive convection and sustain tropical storm
and hurricane activity.
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PUERTO RICAN WET-TO-DRY TRANSITION

GENERAL WEATHER. Large-scale flow regains its
northeasterly component as the center of the North
Atlantic high moves south from its summer position (35°
N, 40° W) to its winter position (30° N, 35° W). The
trade wind inversion begins to strengthen and lower as
the North Adantic high migrates south. The result is
increased subsidence aloft and increased stability.
Convection is suppressed over most of Hispaniola. In
November, polar air masses and associated post frontal
high-pressure systems begin to move south out of the
United States and into the Caribbean.

SKY COVER. Although mean cloud cover decreases
during the transition, it remains between 15-25% over
most of the island. As the trade wind inversion lowers,
the cloud tops of the predominant cumulus and
stratocumulus lower from 8,000 to 9,000 feet (2.4 to 2.7
km) to 6,000 to 8,000 feet (1.8 to 2.4 km). Bases remain
between 2,000 to 3,000 feet (610 to 915 meters). Along
the northern and eastern coasts of the island there are
periods of early moming clouds, with ceilings between
2,000 to 3,000 feet (610 to 915 meters). This cloud
cover is probably caused by convergence between the

Mid-November--Mid-December

trade winds and a land breeze/mounin wind
combination. Clouds usually dissipate by lale moming.

WINDS. There are no major changes in wind speed or
direction, which remain easterly at 5-10 knots. Thercisa
reduction in frequency of gusty winds as Uropical
disturbances and easterly waves become less of a factor.

THUNDERSTORMS. The average number of days
with thunderstorms falls drastically, to 1-2 a month.

PRECIPITATION. The dry season scts in somcwhat
later in the northern and eastem parts of Pucrio Rico duc
to orographic lifting of the easterly trade winds. Monthly
precipitation averages do not drop below 5 inches (127
mm) until January. Mountain locations have to wait
untii well into the dry season beforc monthly
precipitation averages drop appreciably.

TEMPERATURES. Average highs are in the low 10
mid 80s°F (27 10 29°C). Average lows are in the high
60s to low 70s°F (20 10 23°C).
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PUERTO RICAN DRY SEASON

GENERAL WEATHER. The Puerto Rican dry season
is dominated by the easterly trade winds that reflect flow
around the Azores High. Winds are easterly from the
surface to about 15,000 feet (4.5 km) MSL in January.
Puerto Rico is far enough east to come under the
influence of strong transitory highs moving southeast
across the Atlantic, but these fronts can rarely be
identified as such by the time they reach Puerto Rico. In
undisturbed flow, the trade wind inversion is based at
7,500 feet (2.3 km) MSL. Air below the inversion is
moist and unstable; the air above is conditionally
unstable, but dry.

Puerto Rico, like most of the northem West Indies,
may see dry season polar front passages in stages. The
initial push of cold air moves the front into the region,
but as it moves castward, it becomes quasi-stationary. At
times, a second upper-level disturbance causes a wave to
develop on the front and pushes it farther south. The
southward movement can also be caused by a secondary
push of polar air from North America.

SKY COVER. Ceilings and visibilities are good. Cloud
cover is typically 3 to 5 tenths cumulus, but ceilings and
visibilities are better than 3,000/3 fully, 80% of the time
and less than 1,000/2 only 1% of the time. Mountain
locations can be cloudier. Cloud bases are typically
2,000 to 4,000 feet (610 to 1,220 meters); tops are 6,000
to 8,000 fcet (1.8 to 24 km) MSL. Cumulus is the
predominant cloud type, but some mid- and upper-level
clouds may be present. Fog is rare but may occur in
isofatcd inland valleys. Light hazeg is common but rarely
restricts visibility to less than 5 miles. Sudden showers
may reduce ceilings and visibilities to near zero for short
periods. The freezing level is normally at about 15,000
feet (4.6 km) MSL,; icing may be encountered in clouds,
particularly convective types, above that level.
Turbulence should also be expected in and near
convective clouds.

WINDS. In January, upper winds remain easlerly (o
14,000 fect (4.3 km), backing through northerly at
15000 feet (46 km), and to northwesterly or
west-northwesterly threugh 50,000 feet (15.2 km). They

&

December-April

return to easterly above 60,000 to 65,000 feet (18.3 w0
198 km) MSL. Surface winds are easterly or
east-northeasterly at 10 to 13 knots. Land and sca
breezes are common. Locations on the westem coast are
more prone to local breezes because the easterly tradcs
are often blocked by mountains. Locations on the
southern coast get a southerly sea breeze during the day.
Interior valleys and locations near mountains on the
southern and weslem coasts may sce land breczes at
night, reinforced by cool air washing down the mountain
slopes.

THUNDERSTORMS. Thunderstorms are infrequent
during the dry season, occurring on only 1 day a month
or less at most locations. Windward mountain stations
may see more. Hail is highly unlikely at the surface but
may occur in the higher mountains.

PRECIPITATION. In undisturbed air, the east-west
orientation of the Cordillera Central ensures thal, even
though rainfall varies widely across the island, therc arc
distinct regions of similarity. The easterly (and
sometimes  northeasterly) trades causc  upsiope
precipitation along the northern and eastern parts of the
island, where rainfall averages 3 to 5 inches (76 to 127
mm) a month. The southern coastal region, in subsiding
air off the mountains, gets much less rain (1-3
inches/25-76 mm a month) . The western end of the
island may or may not be affecied by orographic
precipitation, depending on whether flow is east or
northeast. Mean rainfall there is 2 10 4 inches (51-102
mm) a month,

TEMPERATURES. Thc typical dry scason day is
warm and humid. Mean daily maximums run from the
upper 70's o mid 80's°F (25 to 30°C). Mean daily
minimums are from the upper 50’s to the low 70's°F (15
t0 23°C).

SEA SURFACE TEMPERATURES. January sea
surface temperatures are near 80°F (27°C). The
modecrating effects of the water help maintain small
annual temperature variation, particularly along coasts.
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4.2 THE LESSER ANTILLES
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Figure 4-13. The Lesser Antilles. The Lesser Antilles form a gently curving chain of small island groups
that swing down a north-south-west arc from Puerto Rico 1o Trinidad to Aruba. Most are volcanic in origin. From
north to south, the Lesser Antilles comprise: (1) the Virgin Islands, (2) two large groups known as the Leeward and
Windward Islands, (3) a smaller grouping made up of Barbados, Trinidad, and Tobago, and (4) a group referred to as
the Southern Islands (or Netherlands Antilles) and composed of those islands just off the north coast of Venezuela.

A detailed discussion of the specific situation and
focation of the four major island groupings shown above
follows in order. Then, on page 4-39, therc are
season-by-season discussions of Lesser Antilles climate
and weather. With the exception of the southernmost
groupings (the Southern Islands), most of the Lesser
Antilles see two main scasons (dry and wet) with two
brief transitions. In order of presentation, these are:

*The dry season (January-May)

*The dry-wet transition (mid May-early June)

*The wet season (June-December)

*The wet-dry transition (mid-December-Mid-January)

But in the Southern Islands (or Netherlands Antilles),
the seasonal picture is slightly different; here, there is
simply a dry season (February-Junc) and a wct scason
(July-January), with no discemible transition from onc io
the other. This regime is very similar to that of the
Venczuelan Andes in Northern South America, which is
discussed in Chapter 5. Because the climatc and weather
of the Southern Istands differ so much from the rest of
the .Lesser Antilles, they are discussed scparately,
beginning on page 4-47.
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Virgin Islands

CARISBBEAN SEA

Figure 4-14, The Virgin Islands. The Virgin Islands, covering about 200 square miles and numbcring
about 80, lie about 60 miles (111 km) east of Puerio Rico in a scattered group divided administratively between the
United States and the United Kingdom. Only the largest islands will be discussed.

THE UNITED STATES VIRGIN ISLANDS comprise Saint
Thomas, Saint John, and Ssint Croix, along with about 50
small islets. Together, they cover only 133 square miles. Saint
Thomas (32 square miles) is 40 miles (64 km) east of Puerto
Rico. Maximum elevation is 1,549 feet (472 meters). Saint
John (19 square miles) is 4 miles (6 km) east of Saint Thomas.
The highest point is 1,276 feet (389 meters). Saint Croix (82
square miles) is the largest, and lies 37 miles (59 km) due south
of Ssint John. The highest point is Mount Eagle (1,165
feet--353 meters), 7 miles (11 km) west of Christiansted.

THE BRITISH VIRGIN ISLANDS comprise about 28 small
islands or islets, chiel among which are Tortola, Virgin Gorda,
Anegada, and Peter. Tortola is the largest (21 square miles);
Mount Sage is its highest point at 1,710 feet (521 meters).
Virgin Gorda is sbout 6 miles (11 km) east of Tortola. 1t
covers 8 square miles, with its highest point at Two Peak,
1,381 feet (421 meters). Anegada is 12 miles (22 km) north of
Virgin Gorda and is the northernmost island in the group.
Maximum elevation is below 650 fcet (200 meters). Peter
Island is 4 miles (7 km) south of Tortola and has 8 maximum
elevation of 440 feet (134 meters).
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4.2.2 THE LEEWARD ISLANDS
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Figure 4-15. The Leeward Islands. The Leeward Islands form a loosely associated grouping that stretches
nearly 250 miles (403 km) from Anguilla in the north to Guadalupe and Marie Galante in the south. From north (o

south, the Lecward Islands are:

ANGUILLA (UK). A low coral formation covering about 35
square miles. The highest point is 210 feet (64 meters)
overlooking North Hitl Village.

SAINT MARTIN (FR). About the size of Anguilla, but with
higher elevations. The highest point (1,391 feet--424 meters) is
1 mile (2 km) west of Quartier d'Orleans. Sall ponds cover the
low-lying portions.

SAINT BARTHELMY (FR). Only 9 square miles in arcs.
The highest poim is 922 feet (281 meters) 2 miles (4 km)
southesst of Bay Saint Jean.

SABA ISLAND (UK-NE). Saba covers only about § square
miles of land area, and is volcanic in origin. The highest point
on the island is Mount Scerfery, 2,828 feet (882 meters) above
sea level.

SAINT FUSTATIUS (STATIA-NE). Seven square miles,
also volcanic. Highest point is 1,978 feet (603 meters).

SAINT CHRISTOPHER ISLAND (ST KITTS). At 68
square miles, the largest of the St Eustatius-St
Christopher-Nevis group. The highest point is Mount Misery
(a dormant volcano cone) at 3,792 feet (1,156 meters). The
small flat peninsula to the southeast is covered with salt ponds.

NEVIS ISLAND (50 square miles) is separated from the
southeast peninsula of Saint Christopher by The Narrows, &
channel 2 miles (4 km) wide and notorious for rough seas.
Highest point is Nevis Peak at 3,232 feet (958 meters). The
island is called Nevis because of the clouds that shroud this
peak almost continuously.

BARBUDA ISLAND, a dependency of Antigua, breaks from
the chain to lie about 42 miles (78 km) east-northeast of St
Christopher/Nevis. Area is 62 square miles and of coral
formation. Highest point_ is 144 feet (44 meters) in the north
part of the island. Barbuda is dry and surrounded by coral
reefs.
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ANTIGUA lies about 25 miles (46 km) south of Barbuda and
covers 108 square miles. There are several disorganized
groups of small hills. The coastline is indented with altemating
bays and rocky headlands. There is a harbor at St John's.
Highest point is 1,319 feet (402 meters) 2 miles (3 meters) west
of Falmouth on the south side of the island.

REDONDA is a small, uninhabited and rocky islet, maximum
elevation 1,000 feet (305 meters). It is a major source of

phosphate.

MONTSERRAT (UK) is 22 miles (41 km) southwest of
Antigua with 40 square miles. It is formed of two volcanic
mountain ranges separated by a saddle behind the town and
port of Plymouth. The southern range rises to 3,000 feet (914
meters) in the Soufriere Hills.

GUADELOUPE (FR) encompasses 680 square miles. It
comprises what actually amounts to two islands separated by a
narrow strail (Riviere Salee, or Salt River), which is bridged.
The western portion of the double island is known as
Basse-Terre (named "low land” because of its lower

latitude--not because of ils elevation). The eastern portion is
called Grand Terre, or "high land”, for the same reason. There
are rugged volcanic mountains on Basse-Terre rising to 4,813
feet (1,467 meters) at La Soufriere, an active volcano. The
entire area is characterized by fumaroles, cinder holes, and
sulphurous springs. The highest point on Grand Terre is only
443 feet (135 meters). ‘

LA DESIRADE (FR) is 5 miles (9 km) due east of Grand
Terre. Its highest point (906 feet--276 meters) is al Grand
Montagnes.

MARIE GALANTE is 16 miles (30 km) east of the southern
tip of Basse-Terre and covers 58 square miles. The highest
point is 669 feet (204 meters).

LES SAINTES is a four-island group (Terre de Bas, Islet
Cabrit, Terre-de-Haut, and Grand Islet) 7 miles (13 km) south
of Basse-Terre. The highest point is on Terre-de-Haut at 1,050
feet (320 meters).




4.2.3 THE WINDWARD ISLANDS

WINDWARD

Figure 4-16. The Windward-lslands. The Windward Islands, all volcanically formed,-are still marked by
active vulcanism. They form a curving chain that runs from Dominica in the north to Grenada in the south. The

principal islands of the Windward Islands are:

DOMINICA is 17 miles (31 km) southwest of Marie Galante.
It is 30 miles (56 km) long by 12 miles (22 km) wide and
covers 305 square miles. Like the other islands in this group,
volcanic activity is still present, with numerous fumaroles,
cinder holes, and hot sulphur springs. The highest peak
(Mome Diablotin) rises to 4,700 feet (1,433 meters), the
highest point in the Lesser Antilles. Most of Dominica, except
for 2 namrow coastline, is over 1,000 feet (305 meters). Many
of the mountainous arcas are covered with hardwood forests.
Portsmouth is on the northwest coast.

MARTINIQUE is 22 miles (41 km) south-southeast of
Dominica and covers 425 sq miles. Mount Pelee, at 4,583 feet
(1,397 meters) erupted in 1902 and totally destroyed the city of
St Pierre on the northwest side of the island. Like Dominica,
vulcanism on Martinique is still active. A 50-mile-square plain
lies across the center of the island. Most of Martinique is
above 1,500 feet (457 meters). Fort de France is halfway down
the southwest coast.

SAINT LUCIA is 18 miles (23 km) south of Martinique with
similar wopography. It covers 238 squares miles. The highest

point is Canaries Mountain near Soufriere at 3,117 feet (950
meters) in the south central part of the island.

SAINT VINCENT covers 150 sq miles. Topography is much
the same as the other islands in the group--mostly
mountsinous, volcanic, narrow coastlines. The highest point
on Saint Vincent is Soufriere Mountain st 4,100 feet (1,250
meters). A crater lake just south of this feature is 2,000 feet
(610 meters) below the precipitous rim which stands at 3,500
feet (1,067 meters).

THE GRENADINES, a miniaturc island chain that streiches
for about 60 miles (111 km) from St Vincent to Grenada,
includes Bequia, Isle Quatre, Baliceaux Island, Mustique,
Canouan, Mayreau, Union Island, Carriacou, and Ronde Island.
The Martinique Channel runs between Union Island and
Carriacou.

GRENADA, the smallest island in the group, is 90 miles (167
km) north of Trinidad and covers 120 squarc miles. The
highest point is Mcunt Saint Catherines at 2,757 feet (840
meters), St Georges is on the southeast coast.
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4.2.4 BARBADOS, TRINIDAD, AND TOBAGO

Figure 4-17. Barbados, Trinidad, and Tobago. It is convenient 10 group these three islands becausc of
their similar situation and relief. Note that Barbados, well to the northeast of Trinidad, is detached from the gentie

curve formed by the other islands in the chain.

BARBADOS is sbout 90 miles (167 km) east of Saint Vincent.
This coral island covers 166 square miles and is relatively flat.
The highest point is Mount Hillaby in the north central part of
the island at 1,110 feet (338 meters). Bridgetown is on the
southwest coast.

TOBAGO is 32 miles (59 meters) long, and is 29 miles (54
km) north-northwest of Trinidad. It covers 116 square miles.
The highest point is in the central portion of the island at 1,950
feet (594 meters). The southwestern tip is flat. Scarborough is
on the southeast coast.

TRINIDAD, only a few miles off the coast of Venczuels, is
geologically a pant of that country. With 1,864 square miles,
Trinidad is nearly square. Two peninsulas extend westward
from the northwest and southwest comners to enclose the Guif
of Paria. The northem peninsula and sdjscent islands are
separaled by Boca Grande. The island is mostly plain, with an
east-west range of hills along the northern coast that reach to
3,085 feet (940 metery). A smaller range of hills in the center
of the island reaches only to 1,009 feet (308 meters). A few
smaller hillocks dot the southern cosst. There are swampy
regions on the east and west sides of the island. Port of Spain
is on the sheltered side of the northwest coast.
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LESSER ANTILLES DRY SEASON

GENERAL WEATHER. The Lesser Antilles island
grouping- (as described on the foregoing pages) is
dominated by the northeasterly trage winds located on
the southem flank of the Azores High. Day-to-day
weather in the winter, or dry season, varies little under
the influence of the trade wind inversion, which has a
mean dry season height of 7,500 feet (2.3 km) MSL. The
inversion is strongest now because of the Azores High,
which is al its southernmost position (30° N, 35° W)
through April. Ex-continental migratory high pressure
centers originating in the United States occasionally
move across the westem Adantic to reinforce this
low-level stability. These highs may follow a weakened
front or may arrive long after the southern part of an old
North American frontal zone has dissipated. The
northern part of the Leeward Islands is influaenced much
more by these highs than are the Southem Islands (or
Netherlands Antilles), which see. Although forced
lifting of the trade winds over mountains may induce
convection, only a few islands in this group have the
terrain necessary for significant orographic precipitation.

Although modified polar outbreaks are rare, they
occasionally reach into the Lesser Antilles. By the time
they move this far south, however, most frontal
characteristics have disappeared, leaving only a wind
shift boundary or shear line to produce showers and
thunderstorms. Polar surges are usually not observed
after the end of April.

SKY COVER. Dry season sky cover is between 3 and 5
tenths, mainly cumulus or stratocumulus with some

06-08 LST CEILING and VISIBILITY < 3,000/3

January-May

cirrus. In the northern part of the Lesser Antilles, weak
polar outbreaks may increase cloud cover to 6-9 tenths
for several days. Cloud bases are normally 2,000 to
4,000 feet (610 10 1,220 meters), but are considerably
lower for very brief periods during sudden, heavy

showers. As shown in Figure 4-18, diumal cloud cover

variation is normally sma’. This is true at locations with
frequenit cloud cover in the dry seasom (such as
Dominica) as well as on those islands with lcss low cloud
cover (such as Grenada). The only exccption is in the
northern coastal mountains of Trinidad, where there is
more afternoon convective cloud cover; ceilings here are
between 2,000 and 3,000 feet (610 to 915 meters)
20-30% of the time between noon local and sunset. In
the modified polar air following an old front, the
Leeward Islands may see several days with convective
cloud cover in the aftemoon. Once the trade wind
inversion is reestablished, cloud tops arc normally
capped at 6,000 to 8,000 feet (1.83 to 2.4 km).

Ceilings and visibilities are below 3,000/3 no morc
than 10-15% of the time at most locations, and below

1,000/2 up to 4% of the time. Visibility is usually 7 .

miles or better. Fog is rare but may occur on larger
islands in low lying, marshy areas on calm nights. Light

haze is often observed from the surface to the trade wind

inversion; on rare occasions it may reduce visibility 1o S
miles. The freezing level is usually near 15,000 fect (4.6
km). Although not a problem below 15,000 fect,
moderate mixed icing (and moderate wrbulence) can
occur above the freezing level in towering cumulus and
cumulonimbus.

15-17 LST CEILING and VISIBILITY < 3,000/3
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Figure 4-18a. Ceiling/ Visibility < 3,000/3,
06-08 LST, Dominica vs. Grenada.
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Figure 4-18b. Ceiling/ Visibility < 3,000/3,
15-17 LST, Dominica vs. Grenada.
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LESSER ANTILLES DRY SEASON

WINDS. Easterly trade winds prevail over most of the
iclands at 10-14 knots, but speeds on Trinidad and
Tobago (and in the Grenadines) are only 6-9 knots.
Direction rarcly varies from easterly by more than 20
degrees throughout the Leeward Isiands, but winds over
the lower Windwards, Trinidad, and Tobago are more
east-northeasterly.

Many islands in the Lesser Antilles are too small to
have perceptible land or sea breezes; on some of the
larger islands, the trade winds are strong enough to mask
any effccts a land or sea breeze might have. The islands
of St. Christopher, Guadeloupe, Dominica, Martinique,
and Trinidad, however, are large cnough, with the right
kind of tesrain, W produce both land and sea breczes
(awciaﬂysubreem)whalthemdewinthmlight.

January-May

Over the Leeward Islands in January, easterly winds
persist 1o 13,000 feet (4.0 km), switching back to
northerly or northwesterly at 21,000 feet (6.4 km), then
becoming northwesterly through 50,000 fect (15.2 km).
Over Trinidad, winds are westerly from 33,000 to 43,000
feet (10.0 to 13.1 km), rewming to northwestcrly at
50,000 feet (15.2 km). Winds over the entire Lecward
Island region return 1o easierly above 60,000 to 65,000
feet (18.3 to 19.8 km). Figure 4-19a shows low-level
(15,000 feet and below) mean wind directions in the
southern region of the Lesser Antilles. Figure 4-19b
shows mean wind directions for 20,000, 25,000, and
30,000 feet.
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1 T 4 v ) ¥ RS v

Figure 4-19a. Mean Low-Level (5, 10, 15K) Wind Directions for Selected Stations in the

Lesser Antilles.
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Figure 4-19b. Mean Upper-Level (20, 25, 30K) Wind Directions for Selected Stations in the

Lesser Antilles.

THUNDERSTORMS are infrequent during the dry
season, usually occurring on 1 day or less a month at
most locations. Windward slopes of mountainous
islands see a few more thunderstorms due to forced
upslope lifting of the moisture-laden trade wind flow.
Hail is very rare, but may occur at elevations above
4,000 feet.

PRECIPITATION. Rain usually falls as sudden
showers that can reduce ceiling and visibility for brief
periods. The smaller islands average 2 10 4 inches (51 to
102 mm) of rain during the dry season; the larger islands
gct more due to interaction of the easterly trade winds
with terrain features; for example, the higher termain of
several of the Windward Islands (Saint Vincent and Saint

Lucia) results in 4 to 6 inches (102 0 153 mm) there.
Although these mountainous islands may not sce
significantly more cloud cover than their (flatier
neighbors, cumulus and stratocumulus tops are high
enough to cause more rainshowers. A pronounced rain
shadow is evident along the leeward sides of the larger
islands.

TEMPERATURES. Mean daily maximum tempera-
tures are 82 to 87°F (28 10 30°C). Mean daily minimum
range is 68 10 73°F (20 10 22°C). Higher clevations may
be as much as 10°F (6°C) lower. Figurc 4-20 shows the
rclatively  constant  mcan  tcmperaturcs  at  two
repreesentative locations in the Lesser Antilles.
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Figure 4-20. Monthly Mean and Maximum/Minimum Temperatures: Husbands CMI,
Barbados, and Hewanorra Airport, St Lucia.

SEA SURFACE TEMPERATURES. Mean sea in the Windward Islands, Trinidad, and Tobago. The
surface temperatures in February are 79°F (26°C), about  result is a very small annual or diumal temperature
1°F (.6°C) warmer than the mean air temperature. Mean  range.

air and sea surface lemperatures are equal at 79°F (26°C)
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LESSER ANTILLES DRY-TO-WET TRANSITION Mid-May-—Early June

GENERAL WEATHER. Large-scale flow becomes
more castefly than northeasterly. The trade wind
inversion begins to weaken and rise as the Azores High
moves north. As upper-level subsidence lessens, the
unstable lower layers deepen, allowing convection and
shower activity to become more widespread.

SKY COVER. Cloud cover increases slightly; ceilings
are below 3,000/3 between 15 and 20% of the time. But
on the more mountainous isiands (such as Saint Lucia
and Trinidad), afternoon ceilings are below 3,000/3 from
25 0 30% of the lime. In the weakened trade wind
inversion, tops can now exceed 10,000 feet (3.1 km).

WINDS. Winds remain easterly at 5-10 knots below
20,000 feet (6.1 km), northwesterly at 20-30 knots above.

THUNDERSTORMS. The mean number of thunder-
storm days remains low, with only 1-2 a month.

PRECIPITATION. Increased low-fevel instability
shows up in the increased monthly rainfall. There is very
lite island-to-island variation in rainfall amount--most
stations average between 3 and 5 inches (76 10 127 mm)
a month,

TEMPERATURES. Mean highs arc in the low- to

mid-80s°F (28 to 30°C). Mean lows are in the mid- to
upper-70s°F (24 to 26°C).
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LESSER ANTILLES WET SEASON

GENERAL WEATHER. By September, the moist
easterly trades extend upward to more than 25,000 feet
(7.6 km) over most ol the Lesscr Antilles, and up to
34,000 feet (10.4 km) over Trinidad. The Auantic Ocean
cast of the islands is an especially active region for
tropical storm development; although no island in the
Lesser Antilles is immune to wopical storms, Trinidad
and Tobago are much less likely to be affected by them.
During the southern hemisphere winter (northern
hemisphcre summer), southern hemisphere polar surges,
which can occur well into October, may push the
Monsoon Trough northward into the Windward Islands.
This northward oscillation of the Monsoon Trough may
last for several days, bringing well developed mid- and
upper-level clouds, along with embedded showers and
thunderstorms, northward into  the islands. This
phenomenon, linked to the severity of the southern
hemispherc winter, varies in frequency from year o year.
The influence of the Monsoon Trough is greatest in
southern portions of the Lesser Antilles. For a more
derailed discussion of northern hemisphere polar surges,
sce Chapters 2 and 5.

SKY COVER. Cloud cover is usually 5 to 7 tenths of
cumulus and towering cumulus; this compares with only
3-5 tenths coverage during the dry season. Afternoons
arc cloudicst. Bases average 2,000 to 4,000 feet (610 to
1,220 mcters) but may lower to near the surface during
hcavy showers and thunderstorms. Towering cumulus
tops may reach to 15,000 feet; cumulonimbus tops may
exceed 40,000 feet (12.2 km). Cumulonimbus cirrus
anvils can be carried a considerable distance by the
strong upper-level easterlies.  Daily cloud cover is
greatly influenced by the presence of the Monsoon
Trough. Although most locations see a general increase
in cloud cover during summer months, it doesn’t happen
cverywhere. Diumal variation is greatest in the wet
scason, especially on the larger islands of the Lesser
Antilles. The general instability in the lower layers
during the wet season results in the nearly continuous
presence of trade wind cumulus. The frequency of
cciling/visibility below 3,000/3 increases to 25-30% at
most locations, but the -frequency of occurrence below
1,000/2 (kcss than 4%) remains about the same as during
the dry scason. Windward mountain slopes (such as on
Guadcloupe, St. Christopher, and Dominica) may have
significantly higher frequencies of low ceilings and
visibilitics. The passage of tropical disturbances may
bring several days of showers and thunderstorms. Fog is
rarc, but light haze is often present. Dry season haze
may extend to the trade wind inversion, but it rarcly
restricts visibility to less than 5 miles. Moderate mixed

“»

June-Early December

icing may occur in towering cumulus and cumulonimbus
above the freezing level. Moderate 1o severe lurbulence
may accompany towering cumulus and cumulonibus at
all levels.

WINDS. The easterly trade winds continuc o prevail,
with mean speeds from 7 o 12 knots. But whenever the
Monsoon Trough moves north into the Lesser Antilles,
low-level winds change from east to southwest.
Depending on the strength of these southern hemisphcre
polar surges, winds can gust 10 15-20 knots. As the
Trough sags back southward, wind speeds decrease and
easterly flow is reestablished. The only gale force winds
(speeds greater than 28 knots) occur with tropical
disturbances or easterly waves; directional shear near the
center of these disturbances can be significant. On most
islands (especially the smaller ones), the trade winds are
strong enough 1o mask any land/sea breeze effect. But
when the tradewinds are calm, the larger islands will see
land breezes al night and sea breezes during the day.

As was shown in Figures 4-19a and b, large-scale wel
season flow over most of the Lesser Antilles remains
easterly up to 30,000 fect (9.2 km), veering to westerly at
30,000 to 33,000 feet (9.2 to 10.1 km) and remaining so
10 50,000 feet (15.2 km). Over Trinidad, winds remain
easterly to 34,000 feet (10.4 km), backing sharply to
northwesterly at 36,000 fect (11.0 km), then moving to
west-northwesterly at 50,000 feet (15.2 km). Winds
return to easterly over the entire area above 60,000 feet
(18.3 km).

TROPICAL DISTURBANCES. The storm season
runs from June through November, with the highest
frequency of occurrence in August, September, and
October; only 2% of the storms that affect the Lesser
Antilles occur in November.  Nommally, tropical
disturbances are not yet fully developed as they pass the
Lesser Antilles; in any case, nonc of the istands in the
Lesser Antilles are large enough (o affect the strength of
any disturbance that may cross them.

Easterly waves, which bring showers, thunderstorms,
and torrential rains, vary in frcquency from ycar to year.
During those years that the Monsoon Trough moves into
the southern Caribbean frequently, easterly waves are
deflected North and rarely seen in and south ol the
Windward Islands. But during those years that the
Monsoon Trough stays south of the Caribbean, casterly
waves may be expected o cross the Lesser Antilles
region every 5 W0 7 days through early November.
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DAYS WITH TSTMS

LESSER ANTILLES WET SEASON

THUNDERSTORMS. Days with . thunderstorms
increase through the wet season (0 average 5-7 a month.
The more mountainous of the islands (because of
orographic lift) and those farther south (because of
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proximity to the Monsoon Trough) can expect as many
as 10-15 thunderstorm days a month; see Figure 4-21.
Most thunderstorms occur in the altemoon.
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Figure 4-21. Days with Thunderstorm and Precipitation Amounts: Le Raizet, Guadelope;

and Desaix, Martinique.

PRECIPITATION. Wel season precipitation is almost
a daily occurrence in the Lesser Antilles; rain falls on
20-25 days a month, mainly as showers or
thundershowers of short duration that may reduce
ceilings and visibililies to near zero for short periods
(usually lcss than half an hour). Mean monthly rainfall
increases from north to south. Most of the Leeward
Islands average 6 to 8 inches (152 10 203 mm) a month,
but the Windward Islands, along with Trinidad and
Tobago, average 8 to 10 inches (203 10 254 mm). Only a
few islands of the Lesser Antilles have the topography
necessary for an orographic effect on precipitation. They
are Montserrat and Guadeloupe in the Leeward Islands;
Martinique, Saint Lucia, Saint Vincemt, and Grenada in

the Windward Islands; and Trinidad. On these islands,
windward slopes get more rain due (o orographic lifting,
while leeward slopes are shielded.

TEMPERATURES. Mean daily maximum
temperatures are 85 to 90°F (29 1 32°C). Mcan daily
minimums are from 70 to 78°F (21 w 25°C).
Temperatures may be 10°F (6°C) lower in the highest
mountains.

SEA SURFACE TEMPERATURES. Mean July sca
surface and air lemperatres are about equal at 82°F
(28°C) in most locations except at Trinidad, where sca
surface temperatures are 80 to 81°F (27°C).
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LESSER ANTILLES WET-TO-DRY TRANSITION

GENERAL WEATHER. As the Azores High begins to
move south (o its dry season location (30° N, 35° W),
thc trade wind inversion strengthens and lowers.
Tropical disturbances, easterly waves, and the Monsoon
Trough can still influence Lesser Antilles weather,
cspecially carly in the transition. North American polar
air masses and associated post-frontal high pressure
systems begin Lo reappear.

SKY COVER. Mean cloud cover decreases lo 4-5
tenths, but southern portions of the islands retain wet
season cloud cover (5-7 tenths) for a little longer than in
the north. Tradewind cumulus and stratocumulus remain
the predominant cloud types, with bases between 2,000
and 3,000 feet (610 and 915 meters). Average cloud tops
decrease with the lowering rade wind inversion, moving
o dry season heights of 6,000 to 8,000 fect (1.8 10 24
km).

WINDS. Low-level flow is still easterly at 5-10 knots.
The frequency of gusty winds decreases as tropical
disturbances become less frequent.

Mid-December—-Mid-January

THUNDERSTORMS. Thunderstorm days average 3-4
a month throughout the Lesser Antilles, but frequency
drop as the trade wind inversion lowers (o limit
convection. The decreasing (requency of wopical
disturbances results in fewer thunderstorms moving into
the region.

PRECIPITATION averages between 3 and S inches (76
to 127 mm) throughout the islands, but some variation
can be expected early in the season in mountainous areas,
especially on Saint Lucia, Saint Vincent, and Trinidad,
where monthly averages are nearly an inch more.

TEMPERATURES. Average highs are in the low to
mid 80s°F (28 w 30°C). Averagc lows are in the low o
mid 70s°F (22 1o 24°C). Tempcratures can be 10 to
15°F (6-8°C) lower in the mountains or following
passage of @ modified North American polar front.




4.2.3 THE SOUTHERN ISLANDS
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Figure 4-22. The Southern Islands. The grouping we shall call the Southern Islands is a chain of small,
tow-lyis 2 islands along the north coast of Venezuela. These islands form a 378-mile (700-km) string from Aruba in
the wes: 10 Isla de Margarita in the cast. Aruba, Bonaire, and Curacao, the largest of the Netherlands Antilles, arc
often colled the "ABC” islands. The Southem Islands have two main seasons, but without the recognizable
transiti a periods found in the rest of the Lesser Antilles o the north. These are: the dry season (February-junc),
and the wet season (July-January). From west (o east, the Southem Islands are:

ARUBA is 19 miles (35 km) long by $.miles (9 km) wide and
covers t) squarc miles. Arube is generally flat, dry, and
basren, 7 sing from sea level 1o 617 feet (188 meters).

CURACAQ is 36 miles (67 km) by 8 miles (9 km) and covers
182 squarc miles. Also (lat, dry, and barren, its highest point is
1,220 feet (372 meters) above sea level near the northwest tip
at Sabana Westpunt. Willemstad is halfway down the southemn
coast.

BONAIRE is 30 miles (51 km) east of Curacao and has 111
square miles of land. The highest point is 791 feet (241
meters) nesr Rincon. The southemn tip is marshland.

MINOR ISLANDS/ISLETS that lie between Bonaire and Isla
de Margarita are, from west (o cast: Islas de Aves, Islas los
Roques, La Orchila, Isla 1a Tortuga, La Blanquilla, and Islas
los Hermanos. The Islas los Testigos, a very small islet
grouping, lies about 50 miles northeast of Margarita. The lsla
Cubagua and Isia Coche lie beiween Margatita and the
Venezuelan coast.

ISLA DE MARGARITA (Venezuela) is made up of two
mountains separated by a flat coasial plain. The westenmost
mountain is called Punta de Piedras and reaches o 2,461 feet
(750 meters). Two peaks on the main (eastern) part of the
mountain reach 2,297 feet (700 meters) and 2,953 feet (902

meters).
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SOUTHERN ISLANDS DRY SEASON

GENERAL WEATHER. There are no real
season-to-season “transitions” here;  weather in the
Southemn Istands is remarkably constant the year around.
When certain weather phenomena (the Monsoon Trough,
casterly waves, tropical disturbances) do influence the
Southem Islands, they typically do so between July and
January. Late in the "dry” season (and also during the
"wet” season), the islands see an increase in the
frequency of scattered light rainshowers that raises mean
monthly rainfall amounts slightly. Rare events
notwithstanding, the dry season pattern here is a steady
progression of hot and humid days with afternoon trade
wind cumulus.

The Southem Islands are dominated by the easterly
trade winds sct up by the Azores High. These easterlies
generally extend to 17,000 feet (5.2 km) in February.
The trade wind inversion has a mean height of roughly
8,500 fect (2.6 km). Very litlle variation in weather
occurs in the Southern Islands except during the arrival
of a rare, unusually strong cold air surge. Such surges
cause bricl, and extremely rare, heavy rainfall. The
hcavicst showers are associated with the immediate
passage of the associated polar upper-air trough.
Although all frontal characteristics are lost during such
long-distance penetrations, discontinuities in the wind
ficld can be noted.

The dry season here is extremcly dry. Although the
exact causes for this are still not entirely understood, one
factor is the strong low-level divergence near the
Venezuelan coast; winds here become anticyclonic
hecause of the orientation of the Venezuelan Andes and
Lake Maricaibo. Mountainous  terrain  curves
sowthwestward  around the eastern shore of Lake
Maricaibo and into Colombia. By late May and June,
southerly flow ofT the Venezuelan Andes may reach the
iskands as a result of a strong southern hemisphere cold
surge descending the northern--Jeeward--slopes. Lower
sea surface temperatures (lower when compared (o other
Caribbean Sca areas) serve to stabilize the lower ievels of
the atmosphere. Another factor is the considerable
upper-level convergence along the entire coastal region.
Southwesterly flow moves out of South America into the
southern Caribbean Sea as the subtropical ridge straddles
the cquator; northwesterly flow sets up over North
America and the northemn Caribbean Sea.

SKY COVFR is 3 10 § tenths cumulus or stratocumufus,
with some cirrus. Cloud bases are 2,000 to 3,000 fcet
(610 10 915 meters), but infrequently constitute a ceiling.
Cloud 1ops are 6,000 10 8,000 feet (1.8 10 2.4 km).

February-June

Ceilings and visibilities are below 3,000/3 lcss than 10%
of the time and below 1,000/2 only 2% of the time or
less. Alternoons are cloudiest. Aruba (sce Figure 4-23)
is representative of most stations in the region. Surface
heating produces cumulus buildups over land in the
afternoon, but little or no cloud forms over water. The
reverse occurs al night. Visibility is usually 7 miles or
better. Fog is rare. Light haze is often obscrved from the
surface up to the trade wind inversion; it may, on rare
occasions, reduce visibility 1o S miles. Icing is extremely
rare; the freezing level is near 15,000 feet (4.6 km),
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Figure 4-23. Percent Frequency of
Ceiling/Visibility below 3,000/3 at Aruba.

WINDS. The easterly trade winds are surprisingly
strong, with mean speeds of 15 to 17 knots, because: (1)
the pressure gradient of the Azores High is strongest here
during the dry season, and (2) the pressure gradient is
strengthened by significant differential heating between
the large South American land mass and the occan. The
strong winds here may also have a southeasterly
component due to the orientation of thc ncarby
Venezuelan coastline. The islands in this group are 100
small for perceptible land/ses breezes; the strong
prevailing easterlies mask any swch effecta. When the
trades are weak, however, some ialande (espccially
Aruba) may fecl a late-night lamd brecze off the
Venezuelan coast, supported by the mountain winds of
the ncarby Venezuelan Andes. Wind directions change
from east 10 southwest, but speeds remain relatively low
at 5-10 knots.
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SOUTHERN ISLANDS DRY SEASON

February winds are easterly to 17,000 feet (5.2 km), as
shown in Figure 4-24a. From 20,000 to 30,000 feet
(6.7-9.1 k), they back through northerly to westerly, as
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February-June

shown in Figure 4-24b. From 30,000 through 50,000
feet (9.1-15.2 km), winds remain wesierly. Above
60,000 feet (18.3 km), they retum to easterly.

CURACAO
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Figure 4-24a. Mean Low-Level (5, 10, 15K) Winds at Curacao.
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Figure 4-24b. Mean Upper-Level (20, 25, 30K) Winds at Curacao.

THUNDFERSTORMS. Thundersiorms are infrequent,
occurring on 1 day or less a month on most island
focations. They are most likely 0 occur when the
Monsoon Trough moves into the southern Caribbean.
Isolated storms that form on the northem coast of
Venczuela may reach the Southern Islands.

PRECIPITATION. Rainfall in the Southem Islands
averages only 15 o 25 inches (381 to 635 mm) a year,

most as sudden moming showers. During the dry
season, there is less than 1 inch (25 mm) a month; many
jocations see less than half an inch a month. Although
the terrain on most islands is 1o low to produce much of
a windward/leeward effect, a slight increase in
cloudiness and precipitation may occur on the windward
side of Curacao's 1,220-foot (372-meter) peak. Showers
that form off the eastem shores of the islands
occasionally move onshore in the moming.
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SOUTHERN ISLANDS DRY SEASON

TEMPERATURES. Mean daily maximum
tcmperatures are 83 to 85°F (28 w0 29°C) in February,
rising to near 90°F (32°C) in September. Mean daily
minimums range from 74 o 77°F (24 to 25°C) in
February, rising to near 80°F (27°C) in September.

SEA SURFACE TEMPERATURES. Mean sea
surface cmperatures in February are nearly equal to
mean air iemperature at 79°F (26°C). By August, air

February-June

and sea surface temperatures are equal, at 82°F (21°C).
Upwelling along the Northem Coast of Venezucla keeps
mean sea surface temperatures 1 10 2°F (.6 w0 1.2°C)
lower than the Caribbean waters to the north. In 1958,
Lahey reported sea surface temperatures as low as 72°F
(22°C) in coastal walers near Margarita Island. These
fow sea temperatures help in creating the low-level
inversion that increases stability.
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SOUTHERN ISLANDS WET SEASON

GENERAL WEATHER. The actual beginning and
ending of the wet season is tied to the seasonal northward
shift of the polar westerlies, which disdppear below
25,000 feet (7.6 km). The upper-level westerlies (at
25,000-40,000 feet/7.6 to 12.2 km) weaken during the
wet season and may even disappear temporarily at its
height. Paradoxically, low-level trade winds also weaken
as the Azores High weakens and moves south. The trade
wind inversion’s mean height is 8,500 feet (2.6 km).
Tropical disturbances, easterly waves, and the Monsoon
Trough are the main wet season weather producers.
These phenomena may continue into Fcbruary or they
may cease in December. In any case, the "wet” season
can be said (o have ended during the first month in which
mean rainfall is less than 1 inch (25 mm) and during
which very fcw transitory disturbances occur.

Northward oscillations of the Monsoon Trough may
last for several days and bring periods of showers and
thunderstorms;  this phenomenon varies in [requency
from year (0 year and is linked to the severity of the
southern hcemisphere winter.  Although northward
movement of the Monsoon Trough is influenced by the
strength of South American polar outbreaks, the
Southern Islands are afforded some protection by the
Venezuelan Andes. The Monsoon Trough may still move
over the northem coast of Venezuela in October, but not
as oftcn as in August and September.

Low-tevel convergence tied to the development of
wopical cyclones on the Caribbean side of the Isthmus of
Panama may occasionally cause considerable cloudiness
and precipuation in the Southern Islands. Southwest
winds around these disturbances move along the
Venezuelan Andes, through Lake Maricaibo, and over
the Southern Islands, joining the prevailing easterly flow
and resulling in an extensive zone of convergence. See
"Tropical Disturbances” for favored months and
occurrence {requency.

Late in the wet season (by November), the stronger
polar incursions from North America may also become a
wet season factor. Polar (ronts that reach the Southern
Islands from the United States are greatly modified, with
few remaining surface lemperature discontinuilies; only
a wind shiflt boundary (shear line) remains (o produce
showers and thunderstorms ahead of, along, and behind
the shcar line. A slight temperature drop due to
evaporative cooling, along with a wind shift toward
north, may suggest the presence of a frontal passage.
However, no such passage has ever occurred, at least by
mid-latitudc standards. :

July-January

SKY COVER. Sky cover is basically the same as
during the dry season--3 to 5 tenths cumulus or
stratocumulus with some cirrus. Cloud bascs are 2,(00
to 3,000 feet (610 to 915 meters), but infrequently
constitute a ceiling. Cloud tops average 6,000 to 8,000
feet (1.83 10 2.4 km). Visibility is 7 miles or better. Fog
is rare. Light haze is often observed from the surface to
the base of the trade wind inversion; on rare occasions, it
may reduce visibility to § miles. Sudden showers may
reduce visibility to near zero for very short periods,
Ceilings and visibilities are below 3,000/3 10% of the
time, and below 1,000/2 less than 2% of the time. The
freezing level is near 15,000 feet (4.6 km).

WINDS The easterly trade winds prevail, with mcan
speeds of 13 to 15 knots. Polar outbreaks may disrupt
this flow to result in northerly or northeasterly winds for
a day or two. The islands in this group are too small o
produce a perceptible land/sea breeze; the prevailing
easterly trades mask any land/sea breeze effects. Winds
are easterly to 30,000 feet (9.2 km) in October (scc
Figures 4-24a and b). They back to north-northwesterly
above 30,000 feet (9.2 km), remaining northwesterly
from 30,000 through 50,000 feet (15.2 km). Winds
return (o easterly above 60,000 to 65,000 feet (18.3 to
19.8 km).

TROPICAL DISTURBANCES. Only 13 storms have
affected the Southern Islands from 1886 to 1963; 30% of
those storms occurred in October, 8% in November, and
8% in December. Easterly waves--well developed surges

in the trade winds-—-bring showers and thunderstorms

withh heavy rains.  Although these waves vary in
frequency from year to year, they do not normally occur
after November. During years thal the Monsoon Trough
moves into the Southern Caribbean frequently, easterly
waves are deflected north and are not common (o the
Southern Islands. During years when the Monsoon
Trough stays south of the Caribbean, however, easterly
waves may be expected to cross the region at [lairly
regular intervals of 5 or 6 days.

THUNDERSTORMS. Thunderstorms are  most
frequent in September and October, when average
occurrence is on 3-5 days a month (see Figurc 4-25).
They can be associated with migratory disturbances or
the Monsoon Trough. Air mass thundcrstorms arc
possible, but very rare. Late-season thunderstorms may
form over the northem coast of Venezucla and move
north across the water o the Southern Islands.
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SOUTHERN ISLANDS WET SEASON
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Figure 4-25. Annual Thunderstorm and Days Precipitation - Curacao.

PRECIPITATION. Mean monthly precipitation
increases dramatically from less than 1 inch (25 mm) a
month during the dry season to 3 to § inches (76 o 127
mm) a month in the wet season. Rainfall varies widely
based on the path individual disturbances take. The
generally flat island terrain here has litde effect on
precipitation.  Rain usually falls as showers or
thundershowers near transitory disturbances. Showers
that form off the eastern shores of the islands at night
may be carried onshore in the moming. The mean
number of days with precipitation, nearly double that of
the dry season, is still significantly less than on the rest
of the more northerly islands in the Lesser Antilles.
However, heavy precipitation events can occur under the
influence of stronger tropical disturbances. Precipitation
and cloud cover in the area of low-level convergence
near the Monsoon Trough or under the (emrain effects

mentioned earlier can last for several days. Polar

outbreaks from either hemisphere may bring showers that

can last for a day or more.

TEMPERATURES Mean daily maximum tempera-
tures are in the upper 80s°F (31 to 32°C). Mean daily
minimums are in the mid- to upper 70s°F (24 10 26°C).

SEA SURFACE TEMPERATURES. Mean sca
surface temperatures in October are nearly equal to the
mean air temperature of 83°F (28°C). By January, mean
air and sea surface (emperatures are dead equal at 79°F
(26°C).  Upwelling along the northern coast of
Venezuela maintains sea surface temperatures at several
degrees less than the adjacent Caribbean walers to the
North; this thermal contrast may help in creating a
stabilizing low-level inversion.
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4.3 CARIBBEAN OPEN WATERS

Figure 4-26. The Caribbean Open Waters Region. This region includes the "open waters" portions of
the Yucatan Basin, the Colombian Basin, and the-Venezuelan Basin. These waters will be discussed here
independently of the major Caribbean land areas and their coastal waters. Although the authors have attempted 10
summarize the climate and weather of this vast "open waters" region, readers should note that the wide spatial extent
of the area under discussion makes it unlikely that the entire region would ever see the same kind of weather at the
same time. The climatology presented here, however, assumes a generally homogeneous area and points out only
significant climatological differences. There are only two seasons in the open waters region, with no clearly
identifiable transitions from one to the other: the dry season runs from December to April, and the wet season from
May 1o November. These inclusive periods are approximate; actual beginning and ending times for each of the
$¢asons can vary across the region.
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CARIBBEAN OPEN WATERS DRY SEASON

GENERAL WEATHER. The "open waters" dry
scason is dominated by the casterly trade winds
generated by flow around the Azores High. Still higher
pressures arc the result of numerous strong anticyclones
that move south from North America. Ocean areas are
normally in undisturbed flow; convection is capped by a
strong trade-wind inversion. The base of the inversion is
at 7,500 feet (2.3 km) MSL in the northern parts of the
region, but slightly higher near South America, where
bases average over 8,000 feet (2.4 km). Inversion bases
show insignificant east-west variation. North American
polar surges usually affect only the northern parts of the
rcgion, which see northerly winds, increased shower
aclivity, and temperatures up o 10°F (6°C) cooler for 1
or 2 days until the trade wind inversion and easterly trade
winds are reestablished. True "frontal” weather is much
modified as surges move deeper into the Caribbean, but
convection will occur wherever the trade wind inversion
is temporarily weakened. Over most of the open waters
region, however, the dry season produces only high
pressure, upper-level subsidence, and dry weather.

SKY COVER. Dry season clouds are typically cumulus
and trade wind stratocumulus with bases at 2,000 to
4,000 feet (610-1,220 meters) and tops at 6,000 to 8,000
feet (1.8 to 2.4 meters). Cloud amounts are between 3
and 5 tenths. In undisturbed situations, the eastern
portion of the region sees cloud tops near 7,000 feet (2.1
km) due to a lower and stronger trade wind inversion.
Cloud tops in the western portion may range between
7.000 and 10,000 feet (2.1 to 3.1 km). Diurnal variation
in cloud cover over open water is different than over
land. Empirical observation has recently been supported
by satellite and radar studies that indicate a "double

December-April

diurnal maximum” of convective cloud cover;, it has
been found that open water arcas see an early morning
primary low cloud maximum at 2,000 to 3,000 fcet (610
to 915 meters), with another secondary maximum in laic
afternoon.

Polar outbreaks cause significant increascs in cloud
cover, especially in the northem and western portions of
the region. Towering cumulus, stratocumulus, and
cumulonimbus are all possible in the vicinity of
mid-latitude frontal zones. Cloud bases rcmain ncar
2,000 feet (610 meters), except in heavy precipilation,
Average cloud tops arc usually no more than 10,000 to
15,000 feet (3.1 o 4.6 km), but cumulonimbus tops of
20,000 1o 25,000 feet (6.1 to 7.6 km) are not unusual. In
stronger polar surges, post-frontal streets of
stratocumulus can be expected as cold air moves over the
warm waters of the Caribbean; this phenomenon, which
is seen south of the island of Cuba only with the
sirongest surges, is shown in Figure 4-27. Strong
northerly surges are followed by subsidcnce resulting
from passage over high terrain on Cuba and the Yucatan
Peninsula. This drier air, carried far downwind over the
open sea, discourages normal [air weather cumulus.

On rare occasions, an ¢xtremely strong polar outbreak
may reach the Venezuela and Caribbean Colombian
coasts, which see. Such outbreaks producc towering
cumulus, stratocumulus, and cumulonimbus along the
old frontal boundary. Altocumulus and allostratus arc
found in the immediate vicinity of cumulonimbus, the
tops of which may reach 35,000 fect (11 km) over open
seas.

Figure 4-27. The "Cloud Street" Effect. GOES-East visual, 1600Z 29 February 1984,
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CARIBBEAN OPEN WATERS DRY SEASON

WINDS. Dry season winds are easterly at low levels and
westerly at upper levels. The depth of the easterlies
increases from north to south. Westerlies begin just over
10,000 feet (3.1 km) in the north, while easterlies extend
to 25,000 to 30,000 feet (7.6 o 9.2 km) near South
America. The winter mean position of the Azorcs High
(35° N) insures that the mean pressure (and therefore the
mcan wind speed) increases from north to south. Mecan
spceds arc between 12-14 knots in the northern half of
the region and between 15-20 knots in the southern half.

December-Aprii

Low-level winds behind polar outbreaks can be
northeasterly (even northwesierly), with gusis greater
than 25 knots, but the easterlies are soon reestablished.
"Channeling" of wind flow between somc islands can
increase wind speeds slightly--see Figurc 4-28. The
terrain of southen Central America and northcrn South
America can also cause low-level winds (o um (o the
northeast. Coastal frictional effects and land/sca breczes
are discussed elsewhere in this chapter.

WIND SPELD
MIAN SCALAR WIND SPEED Koon)

Figure 4-28. Mean Scalar Wind Speeds (knots) for March.

THUNDERSTORMS. During the dry season,
thundcrstorms occur on less than half a day a month. As
in the entirc Caribbean Basin, air mass thunderstorms are
virtually unknown during the dry season, when tnunder-
storms arc associated with migratory disturbances--
cithcr mid-latitude polar surges from December to
March, or tropical disturbances (easterly waves and
trmpical storms) in April. Thundersiorm tops are
generally less than 30,000 feet (9.2 km) except in the
strongest and most decply penetrating surges, when tops
may rcach 35,000 feet (11 km).

PRECIPITATION. Prolonged rainfall is rare except
during passagc of a polar front or upper-level trough.
When a mid-latitude disturbance becomes stationary,
precipitation can occur over small arcas for scveral days.
A north-to-south variation in precipitation is much lcss
noticeable during the dry season. Thanks to the lack of
consistent obscrvational data on the open scas, mcan
monthly precipitation figures are difficult to determine.
However, based on amounts reported from stations on
small, flat islands in the open waters rcgion, mean
rainfall is probably between 2 10 3 inches (51 to 76 mm)
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CARIBBEAN OPEN WATERS DRY SEASON

a month. Although measurable precipitation probably
falls on 8-1Q days a month, the actual number of events
can vary {rom year (0 year. As is the case with cloud
cover, diurnal variation in precipitation over open water
is different than over land. . Recent evidence shows that
there is also a "double diurnal maximum"” of precipitation
over open waler areas, with a primary maximum just
before sunrise and another in late afternoon.

TEMPERATURES. Mean air temperatures aver open
seas are controlled by the mean sea surface temperatures,
which are generally within a few degrees of each other
(see Figure 4-29). During the dry season, the usual
diumnal temperature change is evident. Day-to-day
fluctuations in temperature can be caused by rainshowers
or by cooling behind a mid-latitude polar outbreak,
which can lower temperatures by 5-10 degrees, but only
for 24-36 hours. As wamm Caribbean waters modify

L

December-April

polar air masses, temperatures rise quickly to prefrontal
levels. Mecan highs over most of this region are in the
low- 1o mid-80s°F (28 to 30°C); mean lows are in the
low to mid 70s°F (22 10 24°C). Temperatures show little
variation in latitude except in the northern quarter of the
region near Cuba and the Yucatan Peninsula, where
temperatures are about 5°F cooler.

SURFACE CURRENTS. The coolest sea surfaces in
the open walers region are off the northem coasts of
Cuba, where January temperatures drop to 77°F (25°C).
Along the northemn coasts of Colombia and Venezucla,
upwelling results in January sea surface temperatures of
78°F (26°C) or less. These rcpresent the northem and
southern extremes; sea temperatures in the rest of the
region are at their coolest (79-80°F or 26°C) in January
through March.

Figure 4-29. Mean Air and Sea Temperatures (F) for March.

SURFACE CURRENTS. Predominant surface flow in
the Caribbean is provided by the Antifles Current, which
starts in the Lesser Antilles and moves westward with a
mean vector of 280 o 300 degrees.  Southeasicrly
surface flow persists throughoul the year over nearly the
entire Caribbean Basin. Its flow is easterly as it parallels

the coast of northern South America. But as it rcaches
the northern coast of Nicaragua, the current splits, with
one branch going south, the other north--both paratleling
the coastlincs. The water flowing south past Costa Rica
and Panama is eventually deflected north, scuting up
cyclonic turning off the Colombian coast.
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CARIBBEAN OPEN WATERS WET SEASON

GENERAL WEATHER. Wel season weather over
open waters has the same causes as over the islands of
the West Indies. As the Azores High moves northward,
the trade wind inversion weakens and rises; the result is
a general increase in instability and convective cloud
cover. Although most wet season precipitation occurs
over land (and most of that over mountainous terrain),
rainfall also increases over water. The wet season is
marked by the development and passage of tropical
disturbances that bring cloud cover and precipitation.
The Monsocn Trough can also contribute to wet season
rainfall by moving into the southern Caribbean where it
remains for extended periods and affects a wide
latitudinal band over the open walers region.

SKY COVER. Even with an increase in daily trade
wind cumulus and the occasional tropical disturbance,
mean monthly cloud cover only increases to 5-6 tenths
(from the dry season’s 4-5 tenths). Mean heights of
bases are still between 2,000 and 3,000 feet (610 to 915
meters). The greater height of the trade wind inversion is
reflected in mean cloud top height increases to between
8,000 and 9,000 feet (2.4 to 2.7 km). Near the Monsoon

May-November

Trough and in the vicinity of tropical disturbances, an
entire range of cloud types can be found, including
towering cumulus, altocumulus, and cumulonimbus.

During the wet season, the islands of the West Indies
have several affects on clouds seen over open walcrs.
First, middle and high clouds can be advected eastward
from clouds that have been orographically produced over
mountainous islands. The strong easterly trades carry
these clouds hundreds of miles from their places of
origin, a phenomenon that helps explain some of the late
aight cloud covcr secn over regions of open water.
Another phenomenon here is the development of long
cloud streets that extend downwind from certain islands
of the West Indies. These cloud streets, which can also
occur in the dry season, are oriented parallel to the
prevailing trade wind flow. They are composed of
cumulus and towering cumulus and can produce
rainshowers as far as 30 to 60 NM away from the islands.
Figure 4-30 shows that even the smallest of the Virgin
islands {Anegada) can produce this persistent
phenomenon.

|
64°30'W

— 18°45' N

@ Shower cloud

5 miles

Figure 4-30. Cloud Streets Over the Small Isiland of Anegada in the Virgin Islands. This
illustration is based on actual observations from 26 March 1953. The "streets” have formed ncar noon and arc

cxtending far downstream.
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CARIBBEAN OPEN WATERS WET SEASON

WINDS. Essterly trade winds continue to dominate.
Low-level flow is easterly, occasionally becoming
southeasterly when the Azores High, at its strongest
during the wet seasom, is displaced northward.
Variations in flow are found in the vicinity of the tropical
disturbances that are common during the wet season.
Mean speeds are 12-15 knots through most of the wet
season, increasing to 15-20 knots in June and August
(see Figuiz 4-31). As in the dry season, mean speeds
increase {from north o south, with a band of strongest
winds north of and parallei 10 northern Scuth America.
Winds are also highly variable near the Monsoon Trough
when it moves into the southern Caribbean. Winds south

May-November

of the Trough can be southeasterly (or even
southwesterly), depending on the location of southem
hemisphere oceanic and continental anticyclones.

Wet season easterly flow generally extends (o a
greater depth throughout the region, running from the
surface to 20,000 feet (6.1 km) in the northern portions,
and from the surface 10 40,000 feet (12.2 km) in the
south. Mean wet season speeds are much more uniform
than during the dry season; speeds are 10-20 knots from
5,000 feet (1.5 km) to 30,000 feet (9.2 km). In the south,
they increase with height to 40 knots at 50,000 feet (15.3
km).
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Figure 4-31. Mean Scalar Wind Speeds for September.

TROPICAL DISTURBANCES. The storm season
runs from May through the end of November, but
August, Sepiember, and Ociober are most favored. The
many possible areas for development and numerous
typical storm tracks guaraniee tremendous variety in the
effect these storms can have on any given open water
arca. Some southern opcn seas, for example, see tropical
disturbances only rarely, while other areas are affected

very frequently. Easterly waves in the trade winds
typically begin to cross the region in late May or June,
but stop by November. Waves Lypically move through
the Caribbean every 4 10 6 days, but the routine varies
from year (o year. Easterly waves bring increased cloud-
iness, showers, and thunderstorms. A torrential rainfall of
8 inches (203 mm) in 24 hours has becn recorded.
Waves may intensify into ropical storms and hurricancs.
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CARIBBEAN OPEN WATERS WET SEASON

THUNDERSTORMS. Based on frequencies noted at
reporting  stations on smaller islands, wet season
thunderstorms occur on 3-5 days a month across the open
waters region. They may originate with (tropical
disturbances or the Monsoon Trough, or they may be
blown out (o sea from larger islands by the easterly trade
winds. Although thunderstorms rarely occur in
undisturbed Mow, they can form in the evening when
radiational cooling at the tops of clouds causes additional
vertical development.

PRECIPITATION. Prolonged rainfall is rare except
during passage of a tropical disturbance or easterly wave,
or in the vicinity of the Monsoon Trough. Thanks © a
lack of consistent ohservational data on the open seas,
mean monthly precipitation figures are difficult 1o
determine. However, based on amounts reported by
stations on small, flat islands in the opcn waters region,
mean wet-season rainfall is probably between 4 and 6
inches (102 and 152 mm) a month. Measurable
precipitation probably falls on 10-15 days a month, but
the actual number of events can vary from year to year.
As was the case with cloud cover, diurnal variation in
precipitation over open water is different than over land.
Recent evidence shows a "double diurnal maximum” of
precipitation over open water, with a primary maximum
Jjust before sunrise and another in late afternoon.

| - N a—

$5]

May-November

TEMPERATURES. There is little temperature change
during the wet season. Mean air temperatures over the
ocean are controlled by mean sea surface temperatures,
but air and sea temperatures are generally within a few
degrees of each other (see Figure 4-32). Precipitation
may produce several hours of cooling, but tempcratures
rise again quickly. Mean daily maximums are in the
mid- to high 80s°F (30 to 32°C), with minimums in the
mid- to high 70s°F (24 10 26°C). Temperatures show
little latitudinal variation except in the northern quarter
of the region later in the period, when the mid-latitude
disturbances of winter reappear.

SEA SURFACE TEMPERATURES. The coolest sca
surfaces are found along the northern coast of South
America, where mean sea surface temperatures are below
80°F (27°C) throughout the wet season. Coastal
upwelling here can be attributed to strong winds and
low-level divergence. North of 15° N, average
June-October sea surface temperatures are 83 to 84°F
(29°C). Late in the wet season, the cooler air

temperatures of winter are reflected in a 2-3°F gradicnt
in sea surface temperatures in the waters near Cuba and
the Yucatan Peninsula.
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Chapter 5

NORTHERN SOUTH AMERICA

This chapter describes the situation and relief, major climatic controls, geography, and general weather of Northern
South America, a geographical grouping that includes most of the territory North of the Amazon River. This area
includes all of Colombia, Ecuador, Venezuela, Guyana, Suriname, French Guiana, and those portions of Brazil and
Peru north of the Amazon. For the purposes of this study, the area is divided into eight climatologically similar
lowland regions and one massive mountain area, the Andes,
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NORTHERN SOUTH AMERICA

SITUATION AND RELIEF. For the purposes of this
study, "Northern South America” is defined as thal
portion of the continent north of the Amazon Riv :r and
its River Maranon westward extension. Specifically, the
study region includes: Peru north of the Rio Maranon,
Brazii north of the Amazon, Ecuador, Colombia,
Venezuela, Guyana, Surinam, and Cayenne. It does not
include Venezuela's offshore islands or Trinidad (see the
West Indies), or Panama (see Central America). For the
specific purposes of this study, we have divided Northern
South America into nine regions of topographical and
climatological commonality. These regions, each of
which is discussed in turn, are shown in Figure 5-1.

Northern South America covers an area that extends
almost 1,800 NM (3,480 km) from the mouth of the
Amazon to tne Pacific Peruvian coast. It extends 1,100
NM (2,130 km) from the Amazon to Lake Maracaibo. A
remarkable variety of terrain and vegewation is found
here, along with a wide range of climatic regimes. The
region is dominated by two major river systems--the
Orinoco and the Amazon--and a massive mountain
complex, the Andes.

The Orinoco and Amazon rivers dominate the
lowlands east of the Andes. The Orinoco drains much of
the northern half of the region east of the Andes. The
Amazon complex drains the southern half of the region,
along with much of central- South America. Of the two
river systems, the Amazon (along with its jungles and
rain forests) has the greater effect on this region’s climate
by providing an ever-present source of water vapor for
air advected inland from the Atlantic. Dew points at
Iquitos, for example, which is nearly 1,400 NM (2,710
km) inland from the Atlantic, are as high (or slightly
higher) than at Belem, which is on the Atlantic coast.
The continuous replenishment of water vapor lost to rain
and cloud cover results in a what amounts t0 a
year-round rainy season in the westem Amazon and on
eastern  Andean ranges below 5,000-6,000 feet
(1,525-1,830 meters).

The Andes range extends from Cape Hom to the
Caribbean and east along the Venezuelan coast 0
Trinidad, where that island marks the range’s geological
termination. Mean elevations in Colombia and Ecuador
are 14,000 to 17,000 feet (4,270 to 9,450 meters).

5-4

MAJOR CLIMATIC CONTROLS. The sheer size,
height, and orientation of the massive Andes range has
these three important meteorological results:

(1) The lower tropospheric Monsoon Trough is
effectively split between the Pacific coast and the
Amazon/Orinoco Basin. Above 18,000 feet (5,490
meters), it is virtually continuous across the continent.
Except during those brief periods in which the Trough
"pops” into the Caribbean, the Pacific and South
American-Atlantic lower tropospheric truughs move
independently of each other. As a result, wet and dry
seasons at similar latitudes do not coincide.

(2) Low-level equatorial westerlies in the true
monsoon sense are aimost never found east of the Andcs,
and the extremely heavy precipitation found along thie
Pacific Colombian coast is not repeated east of the
Andes. Recurved southern hemisphere air, however,
does flow over the Colombian Highlands and the
Orinoco Basin south of the Monsoon Trough (rom Junc
through September. Whether or not this flow is properly
referred to as an ‘"equalorial westerly” is still
controversial.

(3) Along the eastern Andes south of 2° N, forced lift
of extremely warm and moist air from the Amazon Basin
causes almost daily thunderstorms during thc wet scason,
and on nearly 1 day in 4 during the so-called "dry”
season.

Figures 5-2, 5-3, and 5-4 show annual, wel season,
and dry season thunderstorm days, respectivcly. Because
there are so very few aviation weather reporting stations
along the eastern Andes, the thunderstorm frequencies
given here are not reflected in summarized climatological
data. Instead, these numbers were drawn [rom various
other climatological summaries, from GOES satellite
photographs, and from miscellaneous publishcd papers.
In addition, some of the data used here camec [rom
discussions between the senior author and a number of
Brazilian, Colombian, Venezuelan, and American airline
meteorologists with experience in this region. Nole that
thunderstorm frequencies along the eastern Andes may
be even higher than those shown here.
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5.1 THE COLOMBIAN PACIFIC COASTAL PLAIN
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Figure 5-5. The Colombian Pacific Coastal Plain. With extremely heavy precipitation the ycar around,
this region enjoys no real "dry season," as such. There are, however, minor letups in rainfall during May and Junc,
and again in Scptember.
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COLOMBIAN PACIFIC COASTAL PLAIN GEOGRAPHY

BOUNDARIES. The Colombian Pacific Coastal Plain
is bounded on the south by the Ecuador-Colombia
border, on the west by the Pacific Ocean, and on the
north by the Uraba Gulf. On the east, the boundary
follows the 656-foot (200-meter) contour line on the
eastern side of the Atrato River (Rio Atrato) to 5° N,
then southward along the 656-foot/200-meter contour of
the western Andean range to the Ecuadorian border.

TERRAIN. North of 5° N, the Baudo Mountains
(highest clevation 3,328 feet/1,000 melers) rise inland
immediately off the Pacific coast. This range, about 40
miles (65 km) wide, separates the Atrato River valley
from the Pacific. A low east-west ridge, a spur from the
western Andean range at an elevationof 500 feet/150
melers, separates the Atrato drainage [rom areas to the
south. The Atrato itself tums eastward toward its origin
in the westem Andes.

From 5° N to the south, the coastal plain slopes
upward and eastward toward the western Andean range.
Its width varies from 30 to 60 miles (45 to 95 km).

VEGETATION. In the Atrato River valley below 500
feet (150 meters), vegetation in the immediate area of the
river consists of evergreen swamp, dense wet scrub, and
marsh, with some palms. Patches of deciduous forest,
scrub, and grass grow in drier areas. At the mouth of the
Atrato around the Uraba Gulf, maagrove swamps
predominate.

Along the Atrato side of the Baudo Mountains
between 500 feet (150 meters) and the range crests,
two-tiered tropical rain forests predominate. Hcight of
the canopy averages 100 feet (30 meters).

West of the Baudo Mountain crest, dense evergreen
highland forest reaches to the coast line. Trees reach 85
feet (26 meters); undergrowth is dense.

South of 5° N, the coastline to § 10 10 miles (8 to 16
km) inland consists of dense mangrove swamp forest,
gradually changing to tropical rain forest.




COLOMBIAN PACIFIC COASTAL PLAIN

GENERAL WEATHER. There are no distinct "wet" or
"dry" seasons in this region. Precipitation, which is so
heavy all year as to result in what amounts to a
year-round wet season, increases during July and early
August as thc Monsoon Trough oscillates. The exact
rcasons for the Trough’s oscillations during this period
are obscure, but it is interesting 10 note that the
phenomenon occurs simultaneously with the westward
and northward movement of the western lobe of the

Year-round

Azores High. The increased subsidence thal
accompanies this movement has been identified as the
cause of the "litle dry season” in Central America. A
logical presumption would be that this is also the cause
of the Monsoon Trough’s oscillations over the extreme
eastern equalorial Pacific. Remember, however, that the
north Pacific High has virtually no influence on the
equatorial Pacific ofl Central America.
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COLOMBIAN PACIFIC COASTAL PLAIN

Recurved southern hemisphere southeasterly trade westerlies occur with the most northerly Monsoon

Year-round

winds become equatorial westerlies that occur south of Trough positions. Representative low-level flow is
the Monsoon Trough to near 1° N. The deeper shown (at 3-month intervals) in Figure 5-7.
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COLOMBIAN PACIFIC COASTAL PLAIN

SKY COVER. Even with the extremely heavy rainfall
here, weather has a diumal cycle. At dawn, cloud cover
is thick stratus/stratocumulus and cumulus, with bases at
500 10 1,000 feet (150 to 305 meters) and tops between
3,000 and 6,000 feet (915 and 1,830 meters). Visibilities
beneath the clouds range from 1 to 3 miles (1.6 to 4.8
km) in drizzle and light rain. By late morning, clouds
have dwindled to 4-7/10 stratocumulus with bases at
1,500 10 2,000 feet (455 to 610 meters) and tops from
4,000 to 5,000 feet (1,220 to 1,525 meters). Visibilitics
improve to 5-7 miles, with only widely scattered light
rain showers. By mid-afternoon, stratocumulus and
cumulus increase. By sunset, skies are overcast with
stratus, stratocumulus, and/or cumulus, with bases at
1,000 to 1,500 feet (305 to 455 meters) and tops from
5,000 10 7,000 feet (1,525 10 2,135 meters). Visibilities
drop to 3-5 miles in light rain or drizzle. 3y 2100 LST,
light rain showers begin as the first heavy cumulus of the
evening appears, with tops to 12,000 feet (3,660 meters).
Scattered embedded heavy cumulus and isolated
cumulonimbus appear at midnight and persist til dawn;
bases are 300 to 500 feet (90 to 150 meters).
Cumulonimbus tops can reach 40,000 feet (12.2 km).

During trade wind surges, heavy cumulus and
cumulonimbus increase in coverage and intensity.
Although a surge can occur at any time, the most favored
time is from late aftemoon through dawn.

Representative mean monthly daylight ceiling and
visibility curves for three Colombian stations (Quibdo,
Buenaventura, and Tumaco) are shown in figures 5-8,
5-9, and 5-10, respectively. Buenaventura and Tumaco
are on the immediate coast, while Quibdo is inland, in
the Andean foothills.  Although the frequency of
visibilities less than 7 miles varies from station to station,
the frequency of ceilings below 3,000 feet is very similar,

Year-round
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Figure 5-8. Percent Frequency Ceiling and
Visibility <3,000/7: Quibdo, Colombia.
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Figure 5-9. Percent Frequency Ceiling and
Visibility <3,000/7: Buenaventura, CO.
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COLOMBIAN PACIFIC COASTAL PLAIN
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Figure 5-10. Percent Frequency Ceiling and
Visibility <3,000/7: Tumaco, Colombia.

Year-round

WINDS. Onshore coastal winds are southwesterly,
regardiess of the exact location of the Monsoon Trough.
Speeds average S to 15 knots.

THUNDERSTORMS are rarc. Those that do occur
form over the mountains and are blown west during the
evening by the upper-level easterlies.

PRECIPITATION is heavy all year, with minor letups
in lale May and early June, and again in September,
during northward surges of the Monsoon Trough.
Swdies by Colombian meteorologists suggest that mean
annual rainfall on certain mountain ridges between the
coast and Quibdo may be as much as 472 inches, or 12
meters! If true, this part of Colombia could be the
wettest spot on the planet! Figure 5-11 shows mecan
annual precipitation--in millimeters--on the coastal plain,
while Figures 5-12a-c show mean monthly precipitation.
The rainfall data in these figures, taken from the WMO
Climatic Ailas of South America, is considered the best
available for this country.

TEMPERATURE. Lows range from 75 o 77°F (23 10
24°C); highs from 81 to 83°F (27 10 28°C).

513




COLOMBIAN PACIFIC COASTAL PLAIN Year-round

Figure 5-11. Mean Annual Precipitation.
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COLOMBIAN PACIFIC COASTAL PLAIN Year-round
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Figure 5-12a. Mean Monthly Precipitation: January-April.







COLOMBIAN PACIFIC COASTAL PLAIN Year-round

Figure 5-12c. Mean Monthly Precipitation: September-December. ‘




5.2 THE COLOMBIAN CARIBBEAN COASTAL PLAIN
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Figure 5-13. The Colombian Caribbean Coastal Plain. This region marks a "zone of transition” from
the dry southern Caribbean to the extremely wet parts of Panama and the Pacific Colombian coast. Cloud cover and
precipitation gradually increase toward the west, inland from the coast. The Monsoon Trough lies just south of the
coast during northern hemisphere summer, occasionally "popping” across Panama into the southern Caribbean and
moving the precipitation fieid northward to the coast.
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COLOMBIAN CARIBBEAN COASTAL PLAIN GEOGRAPHY

BOUNDARIES. On the south, the region is bounded by
the 656-foot (200-meter) contour line 10 8° N, then west
to the 656-foot (200 meter) contour line, then along that
contour west (o the Uraba Gulf (Gulfo de Uraba). It is
bounded on the west by the Uraba Gulf, on the north by
the Caribbean, and on the east by the Santa Marta
Mountains (Sierra de Santa Marta).

TERRAIN. Rolling plains gradually slope upwards
toward the 656-foot (200-meter) contour line. Swamps
abound near the numerous tributaries of the Cauca and
Magdalena rivers, which flood during the rainy season.
Swamps also abound along the immediate Caribbean
coast in fow muddy areas near river mouths, bays, and
shallow lagoons.

VEGETATION. Swamps contain dense mangrove
forests, where trees reach 150 feet (46 meters). Except in
rare clearings, where cxtremely dense ferns and small

mangroves create almost impassable conditions, there is
litde undergrowth. .

Inland of the immediate coast, areas subject to
seasonal flooding in and around the Cauca and
Magdalena rivers and their tributaries see a combination
of evergreen forest, swamp, and floating vegelation.
Slightly higher bare ground has deciduous forest with
vegetation that favors semi-arid areas. The higher
ground between river systems is covered by spiny growth
deciduous forest, with maximum heights near 30 feet (9
meters). Cactus is also prevalent.

Immediately east of the Uraba Gulf for about 35 miles
(55 km), tropical rain forest extends northward from the
western Andes spur to the coast. The rain forest here is
two-tiered: the upper tier reaches 100 feet (31 meters),
the lower tier only 20 to 50 feet (6 to 15 meters).
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COLOMBIAN CARIBBEAN COAST

GENERAL WEATHER. The Colombian Caribbean
coast has two wet seasons and two dry seasons, all linked
to the movement of the Monsoon Trough. The major
wet season is from mid-August through November, with
a sccondary in May and June. The major dry season runs
from December to April, witl. .. minor secondary in July.
The low-level east-to-west jet shown in Figure 5-14 (a

Year-round

the Colombian Caribbean coast, from the northwest side
of the Santa Marta massif to the Gulf of Uraba. The jet
induces upwelling immediately offshore in a long,
narrow band just off the coast. Because this jet is
considerably weaker than the one along the Venezuelan
Caribbean coast, the upwelling it generates is also
weaker. It is still strong enough, however, to further

ycar-round phenomenon) is located just onshore along  stabilize northeast trade wind air.
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Figure 5-14. Colombian Coastal Low-Level Jet.
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COLOMBIAN CARIBBEAN COAST
WET SEASONS

SKY COVER. Nights and early momings see 1-3/10
stratus/stratocumulus, with bases ,at 400-700 [feet
(120-215 meters) and tops from 1,500 to 2,000 feet (455
to 610 meters). Stratue dissipates rapidly by 0800 LST,
but by 1100 very isolated heavy cumulus forms at 2,500
feet (765 meters) over ridges where forced lift is strong
enough to "break through” the subsidence inversion;
tops reach 15,000 to 20,000 feet (4.6 to 6.1 km). Isolated
showers occur in the aftenoon. Figures 5-15 and 5-16
show mean monthi - ceiling/visibility below 3,000/7 at
Barranquilla and Cartagena, respectively.
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Figure 5-15. Percent Frequency Ceiling/
Visibility < 3,000/7: Barran ,uilla,
Colombia.

Mid-August--November
May--June

With trade wind surges from either hemisphere, lincs
of heavy cumulus form over the mountains facing the
Pacific and are advected over the Caribbean coast. Bases
are near 2,500 feet (760 meters) with tops from 20,000 to
40,000 feet (6.1 to 12.2 km).

Visibility (except in precipitation and in early
moming along the coast west of the Santa Marta Massif)
remains excellent, but may go as low as 1/2 mile for bricf
periods in precipitation or fog along the coast and in river
deltas. Fog banks can form just before and alicr dawn.
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Figure 5-16. Percent Frequency Ceiling/
Visibility < 3,000/7: Cartagena, Colombia.
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COLOMBIAN CARIBBEAN COAST
WET SEASONS

WINDS. Winds are easterly to northeasterly at 10 to 15
knots. The coastal low-level jet goes through its usual
diurnal cycle, with peak winds at 20 to 30 knots near 656
feet (200 meters) just before dawn, retuming o near
gradient speeds (15 knots) by late moming. Speeds
increase again as a surface inversion forms in late
evening, and the cycle repeats.

THUNDERSTORMS. Thunderstorms are common
during the wet season, and occur about every 4th day.
They may build in late aftemoon with heating, or may
form over higher terrain and move out over the ceastal
plains during the evening.

Barranquilla

Ve

Mid-August-—-November
May--June

PRECIPITATION. Total precipitation in the secondary
wel season (May-June) averages about 10 inches (250
mm), but in the major wet season {August-November),
rainfall is about 22 inches (550 mm). Total yearly
precipitation is close to 35 inches (875 mm). Figure
5-17a shows mean monthly precipitation for the
May-June secondary wet season. Figure 5-17b shows
mean monthly precipitation for each month in the
primary wet season. These charis are drawn from the
WMO Climatic Atlas for South America and are the most
accurate available by far.

TEMPERATURE varies little, ranging from daily highs
of 90°F (32°C) to lows ncar 77°F (24°C). Extremes are
98°F (37°C) and 64°F (18°C).

Figure 5-17a. Mean Monthly Precipitation: May & June.
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COLOMBIAN CARIBBEAN COAST Mid-August--November
WET SEASONS May--June

Figure 5-17b. Mean Monthly Precipitation: August-November.
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COLOMBIAN CARIBBEAN COAST
DRY SEASONS

GENERAL WEATHER. Along the immediate
coastline, the major (December-April) dry season is
extremely dry. Near-desert conditions result from the
Monsoon Trough’s position in the distant south, with
help from the northeast trade wind inversion. A
secondary dry season in July results from a wemporary
southward displacement of the Monsoon Trough and
produces only a slight letup in wet season rainfall.

Although very rare, polar incursions can affect the
region during the major dry season. From late December
through March, very strong North American polar surges

December-April
July

can reach the Colombian Caribbean coast, bringing
heavy convection and isolated heavy rains. Duration is
usually 24 10 36 hours.

Upper-level "cool pools” are also a dry season
phenomenon here. They normally originate as cutofl
lows in the Guif of Mexico or western Caribbcan,
drifting southward from December through March.
Satellite imagery shows them as widespread areas of
disorganized convection that still move as a unit. An
example of a cool pool is shown in Figure 5-18.

United States

Figure 5-18. Upper-Level "Cool Pool."

SKY COVER. On the Caribbean coast, nights and early
mornings see 1-3/10 stratus/stratocumulus with bases at
400-700 feet (120-215 meters), and tops at 1,500-2,000
feet (455 to 610 meters). Stratus dissipates rapidly by
0800 LST. Isolated heavy cumulus forms when the flow
has been forced upward to break through the tradewind
inversion. (See Figures 5-15 and 5-16 for mean monthly
ceiling/visibility  frequencies below 3,000/7 at

Barranquilla and Cartagena.) With northern hemisphere
polar surges, lines of heavy cumulus and isolated
cumulonimbus may form just onshore and move
southward over ridges, with bases near 2,500 feet (760
meters). Tops range from 20,000 to 40,000 feet (6.1 to
12.2 km). Similar conditions occur with the passage of a
"cool pool.”
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COLOMBIAN CARIBBEAN COAST
DRY SEASONS

WINDS. Mcan winds are east-northeasterly at 10 to 15
knots. Winds behind a northem hemisphere polar surge
back (0 northeasterly and increase to 15-20 knots. The
low-level jet shown in Figure S-14 is strongest during the
primary dry season; peak winds at 656 feet (200 meters)
reach 25 to 35 knots near dawn, dropping o near
gradient speed (25 knots) by mid-afternoon.

THUNDERSTORMS. Thunderstorms occur only over
the Andean foothills and the Sania Marta Massif during

the primary dry season.

December-April
July

PRECIPITATION. Primary dry season rainfall
amounts to only about 3 inches (80 mm), but from
January through March the immediate coast gets only a
trace. Figure 5-19a shows mean monthly precipitation
for each month in the major (December-April) dry
season; Figure 5-19b shows mean rainfall for July, the
secondary dry season. All charts are from the WMO
Climatic Atlas of South America, which provides the
most accuraie data available for this country.

TEMPERATURES. Temperatures vary little. Daily
highs are 90°F (32°C), and lows are near 77°F (24°C).
Extremes are 98°F (37°C) and 64°F (18°C).

JAN

Barranguilla
1

Figure $-19a. Mean Monthly Pgecipitation: December & January.
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December-April
Jul

Figure 5-19a, Cont’d. Mean Monthly Precipitation: February-April.




COLOMBIAN CARIBBEAN COAST December-April
DRY SEASONS . July

Figure 5-19b. Mean Monthly Precipitation: July.
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5.3 THE LAKE MARACAIBO BASIN
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Figure 5-20. Lake Maracaibo Basin. This region encompasses Lake Maracaibo and the plains that
surround it. Elevations are below 3,280 feet (1,000 meters). Because of the terrain, this area has its own
"mesoscale” climate. )
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MARACAIBO BASIN GEOGRAPHY

BOUNDARIES. The Maracaibo Basin is bounded on
the cast, south, and west by the 656-foot (200-meter)
contour line, and on the north by the Gulf of Venezuela,
which leads (0 the Caribbean.

TERRAIN. Lake Maracaibo lies in the center of a large
basin formed by the splitting of the easternmost
Colombia Andean range. The basin is about 230 miles
(370 km) long from north to south and 160 miles (255
km) wide from cast to west. It is surrounded by
mountains on all sides except north. Temain slopes
gradually up (0 the bases of the mountains. The lake
itself, which occupies about a third of the basin’s total
area, is about 105 miles (170 km) long along its
north-south axis, and 60 miles (95 km) across at its
widest point. Drainage is through a channel about 5
miles (8 km) wide that leads into the Tablazo Bay and
thence into the Gulf of Venezuela, an arm of the
Caribbean. Maracaibo City is on the west side of the
channel.

VEGETATION. Four distinct types of vegetation are
found in the basin. Along the shores of the Gulf of
Venezuela, the Tablazo Bay, and just south of the city of
Maracaibo, only typical desert vegetation is found, along
with a few twisted deciduous trees. The same vegetation
is .found on the Paraguana Peninsula at the extieme
northeast end of the Gulf of Venezuela and over most of
the temain above 3,280 feet (1,000 meters) that extends
southward from the Caribbean coast east of Lake
Maracaibo as far as Barquisimeto.

A relatively open deciduous forest occupies the plains
on both shores of the lake from south of Maracaibo City

to about 9° 50’ N. The forest dissipaes into desert scrub
at the northern end of this zone, but transitions into
tropical rain forest on the southem end.

On the southwestern side of the lake south of 9° SO
N, deciduous forest gives way to extensive marshland
that extends inland toward the southwest for about 35
miles (56 km). Most of this area is covered by 3- 0
6-foot (0.9- to 1.8-meter) marsh grass. Isolated clumps
of tropical evergreens reach from 10 to 30 feet 3 t0 9
meters). Tropical rain forest covers the extreme south
and south-southeast shores of the lake and extends inland
to the mountains.

CLIMATIC PECULIARITIES. Surrounded as it is on
three sides by mountains, and with a narrow opening (0
the Caribbean on the north, the Maracaibo Basin is a
climatological anomaly; although the extreme northem
part of the basin belongs in the "Caribbean dry climatc™
discussed in the "Andean Ranges” section, the extreme
southern part lies against the northemn slopes of the
Venezuelan Andes. Although macroscale controls affect
the region, they are ovemridden by mesoscale and focal
features for most of the year.

The Monsoon Trough does not normally move
northward across the Maracaibo Basin, but strong
southern hemisphere cold surges can move it into the
Basin during September or October. The wet season
here is caused by a clash between the steady
northeasterly trades and the mesoscale convergence that
results from strong mountain—valley breezes.
Conditions can (and do) vary dramatically, depending on
the strength of the semipermanent climatic controls.
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MARACAIBO BASIN DRY-TO-WET TRANSITION

iENERAL. WEATHFR. The dry-to-wet transition
progresses [rom south to north, but the effects of the
change’ are most pronounced in the north, where there is
a dramatic change from the very dry, semi-arid
conditions of the dry season to heavy convective rains.
In the southem part of the basin, rainfall increases
rapidly from 3 inches (75 mm) a month to 4.9 inches
(125 mm). Venezuelans call the wet season their
"winter” and the dry season their "summer,” even though
the calendar says the opposite. Under certain rare
conditions, southern hemisphere cold surges can reach to

March--Mid-April

the coast of Venezuela, Figure 5-21 shows how these
surges move the convergence zone and Monsoon Trough
northward into the extreme southemn Caribbean. Such
surges also suppress aflernoon convection along northern
Andean slopes. Although their southeast trajcctory
results in downslope flow over the Andes and "fochn”
effects immediately to the north, the moisturc from
swamps along the southern end of Lake Maracaibo and
the warm lake watcrs themsclves destabilize the air

rapidly.
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Figure 5-21. "Cold Surge" Effect on Monsoon Trough.




MARACAIBO BASIN DRY-TO-WET TRANSITION

SKY COVER. South of 9° N in the southern Maracaibo
Basin, dawn sees patchy coastal stratus decks up to 2,500
feet (765 meters). Fog may or may not form underneath
the stratus, depending on wind speeds and precipitation.
Above 2,500 feet (765 meters), skies are usually clear,
with only paichy altocumulus/altostratus or cirrostratus.
Isolated heavy cumulus forms over the lake and along the
convergence zone; lops range from 8,000 to 15,000 feet
(2,440 10 4,570 meters). By 0800 LST, stratus dissipates
and heavy cumulus begins to form along the convergence
line onshore at 2,000 feet (610 meters). By 1200 LST,
the shore areas of the convergence line see towering
cumulus or cumulonimbus with bases at 4,000 feet
(1,220 meters); tops vary from 15,000 w 40,000 feet
(46 10 122 km). By 1400 LST, scatiered heavy
rainshowers fall over immediate inland areas, and
isolated heavy cumulus has formed over the lake.
Onshore heavy cumulus and showers dissipate after
sunset, while lake cumulus continues to build. Lake
showers reach their maximum near sunrise. Lake shore
and swamp stratus forms after midnight.

North of 9° N in the retreating northeasterly trade
winds, paichy low stratus forms near dawn just inland of
westemn shorelines, but dissipates by 0800 LST. Isolated
onshore cumulus forms by 1000 LST with bases at 3,500
feet (1,070 meters). Vertical development is capped by
the trade wind inversion at 6,500 to 7,500 feet (1,980 to
2,300 meters). Only some very isolated heavy cumulus
builds to 15,000 feet (4.6 km) where local heating and/or
convergence can overcome the subsidence inversion.
Clouds clear rapidly after sunset. Patchy stratus reforms
along the western shoreline just before dawn.

By the end of the transition, heavy cumulus (to
include isolated thundersiorms) may form in lines along

and just north of the convergence zone in late aftemoon

and early evening, but they normally dissipate before
midnight. By the end of the transition, conditions typical
of those south of 9° N have spread northward to 10° 45°
N. Maracaibo City ceilings and visibilities, as shown in
Figure 5-22, are representative of this region.

WINDS. South of the convergence line, gradient flow

changes from north-northeasterly at 10-15 knots to
south-southeasierly at 10-15 knots.

THUNDERSTORMS. Thunderstorms appear along the
convergence line as it moves northward.

March—Mid-April
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Figure 5-22. Percent Frequency Ceiling and
Visibility <3,000/7:  Maracaibo City,
Venezuela.

PRECIPITATION. Precipitation in southern parts of
the basin increases from 3 inches (75 mm) a month to
over 4.9 inches (125.mm). In the northern half, there is a
dramatic change from the very dry, semi-arid conditions
of the dry season to heavy convective rains. Monthly
rainfall for Maracaibo City ranges from just over 0.25
inch (6 mm) in the dry season to 1.0 inch (25 mm) at the
start of the wet season. North of Maracaibo City, the
Caribbean "semi-arid zone” continues to hold
precipitation to less than 0.25 inch (6 mm).

TEMPERATURE. Highs range from 88 1092° F(31 10
33° C), lows from 75 to 79°F (23 w0 25°C). The record
high of 98°F (37°C) was recorded just before the onset
of the wet season.
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MARACAIBO BASIN WET SEASON

GENFRAL WEATHER. In September and early
October, southern hemisphere cold surges and the slowly
weakening northeasterly trade winds “combine to move
the Monsoon Trough temporarily as far north as 11° 45°
These surges account for an October precipitation
maximum. Nommally, equatorial regions have two
precipitation and cloud cover maximums, one
corresponding to Monsoon Trough passage poleward,
and the other with its passage equatorward. In the
Maracaibo Basin, the initial strengthening of the trades in
April results in a secondary maximum. Once the trades
reach full strength, cloud cover and precipitation
decrease slightly.

Under normal conditions, strong southem hemisphere
polar surges occasionally penetrate the Maracaibo Basin
in Sepiember and carly October. Very rarely, usually in
July or August, an exceptionally strong surge moves all
the way into the southem Caribbean. The typical frontal
positions shown in Figure 5-24 demonstrate the
continuity of such outbreaks as they move northward
through South America. Venezuelan meteorologists
state that these occurrences, while uncommon, occur
more often than is generally believed. ‘

Figure 5-24. "Cold Surge" Continuity:
13-21 July 1978.

Mid-April-October

SKY COVER. North of 11° N in the northcasterly trade
winds, patchy low stratus forms near dawn just intand of
western shorelines, dissipating by 0800 LST. Isolated
onshore cumulus forms by 1000 LST, with bases at
3,500 feet (1,070 meters). Venical development is
capped by the trade wind inversion at 6,500 to 7,500 fect
(1,980 10 2,300 meters). Only very isolated heavy
cumulfus builds to 15,000 feet (4.6 km) wherever local
heating and/or convergence overcomes the subsidence
inversion. Clouds clear rapidly after sunsel. Palchy
stratus reforms along the westemn shoreline just before
dawn.

South of 11° N, dawn sees patchy coastal stratus
decks up to 2,500 feet (765 meters). Fog may or may not
occur undemeath the stratus, depending on wind speed
and precipitation. Above 2,500 feet (765 meters), skies
are usually clear, with only pachy altocumulus,
altostratus or cirrostratus. Isolated heavy cumulus occurs
over the lake and along the convergence zone; 1ops
range from 8,000 to 15,000 feet (2,440 10 4,570 meters),
By 0800 LST, the stratus has dissipated and heavy
cumulus begins o form along the convergence line
onshore from Lake Maracaibo at 2,000 feet (610 meters).
By 1200 LST, the shore areas of the convergence line sce
towering cumulus or cumulonimbus with bascs at 4,000
feet (1,220 meters) and tops from 15,000 to 40,000 fect
(46 10 12.2 km). By 1400 LST, scattered hcavy rain
showers occur over immediate inland areas, and isolated
heavy cumulus has formed over the lake. Onshore heavy
cumulus and showers dissipate after sunsct, but lake
cumulus continues to build. Lake showers reach their
maximum near sunrise. Lakeshore and swamp stratus
forms after midnight.

By the end of the wet season, in late aftemoon and
early evening, heavy cumulus (including isolated
thunderstorms) can form in lines dlong and just north of
the convergence zone. Although line formation is most
common just ahead of southern hemisphere cold surges,
the lines normally dissipate before midnight.

WINDS. Gradient flow south of the convergence line
changes from north-northeasterly at 10 to |5 knots to
south-southeasterly at 10 to 15 knots.

THUNDERSTORMS are most common along the
convergence line and with southern hemisphere cold

surges.
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MARACAIBO BASIN WET SEASON

PRECIPITATION. North of Maracaibo in the
Caribbean “semiarid zone,” monthly precipitation is less
than 0.25 inch (6 mm). Bul from Maracaibo south (o the
convergence zone, annual rainfall averages just over 25.5
inches (650 mm). Al the southern end of the lake and on
northern Andean slopes, annual rainfall ranges from 27.5
to 35 inches (700 to 900 mm). Figure 5-25 gives mean
monthly precipitation for each full month of the
Maracaibo Basin wet season,

Mid-April-October

TEMPERATURE. Highs range from 88 to 92°F (31°
to 33°C); lows, from 75 w 79°F (23° 10 25°C).
Temperatures associated with southem hemisphere "cold
surges” at the end of the wet season have exceeded
100°F (38°C).

Figure 5-25. Mean Monthly Precipitation: May-June.




CAIBO BASIN WET SEASON Mid-April-October




MARACAIBO BASIN WET-TO-DRY TRANSITION

GENERAL WEATHER. The transition from the wet
to the dry season, usually in mid- to late November, is a
rapid one. It progresses from north to south, but is more
marked in the north, where rainfall decreases rapidly
from 3 inches (77 mm) a month to just under 0.5 inch (12
mm). In the south, the change is more gradual, with the
heavy conveclive rains becoming widely scattered
showers. The northeast trades stabilize and increase in
intcnsity over the Maracaibo Basin as the Monsoon

November

Trough moves into the southern Amazon Sasin. The
strengthening subsidence inversion combines with a
weakened, more - southward position of the Lake
Maracaibo convergence zome (which see under
"Mesoscale and Local Features”) to provide a "lid" that
caps most convection except that in the immediate area
of the convergence zome. Figure 5-26 shows the
northeast trade wind flow  bchind  the
southward-displaced convergence zone.
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Figure 5-26. Northeast Trade Wind Flow.

5-36




MARACAIBO BASIN WET-TO-DRY TRANSITION

SKY COVER. North of 11° N in the advancing
northeasterly trade winds, patchy low stratus forms near
dawn just inland of westemn shorelines, but dissipates by
0800 LST. Isolated onshore cumalus forms by 1000

LST, with bases at 3,500 feet (1,070 meters). Ventical

development is capped by the trade wind inversion at
6,500 to 7,500 feet (1,980 to 2,300 meters). Only very
isofated heavy cumulus builds to 15,000 feet (4.6 km)
where local heating and/or convergence can overcome
the subsidence inversion. Clouds clear rapidly after
sunset.  Patchy stratus reforms along the western
shoreline just before dawn.

South of 11° N, patchy coastal stratus decks form,
with bases from 500-1,000 feet (150-305 meters) to
2,500 feet (765 meters), but dissipate by 0800 LST. Fog
may or may not form under the stratus, dcpending on
wind speed and precipitation. Above 2,500 feet (765
meters), skies are usually clear, with only patchy
altocumulus/ altostratus or cirrostratus. Isolated heavy
cumulus or cumulonimbus occurs over the lake and
along the convergence zone. Tops range from 8,000 to
15,000 feet (2,440 10 4,570 meters). Heavy cumulus
begins to form along the convergence line onshore from
Lake Maracaibo at 2,000 feet (610 meters). By 1200
LST the shore areas of the convergence line see lowering
cumulus or cumulonimbus with bases at 4,000 feet
(1,220 meters). Tops vary from 15,000 to 40,000 feet
(4.6 10 12.2 kilometers). By 1400 LST, scattered heavy
rain showers occur over the immediate inland areas;
isolated heavy cumulus has formed over the lake.
Onshore heavy cumulus and showers dissipate after

November

‘sunset, but lake cumulus continues to build. Lake

showers reach their maximum near sunrise. Lakeshore
and swamp stratus forms after midnight. See Figure 5-27
for Maracaibo mean ceiling and visibility (requencies.

By the end of the November transition, conditions
typical of those north of 11° N have spread south to 9°
N. Heavy cumulus forms in lines along and just north of
the convergence zone in late afternoon and early evening,
normally dissipating before midnight.

WINDS.  General gradient flow north of the
convergence line changes from south-southeasterly at 10
to 15 knots to north-northeasterly at 10 to 15 knots

THUNDERSTORMS. Thundecrstorms appear along the
convergence line as it moves northward.

PRECIPITATION. North of Maracaibo City, the
Caribbean "semiarid zone" continues o  hold
precipitation to less than 0.25 inch (6 mm) a month. The
northern half has a dramatic decrease from 3 inches (77
mm) at the end of the wet season to (.5 inches (12 mm)
at the start of the dry season. Precipitation in the
southern portion of the region decreases from an average
of almost- 8 inches (200 mm) a month in the wet season
10 near 4.9 inches (125 mm) a month in the dry. Figure
5-27 shows mean November precipitation.

TEMPFJ.!ATURE. Highs are from 88 to 92°F (31° 10
33°C); lows from 75 to 79°F (23° 10 25°C).
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MARACAIBO BASIN WET-TO-DRY TRANSITION November
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Figure 5-27. Mean Precipitation: November.
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MARACAIBO BASIN DRY SEASON

GENERAL WEATHER. Except for the immediate
northern and eastern Andes slopes (where precipitation
continues due to upslope flow), the Maracaibo Basin dry
season begins in late November and lasts until early
April. Some locations north of Maracaibo receive only a
trace (1 mm) of rainfall in their driest month.

SKY COVER. North of 9° N in the advancing
northeasterly trade winds, patchy low stratus forms near
dawn just inland of western shorelines, but dissipates by
0800 LST. Isolated onshore cumulus forms by 1000
LST, with bases at 3,500 feet (1,070 meters). Vertical
development is capped by the trade wind inversion at
6,500 10 7,500 feet (1,980 to 2,300 meters); only very
isolated heavy cumulus builds to 15,000 feet (4.6
kilometers) where local heating and or convergence can
overcome the subsidence inversion. Clouds clear rapidly
after sunset. Paichy stratus reforms along the western
shoreline just before dawn.

South of 9° N, along the western and southern shores
of Lake Maracaibo inland to the Andes, dawn sees
patchy coastal stratus decks up to 2,500 feet (765 meters)
that dissipate by 0800 LST. Fog may or may not occur
under the stratus depending on wind speed and
precipitation. Above 2,500 feet (765 meters) skies are
usually clear, with only patchy altocumulus/altostratus or

cirrostratus. Isolated heavy cumulus forms over the lake .

and along the convergence zone; tops range from 8,000
to 15,000 feet (2,440 10 4,570 meters). Heavy cumulus
begins to form along the convergence line onshore from
Lake Maracaibo at 2,000 feet (610 meters). By 1200
LST, the shore areas of the convergence line- see

December-February

towering cumulus or cumulonimbus with bases at 4,000
feet (1,220 meters) and tops from 15,000 to 40,000 feet
(4.6 10 12.2 km). By 1400 LST, scattered heavy rain
showers fall over immediate inland areas, and isolated
heavy cumulus has formed over the fake. Onshore,
heavy cumulus and showers dissipate afier sunset, but
lake cumulus continues to build; lake showers reach
their maximum near sunrise. Lakeshore and swamp
stratus forms after midnight. Isolated heavy cumulus
may form in lines along and just north of the
convergence zone in late aftemoon and early evening,
normally dissipating before midnight.

WINDS. North of the convergence zone, gradient {low
is north-northeasterly at 10 to 15 knots; south of the
zone, flow is southerly at 5 knots.

THUNDERSTORMS. Very isolated thunderstorms
occasionally appear along and just inland of the
convergence zone.

PRECIPITATION. Dry season precipitation avcrages
slightly more than 1.2 inches (35 mm), except for the
southern and western shores, where seasonal rainfall,
especially in the Andecan foothills, can be as much as
13.75 inches (350 mm). Mean December, January, and
February precipitation is shown in Figure 5-28.

TEMPERATURE. Highs are from 86 to 90°F (30° w
31°C); lows from 72 to 75°F (21° to 23°C).
Temperatures at height of the dry season, however, have
exceeded 95°F (35°C).




MARACAIBO BASIN DRY SEASON December-February
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() 5.4 THE ANDES RANGES
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Figure 5-29. The Andes Ranges. These massive mountain ranges lie from 100 to 200 miles (160 1o 320
km) inland, paralicling the Pacific Coast from Ecuador into Central Colombia. They consist of two 10 three parallel

primary ranges separated by deep river valleys.
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ANDES RANGES GEOGRAPHY

GENERAL. Comprising from one to three main ranges,
the Andes chain acts as a major climatic divider belween
the Amazon-Orinoco Basins and the Pacific Coast. The
mean crest elevation from Ecuador into northern
Colombia is between 11,000 and 14,400 feer (2.8 and 4
km); highest elevations are just over 20,000 feet (6.1
km). These ranges effectively split the South American
lower troposphere into two parts: one directly influenced
or controlled by the Atlantic, the other directly
influenced or controlled by the Pacific. The Monsoon
Trough, except on those rare occasions when it moves
north into the Caribbean, is effectively divided into two
parts: an Amazon-Orinoco Basin trough and a Pacific
Ocean trough. The Amazon-Orinoco Basin portion
moves with the Atlantic Ocean trough, but the Pacific
Ocean part moves independently. Finally, the Andes
Ranges act as an elevated heat source, analogous to, but
on a much smaller scale than, the Himalayas. This
phenomenon is reinforced by high-level subsidence over
the Andes, caused by the massive convection occurring
over the Pacific coast and Amazon/Orinoco basins.

BOUNDARIES. The boundaries chosen to describe the
perimelers of the Andes Ranges region are extremely
complex. The region is bounded:

On the south: by 5° S (the Ecuador-Peru border).

On the west: by the Pacific Coast in Ecuador;
elsewhere, by the 656-foot (200-meter) contour line.

On the north: In Colombia, by the 656-foot
(200-meter) contour line from the Panama border along
the Caribbean (0 the border of Venezuela. In Venezuela,
by the 656-foot (200-meter) contour around Lake
Maracaibo to Coro (11° 25’ N, 69° 41° W) on the
Caribbean side of the easternmost Andes Range, thence
from the Caribbean easiward to the tip of the Paria
Peninsula.

On the east: By the 3,280-foot (1,000-meter) contour
line at the Maranon River sloping down to the 1,000-foot
(328-meter) contour line at the Venezuela-Colombia
border, thence eastward along the south side of the
easternmost Venezuelan Andes range, gradually sfoping
down o the 656-foot (200-meter) contour on the south
side of the Paria Peninsula in extreme northeastern
Venezuela.

TERRAIN. The following discussions of terrain in the
Andes proceed from south to north.

In Ecuador, a single main range runs from the
Peruvian border north to central Ecuador (2° S) where it
separates into two ranges (split by various river valleys)
that continue northward into southern Colombia. Mean
elevations average 13,520 feet to 20,280 feet (4,120 to
6,180 meters). Chimborazo, the highest peak, is 21,327
feet (6,500 meters). Many pegks are of volcanic origin.
A few are active, but most are dormant. The permanent
snow line is near 15,000 feet (4,570 meters). Elevations
in Ecuador are suspect because thorough mapping has
yet to be completed. Most streams flowing in the
inter-range valley eventually make their way through
gaps in the eastemn range to flow into rivers thal join the
Amazon system in eastern Peru. Numerous small rivers
flow into the Pacific. One major Andes spur curves
southwestward from the western Andcs range ncar (00°
20’ S to terminate in the Clay Hills (Colonchc de
Cerros) at 2° 45’ S.. The maximum elevation of this
range is 3,500 feet (1,070 meters) near 2° S, 80° 20° W. .
The Clay Hills and the main westem Andes range define
the Daule-Babahayo River (Rios de Daule y Babahayo)
system thal drains into the Gulf of Guayaquil (Gulfo de
Guayagquil).

The Main Andes Ranges are oriented north-northeast
to south-southwest from the Peru-Equador border
through Colombia and into Venezuela, where an
extension of the easternmost range turns eastward to run
just south of the Caribbean coast, eventually ending in
the Paria Peninsula opposite Port of Spain, Trinidad.
Ranges throughout Ecuador and Colombia are
characterized by steep terrain gradients and numcrous
mountain-valley  systems. Pronounced  leeside
rain-shadow effects are found throughout the main
ranges.

In Colombia, the eastern Andes range splits in two
near 2° N, 115 miles (185 km) north-northeast of the
Equador-Colombia border. From this point, three main
ranges (Cordillera Occidental, Cordillera Central, and
Cordillera Oriental) run north-northeastward. Two major
rivers flow northward between these ranges and into the
Caribbean.
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Two Degrees North--the start of the Cordillera
Central-Cordillera Oriental ranges--also marks the
headwaters of one of the two major Colombian Andes
rivers, the Rio Magdalena. The headwaters of the other
primary Colombian Andes river, the Cuaca, are almost
immediately west of the Magdalena headwaters, between
the Cordillera Central and ihe Cordillera Occidental.
Both flow north-northeastward for 500 miles (800 km) to
separate the three ranges. The Cauca then joins the
Magdalena in the Caribbean coastal plains at 9° N, near
the town of Magangue. The combined streams empty
into the Caribbean at Barranquilla.

The Western Mountains (Cordillera Occidensal).
Elevations here average 6,000-10,000 feet (1,830-3,050
meters). Highest elevations are between 4° 30’ N and 5°
10’ N, where the highest peak reaches 15,320 feet (4,670
meters).

The Central Mountains (Cordillera Central).
Elevations average 10,000-15,000 feet (3,050-4,575
meters). The Cordillera Central is the "spine” of the
Andes ranges. Maximum known elevation is 18,865 feet
(5,751 meters) at 3° N 76° W.

The Eastern Mountains (Cordillera Oriental). This
range trends north- northeastward from its origin at 2° N
toward the Venezuelan border.  Heights average
8,000-14,000 feet (2,440-4,270 meters). Highest known

elevation is 18,100 feet (5,520 meters) at 6° 40’ N, 72°.

20" W. The permanent snow line is between 15,500 and
16,000 feet (4,725 to 4,875 meters). The range reaches
the Venezuelan border at 7° 30’ N, where it splits to
enclose the Lake Maracaibo Basin, which see. The
western range, the Perija-Valledupar mountains (Serrania
de Perija-Valledupar), forms the Venezuela-Colombia
border north of 9° 10’ N (o its termination 120 miles
(190 km) west of tlie Guif of Venezuela (Gulfo de
Venezuela), at 11° 10° N, 72° 10° W. Elevations here
average 6,000-10,000 feet (1,830-3,050 meters). Highest
known elevation is 12,100 feet (3,690 meters) at 10°
20’ N, 72°55' W.

At 7° 10’ N, the Cordillera Occidental and Cordillera
Central join to become one range; heights drop rapidly
to less than 10,000 feet (3,050 meters) as the combined
range continues north towards the Caribbean to end near
8° 50° N. The permanent snow line is from 15,500 1o
16,000 feet (4,725 to 4,875 meters)

"The Santa Marta Massif (Sierra Nevada de Santa
Marta). This isolated mountain massif lies along the
Caribbean coast between Santa Marta and the Valledupar

Mountains. Actually a westward continuation of the
Valledupar range, this triangularly shaped block is
bounded by the points 11° 10’ N, 72° 35’ W; 10°4° N,
73° 54' W; and 11° 19" N, 74° 13’ W. Elevations
average 4,000-13,000 feet (1,220-3,960 meters). Highest
known elevation is 18,947 feet (5,775 meters). The
permanent snow line here is about 16,500 feet (5,030
meters).

In Central Colombia, the easicrnmost range curves
northeast 0 just south of Lake Maracaibo in
southwestern Venezuela where it splits into two ranges.
One runs almost straight north just west of Lake
Maracaibo to the western Venezuelan coast. The other
curves eastward along the central Venezuelan coast,
ending just northwest of the Orinoco River delta.
Elevations here are above 3,280 feet (1,000 meters). The
highest peaks--mostly volcanic--are in Ecuador and
Colombia. They range from 17,000 to 22,000 fcet (5,180
10 6,705 meters). Vegetation on lower slopes varies from
tropical rain forest in eastem Ecuador and southeastern
Colombia (and again on the Pacific sides in Ecuador and
Colombia) to tropical savannah in northeastemn Colombia
and on the southern slopes in Venezuela. In the higher
elevations, temperate forests become Alpine scrub.
Peaks above 14,500 to 16,000 feet (4,420 10 4,875
meters), depending upon location, have permanent snow
fields.

In Venezuela, the Andes range enters near 7° 30° N,
just southwest of San Cristobal. The highest portions of
the range run from this point northeastward 10 10° N,
where the orientation changes to east-west, ending some
400 miles (640 km) east, in the Paria Peninsula.

The Merida Mountains (Cordillera de Meérida),
located between San Cristobal and Barquisimeto (10°
05’ N, 65° 20° W), contain the highest peaks in the
Venezuelan Andés. Average elevations are 8,000-15,000
feet (2,440-4,570 meters). Highest known clevation is
16,470 feet (5,020 meters) near 8° 30° N, 71° 05° W.
Ridges are steep, with deep valleys running
southwest-northeast. The snow line is near 14,500 fect
(4,420 meters).

The Coastal Mountains (Cordillera de la Costa)
begin at Barquisimeto and continue eastward (o the tip of
the Paria Peninsula opposile Trinidad. East of Valencia
(at 10° 20° N, 68° 00’ W), the main range splits into two
parallel ranges separated by about 25 miles (40 km). The
northern range stops on the Caribbean coast at Cape
Codera (Cabo Codera) and restarts on the western side of
the Paria Peninsula near Barcelona. The southemn range
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runs continuously east t0 end al the coastal plains of the
Gulf of Paria near 11° N. Elcvations in both ranges
average 3,000-6,000 feet (915-1,830 melcrs). But the
northern range, which rises almost immediately on the
Caribbean coast, has several peaks that reach nearly
8,000 feet (2,440 meters) in the section between Maracay
and Caracas. The maximum height of 8,990 feet (2,740
meters) occurs just northeast of Caracas. Elevations
increase again in the Semania de Turimiquire east of
Barcelona. This range, the continuation of the southern
Coastal mountains, has a maximum elevation of 8,660
feet (2,640 meters) near 10° 05" N, 63° 55’ W. Termain
gradients range [rom steep--especially in the higher
elevations and along the immediate Caribbean coast--to
rofling hills in the lower portions. There is a marked

similarity to the coastal mountains of southen
California.
VEGETATION.  Throughout the Andes ranges,

vegetation is a reflection of temperature (read "altitude™)
and precipitation (read "windward" and "leeward").
With this in mind, vegetation types are described as
follows:

In Ecuador, cultivated land occurs along much of the
coast f[rom the Colombian border south to 2° S and again
south of 2° 45° S. Western and southern slopes of the
Clay Hitls have thorn brush, scrub, and grassiand. Arecas
immediatcly inland of the Guil of Guayaquil along the
Daule and Babahayo Rivers have mangrove swamps.
The highest ridges of the Clay Hills are covered with
deciduous forest rcaching heights of 25 10 80 feet (7 to
24 mcters). Both the western slope of the Cordilicra
Occidental and the eastern slope of the Cordillera
Oriental sce a continuation of lowland tropical rain forest
as high as 6,000 to 8,000 fect (1,830 to 2,440 meters),
depending on local wind flow and the resultant
precipitation. A smailer version of the tropical rain
forest, modified for colder temperatures and called
"cloud forest,” grows on these slopes belween
6,000-8,000 and 10,000 feet (1,830-2,440 and 3,050
meters). But between 10,000 and 12,000 feet (3,050 and
3,660 mcters), steadily decreasing temperature and
precipitation turns the "cloud forest” into "evergreen
scrub,” a growth composed of dense interlocking
evergreen shrubs and small rees that is fully as dense as
the tropical rain forest and cloud forest. Above 12,000
feet (3,660 meters) lower temperatures and rapidly
decreasing  precipitation cause the evergreen scrub o
give way (o grassiand that also exiends down the
intcr-mountain slopes into inter-mountain valleys. The

mostly coarse grass also contains clumps of stunted trees
in shcliered arcas. Flat areas may have some shallow
marsh. As elevations approach the permancnt snow line
at 14,500 feet (4,440 meters), vegelalion disappears.
Because of the lack of precipitation, only descrt-like
thom bush and scrub gr:. * above 10,000 feet (3,050
meters) in the extreme southern portions of the ranges
(south of 3° 30’ S). Intcrmountain valleys arc cultivaicd
wherever possible; main crops are com and other grains.

In Colombia, vegetation altitude zones arc similar 1o
Ecuador’s, but with the addition of coffee plantations in
the inter-mountain valleys between 3,500 and 6,000 feet
(1,065 and 1,830 meters). These plantations have
closely-spaced coffee bushes, usually 3 to 5 fect (0.9 0
1.5 meters) high and shaded by widecly-spaced,
flat-topped trees. Tree hcights range up to 40 fect (12
meters).

In Venezuela, the ranges southwest of Barquisimelo
also have a smaller version of the tropical rain forest at
elevations up to 10,000 fect (3,050 meters). Between
10,000 feet (3,050 meters) and the snowlinc at 14,500
feet (4,440 meters), the forest degencrates to scrub
grassland. Liutle vegetation grows ncar the snow line.
East of Barquisimelto, vegetation on the Caribbean-facing
side of the northemmost east-wesl range rapidly tums
into desert scrub that continues along the Caribbean sidc
of the northemn range eastward to the Paria Peninsula.
Tropical rain forest of the type found in southwestern
Venezuela occurs above 1,000 feet (305 meters) in the
southern range east of Maracay to about 40 milcs (65
km) east-southeast of Caracas, and again above 1,000
feet (305 meters) on the Paria Peninsula. Dense
two-tiered deciduous forest, with an upper story of
relatively open trees that reach 40 feet (12 meters),
occurs in the rest of the mountains. These trees arc
leafless from early February through May. An
understory of evérgreen shrubs reaches heights of 3 to
10 feet (0.9 0 3 meters).

SEASONAL DIVISIONS. The region south of 2° N,
depending upon altilude, has a southern hemisphere wet
season, while the rest of the region has onc morc like the
northern hemisphere. To further complicate the study of
weather here, the Ecuador coast rapidly transitions (rom
a wet climate (o a very dry marine climate, similar to that
of Baja California or northem Chile. Thc scasonal
portion of this study is thcrefore subdivided into: the
Andes south of 2° N and the Andes north of 2° N.




5.4.1 THE ANDES FROMS5°S TO 2°N

CLIMATIC ZONES. As may be inferred from the
foregoing discussions, climate in the Andes is based
largely on altitude. Certain climatic zones based on
clevation and recognized by the Ecuadorians are shown
in Figure 5-30 and described below. Note that the
permanent snowline here is higher than in Peru and
Northern Chile.

Hot and dry. Elcvations below 1,300 feet (400
meilers)--the coastal plain.

Hot and wet. Elevations from 1,300 feet (400 meters)
to 3,300 feet (1,000 meters).

PERMANENT SROWLNE ——"

g4

3300 FT (1,000 meters)

1,500 FT (400 meters)

ECUADORIAN POPULAR

Temperase: From 3,300 (o 6,550 feet (1,000 w0 2,000
meters).

Cold: From 6,550 o 10,000 feet (2,000 w0 3,050
meters).

High and cold: Above 10,000 feet (3,050 metess).
Snowfall: Above 15,700 feet (4,800 melers).

Permanent snow line: 17,000 leet (5,200 meters).

17,000 FT
{5,200 meters)

SNOW FALLS
15,700 FT
(4,800 meters)

10,000 FT (3,080 meters)

6,550 FT (2,000 meters)

CLIMATIC ZONES

Figure 5-30. Climatic Zones Based on Elevation: Ecuador.

THE EFFECTS OF ENSO ON ANDES CLIMATE,
A major phenomenon that has a major, if intermitient,
effect on this region is the El Nino/Southern Oscillation,
or ENSO. Although this phenomenon, which is much
lasger and slower than any synoptic disturbance, has a
dramatic effect on the weather of all South America, that
effect is most strongly felt in this region. ENSO usually
occurs only once cvery 4 (o 7 years and lasts from 18 to
24 months. A thorough discussion of the ENSO is
beyond the scope of this study, and it is discussed here
only from a Pacific South American coast viewpoint.

The ENSO results in drastic sea surface temperature
increases, often to 81°F (27°C), or to tropical levels.
The prevailing southeasterly wind dies, 10 be replaced by
equatorial westerlies or southwesterlies. Precipitation
increases by one 10 two orders of magnitude; months
that would normally have 0.1 inch (25 mm) of rain or
drizzle now get 10 to 12 inches (250 to 300 mm). While
the ENSO cycle seems to be near 27 months, there is no
reliable pattern of intensities or onset/ending limes. As
of 1989, there ,was no known accurate means for
forecasting a particular ENSO occurrence or its strength.
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ANDES (5° S--2° N) WET SEASONS

GENERAL WEATHER. The primary wel season ends
in late April as the Bolivian Anticyclone moves
northward to near 5° S before dissipating. The central
and eastern Andes, however, see a secondary, lighter
rainy season that runs from late September through
November. This minor wet season is apparently related
to an increase in heavy convection as the sun and the
Amarzon Basin portion of the Monsoon Trough move
southward. As is usual in the tropics, purely "solar”
rainfall scasons lag the solar cycle by about 2 months.

Along the Pacific coast and in the western Andes,
there is only one wet season: November to April. But
over the high central Andes and the eastern foothills, the
primary wet season is from January to April (when 66%
of the precipitation occurs); a secondary, but less
intense, wet season runs from mid-September through
mid-December, apparently related w0 the western
Amazon Basin, where heavy precipitation occurs all
year. Sufficient moisture is forced up the eastern Andes
canyons from the Amazon Basin to form thunderstorms
and heavy cumulus along the eastern Andes ridges. This
convection then moves westward into the central
highlands.

When the ENSO phenomenon occurs, it changes
Andes weather drastically. The effects are most
noticeable along the coast and on the western approaches
1o the Andes below 5,000 feet (1,500 meters). Specific
effects depend on the ENSO’s strength and range from
only a slightly longer and wetter rainy season to one that
lasts for up to 8 months and produces routine heavy
cumulus, cumulonimbus, and torrential rains. For the
actual effects of the 1982-1983 ENSO--the strongest
since records have been kept here--see any of many
articles on the subject in professional meteorological
journals.

SKY COVER. Along the coast, night and early
morming cloud cover is 5-9/10 stratus/stratocumulus with
bases at 400-700 feet (120-215 meters) and tops from
1,500 to 2,000 feet (455 o 610 meters). Stratus
dissipates rapidly by 0900 LST. By 1100 LST a sea
breeze is established; heavy cumulus forms at 2,500 feet
(765 meters) over ridges where forced lift is sirong
enough to break through the subsidence inversion. Tops
reach 15,000 to 20,000 feet (4.6 to 6.1 km). Isolated
showers occur in the aftemoons. Guayaquil, because of
the bay at whose head it is located, is different; the
proximity of the bay and forced lift over the hills on
either side of the city results in considerably more
rainfall at Guyaquil than at other e&castal locations.
Heavy convective showers are a daily event here during

January-April
September-November

the rainy season. South of 4° S, however, showers
become fewer, but stratus is much morc persisicnt,
dissipating along the immediate coast only by late
afternoon.

Over the western Andes foothills above 2,500 feet
(760 meters) and in the central Andes and intermountain
valleys, a complex series of diumnal, location-dependent
showers develops. Higher ridges see heavy cumulus and
isolated cumulonimbus during the late moming and
afternoon. Precipitation occurs primarily between 1300
and 2000 LST. Nights see mountain winds draining into
valleys. In deeply eroded canyons, these winds warm
sufficiently to make lower portions semi-arid. Over
wide, high river valleys, converging mountain winds
generate evening and night cumulus with bases from
1,000 1o 2,000 feet (300 to 600 meters) AGL and tops
from 12,000 10 18,000 fect (3.7 to 5.5 km). Most
precipitation in these valleys falls between 2000 and
0700 LST.

Over the eastern Andes ranges, upslope flow results in
persistent multilayered clouds to 5,000 fcet (1,525
meters) MSL with bases near 2,000 feet MSL (610
meters). Most parts of the east side of the eastern Andes,
therefore, are totally obscured except in some very deep
river canyons. Thunderstorms form in early aftcrnoon
over ridge tops, reaching 40,000 to 50,000 feet (12.2 10
15.2 km).

Sky cover over mountain ridges and in mountain
valleys is extremely variable. Satellite imagery indicates
standing heavy convective clouds during the dual rainy
seasons over the high and eastern Andes. These clouds
reach their greatest coverage during late moming and
afternoon. Pilot reports and fragmentary weather records
indicate that hail is common with heavy showers above
10,000 feet (3,000 meters). Mesoscale convective
clusters have been observed moving westward from hc
Amazon Basin over the high Andes during January and
February.

Summarized climatic data for this part of the Andcs is
extremely difficult to obtain, but Figures 5-31 through
5-34 provide a representative sampling of the cxtreme
northemn Peruvian coast and coastal/valley Andes station
data for Ecuador. Figure 5-31 gives mean monthly
frequencies of ceiling/visibility less than 3,000/7 for
Tumbes, Peru. Figure 5-32 gives mean monthly
frequency of visibility less than 7 miles (11 km) for
Guyaquil, Ecuador, and Talara, Peru. Lesser frequencies
at Guyaquil are due to its sheltered location at the head
of a deep bay.
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Figure 5-33 gives precipitation and temperature data
for Guyaquil (Simon), and Figure 5-34 provides-
thunderstorm days, precipitation, and temperature for
Quito, Ecuador. Note the differences between Guayaquil
(on the coast) and Quito (in a high Andes valley).
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QUITO ECUADOR (Observatory)
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Figure 5-34. Thunderstorm Days, Precipi-
tation, and Temperature; Quito, Ecuador.

January-April
September-November

WINDS. Local surface winds reflect terrain and local
effect wind patterns rather than macroscale gradients.
Even along the immediate coast, land and sca breezes
dominate the local wind fiekds.

THUNDERSTORMS are confined to the central and
eastern Andes. During both rainy seasons, weather
stations in high Andes valleys report thunderstorms
every other day. Quito averages almost 110
thunderstorm days a year. Pilot reports and discussions
with experienced airline meteorologists indicate that
thunderstorms occur almost daily during both wet
seasons over the eastern Andes, and that they arc still
common--occurring on 1 day out of 4--during thc dry
seasons.

PRECIPITATION. Maximum precipitation occurs
between 3,300 and 4,500 feet (1,000 and 1,400 mcters) in
the western Andes, and between 2,600 and 4,000 fect
(800 and 1,200 meters) in the eastern Andes. Wet scason
precipitation in the high central Andes valleys ranges
from 29.5 to 35.4 inches (750 10 900 mm). Fully 90%
of western Andes (and 66% of central and eastern Andes)
precipitation falls during the primary (January-April) wet
season. Figures 5-35 and 5-36 give mean monthly
precipitation for January through April (primary wet
season) and September through November (secondary
wet season), respectively.

TEMPERATURE. Temperatures depend morc on
altitude than on any other factor. Mean annual
temperatures are 81°F (27°C) at sea level; 70°F (21°C)
at 3,300 feet (1,000 meters); 68°F (20°C) at 5,000 feet
(1,500 meters); and 55°F (13°C) at 10,000 feet (3,000
meters). Diumal range is from 12 to 20°F (6 to 11°C).
Seasonal variations range from 4 to 8°F (2 10 4°C).

5-48




ANDES (5° S—~2° N) WET SEASONS January-April




ANDES (5° S—2° N) WET SEASONS January-April

2 | Sy
oCT : 1.‘4@?

4

)




ANDES (5° S—2° N) DRY SEASONS

GENERAL WEATHER. ENSO events can also occur
during the dry season, with the same effecl as during the
wet scason, which see. Note the height of the upper-level
inversion at Guyaquil during the dry season, shown in
Figure 5-37.
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Figure 5-37. Mean Inversion Heights:
Guayaquil, Equador.

SKY COVER. Along the coast, night and early
morning sees 5-9/10 stratus/stratocumulus, with bases
400-700 fect (120 to 215 meters) and tops 1,500-2,000
feet (455 to 610 meters). North of 3° S, stratus dissipates
rapidly by 0900 LST. But south of 3° S, the stratus
persists day and night as a heavy, dull blanket. By 1100

May-August
December

LST, the sea breeze has been established. Advancing
onshore 5-15 miles with this breeze during afternoon and
carly evening, the stratus moves back 1o the immediate
coast in late moming. Precipitation is confined to drizzle
from the stratus/stratocumulus decks. Intand, very
isolated heavy cumulus may form at 2,500 feet (765
meters) over ridges where forced lift is strong enough (o
break through the subsidence inversion. Tops reach
15,000 to 20,000 feet (4.6 o 6.1 km). Isolated showers
occur in the aftemoons north of 4° S.  Except for the
above, sky cover is much the same as during the wet

season, which see.
WINDS. Same as wet season.
THUNDERSTORMS. Same a_ wet season.

PRECIPITATION. Maximum dry season precipilation
occurs at clevations between 3,300 and 4,500 feet (1,000
and 1,400 meters) in the western Andes, and between
2,600 and 4,000 feet (800 asnd 1,200 mcters) in the
eastern Andes. Precipitation in the high ceniral Andcs
valleys ranges from 29.5 to 35.4 inches (750 to 900 mm).
See Figures 5-38 (May, June, July, August) and 5-39
(December) for mean monthly dry season precipitation.

TEMPERATURE. Temperatures are about the same as
during the wet season, with one exception: Along the
coast south of 3° S undemeath the stratus, maximum
temperatures average 68°F (20°C); minimums 60°F
(16°C).
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5.4.2 THE ANDES NORTH OF 2° N

CLIMATIC ZONES. Colombians recognize the same
climatic zones as proposed by the Ecuadorians and as
shown in Figure 5-40. The permanent snow line here is
at 17,000 feet or (5,200 meters) the same as south of 2°
N, but higher than in Peru and northern Chile.

SEASONAL REGIMES. Between the Equator and 2°
N, the Andes climate changes to the northern
hemisphere’s "double wet and dry season" regime.

TEMPERATE

SEA LEVEL

PACIFIC OCEAN

PERMANENT SNOWLINE .00 ]

coLo 18,700 FT

3,300 FT (1,000 meters)

1,300 FT (400 meters)

COLOMBIAN POPULAR

Below 4,600 feet (1,400 meters), the wesiern Andes
range and its coastal foothills do not see "dry seasons,”
per se, but precipitation decreases slightly in late May
and early June, and again in September.

RAINFALL MAXIMA. At elevations between 3,300
and 4,600 feet (1,000 and 1,400 meters) ncar 5° N,
annual rainfail in this region is almost 400 inchcs, or
about 10 meters!

17,000 FT
(5,200 meters)

SNOW FALLS
(4,800 meters)

10,000 FT (3,050 meters)

8,550 FT (2,000 meters)

CLIMATIC ZONES

Figure 5-40. Climatic Zones Based on Elevation: Colombia.




ANDES (North of 2° N) WET SEASONS

GENERAL WEATHER. In the central and eastern
Andes, the primary wel season begins in mid-October
and ends in late December. In the easiern Andes
foothills, there is a secondary (minor) wet season that
begins in early March and ends in late May. In the
western Andes foothills, there is no dry season, per se--
only a slight decrease in precipitation from late May to
carly June, and again in September.

Figure 5-41 gives mean heights for the trade wind
inversion when il is present over Maracay, Venezuela.
Note that the inversion is present here during the
secondary March-May wet season, but at greater heights
than during the primary dry season.
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Figure 5-41. Mean Trade Wind Inversion
Height: Maracay, Venezuela. ‘

Upper-level winds show the effect of the Andes as a
heat source at the boundary layer. Wind variability is
best reflected in the 00Z data--especially at 10,000 feet
(3,050 meters); Figure 542 shows mean upper-level
wind directions from 10,000 to 30,000 feet over San
Antonio-Tuchira, a station in the extreme southwestern
pert of the Venezuelan Andes. Figures 5-43, 5-44, and
545 give upperlevel wind directions for Bogota,
Colombia, and Maracay, Venezuela. Both wel seasons
here have westerly upper tropospheric (30,000 feet/9 km)
winds overlying low-level easterlies, or winds with an
casterly component.

October-December
March-May
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Figure 5-42., 1200Z Upper-Level Winds:
San Antonio-Tuchira, Venezuela.
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Figure 5-43. 1200Z Upper-Level Winds:
Bogota, Colombia.

Figure 5-44. 0000Z Upper-Level Winds:
Bogota, Colombia.
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Figure 5-45. 1200Z Upper-Level Winds:
Maracay, Venezuela.

Polar incursions from either hemisphere affect the
northern and eastern Andes. During northern hemisphere
summers, very strong southem hemisphere polar
outbreaks cross the Guyana Highlands into the Orinoco
Basin and drive the Monsoon Trough into, or even over,
the Venezuelan Andes. Exwremely strong incursions
have been known 10 drive all the way 1o the southern
Caribbean. When they do, the southem sides and crests
of the Andes get strong convection and heavy rains.

During the northern hemisphcre winter, very strong
North Amcrican polar surges rarely, but occasionally,
reach the Venezuclan coast, normally in February or
March. The result is very heavy convection along the
immediate Caribbean coast, with almost continuous
heavy rains. Duration is usually 24 to 36 hours,

Upper-level "cool pools” can come from either
hemisphere.  The favored months are in the originating
hemisphere’s winter, but these phenomena have been
observed at other times. Satellite imagery shows them as
widespread areas of disorganized convection that still
move as units.

The Santa Marta Massif, a huge vokanic cluster in
extreme northeastern Colombia, has a climatic regime
similar to that of Mauna Kea or Mauna Loa in Hawaii.
Reaching to nearly 20,000 feet (6.1 km), the mountain
becomes a focus for heavy convection during the wet
season duc to the loss of the tradewind inversion and the
close proximity of the Monsoon Trough.

October-December |
March-May

SKY COVER. Over the western Andean foothills
below 5,000 feet (1,400 meters), a steady progression of
heavy cumulus and cumulonimbus moves onshore in the
aflemoon and evening. Heavy rsinshower maximums
vary by elevation. Between 650 and 2,600 feet (200 and
800 meters), the maximum is in early evening; beiween
2,600 and 5,000 feet (800 and 1,500 meters), heavy rain
showers occur between 1400 and 1900 LST. Above
5.000 feet (1,400 meters) and in the central Andes and
intermountain valleys, the higher ridges see hcavy
cumulus and isolated cumulonimbus 0 45,000 fect (13.7
km) in late moming and afiernoon; precipitation occurs
primarily between 1300 and 2000 LST. Nocturnal
mountain winds drain into valleys; in decply eroded
canyons, these winds warm sufficiently (0 make lower
portions semiarid. Over wide, high river vallcys,
converging mountain winds generate evening and night
cumulus with bases at 1,000 to 2,000 feet (300 to 600
meters) AGL and tops at 12,000 o 18,000 fect (3.7 10 5.5
km). Most precipitation in these valleys falls bciween
2000 and 0700 LST. Figure 5-46 shows Bogota mean
monthly [requencies of visibilities le<s than 7 miles (11
km). Figure 5-47 gives frequency of occurrence of mean
monthly ceilings below 3,000 feet (900 meters) and
visibilities less than 7 miles (11 km) for Cali, Colombia.
Figure 5-48 gives thunderstorm days, precipitation, mean
maximum, mean minimum, extreme lemperatures, and
maximum 24-hour precipitation for Bogota, Colombia,
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Figure 5-46. Percent Frequency of Visibility
<7 Miles: Bogota, Colombia.

3-56




ANDES (North of 2° N) WET SEASONS

) revm
L, /\

1, \ o~

L B A

\ 29 bl

2 \ Pt
" \ X N
S i “-‘..."Anr:_:w"f /".\ ‘
of M e NS
t 2

L L T e S |
W WA AR WY AN 3 Me =P ocT oV RBEC

Figure 5-47.
Visibility <3,000/7: Cali, Colombia.

BOGOTA/ELDORADO COLOMBIA
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Figure 5-48. Thunderstorm Days, Precipi-
tation, and Temperature: Bogota, Colombia.

5-57




ANDES (North of 2° N) WET SEASONS

Over the eastern Andean ranges, upslope flow results
in persistent multilayered clouds up to 5,000 feet (1,525
meters) MSL. Bases are near 2,000 feet MSL (610
meters). Obviously, most of the east side of the eastern
Andes is totally obscured except for some very deep river
canyons. Thunderstorm tops reach 40,000 to 50,000 feet
(12.2 10 15.2 km) in early afternoon over ridge crests.
Figure 5-49 gives frequency of ceiling and visibility less
than 3,000/7 for San Antonio-Tuchira, located in the
extreme southwestern Venezuelan Andes near the
Colombian border.
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Figure 5-49. Percent Frequency of Ceiling/
Visibility <3,000/7: San Antonio-Tuchira.

Over the Sanita Marta Massif, cloud cover forms near
the 3,300 foot (1,000 meters) contour. Early moming
sees virtually clear skies, but 5-7/10 stratocumulus/
cumulus) forms by 0900 LST with tops near 6,000 feet
(1,830 meters). By 1200 LST, towering cumulus and
istolated cumulonimbus have formed over higher peaks
on the northeasiem and central areas. Tops range from
15,000 w0 40,000 feet (4.6 to 12.2 km). Scattered 0

October-December
March-May

numerous rain showers occur from 1400 10 1900 LST.
Skies clear by 2200 LST.

Along the Venczuelan Caribbean coast, night and
early momning see 1-3/10 stratus/stratocumulus with
bases at 400-700 feet (120-215 meters) and tops at 1,500
10 2,000 feet (455 10 610 meters). Stratus dissipates
rapidly by 0800 LST. By 1100 LST, very isolated heavy
cumulus forms at 2,500 feet (765 meters) over ridges
where forced lift is strong enough to break through the
subsidence inversion. Tops reach 15,000 to 20,000 feet
(4.6 10 6.1 km). Isolated showers occur in the afternoon.
Figure 5-50 gives summarized data for Cagigal
(Caracas), Venezuela; Figure 5-51 gives ceiling and
visibility frequencies for Simon Bolivar International
Airpost, 15 miles north on the Caribbean coast. Figures
5-52 and 5-53 give the same information for Barccliona,
Venezuela.
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Figure 5-50. Thunderstorm Days, Precipi-
tation, Temperature: Cagigal (Caracas),
Venezuela.
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Figure 5-52b. Thunderstorm Days, Precipi-
- *7 183 toea tation, and Temperature: Barcelona,
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Visibility <3,000/7: Simon Bolivar
International Airport, Caracas.
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Figure 5-52a. Thunderstorm Days and

Figure 5-83. Percent Frequency Ceiling/
. Precipitation: Barcelona, Venezuela. Visibility <3,000/7: Barcelona, Venezuels.
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With cold surges from either hemisphere, lines of
heavy cumtlus and cumulonimbus form along windward
slopcs in the Venezuelan Andes near 2,500 feet (760
meters) and over ridges; tops are from 20,000 to 40,000
feet (6.1 0 12.2 km). Similar conditions occur with the
passage of "cool pools."

WINDS. Mean surface winds on the Andcan massif are
variable. In free air above ridge crests, winds south of
9°N during northern hemisphere summer tend to be
easterly at 25 to 30 knots; winds north of 9° N are light
casterly to variable. During northern hemisphere winter,

October-December
March-May

winds north of 8° N are westerly at 15 to 25 knots; south
of 8° N, they are variable. (Refer to Figures 5-42
through 545 for rcpresemative upper-level wind
directions over the Andes north of 8° N.)

Along the Venezuelan Caribbean coast, the low-level
jet shown in Figure 5-54 flows over the immediate coast
nearly year-round. It extends from just west of Trinidad
to the eastern shore of the Gulf of Venezuela. Like most
such phenomena, this jet varies diumally, with a
maximum at dawn and a minimum in mid-afternoon.

¥ 1
oo o rivw e e o
Caribbean Ses

ANDES RANGES

VENEZUELA

12% —

1A

AJ B}

Figure 5-54. Venezuelan Coastal Low-Level Jet Stream.

THUNDERSTORMS are predominantly a characteristic
of the summer hemisphere, but are common over the
high and eastemn/southern Andean slopes. Hail is
common above elevations of 10,000 feet (3,000 meters).

PRECIPITATION. The Andes Massif is a heal source
and a heat island. As a result, precipitation is lighter than
might be expected. Equatorial westerlics, howcver,
result in extremely heavy rainfall whose diurnal distri-
bution falls into the two zones shown in Figure 5-55.
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PACIFIC OCEAN

2,600 feot (800 meters)
Max Precip
1900-2400 LST
650 feet (200 meters)

Figure 5-85. Times (LST) of Maximum Precipitation in Certain Altitude Zones.

Regions at clevations from 650 to 2,600 feet (200 to
800 meters) see rainfall maximums from 1900 to 2400
LST. while those regions between 2,600 and 5,000 feet
(800 and 1,500 meters) have their maximums between
1400 and 1900 LST. Maximum rainfall occurs at
elevations between 3,300 and 5,000 feet (1,000 to 1,400
meters), decreasing higher. Surges in the recurved
cquatorial westerlies are known (o occur with
periodicities near S days; the primary effect on the
Colombian coast is to enhance rainfall. Figures 5-56
and 5-57 show mean monthly area precipitation for
March through May and October through December,
respectively.

TEMPERATURE. Temperatures here are affected
more by altitude than any other factor. Mean annual
temperatures are 81°F (27°C) at sea level; 70°F (21°C)
at 3,300 feet (1,000 meters); 68°F (20°C) at 5,000 feet
(1,500 meters); and 55°F (13°C) at 10,000 feet (3,000
meters). Diurnal range is 12 10 20°F (6 to 11°C).
Seasonal variations range from 4 to 8°F (2 to 4°C).
Low-level temperatures along the Venezuelan Caribbean
coast are considerably warmer. Temperatures have
reached 100°F (38°C) at Simon Bolivar Intemnational
Airport at Caracas.
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Figure 5-56. Mean Monthly Precipitation: March-May.
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Figure 5-57. Mean Monthly Precipitation: October-December.

5-63




’-g 9,600
PE
2 70007
)

‘5, 6,000

o
o

Meap Inveii
- [ o
i

11,0007

ANDES (North of 2° N) DRY SEASONS

GENERAL WEATHER. June through August is the
primary dry season here; January through February, the
secondary. Note that the Pacific Colombian Andean
foothills and western slopes (up 1o 8° N) have no definite
dry season.

The northeasterly wrades are at their strongest, both in
speed and inversion strengths, during the secondary dry
scason. Flow is stable and dry. The weakness of the
summer northeasterly trades and their convergence into
the Monsoon Trough is compensated over extreme
northern Venezucla and the Colombian Caribbean coast
by upper-level subsidence. Figure 5-58 shows mean
trade wind inversion heights when the inversion is
present over Maracay, Venezuela. Note that the
inversion is present in the northeasterly trades during the
secondary dry season.
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Figure 5-58. Mean Trade Wind Inversion
Height: Maracay, Venezuela.

During northern hemisphere winter, a very strong
North American polar surge rarely, but occasionally,
reaches the Venezuelan coast, normally in February or
March. The result is very heavy convection along the
immediate Caribbean coast. Upper-level "cool pools”
may move into the region from either hemisphere.

The Santa Marta Massil penetrates the northeasterly
winter trade wind inversions. As a result, moist
low-level air is forced up and around the mountain to
ncar 10,000 feet (3,000 meters). The resulting leeside
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June-August
January-February

convergence zone produces cloud cover and rainfall,
even during the dry seasons.

SKY COVER. Over the western Andeen foothills, the
eastern Andes, and the Santa Marta Massif, dry season
sky cover is similar 1o that of the west scason, which sce.

Along the Venezuelan Andes inland from the
Caribbean coast, only patchy heavy cumulus forms when
the flow has been forced upward enough to break
through the trade wind inversion.

On the Venezuelan Caribbean coast, nights and early
mormings see 1-3/10 stratus/stratocumulus, with bases at
400-700 feet (120-215 meters) and tops at 1,500 to 2,000
feet (455 o 610 meters). Stratus dissipates rapidly by
0800 LST.

With cold surges from either. hemisphere, the
Venezuelan Andes see lines of heavy cumulus and
cumulonimbus forming along windward slopes near
2,500 feet (760 meters) and over ridges; tops are {rom
20,000 o 40,000 feet (6.1 to 12.2 km). Similar
conditions occur with the passage of a "cool pool.”

WINDS. Mean dry season winds are similar to those of
the wet season, which see. Along the Vcnezuclan
Caribbean coast, a low-level jet (see Figure 5-54) flows
over the immediate coast nearly all year. Like most such
phenomena, it varies diurnally, with a maximum at dawn
and a minimum in mid-aficrnoon.

THUNDERSTORMS are found only over the eastern
Andean slopes facing the Amazon and Orinoco Valleys
and over the Santa Marta Massif. Hail is common at
elevations above 10,000 feet (3,000 meters).

PRECIPITATION. The Andes Massif is a heat source
and a heat island; as a result, precipitation is lighter than
might be expected. Maximum rainfall occurs at
elevations between 3,300 and 5,000 feet (1,000 10 1,400
meters), decreasing above. Figures 5-59 and 5-60 show
mean monthly precipitation for January-February and
June-September, respectively.

TEMPERATURE. Dry season temperaturcs are much
the same as those of the wet seasons, which scc.




ANDES (North of 2° N) DRY SEASONS June-August

Figure 5-59. Mean Monthly Precipitation: June-Aungust.
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Figure 5-60. Mean Monthly Precipitation: January & February.
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5.5 THE COLOMBIAN HIGHLANDS
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Figure 5-61. The Colombian Highlands. The Colombian Highlands lic in a great concave arc that starts
just east of the Colombian Andes and extends northeastward to the border between southwestern Venczucla and
northeastern Colombia. Elevations here range from 300 feet to 2,500 feet (100 to 750 meters). Most of the arca is
tropical savanna. Tropical forests are found only along immediate river shoreline areas.
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COLOMBIAN HIGHLANDS GEOGRAPHY

BOUNDARIES. The region described here as the
Colombian Highlands is bounded:

On the south by the 2,500-foot (760-meter) contour
line at 3° N on the Colombia-Venezuela border, then
west-southwestward to 2° N, 75° 10°'W.

On the west by the eastern Andes slopes below 2,500
feet (760 meters) at the Guayabero River (at about 2° N,
75° 10°W) 10 1,000 feet (328 meters) at the Aracura
River on the Venezuela border.

On the north by the Venezuela border from its
intersection with the 1,000-foot (328-meter) contour {0
its intcrsection with the 656-fool (200-meter) contour
just west of the junction of the Meta and Orinoco Rivers.

On the east by a line southward along the 656-foot
(200-meter) contour on the wesl side of the Orinoco
River t0 4° N, then south along the Venezuela-Brazil
border from 4° N to 3° N.

TERRAIN. Most of the highlands is rolling plain cut by
rivers flowing 1o the east and northeast. The extreme
western portion includes the eastern slopes of the Andes,
which are relatively steep as they rise abruptly from the
plains.. In the extreme west, river gradients arc also
steep, with fast-running currents. But after leaving the
Andes foothills, rivers become broader and shallower.
Almost all rivers drain into the Orinoco River System.
The Orinoco proper forms the eastern boundary of the
area; rivers flowing through the northem part of the
region reach the Orinoco through western Venczuela.

VEGETATION. Because of the rainshadow effects of
the Guyana Highlands and the ecast-wcst mountain
orientation in northern Venezuela (described in the
"Andes Ranges" section), vegetation here s
characteristic of the tropical savanna.  Grasslands
predominate, with occasional trecs. Even the Andcs
foothills in this region do not have forests below 2,500
feet (760 meters). However, vegetation along rivers is
like that of a tropical rain forest--as dense, but shorter,
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COLOMBIAN HIGHLANDS DRY-TO-WET TRANSITION

GENFRAL WEATHFR. A rapid early April transition
from the dry to the wet season progrésses from southwest
1o north. As in the adjoining Orinoco Plains, the wet
season is "winter,” the dry season "summer."

SKY COVER. North of the Monsoon Trough in the
retreating northeasterly trade winds, patchy low stratus
occurs near dawn along rivers, dissipating by 0900 LST.
Isolated cumulus forms by 1000 LST, with bases at
3,500 feet (1,070 meters). Vertical development is
capped by the trade wind inversion at 6,500 to 7,500 feet
(1,980 10 2,300 meters). Only very isolated heavy
cumulus builds to 15,000 feet (4.6 km) wherever local
heating and/or convergence can overcome the subsidence
inversion. Clouds clear rapidly after sunset.

Pachy early moming stratus decks form in river
valleys at elevations up to 2,000 feet (610 meters) in and
south of the Monsoon Trough. Fog may or may not
occur under the stratus, depending on precipitation.
Otherwise, only scattered altocumulus/altostratus or
cirrostratus occurs. By 1000 (LST), the stratus has
dissipated. Heavy cumulus begins to form near 3,500
feet (1,070 meters). By 1200 LST, widespread towering
cumulus and isolated cumulonimbus with bases at 4,000
feet (1,220 meters) dot the region. Tops vary from
15,000 to 40,000 feet (4.6 to 12.2 km). By 1400 LST,
scattered thunderstorms occur, dissipating after sunset.
Patchy river stratus forms after midnight.

Figure 5-70 gives representative frequencies of
ceilings below 3,000 feet (900 meters) and visibilities
below 7 miles (11 km) at Gaviotas, Colombia, for
daylight hours only; nighttime data is not available.

Worse conditions can be expected with mesoscale
convective complexes in the Monsoon Trough; 4-7/10
stratus, with bases at 300 to 500 feet (90 to 150 meters)

Aptil

and tops at 1,500 to 2,500 feet (450 to 760 metcrs) form
undemneath stratocumulus/cumulus (bases 2,000-2,500
feet/610-760 melers). Isolated cumulonimbus is
embedded in the cumulus/siratocumulus layer.
Stratocumulus and cumulus tops average 5,000 fect
(1,525 meters); cumulonimbus tops reach up to 50,000
feet (15.25km). Visibilities range from 3 to 7 miles (4.8
to 12 km) in fog and light min, but may lower to 0.25
mile (400 meters) in heavy showers.
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Figure 5-62. Percent Frequency Ceiling and
Visibility <3,000/7: Gaviotas, Colombia.




COLOMBIAN HIGHLANDS DRY-TO-WET TRANSITION

WINDS. As the southeast trades set in, gradient flow
changes from east-northeasterly at 10 o 15 knots to
cast-southeasterly at 10 to 15 knots. Actual surface flow
varies according (o terrain.

THUNDERSTORMS increase in frequency and
intensity as the Monsoon Trough becomes established.
They are also enhanced in mesoscale convective
complexes.

April

PRECIPITATION. As shown in Figure 5-63, transition
rainfall ranges from 7.9 inches (200 mm) in the
southeastern Highlands 10 just over 4 inches (100 mm)
along the northeastern Venezuela border.

TEMPERATURE. Highs range from 84 to 90°F (29 to
32°C), lows from 72 to T7°F (22 0 24°C).
Temperatures have reached over 100°F (39°C) just
before the onset of the wel season in the northem
Colombian Highlands.

Figure 5-63. Mean Precipitation: April.
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COLOMBIAN HIGHLANDS WET SEASON

GENERAL WEATHER. The well-defined Colombian
Highland wet season runs from May through November;
the end of the season progresses from north to south
during late November. Note that the wet season occurs
in summer--typical of the tropical northcrn hemisphere.
The proximity of the Monsoon Trough, combined with
upsiope flow, results in only one rainfall maximum, in
June. The Monsoon Trough normally lies north of the
Colombian Highlands along the southem slopes of the
Venezuelan Andes. However, in years with abnormally
strong southern hemisphere high pressure, or unusually
low northern hemisphere fi.gh pressure, the Trough may
cross the Venezuelan Andes to lie along the Caribbean
Coast. In these cases, it is far enough northward to allow
a slight precipitation decrease in late June and early July.
Trough movement lags the solar cycle by 2 to 3 months.

Upper-level winds (see Figure 5-64) throughout this
region are predominantly easterly. The 10,000-foot
(3,050-meter) winds reflect the northeasterly trades as
they push into the area during northern hemisphere
winter. The 30,000-foot (9.2-km) winds show the
formation and movement of the Bolivian upper air
anticyclone during southern hemisphere summer.
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Figure 5-64. Mean 12Z Upper-Level Winds:
Gaviotas, Colombia.

Strong southcrn hemisphere polar surges occasionally
penetrate the Colombian Highlands. If they are strong
enough, they displace the Monsoon Trough to the
Caribbean coast. In extreme cases, these surges move
into the extreme southern Caribbean. Their effects in the
Highlands are to briefly stabilize the air and drop
tcmperatures into the low 50s (°F) or high 40s (13 ©

May-November

9°C). A minor decrease in precipitation occurs in July
and August during those years in which there are strong
oulbreaks. The nornthward progression of an
exceptionally strong Antarctic outbreak in mid-July 1975
is shown in Figure 5-65.

Figure 5-65.
13-21 July 1975.

"Cold Surge" Continuity:

SKY COVER. Paichy early moming stratus with bases
below 500 feet (150 meters) forms in river valleys at
elevations up to 2,000 feet (610 meters). Fog may or
may not occur underneath this stralus depending on
precipitation. Otherwise, only scatiered altocumulus/
altostratus or cirrostratus occurs. By 1000 LST, the
stratus has dissipated and heavy cumulus begins 1o form
near 3,500 feet (1,070 meters). By 1200 LST,
widespread towering cumulus and  isolated
cumulonimbus with bases at 4,000 feet (1,220 mcicrs)
dot the region. Tops vary from 15,000 10 40,000 feet
(4.6 10 12.2 km). By 1400 LST scattcred thunderstorms
form, dissipating after sunset; there are showers by latc
evening. Patchy river stratus forms after midnight.

Worse conditions occur with mesoscale convectlive
complexes in the Monsoon Trough; 4-7/10 stratus with
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" COLOMBIAN HIGHLANDS WET SEASON

bases at 300 1o SO0 feet (90 to 150 meters) and tops at
1,500 to 2,500 feet (450 to 760 meters) forms underneath
stratocumulus/cumulus with bases at 2,000 to 2,500 feet
(610 10 760 meters). Isolated cumulonimbus are
cmbedded in  this  cumulus/stratocumulus  layer.
Stratocumulus/cumulus tops average 5,000 feet (1,525
melers), but cumulonimbus tops reach 50,000 fect
(15.25km). Visibilities are from 3 to 7 miles (4.8 to 12
km) in fog and light rain, but may drop to 0.z5 mile (400
meters) in heavy showers.

WINDS. Gradient flow is easterly 10 southeasterly at 10
0 15 knots, but actual surface flow is variable according
10 terrain. Winds may be stronger with thunderstorms.

May-November

THUNDERSTORMS, Widespread  thunderstorm
activity is a function of polar surges or mesoscalc
conveclive complexes, but scattered thunderstorms are
found throughout the region. Most occur in the wet
season. Severe thunderstorms are rare.

PRECIPITATION. Wet season rainfall (shown in
Figure 5-66) ranges from 125 inches (3,175 mm) in the
northeast to 165 inches (4,200 mm) in the southwest

TEMPERATURES. Highs range from 84 to 86°F (29
10 31°C), lows [rom 70 o 75°F (21 to 23°C).
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COLOMBIAN HIGHLANDS WET SEASON May-November

Figure 5-66. Mean Monthly Precipitation: May-August.
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COLOMBIAN HIGHLANDS WET SEASON May-November

48 S| o
Figure 5-66, Cont’d. Mean Monthly Precipitation: September-November.
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COLOMBIAN HIGHLANDS WET-TO-DRY TRANSITION

GENERAL WEATHER. The wet-to-dry transition,
which takes place much earlier here than in the upper
Orinoco Plains, varies from northeast to southwest.
Northeastern portions of the Colombian Highlands see
the wet season ending much earlier, while southern areas
and the eastern sides of the southern Andes see only a
lewp in rainfall. Upslope flow in the south and east
ensures conlinuation of the rains even though the
Monsoon Trough retreats into the southern Amazon
basin.

The southward movement of the Monsoon Trough
does nol, as in other areas, mark the end of the wetl
season here. The rainy season’s end here must await
increased subsidence in the northeast trades; this
subsidence overrides the effects of the gradual upsiope
flow in the central and northern Highlands, but it does
not normally occur until mid-November. Aiding this
process is the steadily decreasing sun angle. Trough
movement is known to lag the solar cycle by 2 10 3
months. The Monsoon Trough moves southward
rapidly; precipitation and cloud cover lag its passage by
nearly 2 months.

SKY COVER. In the subsiding air of the advancing
northeasterly trade winds, patchy low stratus forms near
dawn along rivers, dissipating by 0900 LST. Isolated
cumulus forms by 1000 LST based at 3,500 feet (1,070
meters). Vertical development is capped by the trade
wind inversion at 6,500 to 7,500 feet (1,980 10 2,300
melers). Omly very isolated heavy cumulus builds to
15000 feet (4.6 km) wherever local heating and/or
convergence can overcome the subsidence inversion.
Clouds clear rapidly after sunset.

In the still unstable northeast trades to the north of the
advancing Monsoon Trough, paichy early morning
stratus forms in river valleys at elevations up to 2,000
feet (610 meters). Fog may or may not occur undemcath
this stratus depending on precipitation. Otherwise, only

late November

scattered altocumulus/altostratus or cirrostratus  is
present. By 1000 LST, the stratus dissipates. Hcavy
cumulus begins to form near 3,500 fect (1,070 mcters).
By 1200 LST, widespread towering cumulus and isolated
cumulonimbus, with bases at 4,000 feet (1,220 melters),
dot the region; tops are from 15,000 to 40,000 feet (4.6 o
12.2 km). By 1400 LST, scattered thunderstorms occur,
dissipating after sunset. There are showers by late
evening. Patchy river stratus forms after midnight.

Worse conditions occur with mesoscale convective
complexes in the Monsoon Trough; 4-7/10 stratus with
bases at 300 to 500 feet (90 1o 150 meters) and tops at
1,500 to 2,500 feet (450 o 760 meters) forms underneath
stratocumulus/cumulus with bases at 2,000 10 2,500 fcet
(610 to 760 meters). Isolated cumulonimbus are
embedded in the cumulus/stratocumulus layer.
Stratocumulus/cumulus tops average 5,000 feet (1,525
melers), but cumulonimbus tops reach 50,000 feet (15.25
km). Visibilities range from 3 to 7 miles (4.8 to 12 km)
in fog and light rain, but drop 10 0.25 milc (400 mctcrs)
in heavy showers.

WINDS. As the northeast trades become established,
gradient flow changes from east-southeasterly at 10 to 15
knots to east-northeasterly at 10 to 15 knots. Surface
flow varies according to terrain.

THUNDERSTORMS. Thunderstorms are found in
those areas still affected by the Monsoon Trough, and
isolated storms can occur with mesoscale conveclive
complexes.

PRECIPITATION. Rainfall during the transition varies
from 11.8 inches (300 mm) in the southern Highlands o
only 5.9 inches (150 mm) in the northeast.

TEMPERATURE. Temperature ranges incrcasc as the
transition ends. Highs now range from 84 10 90°F (29 10
32°C); lows from 70 to 75°F (21 10 23°C).
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COLOMBIAN HIGHLANDS DRY SEASON

GENERAL WEATHER. The Colombian Highlands
dry season bcgins in mid-to-late November--well after
the Monsoon Trough’s southward passage. Increased
subsidence in the northeasterly trades is necessary to
overcome the effects of cyclonic low-level,
terrain-induced tuming and forced (upslope) lift.

SKY COVER. Over that portion of the Highlands
within 100 miles (160 km) of the eastem Andes, patchy
fow stratus forms near dawn in low-lying valleys, usually
dissipating by 0900 LST. Scattered cumulus forms by
1000 LST with bases at 3,500 feet (1,070 meters).
Scattered heavy cumulus and isolated cumulonimbus
with tops from 15,000 to 30,000 feet (4.6 to 9.1 km)
form by early afternoon. Scattered heavy showers occur
throughout the afternoon and early evening. Clouds
partially clear after sunset.

In the rest of the Highlands, patchy low stratus forms
near dawn along the Orinoco River proper, dissipating by
0900 LST. Scattered cumulus forms by 1000 LST with
bases at 3,500 feet (1,070 meters). Vertical development
is capped by the trade wind inversion at 6,500 to 7,500
feet (1,980 o 2,300 meters). Isolated heavy cumulus
builds 10 15,000 feet (4.6 km) wherever local heating

December-March

and/or convergence can overcome the subsidence
inversion. Heavy showers occur undemcath lowering
cumulus. Clouds clear rapidly afier sunset. Heavy
cumulus and cumulonimbus can dccur over the extreme
southern Highlands in February and March as the
Monsoon Trough starts to move northward.

WINDS. Gradient flow is northeasterly to cast-
northeasterly at 10 10 15 knots. Surface flow depends on
terrain.

THUNDERSTORMS. Isolated thunderstorms occur
within 100 miles (160 km) of the Andes duc to
increasing instability and forced lifL.

PRECIPITATION. Rainfall ranges from 15.9 inches
(405 mm) in the southwestern Highlands to only 4 inches
(101 mm) in the northeastern portion. Mcan monthly
rainfall data for December through March is shown in
Figure 5-67.

TEMPERATURE. Highs range from 86 to 94°F (30 10
34°C); minimums from 66 to 72°F (19 to 22°C).
Temperatures in the central Orinoco Plains have reached
106°F (41°C).
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() 5.6 THE ORINOCO BASIN
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Figure 5-68. The Orinoco Basin. This region extends from extreme eastern and northeastern Colombia and
southeastemn Venczuela through central Venezuela o the Orinoco Delia.
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ORINOCO BASIN GEOGRAPHY

BOUNDARIES. The region described here as the
Orinoco Basin is bounded as follows:

On the south, along the 656-foot (200-meter) contour
line from the coastal plains on the south side of the
Orinoco Dclia west and south along the northem and
western side of the Guyana Highlands to its intersection
with the Guyana Highlands (at approximately 2° 25° N,
65° W). Then west to the 656-foot (200-meter) contour
line along the south side of the Orinoco drainage to the
ridge separating the Orinoco and Amazon river drainages
at 66° W. From this point- westward to the
Colombia-Venezuela border at 3° N,

On the west, northward along the
Colombia-Venezuela border from 3° N to 4° N, then
north along the west side of the Orinoco River to the
Meia River (Rio Meta). Then westward along the Meta
River to the Venczuela-Colombia border and
northwestward along the frontier to the 1,000 foot-
(305-meter) point.

On the north, eastward along, the south side of the
Turimiquire-Coastal mountains from the 1,000-foot
(305-meter) point on the Venezuelan-Colombian border,
gradually descending to the 656-foot (200-meter) contour
line on the south side of the Turimiquire Mountains
(Serrania de Turimiquire) in extreme northeastern
Venezuela. Then eastwand to the coastal plains on the
north side of the Orinoco Delta.

On the east, by the Atlantic Ocean.

CLIMATIC PECULIARITIES. The upper Orinoco is
a basin surrounded by mountains. There is no "dry"
season, as such--only a period that is slightly drier than
the wel scason. Cloud cover, precipitation, winds,
thunderstorms, and fog vary dramatically from ridge to
valley, and complex mountain valley wind pauemns
further complicate weather and climate.

TERRAIN. Terrain in southwestern, central and eastern
Venezuela consists of relatively flat plains with
numerous tributaries flowing into the Orinoco. The
southern Venezuelan and Colombian portions of the
region change into cut-up plains as the clevation rises
and the Orinoco tributaries fall over sieeper gradients.
Elevations range up to 1,640 feet (500 meters).

Vegetation in eastern, central, and southwestern
Venezuela, except along the Orinoco and its primary
tributaries, is tropical savanna. The rest of the arca is
tropical rain forest.

From a point about 90 miles (145 km) infand from the
Atlantic coast, numerous river "mouths” (called "passes”
on the Mississippi River south of New Oricans) fan out
from north-northwest through east to drain the Orinoco
into the ocean. These mouths begin about 40 miles (65
km) downstream from Guyana City, located at the
junction of the Caroni River and the Amazon. The arca
between these mouths consists of half-submerged swamp
with isolated patches of lowland.

Land north and west ~f the Orinoco River, from the
head of the delta west and south 10 the Vichada River (4°
55' N, 67° 50° W) consists mainly of gently rolling
plains cut by numerous meandering tributarics of the
Orinoco. As the land slopes gradually upward toward
the eastern and southem slopes of the Andes, the
tributaries, which include numerous streams and four
major rivers, flow east and south. The rivers include the
Apure, the Arauca, the Capanaparo, and the Meta. Two
isolated hilly outcrops break these rolling plains. The
first, centered near 8° 35° N, 68° 45° W, has a radius of
about 25 miles (40 km). The second, centercd near 9° N,
68° 10° W, has a radius of about 10 miles (16 km).

Land south of the Orinoco from the delta inland to
Guyana City (Ciudad Guyana) consists of rolling hills
with maximum elevations from 2,500 to 3,500 feet (760
to 1,065 meters).

West of the Caroni River, the Orinoco flows along the
north, west, and eventually, southwest, sides of the
Guyana Highlands, which are discussed separately. Two
major rivers flow out of the Guyana Highlands into the
Orinoco from the south and east: The Caura River flows
north out of the central portion of the Highlands to join
the Orinoco near 7° 40° N, 67° 55" W, and the Ventuari
River flows wesiward from the westem Highlands to
reach the Orinoco at 4° N, 67° W. Land south and cast
of the Orinoco upstream of its junction with the Caroni
rises rapidly in rugged hilly or mountainous terrain.

South of the Vichada River (and especially southcast
of the Inirida River), terrain in the Orinoco Basin on both
sides of the Orinoco River turns into true mountains,
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Elevations rise rapidly southward to over 4,000 feet
(1,220 meters) within 15 miles (25 km).

VEGETATION. A combination of evergreen swamp
forest and mangrove trees that reach heights of 60 to 80
feet (18 0 24 meters) covers the Orinoco Delia.
Mangroves are primarily found on extensive mud flats
within 40 miles (65 km) of the coast. Little grows under
the tree cover. On those land areas that have been
clearcd, marsh vegetation and swamp grass are common.

Land north and west of the Orinoco is primarily
tropical savannah. This area constitutes the "lanos,” or
plains. Savannah vegetatlion is primarily coarse grass
reaching heights of 3 0 5 feet (0.9 to 1.5 meters).
Isolated evergreens and palm trees grow to 40 feet (12
meters). Areas immediately adjoining major tributaries

and the Orinoco have single-tiered tropical forests with
heights averaging 40-80 feet (12-24 meters). There is
litle undergrowth. :

The hilly and mountainous regions [ringing the
Orinoco and its tributaries south of the Vichada River
have three-tiered tropical forest. In the emergent tier are
isolated trees reaching 150-175 feet (45 to 53 melers),
but the dense main canopy is at 75 to 150 feet (23 o0 45
meters). An understory tier has tops of 30 to 50 fect (9 o
15 meters). Shrubs and floor cover are scarce except
where the main and understory tiers have been clearcd.

Land south of the Orinoco to the north of the Ventuari
River in extreme southwestern Venezuela is tropical
savannah similar to that north of the Orinoco in the
plains.
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ORINOCO BASIN DRY-TO-WET TRANSITION

GENERAL WEATHER. The Mohsoon Trough does
not move- steadily northward across the Guyana
" Highlands into the Orinoco Basin; _instead, a "new”
trough forms across the basin. As a result, the speed of
the wet season’s omset depends on synoplic scale
influences. See Figure 5-69 lor a graphic illustration of

this phenomenon.

The rapid late April transition from the "dry" to the
wel season progresses from southwest o the north. In

late Aprll.

the southem part of the region, monthly rainfall increases
from the "dry” season’s 7 inches (175 mm) to more than
12 inches (300 mm) in the wet season. But the transition
in the northern hall is more dramatic as the dry, semi-arid
conditions there become heavy convective rains.
Venezuelans term the wet season their "winter” and the
dry season their "summer,” even though the calenda
says the opposite.
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Figure 5-69. Low-Level Monsoon Trough Northward Transition.

5-81.




ORINOCO BASIN DRY-TO-WET TRANSITION

SKY COVER. South of 5° N in the upper Orinoco,
patchy vallcy stratus decks form by dawn, with tops to
2,500 fect (765 meters). Fog may or may not form under
the stratus, depending on whether winds are upslope or
downslope and whether or not precipitation is occurring.
Above 2,500 fect (765 meters) skies are usually clear,
with only patchy altocumulus/altostratus or cirrostratus.
Isolated hcavy cumulus may be found along
southcastcm-facing ridges; tops range from 8,000 w
15,000 feet (2,440 10 4,570 meters). By 1000 LST, the
stratus has dissipated, and heavy cumulus begins to form
along mountain ridges and over flat-topped mesas above
3,500 fect (1,070 meters). By 1200 LST, most ridges
and mesa lops sce towering cumulus or cumulonimbus
with bases at 4,000 feet (1,220 meters) and tops from
15,000 0 40000 fect (4.6 to 12.2km). By 1400 LST,
numcrous thunderstorms occur, primarily over the
surrounding mountains. Thunderstorms dissipate after
sunsct, but showers occur by late evening. Stratus forms
in valleys after midnight. Figure 5-70 gives ceiling and
visibility frequencies for Puerto Ayacucho, Venezuela,
on the upper Orinoco at the Colombian border.
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Figure 5-70. Percent Frequency Ceiling and
Visibility<3,000/7: Puerto Ayacucho,
Venezuela.

late April

North of 5° N in the retreating northeastcrly trade
winds, paichy low stratus forms near dawn along (he
Orinoco River proper, dissipating by 0900 LST. Isolated
cumulus forms by 1000 LST, with bases at 3,500 fect
(1,070 meters). Vertical development is capped by the
trade wind inversion at 6,500 to 7,500 fect (1,980 w
2,300 meters). Only very isolated heavy cumulus builds
to 15,000 feet (4.6 km) wherever local heating and or
convergence can overcome the subsidence inversion.
Clouds clear rapidly after sunset.

By the end of the transition, wet season conditions
dominate the Orinoco Plains from the Colombian border
eastward to the Orinoco Delta. In early moming, patchy
river stratus forms with tops to 2,000 feet (610 metcrs).
Fog may or may not occur under the stratus, depending
on precipitation. Otherwise, there is only scatiered
altocumulus, altostratus, or cirrostratus. By 1000 LST,
the stratus has dissipated and heavy cumulus begins to
form near 3,500 feet. By 1200. LST, widesprcad
towering cumulus and isolated cumulonimbus with bases
at 4,000 feet (1,220 meters) dot the region. Tops vary
from 15,000 to 40,000 feet (4.6 to 12.2 km). By 1400
LST, scattered thunderstorms occur, dissipaling afler
sunsel. There are showers by late evening. Patchy river
stratus forms after midnight. Figures 5-71 and 5-72,
respectively, give ceiling and visibility data for
Guasdualito, Venezuela, in the western Orinoco plains,
and for San Femando de Apure, in the central plains.
Figure 5-73 gives summarized thundersiorm,
precipitation, and temperature information for San
Fernando de Apure.

Over the Della, widespread low stratus forms by
midnight, with bases from 500 to 1,000 feet (150 0 305
meters) and tops from 1,500 to 2,500 feer (455 o 760
meters). The stratus breaks up into cumulus by (900
LST, and heavy cumulus begins to form near 3,500 fect.
By 1200 LST, widespread towering cumulus and isolatcd
cumulonimbus with bases at 4,000 feet (1,220 metcrs)
dot the region; tops are from 15,000 o 40,000 fcet (4.6
to 12.2 km). By 1400 LST, isolated thundecrsiorms
occur, dissipating after sunsct. There are showers by late
evening. Patchy river stratus forms aftcr midnight.
Figure 5-74 gives ceiling and visibility data for Ciudad
Bolivar--the nearest reliablec reporting station to the
Orinoco Delta.

Worse conditions--lypical of the upper Orinoco--
occur with mesoscale convective complexes in the
Monsoon Trough.
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ORINOCO BASIN DRY-TO-WET TRANSITION late April
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Figure 5-71. Percent Frequency Ceiling and Figure 5-73. Thunderstorm  Days,
Visibility <3,000/7: Guasdualito, Venezuela. Precipitation, and Temperature: San
Fernando de Apure, Venezuela.
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ORINOCO BASIN DRY-TO-WET TRANSITION

WINDS. As the southeast trades set in, gradient flow
changes from east-northeasterly at 10 to 15 knots 0
cast-southeasterly at 10 to 15 knots. Surface flow
depends on terrain.

THUNDERSTORMS increase in frequency and
intensity as the Monsoon Trough becomes established.
They are enhanced in mesoscale convective complexes.

late April

PRECIPITATION. Monthly rainfall ranges from 7.9
inches (200 mm) in the upper Orinoco (0 just over | inch
(30 mm) near the Delta. April Orinoco region
precipitation data is shown in figure 5-75.

TEMPERATURE. Highs range from 84 (o 90°F (9 0
32°C); lows from 72 0 T1°F (22 w 24°C).
Temperatures have reached 102°F (40°C) just before the
onset of the wet season in the central Orinoco Plains.

Figure 5-75. Mean Precipitation: April.
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ORINOCO BASIN WET SEASON

‘GENERAL WEATHER. On the central Orinoco
Plains, a well-defined wetl season runs from late April
through September, while in the upper Orinoco, a longer
wel season starts in late March and lasts til December.
This is a tropical northem hemisphere precipitation
distribution. The wet season here is the "summer.”

The nearness of the Monsoon Trough results in only
one precipitation maximum, in June, However, in years
with abnormally strong southem hemisphere high
pressure, or with unusually low northem hemisphere
high pressure, the Trough may pass far enough to the
north to allow a slight precipitation decrease in late June
and early July.

In years when extremely strong southern hemisphere
cold surges displace the Monsoon Trough northward into
the extreme southern Caribbean, there is a brief increase
in stability and a minor decrease in precipitation during
July and August.

SKY COVER. Early moming sees palchy river stratus
up to 2,000 feet (610 meters). Fog may or may not occur
under the stratus depending on precipitation. Otherwise,
only scattered altocumulus/aftostratus or cirrostratus
occurs. By 1000 LST the strawus has dissipated, and
heavy cumulus begins to form near 3,500 feet (1,070
meters). By 1200 LST, widespread towering cumulus
and isolated cumulonimbus with bases at 4,000 feet
(1,220 meters) dot the region; tops are from 15,000 to
40,000 fect (4.6 to 12.2 km). By 1400 LST, scattered

May-September

thunderstorms occur, dissipating after sunsct. There are
showers by late evening. Paichy river stratus forms after
midnight.

Trade wind surges, mesoscale convective complcxes,
and polar surges result in increased convection and
produce the heaviest precipitation events of the wct
season. Even during passages of these synoplic scale
phenomena, precipitation frequencies are lowest from
0300 1o 0900 LST. Widespread heavy towering cumulus
and cumulonimbus occur over the entire region.
Fragmentary reports  suggest maximum  daily
precipitation in excess of 8.25 inches (210 mm). Actual
amounts may be much higher.

WINDS. Gradient flow is easterly at 10 to 15 knots.
Surface flow depends on terrain. Strong winds are rarc.

THUNDERSTORMS. Scattered .thunderstorms are
found throughout the region. Widespread thunderstorm
activity is a function of trade wind surges, polar surges or
mesoscale convective complexes, most of which occur in
the wet season. Severe thunderstorms are rare.

PRECIPITATION. Wet season rainfall rangcs from 43
inches (1,100 mm) in the eastemn Orinoco Basin to 63
inches (1,600 mm) in the upper Orinoco. Figurc 5-76
gives mean monthly wet season rainfall amounts.

TEMPERATURE. Highs range from 84 to 86°F (29 10
31°C); lows from 72 10 77°F (22 10 24°C).
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May-September

ORINOCO BASIN WET SEASON

Figure 5-76. Mean Monthly Precipitation: May-August.
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ORINOCO BASIN WET SEASON ‘ May-September

Figure 5-76, Cont’d. Mean Precipitation: September.
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ORINOCO BASIN WET-TO-DRY TRANSITION

GENERAL WEATHER. In the central Orinoco Basin,
the transition from wet to dry is from late Scptember to
early October. But in the upper Orinoco, due to
surrounding mountains and longer exposure to the effects
of thc Monsoon Trough, the wet season persists into
carly Deccmber.

SKY COVER. In the immediate area of the dissipaling
Monsoon Trough and in the upper Orinoco, early
moming sces patchy river stratus up to 2,000 feet (610
meters). Fog may or may not occur undemeath the
stratus dcpending on precipitation.  Otherwise, only
scattered altlocumulus/altostratus or cirrostratus occurs,
By 1000 LST, the stratus has dissipated, and heavy
cumulus begins (o form near 3,500 feet (1,070 meters).
By 1200 LST, widespread towering cumulus and isolated
cumulonimbus with bases at 4,000 feet (1,220 metcrs)
dot the rcgion. Tops vary from 15,000 to 40,000 feet
(4.6 10 12.2 km). By 1400 LST, scattered thunderstorms
occur, dissipating afler sunset. There are showers by late
evening. Patchy river stratus forms after midnight.

In the advancing northeasterly trade winds behind the
Monsoon Trough, patchy low stratus forms near dawn
along the Orinoco River proper, dissipating by 0900
LST. Isolated cumulus forms by 1000 LST, with bases
at 3,500 fect (1,070 meters). Vertical development is
capped by the trade wind inversion at 6,500 to 7,500 feet

October

(1,980 t0 2,300 meters). Only very isolated heavy
cumulus builds to 15,000 feet (4.6 km) whercver local
heating and/or convergence can overcome the subsidence
inversion. Clouds clear rapidly after sunset. Tradc wind
surges bring typical wet season conditions to thc Orinoco
Delta, but these conditions normally dissipatc rapidly 50
t0 75 miles (80 10 120 km) inland.

WINDS. Gradient flow changes from east-southeasterly
at 10 to 15 knots to east-northeasterly at 10 (o 15 knots as
the northeast trades set in. Surface flow depends on
terrain.

THUNDERSTORMS. Thunderstorms arc found in
areas still affected by the Monsoon Trough. Isolated
thunderstorms can result from trade wind surges in the
Delta.

PRECIPITATION. Precipitation amounts vary from
5.9 inches (150 mm) in the southwestern Orinoco Basin,
to 3.9 inches (100 mm) near the Delta. Upper Orinoco
rainfall drops to slightly less than 6 inches (150 mm) by
December. See Figure 5-77.

TEMPERATURE. Temperature ranges incrcase as the
transition season ends. Highs now range from 84 10
90°F (29 to 32°C); lows from 70 to 75°F (21 10 23°C).
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ORINOCO BASIN WET-TO-DRY TRANSITION October

Figure 5-77. Mean Precipitation: October.
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ORINOCO BASIN DRY SEASON

GENERAL WEATHER. The Orinoco Basin dry
season begins in mid to late October--except for the
upper Orinoco--and lasts to early April. Rainfall in the
central and eastern Orinoco is extremely slight. Some
locations in the central Orinoco Plains receive only a
trace (1 mm) of precipitation during their driest month.

SKY COVER. In the upper Orinoco, patchy low stratus
forms near dawn in low-lying valleys, dissipating by
0900 LST. Isolated cumulus forms over ridge lines by
1000 LST, with bases at 3,500 feet (1,070 meters).
Ventical development is capped by the trade wind
inversion at 6,500 to 7,500 feet (1,980 to 2,300 meters).
Scattercd heavy cumulus and isolated cumulonimbus
with tops from 15,000 feet to 30,000 feet (4.6 to 9.1 km)
form by early afternoon. Scattered heavy showers occur
throughout the afternoon and early evening. Skies clear
partially after sunset.

On the Orinoco Plains, patchy low stratus forms near
dawn along the Orinoco River proper, dissipating by
0900 LST. Isolated cumulus forms by 1000 LST, with
bases at 3,500 feet (1,070 meters). Vertical development
is capped by the trade wind inversion at 6,500 to 7,500
feet (1,980 to 2,300 meters). Only very isolated heavy
cumulus builds to 15,000 feet (4.6 km) wherever local

November-March

heating and/or convergence can overcome the subsidence
inversion. Skies clear rapidly afler sunsei.

Worse conditions--typical of the upper Orinoco--
occur over the Delta with trade wind surges.

WINDS. Gradient flow is northeasterly (0
east-northeasterly at 10 to 15 knows. Surface flow is
variable during the night and early morning, becoming
easterly at 5 10 10 knots in the afternoon. Winds in the
upper Orinoco are variable depending on terrain.

THUNDERSTORMS. Isolated thunderstorms occur
with trade wind surges over the Delta or with mesoscale
convective complexes over the upper Orinoco.

PRECIPITATION. Wet season rainfall ranges from
4.1 inches (105 mm) in the central Orinoco Plains, to
20.6 inches (525 mm) in the upper Orinoco. See Figure
5-78.

TEMPERATURE. Highs range from 86 to 94°F (30 to
34°C); lows from 66 to 72°F (19 to 22°C).
Temperatures in the central Orinoco Plains have reached
102°F (39°C).

NOV
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Figure 5-78. Mean Monthly Precipitation: November & December.
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ORINOCO BASIN DRY SEASON

November-March

Figure 5-78, Cont’d. Mean Monthly Precipitation: January-March. '
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5.7 THE GUYANA COASTAL PLAINS

Guyana Coastal Plains

Atlantic Ocean

Georgetown

Paramaribo

80°w sT'W QTW

N

6°N—

Figure 5-79. The Guyana Coastal Plains. The coastal plains extend intand from 20 to 80 miles (32 to
128 km). Elevations are less than 656 feet (200 meters). River deltas and much of the immediate coast consist of

mangrove swamp. Inland vegetation is tropical rain forest.
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GUYANA COASTAL PLAINS GEOGRAPHY

GENERAL. The interior of this region, especially in
Surinanx. and Guyana, lacks the . weather reporting
stations necessary to define Monsoon Trough locations
2nd movements there. The station network in French
Guiana, however, extends {ar enough inland to provide
reasonable Monsoon Trough locations.  Extensive
satellile imagery has been used t0 make up for surface
station reporting deficiencies.

BOUNDARIES. The region described as the Guyana
Coastal Plains is bounded on the south by the 656-foot
(200-meter) contour line; on the west by the Orinoco
Delta, on the north by the Atlantic Ocean, and on the east
by the French Guiana-Brazil border.

TERRAIN. The coastal plains rise inland (south-
southwestward). Width varies from 15-20 miles (24-32
km) at the eastern edge of French Guiana to 60-80 miles
(96-130 km) in the center of Suriname. The plains
narrow to 25 to 30 miles (40 to 48 km) at the Orinoco
Delta.  Terrain heights increase gradually south-
southwestward. The plains are drained by numerous
rivers, major examples of which rise in the Guyana
Highlands.

There are three major rivers in French Guiana: the
Oyapock divides Brazil from French Guiana, the
Approvague is about 25 miles (40 km) west, and the
Maroni forms the Suriname-French Guiana frontier.

In Suriname, the Maroni River is formed from two
tributaries that join 85 miles (135 km) inland. The
eastern tributary--the Awa River--forms the frontier; the

western tributary is the Tapanahony. The Suriname
River flows past Paramaribo (the cenital). A dam at 5° S
forms the J. Van Blommestein Lake--a 35 by 35 mile
(55 by 55 km) rectangle. Halfway between Paramaribo
and the Guyana fromier lies the Coppename River.
Finally, the Courantyne River forms the border between
Suriname and Guyana. Two dams along an old channel
of the Courantyne form two elongated reservoirs; excess
water is diverted to the west to form the Courantyne.

Also in Guyana, the Berbice River rcaches the
Atlantic 30 miles (45 km) west of the Courantync. The
Demerara, 50 miles (80 km) west of the Berbice, reaches
the Atlantic at Georgetown (the capital). The mouth of
the Essequibo system is 25 miles (40 km) west of
Georgetown; this major river complex drains over 75%
of Guyana and is formed by the merger of two tributarics
(the Cuyuni and the Mazaruni), with the main stream 35
miles (55 km) inland. The Cuyuni, which forms the
Guyana-Venezuela boundary in its upper reaches, flows
in from the west; the Mazaruni, from the southwest.
The Essequibo, by far the largest river system in Guyana,
is joined by the Pataro at 5° 30’ S and by thc Rupununi
at4° S. The smaller Waini system enters the Atlantic 10
miles (16 km) from the Guyana-Venezuelan (rontier.

VEGETATION. Mangrove swamp forcst dominatcs
the area from 20 to 25 miles (30 to 40 km) on either side
of the mouths of named rivers. There are also mangrove
swamps from the coast inland for 25 to 35 miles (40 10
55 km) in Suriname and Guyana east of Georgetown, and
10 to 20 NM inland in extreme northwestern Guyana.
Other areas are covered by tropical rain forest.
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GUYANA COASTAL PLAINS WET SEASON

GENERAL WEATHER. The Guyana Coastal Plain’s
well-defined wet season starts in late November or early
December and lasts until mid-July or mid-August. But
as one approaches French Guiana's Brazilian frontier, the
wel season slowly shrinks 10 begin in January and end in
June. In the Guyana Highlands (which see), there is an
entirely different wet season-- one more typical of the
northern hemisphere.

Circulsiion around the Azores High provides the
northeasterly trades, the occasional trade wind surge, and
even the rare northern hemisphere polar incursion. By
January, the high is at its southernmost point and
northeasterly trade winds entering the Guyanas are at
their strongest. These winds, even those that began as
North American polar air outbreaks, are warm, moist,
and unstable. These characteristics combine with
low-level convergence and heating to result in
widespread rains. Figure 5-80 gives mean trade wind
inversion heights through April, when the northeast
trades are at their strongest.

Figures 5-81 and 5-82 give mean monthly upper-level
wind directions over Cayenne, French Guiana, and
Paramaribo, Suriname. Note that while low-level flow
over Cayenne remains easterly, it is northeasterly over
Suriname.
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Figure 5-80. Mean Trade Wind Inversion
Heights: Cayenne, French Guiana.
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Figure 5-81. Mean 12Z Upper-Level Wind
Directions: Paramaribo, Suriname.
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Figure 5-82. Mean Upper-Level Wind
Directions: Cayenne, French Guiana.
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GUYANA COASTAL PLAINS WET SEASON

SKY COVER. During the beginning and ending of the
wet season, the immediate coast to 10 miles (16 km)
inland sees 5-7/10 low cloud cover from 300 to 500 feet
(90 10 150 meters) in layers up to 2,500 feet (800
melers). There is also multilayered overcast
altocumulus/altostratus with bases at 3,300 feet (1,000
meters) and lops to 14-16,000 feet (4,200 to 4,900
meters). Visibilities average 0.6 to 1.25 miles (1 t0 2
km) in rain and rainshowers. Thunderstorms--some
strong--occur over the entire region. The worst weather
(and most thunderstorms) occurs in the afternoon as
"rainy spells” sepasaied by 1- to 3-day periods of weaiher
similar o that of the "little summer,” which see.

Muhilayered overcast altocumulus/aliostralus with
bases at 10,000 feet (3,000 meters) and tops at 14,000
feet (4,200 meters) overlies banks of stratus and
stratocumulus with bases at 1,000 feet (300 meters) and
tops at 5,000 feet (1,500 meters). Visibilities range from
3 to 7 miles (6 to 10 km) in light to moderate intermittent
rain. Thunderstorms occur along the southern edge of
the Monsoon Trough. Fog is common at sunrise, but
dissipates near 0700 LST,

The appearance of the “little summer” in late February
and March depends on the southward displacement of the
Monsoon Trough. If and when a "little summer" occurs,
it is accompanied by paichy fair weather cumulus with
bases at 2,500 feet (800 meters) and tops at 4,000 feet
(1200 meters), beneath scattered alvocumulus/altostratus
and cirrus/cirrostratus.  Visibility is fair 10 good, with
haze. Fog occasionally forms near rivers and in
low-lying areas after midnight, clearing rapidly after
sunrise. Thunderstorms do not occur in the "little
summer”; rain showers are widely scattered and light.

Conditions are generally typical of the height of the
wet season, with trade wind surges, easterly waves, and
polar surges. Ceilings lower to 300 to 500 feet (90 o
150 meters) with multilayered allocumulus/altostratus
and embedded heavy towering cumulus and
cumulonimbus. Visibilities are 2-4 miles (3-6 km) in

December-July

rain, dropping to 0.5 mile or less (0.8 km or less) in
showers and thundershowers. These conditions normally
only last for 12 to 18 hours.

See Figures 5-83 through 5-92 for mean monthly

summarized conditions at various selected stations
throughout this region.
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Figure 5-84. Percent Frequency Ceiling and

Visibility < 3,000/7: Cayenne, French
Guiana.
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Figure 5-86. Percent Frequency Ceiling and
Visibility: Georgetown, Guyana.
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GUYANA

KRAMARANG,

Figure 5-89. Temperature and Precipi-
Kamarang, Guyana.
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Figure 5-90. Thunderstorms, Precipitation,  Figure 5-91. Thunderstorms, Precipitation,
and Temperature: Wauna, Guyana. and Temperature: Maripasoula, Fr Guiana.
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. Figure 5-92. Precipitation and Temperature: Five French Guiana Stations.
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Figure 5-92, Cont’d. Precipitation and Temperature: Five French Guiana Stations.

WINDS. The northeasterly trades average 10 to 15
knots along the coasl and inland for 30 10 50 miles (50 o0
80 km). Further inland, they decrease to 5-10 knots.
Nighttime winds die, becoming nearly calm except along
the immediate coast. Strong winds--above 50 knots--are
associated with the rare severe thunderstorm.

THUNDERSTORMS. Thunderstorms are found along
the southern edge and core of the Monsoon Trough, and
with trade wind/polar surges. Total wet season
thunderstorm days average near 30, Favored
thunderstorm locations are in the area from 10 to 80
miles (16 to 120 km) inland and over the Guyana

Highlands, which see. No hail has been reported, but
isolated reports of forest "blowdowns" in the interior
indicate that the "downburst" phenomenon has occurred
there.

PRECIPITATION. Wet season rainfall averages 67
inches (1,700 mm) in western Guyana, and 95 inches
(2,400 mm) in eastern French Guiana. Almost 75% of
this falls from December to January and from June o
July. See Figure 5-93.

TEMPERATURE. Highs are. from 84 (o 86°F (29 (0
31°C); lows, from 72 to 77°F (22 to 24°C).
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Figure 5-93. Mean Monthly Precipitation: December-March.
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Figure 5-93, Cont’d. Mean Monthly Precipitation: April-July.




GUYANA COASTAL PLAINS WET-TO-DRY TRANSITION

GENERAL WEATHER. Southeasterly trades from the
South Atlantic High move onshore south of the Monsoon
Trough. Flowing northwestward toward the Monsoon
Trough, they lose the well developed subsidence
inversion found over the South Atlantic Ocean. This
trade wind air is, however, relatively stable compared 0
that in the northeast trades; “rain" regimes are not
characteristic of these winds, but continental heating
generates isolated showers and thundershowers--some
severe.

SKY COVER. When the Monsoon Trough passes over
the Guyanas, ithe immediate coast to 10 miles (16 km)
inland sccs  multilayered overcast  altocumulus/
altostratus with bases at 3,300 feet (1,000 meters) and
tops to 14-16,000 feet (4,200 to 4,900 meters). There is
also 5-7/10 low cloud cover, with bases at 300-500 feet
(90-150 meters) in layers up to 2,500 feet (800 meters).
Visibilities average 0.6 to 1.25 mile (1 to 2 km) in rain
and rainshowers. Thunderstorms--some strong--occur
over the entire region. The worst weather (and most
thunderstorms) occurs in the afternoon. These conditions
occur as "rainy spells” separated by 1- to 3-day periods
of weather similar to that of the southeast trades, which
see.

As the transition season ends, conditions improve to
multilayered, overcast altocumulus/altostratus with bases
at 10,000 feet (3,000 meters) and tops at 14,000 feet
(4200 meters) overlying banks of stratus and
stratocumulus with bases at 1,000 feet (300 meters) and
tops at 5,000 feet (1,500 meters). Visibilities range from
3 to 7 miles (6 to 10 km) in light to moderate intermittent
rain. Thunderstorms occur along the southem edge of
the Monsoon Trough. Fog forms near sunrise, but
dissipates near 0700 LST.

In the southeast trades immediately behind the
Monsoon Trough, mornings are clear. By afternoon,
heavy towering cumulus and cumulonimbus have formed
in the interior. Isolated twering cumulus or

August

cumulonimbus forms along the coast in late evening;
bases average 2,500 feet (800 meters) and tops reach
40,000 to 50,000 feet (12.2 to 15.2 km). Visibility is
good, but can drop to less than 0.5 mile (800 meters) in
heavy showers. Thunderstorms dissipate rapidly after
sunset, but heavy coastal cumulus may remain until after
sunrise.

Conditions typical of the height of the rainy season
occur with rade wind surges on the north side of the
Trough. Ceilings lower to 300 to 500 feet (90 w0 150
meters), with multilayered altocumulus/altostratus and
embedded heavy towering cumulus and cumulonimbus.
Visibilities range from 2-4 miles (3-6 km) in rain 10 0.5
mile (800 meters) or less in showers and thundershowers.
Such conditions normally last for only 12 0 18 hours.

WINDS. The northeasterly trades average 10 1o 15
knots. Southeasterly trades are recognizable only on the
coasts, with speeds at 5 to 10 knots. In the interior,
winds are light and variable. Strong winds--above 50
knots--only occur with thunderstorms.

THUNDERSTORMS. Thunderstorms are found along
the southern edge and core of the Monsoon Trough, and
with trade wind surges north of the Trough. No hail has
been reported, but strong winds do occur with some of
the more severe thunderstorms associated with the
southeasterly trades.

PRECIPITATION. Transition rainfall, as shown in
Figure 5-94, ranges from near 8 inches (200 mm) in
western Guyana (0 near 12 inches (300 mm) nes+ the
Brazilian border.

TEMPERATURE. Highs range from 84 (o 86°F (29 to
31°C) in the northeast trades to 88 to 92°F (31 o 33°C)
in the southeast trades. Lows vary from 72 to 77°F (22
to 24°C) in the northeast trades to 66 to 70°F (19 o
21°C) south of the Monsoon Trough.
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GUYANA COASTAL PLAINS WET-TO-DRY TRANSITION August

Figure 5-94. Mean Precipitation: August.
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GUYANA COASTAL PLAINS DRY SEASON

GENERAL WEATHER. Air flowing over the
Guyanas is now relatively dry and stable; the trade wind
inversion is al its strongest. Precipilation is typical of
that found in a wropical "showers" regime. Only a very
rare southern hemisphere cold frontal penetration
changes these conditions.

SKY COVER. Momings are clear. By afternoon,
heavy towering cumulus and cumulonimbus have formed
in the interior; isolated towering cumulus or
cumulonimbus forms along the coast in late evening.
Bases average 2,500 feet (800 meters); tops reach
40,000 to 50,000 feet (12.2 to 15.2 km). Visibility is
good, but may drop to less than 0.5 mile (800 meters) in
the heaviest showers. Thunderstorms dissipate rapidly
afler sunset, but the heavier coastal cumulus does not
dissipate until after sunrise.

Lines of well developed thunderstorms move
northeasiward along and ahead of the rare southern
hemisphere cold front. Ceilings lower to 300 to 500 feet
(Y0 10 150 meters), with multilayered altocumulus/
altostratus and embedded heavy towering cumulus and

. T ——

September-October

cumulonimbus.  Visibilities range from 2-4 miles (3-6
km) in rain down to 0.5 mile (800 meters) or less in
heavy showers. These conditions seldom last beyond 12
to 18 hours.

WINDS. The southeasterly trades average 5 to 10 knots
along the coast, but are light and variable in the interior.
Wind speeds exceed 30 knots only in thunderstorms.

THUNDERSTORMS. Isolated aftemoon and evening
thunderstorms--some with winds above 50 knots--may
occur over the interior during the afiemoon. Squall lines
ahead of the infrequent southemn hemisphere cold front
occur at any time, day or night, but the strongest are in
late afternoon.

PRECIPITATION. Dry season rainfall ranges from
near 31 inches (800 mm) in western Guyana (0 near 47
inches (1,200 mm) in eastern French Guiana. See Figure
5-95.

TEMPERATURE. Highs range.from 88 t0 92°F (31 t0
33°C); lows from 66 to 70°F (19 to 21°C).
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GUYANA COASTAL PLAINS DRY SEASON September-October

Figure 5-95. Mean Monthly Precipitation: September & October.
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GUYANA COASTAL PLAINS DRY-TO-WET TRANSITION

GENERAL WEATHER. Although most of the
Guyana Coastal Plains have a rapid dry-to-wel transition
in November and early December, the Brazilian frontier
arca of French Guiana sees the transition a bit later--in
December.

SKY COVER. As the transition starts, conditions
deteriorate  to  multilayered overcast altocumulus/
altostratus with bases at 10,000 feet (3,000 meters) and
tops o 14,000 feet (4,200 meters) above banks of stratus
and stratocumulus with bases at 1,000 feet (300 meters)
and tops at 5,000 feet (1,500 meters). Visibilities range
from 3 10 7 miles (6 to 10 km) in light to moderate
intermittent rain.  Thunderstorms occur along the
southern edge of the Monsoon Trough. Fog reduces
visibilities to less than 0.5 mile (800 meters) near
sunrise, but dissipates near 0700 LST.

Once the Monsoon Trough has reached the Guyana
coastline, the immediate coast to 10 miles (16 km) inland
sees multilayered overcast altocumulus/altostratus with
bases at 3,300 feet (1,000 meters) and tops to 14-16,000
fect (4,200 to 4,900 meters). Low cloud cover is 5-7/10,
with bases from 300 to 500 feet (90 o0 150 meters) in
layers up to 2,500 feet (800 meters). Visibilities average
0.6 to 1.25 miles (1 10 2 km) in rain and rainshowers.
Thunderstorms--some  strong--occur over the entire
region. The worst weather (and most thunderstorms)
occurs in the afternoon. These conditions occur as "rainy
spells” scparated by 1- to 3-day periods of weather
similar to that of the southeast trades, which see.

November

Conditions that typify the height of the wet season
occur with trade wind surges on the north side of the
Monsoon Trough. Ceilings lower to 300 to 500 fect (90
to 150 meters) with multilayered altocumulus/altostratus
and embedded heavy towering cumulus and cumulo-
nimbus. Visibilities range from 2-4 miles (3-6 km) in
rain, dropping to 0.5 mile (800 meters) or less in showers
and thundershowers. Such conditions seldom last
beyond 12 o0 18 hours.

WINDS. The northeast trades average 10 to 15 knots;
the southeast trades average 5 (0 10 knots along the coast
but are light and variable in the interior. Strong
winds--above 50 knots--only occur with thunderstorms.

THUNDERSTORMS are found along the southern edge
and core of the Monsoon Trough, and with tradc wind
surges north of the Trough. No hail has been reported,
but winds over 50 knots occur with some of the most
severe thunderstorms associated with the southeasterly
trades.

PRECIPITATION. Transition rainfall ranges from
near 8 inches (200 mm) in wesiern Guyana to near 12
inches (300 mm) in eastern French Guiana. Sec Figure
5-96.

TEMPERATURE. Highs range from 84 to 86°F (29 1o
31°C) in the northeast trades to 88 to 92°F (31 to 33°C)
in the southeast trades. Lows are from 72 to 77°F (22 o
24°C) in the northeast trades, and from 66 to 70°F (19 10
21°C) south of the Monsoon Trough.
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GUYANA COASTAL PLAINS DRY-TO-WET TRANSITION

Figure 5-96. Mean Precipitation: November.
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o 5.8 THE GUYANA HIGHLANDS

GUYANA HIGHLANDS

Figure 5-97. The Guyana Highlands. This region is formed by a large mountain and upland block with
clevations above 1,640 feet (500 meters). It is bounded by the Orinoco River on the west and northwest, the coastal
plains on the northeast and east, and the northern Amazon basin on the south. The primary range is the Sierra

P Pacaraima along the southeastern Venezuela-Brazil border. Highest known elevation is 9,219 feet (2,772 meters) in
extreme southeast Venezuela near the intersection of the Venezuela-Guyana-Brazil borders.  Most of thc arca is
tropical rain forest. Northern slopes in Venezuela are tropical savanna.
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GUYANA HIGHLANDS GEOGRAPHY

BOUNDARIES. The Guyana Highlands are bounded:

On the soxth by a line westward from the Amazon
Delta on the Brazilian Atlantic coast along the 1,640-foot
(500-meter) contour line into northern Amazonas State,
Brazil. North from this point, then northeast 0 the
1,640-foot (500-meter) contour line on the northern side
of the Venezuela-Brazil frontier at about 2° N, 66° W.

On the west, starting from a point at 2° N, 66° W,
cast and then north along the 656-foot (200-meter)
contour line along the east side of the Orinoco drainage
from the ridge separating the Orinoco and Amazon river
drainages at 66° W 10 a point abeam the intersection of
the Meta River with the Orinoco River.

On the north, along the 656-foot (200-meter) contour
line on the east and south banks of the Orinoco River
from abeam the intersection of the Meta River with the
Orinoco River to the coastal plains on the south side of
the Orinoco Delta.

On the east, southward from the 656-foot (200-meter)
contour line above the coastal plains facing the Orinoco
Delta rising slowly to the 1,640-foot (500-meter) contour
line above the coastal plains near the northwest side of
the Amazon Delta.

TERRAIN. According to 1982 Defense Mapping
Agency aeronautical charts and information acquired in
discussions with Venezuelan National Meteorological
Service stafl in November 1983, terrain elevations in this
region are not well defined and should be suspect.
Adequate acrial mapping has not been conducted here;
even the most recent aeronautical navigation charts
indicate "Relief Data Incomplete." In several areas,
charts carry notations such as "Abrupt cliffs reported =
this area--hazardous flying under 13,000 feet” &-.d
" Abrupt chiff reported 7,500 (feet).”

The "Guyana Highlands® actually comprise a cluster
of three mountainous regions that stretch from the
Brazil-French Guiana border westward through southern
Venezuela. All three of these regions are composed of
extensive ranges and deep valleys. Mountains are of two
types: steep-sided peaks and large flat "table” mountains
similar t0o the mesas of the American southwest, but
much larger.

The eastern region contains the Tumuc-Humec
mountains and covers the southern portions of Freach
Guyana and Suriname as well as most of Brazil north of
the Amazon River. The ecastem area ends at
approximately 57° W (the Suriname-Guyana border and,
in Brazil, the Trombetes-Anamu Rivers). The highest
mountains are along the Brazil-French Guiana border
near 54° W along the Brazil-Suriname border between
55 and S6° W, and north-northwestward along the
Wilhelminia Range from 56° W west t0 4° N, 57° W,
The highest known elevation is at Juliana Top (4,517
feet--1,377 meters). Average maximum elevations are
between 1,640 and 3,280 feet (S00 and 1,000 meters).
Elevations in the rest of the area average bctween 656
feet (200 meters) and 1,640 feet (500 meters), with
isolated peaks in southern French Guiana that are known
to reach 2,805 feet (855 meters). Despite relatively low
elevations, terrain gradients are steep, especially on the
Brazilian side; acronautical charts show numcrous
waterfalls in all major rivers that drain these mountains.

The central region extends northwestward from about
57° W along the Brazil-Guyana border to its interscction
with the Tacutu River at about 3° 35’ N, 59° 55’ W.
Primarily rugged but low (elevations are 656-1,640
feet--200-500 meters), the central highlands extend for
40 to 60 miles (64 to 96 km) on either side of the border.
The area in a band 20 miles (32 km) wide on either side
of the frontier is rugged, with sharp terrain gradients.
Maximum elevations are in a small sector along the
frontier from 58° W 10 59° 20° W. Heights here average
1,700-2,500 feet (519-762 meters); one peak reaches
3,310 feet (1,010 meters).

The western region of the Guyana Highlands is
separated from the central and eastern regions by the
Brancho-Tacutu river system in Brazil and, after crossing
a low divide, the Essequibo-Rupununi system in Guyana.
-he former flows into the Amazon; the latter into the
Atlantic Ocean. From here, the western area (a
combination of mountains, river basins, and mesas)
occupies all of Venezuela north and west to the Orinoco
River. In Brazil, it covers the area north of the northern
Amazon basin above the 1,640-foot (500-meter) contour
line westward to the Negro River drainage basin at about
66° 30° W. The western Guyana Highlands can be
further subdivided into three smaller areas by three major
river systems, all rising in the main range along the
Brazil- Venezuela border.
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In Venezuela, the Caroni-Paragua river system rises
near the Venezuela-Brazil border between 61 and 63° W.
The Grand Savannah (la Gran Sabana) lies east and
southeast of this river system to merge with the
Kuringike Mountains of southwestern Guyana to form
one large, rugged mountain area. The highest known
peak in Venezuela--Mt Roraima, elevation 9,200 feet
(2,772 meters)--lies at the junction of Venezuela, Brazil,
and Guyana. Average elevations in this complex are
from 3,000 to 6,000 feet (915 to 1,830 meters) with
isolated peaks to 8,900 feet (2,715 meters). Much of the
Grand Savannah consists of very large flat-topped "Lable
mountains,” often with elevations above 8,500 feet
(2,590 meters). Sides of these mesas are extremely
steep, often falling several thousand feet before reaching
general terrain heights. In most cases, terrain gradients
(except for mesa tops) are extremely steep.

Another separate mountain area in Venezuela lies
between the Caroni-Paragua river system and the
Caura-Ereveto  system, which rises near the
Venezuelan-Brazil frontier between 63 and 64° W. Like
the Caroni-Paragua, the Caura-Ereveto flows northward
into the Orinoco. Between the two systems lie the
Zamuro Mountains (Sierra del Zamuro), a range oriented
north-northwest (o0 south-southeast and extending from
the Venezucla-Brazil frontier to the Orinoco. Known
peak elevations are 6,900 feet (2,100 meters) on a large
mesa near 5° 50° N, 63° 45’ W. Average elevations are
{from 2,000 to 5,000 feet (610 meters).

Still in Venezuela, a third area of the Western Guyana
Highlands lies mostly between the Orinoco and the
Caura Rivers, including the "spine” mountain range lying
along the Venezuela-Brazil frontier and surrounding the
headwaters of the Orinoco west of 64° W. In Brazil, the
area extends over the "spine” mountain range southwest
of the Uraricoera River along the (rontier westward to the
Negro River drainage system, then southward to the

1,640-foot (500-meter) contour on the north side of the
Amazon River system. (The Orinoco headwaters region
below 656 feey200 meters is not included here, bul is
discussed in the Orinoco River section of this study.)
Highest known elevations are about 10,300 feet (3,140
meters) along the Venezuela-Brazil frontier near 66° W.
Many peaks in the 8,000- to 8,500-foot (2,440- w
2,590-meter) range have been reported throughout this
area,

VEGETATION. Vegetation in the Guyana Highlands
is of three types: tropical rain forest (or minor
modifications thereof), deciduous forest, and savannah.
Because of the extremely rugged temain and the resuitant
small scale "rainshadow” effects, isolated pockets of one
vegetation type may exist within general areas of another
type. Compounding the identification problem is the fact
that the area is poorly mapped.

Tropical rain forest with anywhere from a five- to
three-tier structure covers the entire region up (o about
5°N. Elevations above 3,000-4,000 feet (915-1,220
meters) normally support the smaller (three-ticr) version.
Tropical rain forest is also found in thc immediate
vicinity of major rivers north of 5° N.

Because of decreasing precipitation, elevations above
3,000-4,000 feet (915-1,220 meters) north of 5° N are
normally covered by deciduous broadleafed forest, which
is also normally found on the top of high (6,500-8,500
feet/1,980-2,590 meters) flat-topped, or "able”
mountains,

The northern, and lower, end of the rcgion sees a
gradual transition (0 tropical savannah that extends
northward to the Orinoco River Basin. Mostly covered
by 1- to 5-foot (0.3- to 1.5-meter) coarse grass, this area
also has isolated trees which, at lower elevations, are

paims.
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NOTES ON GUYANA HIGHLANDS WEATHER AND CLIMATE

Because of its elevation, extremely rugged relief, and
proximity 0 the Monsoon Trough, seasons in the
Guyana Highlands have much more in common with
those of Venezuela than of either Brazil or the Guyanas.
Basically, the regime here is a tropical northem
hemisphere precipitation distribution. The wet season is
in the "summer,” and the dry season is in the "winter."

The Guyana "Highlands" are perhaps better described
as "mountains.” Cloud cover, precipitation, wind,
thunderstorms, and fog here vary dramatically from ridge
to valley. Complex mountain valley wind patterns
further complicate conditions. All cloud heights are

given above MSL. There has been no attempt to provide
ceiling heights, which must be inferred from local terrain
elevations. Summarized data is available only from
mountain valley stations.

Even though there are few reporting stations in the
Guyana Highlands, the information presemted in the
following discussions of weather and climale is believed
to be as accurate as possible; every available information
source, both in the United States and in South America,
plus extensive satellite imagery, has been used. Readers
should undersiand, however, that these descriptions must
necessarily be considered provisional.
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GUYANA HIGHLANDS DRY-TO-WET TRANSITION

GENERAL WEATHER. The Monsoon Trough's
movement northward ends the dry season. Increasing
convergence in the northeast trades preceding the
Monsoon Trough overrides the effects of rugged terrain
reliel. Aiding this process is the steadily increasing sun
angle. Trough movement is known to lag the solar cycle
by 2-3 months. Satellite imagery indicates the early June

March

Basin (sec Figure 5-98) in response to thc northward
movement of the oceanic Monsoon Trough. The old
trough apparenily does not cross the Guyana Highlands
intact. Figure 5-99 gives an exampie of well-defined
convergence along the Monsoon Trough between the two
trade wind currents. In the Guyana Highlands, unlike the
Amazon and the Cuyana Coastal Plains, the southeast

formation of a new "Monsoon Trough” in the Orinoco  trades provide the "rains” regime.
e B A s %
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GUYANA HIGHLANDS

Figure 5-98. Low-Level Monsoon Trough Movement.
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March

1 )
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GUYANA HIGHLANDS

Figure 5-99. Convergence Along the Monsoon Trough.

SKY COVER. In the immediate area of the advancing
Monsoon Trough, sunrise finds widespread overcast
valley stratus decks up 0 2,500 feet (765 meters). Fog
may or may not occur underncath these decks depending
on whether winds are upslope or downslope, and whether
or not precipitation is occurring. Deep valleys are more
likely 10 have dense fog. Above 2,500 feet (765 meters),
skies are usually clear, with only patchy altocumulus,
altostratus, or cirrostratus. Isolated heavy cumulus may
also be found along southeastern-facing ridges. Tops
range from 8,000 to 15,000 feet (2,440 to 4,570 meters).
By 1000 LST, the siratus has dissipated and heavy
cumulus begins to form along mountain ridges and over
fNat-topped mesas above 3,500 feet (1,070 meters). By
1200 LST, most ridges and mesa tops see towering
cumulus or cumulonimbus with bases at 4,000 feet
{1,220 meters) and tops from 15,000 to 40,000 feet (4.6
to 122 km). By 1400 LST, numerous thunder-
siorms--some strong--occur over the entire region, but
dissipate after sunset. Showers occur by late evening.
Stratus decks form in valleys after midnight.

in the retreating northeast trade winds, paichy low
sirsus decks form near dawn in low-lying valleys,

dissipating by 0900 LST. Isolated cumulus forms over
ridge lines by 1000 LST, with bases at 3,500 feet (1,070
meters). Vertical development is capped by the trade
wind inversion at 6,500 to 7,500 feet (1,980 10 2,300
meters). Only very isolated heavy cumulus over the
higher mountains or mesas builds 10 15,000 feet (4.6 km)
wherever local heating and or convergence can overcome
the subsidence inversion. Clouds clear rapidly after
sunset. Worse conditions--typical of the wet season--
occur with mesoscale convective complexes in the
Monsoon Trough.

Figures 5-100, 5-101, and 5-102 give summarized
ceiling and visibility frequencies from three widely
separated mountain valley stations: Tumercmo,
Venezuela (in the northern Highlands near the Orinoco),
Santa Elena Uairen, Venezuela (in the central Highlands,
not far from the highest known mountain in the arca and
the only station with even fragmentary night
observational records), and Sipaliwini, Suriname (in the
eastern Highlands). Because of the terrain considerations
noted earlier, treat these data with caution. Do not use
them to infer conditions in other pans of the Guyana
Highlands.
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Figure 5-101. Percent Frequency Ceiling
and Visibility <3,000/7: Santa Elena Uairen,
Venezuela.
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Figure 5-102. Percent Frequency Ceiling
and Visibility <3,000/7: Sipaliwini,
Suriname.

WINDS. As the southeast trades set in, gradient flow
changes from east-northcasterly at 10 to 15 knots o
cast-southeasterly at 10 to 15 knots. Surface {low varies
with terrain.

THUNDERSTORMS are found along the windward
sides and crests of mountain ridges in those arcas
affected by the Monsoon Trough. Over the eastern
Highlands, thundersiorms are enhanced in mesoscale
convective complexes.

PRECIPITATION. Rainfall ranges from 7.9 inches
(200 mm) in southwestern French Guiana to 3.9 inches
(100 mm) in the northwestern Highlands. Figure 5-103
gives mean March precipitation for the entire arca.

TEMPERATURE. Temperatures vary with altitude.
At lower elevations, highs are 84 to 88° F (29 to0 32°C);
lows from 72 to 77°F (22 10 24°C). In the highest
mountains, highs are 50 t0 60°F (10 1o 15°C); lows are
3910 45°F (4 10 7°C).
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Figure 5-103. Mean Precipitation: March.
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GUYANA HIGHLANDS WET SEASON

GENERAL WEATHER. Southeasterly trades from the
South Atlantic High move over the Guyana Highlands
throughout the wet season. In the Guyana Highlands,
unlikc the Amazon and the Guyana Coastal Plains, the
southeast trades provide the "rains” regime. The
combination of continental heating and constant water
vapor influx [rom the Amazon Basin ensures that this air
is conditionally unstable before it reaches the Highlands.
The remnants of the original South Adantic tradewind
inversion arc guickly overcome by large scale orographic
lift that provides the trigger for heavy convection. Figure
5-104 shows mean upper-level wind direction at Santa
Elena Uairen. Notc the steady easterly 10,000-foot
(3,050-meter) winds that are favorable for precipitation.
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Figure 5-104. Upper-Level Winds: Santa

Elena Uairen, Venezuela.

Southern hemisphere polar surges begin 1o reach the
flanks of thc southern Highland by late June and early
July. An occasional surge penetrates to the Orinoco; an
extremely strong, and very rare, surge may reach the
Caribbean coast of Venezuela. The primary effects of
such surges are to organize convection into lines and
cnhance orographic precipitation. Figure 5-105 (from
Parmenter) shows continvity of a mid-July 1975
sub-Antarctic surge that reached the Caribbean.

Mcyers (1964) reported that a surge similar to the one
depicted in Figure 5-105 was responsible for torrential
rains in the Guyana Highlanis during 1957.
Unfortunatcly, therc is no data that gives us mcan
frequencics of surge occurrence here. But Brazilian and
Venczuclan meteorologists have told the senior author
that they believe three to five surges a year--all during
the rainy season--rcach at least to the southern edge of
the Guyana Highlands.

Aprll-Soptomber

Figure 5-10S. Sub-Antarctic
Continuity: 13-21 July 1978.

Surge

With polar surges or mesoscale convective
complexes, convection increases; widespread heavy
towering cumulus and cumulonimbus occur over the
entire region. These events provide the heaviest
precipitation events of the wet season. Fragmentary
reports show maximum daily precipitation in excess of 6
inches (150 mm), but actual amounts may be much
higher. Minimum occurrences are from 0300 to 0900
LST.

SKY COVER. In the absence of polar surges, dawn
sees widespread overcast valley stratus decks up to 2,500
feet (765 meters). Fog may or may not occur under these
decks depending on whether winds arc upslope or
downslope and whether or not precipitation is occurring.
The decper the valley, the stronger the likelihood fog will
form. Above 2,500 feet (765 meters), skics arc usually
clear, with only patchy altocumulus/aliostratus or
cirrostratus. Isolated heavy cumutus may be found along
southeastern-facing ridges. Tops are variable, ranging
from 8,000 10 15,000 fect (2,440 to 4,570 mcters). By
1000 LST, the stratus decks have dissipated; hcavy
cumulus begins io form along mountain ridges and over
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flat-topped mesas above 3,500 feet (1,070 meters). By
1200 LST, most ridges and mesa tops see towering
cumulus or cumulonimbus with bases at 4,000 feet
(1,220 meters) and tops from 15,000 to 40,000 feet (4.6
10 122 km). By 1400 LST, numerous thundersiorms
--some strong--occur over the entire region, but dissipate
after sunsct. There are showers by late évening. Stratus
decks form in valleys after midnight. Refer to Figures
5-100 through 5-102 for valley ceiling and visibility
summaries.

WINDS. Gradient flow is east-southeasterly at 10 to 15
knots. Surface flow varies with lerrain. Stronger winds
occur with thunderstorms over higher ridges or mesas.

THUNDERSTORMS. Thunderstorms are found along
the windward sides and crests of most ridges by late

April-September

moming. Widespread thunderstorm activity is a result of
polar surges or mesoscale convective complexes; most
occur in the wel season. Severe thunderstorms have been
reported over higher mountains.

PRECIPITATION. Wet season rainfall ranges from 55
inches (1,400 mm) in southwestern French Guiana (0 71
inches (1,800 mm) in southern Venezuela. Sce Figure
5-104,

TEMPERATURE. Temperature varics with altitude.
At lower elevations, highs are 84 to 86°F (29 to 31°C),
lows from 72 to 77°F (22 w0 24°C). In the highest
mountains, highs are only 45-55°F (5-13°C), lows only
39-45°F (4-7°C).
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Figure 5-106. Mean Monthly Precipitation: April-May.
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GUYANA HIGHLANDS WET SEASON April-September

JUL

Figure $-106, Cont’d. Mean Monthly Precipitation: June-July.
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Figure 5-106, Cont’d. Mean Monthly Precipitation: August-September.
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GUYANA HIGHLANDS WET-TO-DRY TRANSITION

GENERAL WEATHER. Southeasicriy trades from the
South Atlantic High move progressively south of the
Guyana Highlands during the transilion. Unlike the
Amazon and the Guyana Coastal Plains, the southeast
trades here provide the "rains” regime. Their retreat,
along with the southward movement of the Monsoon
Trough, ends the wet season. Strengthening subsidence
inversions in the northeast trades ‘that follow the
Monsoon Trough south soon override the effects of

October

rugged relief. Aiding the process is the sicadily
decreasing sun angle. Trough movement is known to lag
the solar cycle by 2 t0 3 months. Satellitc imagery
indicates that a new "Monsoon Trough” forms in the
exireme northern Amazon Basin in late Scptember in
response to southward movement of the old (or oceanic)
Monsoon Trough, which does not, apparently, cross the
Guyana Highlands intact. This sequence is shown in
Figure 5-105.
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Figure 5-107. Low-Level Monsoon Trough Movement.

SKY COVER. In the immediate area of the weakening
Monsoon Trough, sunrise finds widespread overcast
valley stratus decks up to 2,500 feet (765 meters). Fog
may or may nol occur underneath these decks depending
on whether winds are upslope or downslope, and whether
or not precipitation is occurring. Above 2,500 feet (765
meters), skies are usually clear, with only patchy
allocumulus/altostratus or cirrostratus. Isolated heavy
cumulus may also be found along southeastern-facing
ridges. Tope are variable, ranging from 8,000 to 15,000
feet (2,440 to 4,570 meters). By 1000 LST, the stratus
has dissipated and heavy cumulus begins to form along
mouniain ridges and over flat-topped mesas above 3,500

feer (1,070 meters). By 1200 LST, most ridges and mesa

tops have towering cumulus or cumulonimbus with bases -

at 4,000 feet (1,220 meters) and tops from 15,000 to
40,000 feet (4.6 to 12.2 km). By 1400 LST, numerous
thunderstorms--some  strong--occur over the entire
region, dissipating after sunset. There are showers by
late evening. Stratus decks form in valleys after
midnight.

In the northeasterly trade winds, patchy low stratus
decks form near dawn in low-lying valleys, dissipating
by 0900 LST. Isolated cumulus forms over ridge lines
and mesas by 1000 LST, with bases at 3,500 feet (1,070
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meters). Vertical development is capped by the trade
wind inversion at 6,500 to 7,500 feet (1,980 to 2,300
meters). Only very isolated heavy cumulus over the
higher mountains or mesas builds to 15,000 feet (4.6 km)
wherever local heating and/or convergence can overcome
the subsidence inversion. Clouds clear rapidly afier
sunset.

Worse conditions--typical of the wet season--occur over
the eastem portions of the Highlands with the remnants
of trade wind surges or mesoscale convective complexes
that affect the Guyana Coast Plains (which see).

WINDS. Gradicnt flow changes from east-southeasterly
at 10 to 15 knots 1o east-northeasterly at 10 10 15 knots as
the northeast trades set in. Surface flow varies with
(errain.

October

THUNDERSTORMS. Thunderstorms are found along
the windward sides and crests of mountain ridges in
those areas still affected by the Monsoon Trough.
Isolated thunderstorms occur over the castern Highlands
with trade wind surges or mesoscale convective
complexes.

PRECIPITATION. October rainfall ranges from 5.9
inches (150 mm) in southwestem French Guiana to 3.9
inches (100 mm) in southem Venezuela. See Figure
5-106.

TEMPERATURE. Temperature varies with altitude.
At lower elevations, highs are 84 10 88°F (29 10 32°C);
lows from 72 to 77°F (22 to 24°C). In the highest
mountains, highs are 50 10 60°F (10 10 15°C) as skics
clear; lows are 39 10 45°F (4 10 7°C).

TUTT

Figure 5-108. Mean Precipitation: October.
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GFENFRAL WEATHER. When considering dry season
wealher here, users are reminded that the Guyana
"Highlands" are better described as "mountains.”

SKY COVER. Isolated cumulus forms over ridge lines
by 1000 LST, with bases at 3,500 feet (1,070 meters).
Vertical development is capped by the trade wind
inversion at 6,500 to 7,500 feet (1,980 to 2,300 meters).
Only very isolated heavy cumulus over the higher
mountains or mesas builds 0 15,000 feet (4.6 km)
wherever local heating and or convergence can overcome
the subsidence inversion. Clouds clear rapidly after
sunset. Refer to Figures 5-100, 5-101, and 5-102 for
typical valley ceiling and visibility conditions.

Worse conditions--typical of the wet season--can
occur over eastern portions of the Highlands when the
remnants of trade wind surges or mesoscale convective
complexes affect the Guyana Coastal Plains (which see).
Dawn sees widespread overcast valley stratus decks up to
2,500 feet (765 meters). Fog may or may not occur
underneath these decks depending on whether winds are
upslope or downslope, and whether or not precipitation is
occurring. Above 2,500 feet (765 meters), skies are
usually clear, with only patchy altocumulus/altostratus or
cirrostratus/cirrus. Isolated heavy cumulus may also be
found along southeastern facing ridges. Tops are
variable, ranging from 8,000 to 15,000 feet (2,440 ©
4,570 meters). By 1000 LST, the stratus has dissipated
and heavy cumulus begins to form along mountain ridges

November-February

and over flat-topped mesas above 3,500 fecet (1,070
meters). By 1200 LST, most ridges and mesa tops see
towering cumulus or cumulonimbus with bases at 4,000
feet (1,220 meters) and tops from 15,000 to 40,000 feet
46 10 122 km). By 1400 LST, numerous
thunderstorms--some  strong--occur over the cntire
region, dissipating after sunset. There are showers by
late evening. Stratus forms in valleys after midnight

WINDS. Gradient flow changes from east-southeasterly
at 10 (o 15 knots to east-northeasterly at 10 to 15 knots as
the northeast wrades set in. Surface flow varies with
terrain.

THUNDERSTORMS. Thunderstorms are found along
the windward sides and crests of mountain ridges in
those areas still affected by the Monsoon Trough.
Isolated thunderstorms occur with trade wind surges or
mesoscale convective complexes .over the castern
Highlands.

PRECIPITATION. Rainfall ranges from 20.5 inches
(525 mm) in southwestern French Guiana 0 24.6 inches
(625 mm) in southem Venezuela. See Figurc 5-107.

TEMPERATURE. Temperature varies with altitude.
At lower elevations, highs are 84 to 88°F (29 10 32°C);
lows from 72 to 77°F (22 to 24°C). Over the highest
mountains, highs are 50 to 60°F (10 to 15°C) as skies
clear; lows are 39 to 45°F (4 10 7°C).
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Figure 5-109. Mean Monthly Precipitation: November-December.
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Figure 5-109, Cont’d. Mean Monthly Precipitation: January-February.
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5.9 THE NORTHERN AMAZON BASIN

PACIFIC

Figure 5-110. The Northern Amazon Basin. This region extends from the Amazon River and its main
westward tributary (the Rio Maranon) northward and westward to the Guyana, Colombian, and Ecuadorian
Highlands. It is charactierized by broad plains and rolling hills cut by large rivers. Elevations are less than 1,640
feet (500 meters). The entire area is covered by jungle or tropical rain forest.
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NORTHERN AMAZON BASIN GEOGRAPHY

BOUNDARIES. The region described as the Northem
Amazon Basin is bounded as follows:

On the south by the mouth of the Amazon River
westward 0 Nauta, Peru (4° 30’ S, 73° 30’ W);
westward from Nauta along the Rio Maranon to 5° S,
78° 38’ W, then west along latitude 5° S to the Pacific
Ocean.

On the west from the 3,280-foot (1,000-meter)
contour line at the Rio Maranon, sloping down to the
2,500-foot (760-meter) contour line at 2° N, 75° 10° W.

On the north from the 2,500-foot (760-meter) contour
line at 2° N, 75° 10° W east-northeastward (0 the
Colombia-Venezucla border at 3° N. Then eastward
along the ridge separating the Orinoco and Amazon river
drainages to 66° W and south along the 66° W longitude
line o the 1,640-foot (500-meter) contour line on the
north side of the Venezuela-Brazil frontier. From this
point (about 2° N, 66° W) southwest, then south, along
the 1,64(0-foot (500-meter) contour line on the eastern
side of the Rio Negro into northern Amazonas State,
Brazil. Eastward from this point along the 1,640-foot
(500-meter) contour line 10 the Amazon Delta on Brazil’s
Atlantic coast. :

On the east by the Atlantic Ocean.

TERRAIN. As of 1989, even the latest aeronautical
charts prepared by the United States Defense Mapping
Agency indicated that the terrain of the northern Amazon
Basin, especially that portion west of Manaus (at about
3° S, 60° W), was still not completely charted. This was
particularly true of the areas just south of the Guyana
Highlands.

The vast tropical rain forest in the Amazon Basin
streiches almost 1,950 miles (3,125 km) from the
Atantic Ocean 0 the Equadorian, Colombian, and
Guyanian highlands. Its river systems drain much of
northern South America. All rivers and streams in the
system eventually join the Amazon.

Most of the basin lies below 656 feet (200 meters),
but higher elevations are found on the western and
northern fringes as terrain rises towards the Guyana,
Colombian, and Ecuadorian highlands.

Rivers are wide and meandering except along the
eastem slopes of the Andes, where cumenis are
surprisingly fast, running at 3 10 7 knots. The primary
river is the Amazon. Its massive main strcam is formed
at Nauta in eastem Peru where the Maranon and the
Ucayali, both draining the Peruvian Andes, join its
growing waters.

Moving eastward towards Manaus (3° S, 60° W), the
major tributaries flowing from the north into the Amazon
are the Ica, the Japura, and, just west of Manaus, the
Negro. The Negro is navigable upstream from Manaus
to at least as far as Tapuruquara (00° 25° S, 65° 02’ W).
The Amazon proper is navigable upsiream by river
steamers at least 1o fquitos (3° 45’ S, 73° 12° W) in
eastern Peru. Manaus itself can be reachcd by
ocean-going vessel.

From Manaus eastward to the Atlantic, the primary
tributaries reaching the Amazon from the north arc the
Uatuma, the Nhamunda, the Lake Erepecu-Lake Batata
system, the Curua, the Maicuru, the Paru, and the Jari.
East of the Xingu, a very large tributary located about
halfway between the mouths of the Paru and the Jari
flows into the Amazon from the south.

The Amazon splits into two main channels as it Mows
to the Atlantic, but not until it reaches some 345 miles
(550 km) infand from the Adantic. Much like the
Mississippi Delta, there are numerous islands and side
channels from here 10 the ocean. The main, or northern,
branch is considered 10 be the Amazon proper. The
southern branch has no specific name, but it flows inlo
Viera Grande Bay. From this point eastward (this bay is
connected to the northem, or "Amazon" branch), three
main channels or "canals” (called "passes” on the
Mississippi) flow into the Atantic: these are the
Northern, Perigoso, and Southem Canals.

VEGETATION. Densec mangrove swamp covers most
of the immediate coastal arca and extends inland o the
point where the various mouths of the Amazon originate.
Mangrove trees often reach heights of 100 to 150 feet (30
10 45 melers). Open water areas that are not a part of the
actual mouth system are covered by swamp grass that
grows to 2 to 5 feet (0.6 to 1.5 meters).
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Most of the Amazon Basin is covered by tropical rain
forest. Trees are broadleafed evergreen--there are no
conifers typical of temperate latitude forests.

Tropical rain forests are nomally "five-tiered." The
topmost tier, called the "emergent layer,” consists of
isolated tall trees that reach heights of 130 feet (40
meters) or more. The second, or "canupy,” tier, is a
dense blankey of trees from o5 feet (20 meters) to 130
fect (40 mcters) tall. The canopy tier effectively blocks
most, il not all, sunlight from penetrating to lower tiers.
The third, or "middle," tier, consists of a dense growth
with tops ranging from 16 feet (5 meters) to 65 feet (20
meters). The middle tier ofien merges with the canopy
ticr. The fourth, or "shtub,” tier, is a sparse growth of
woody shrubs and small trees that does not exceed 16
feet (5 meters) in height. Growth is sparse because of the
lack of sunlight at this level.

The fifth, or "ground,” tier, consists of shade-tolerant
herbs, ferns, and (ree seedlings. No grass survives on the
forest floor; at noon, sunlight here i3 less than 1% of that .
found above the canopy.

The rain forest’s dense, broadleafed vegetation emits
water vapor continuously. Research in the Amazon
Basin shows that typical rain forests release almost half
as much water vapor back into the atmosphere as they
receive in the form of rain. For the mcteorologist, this Is
not merely interesting--it is vitally important. The
moisture content of air masses traveling over this region
is continuously replenished. An air mass that rises over
the highlands and mountains surrounding the northern
Amazon Basin is virtually as moist as it was when it
came onshore off the Atlantic Ocean. As a result, the
tropical rain forest is found along eastern Andes slopes at
elevations above 2,500 feet (760 meters).
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NOTES ON AMAZON BASIN WEATHER AND CLIMATE

The meteorology and climatology of the Amazon
Basin, especially west of Manaus and north into the
Guyana Highlands, are even less well known than its
terrain. Meteorological studies and long-term
summarized climatic data are scarce. Surface weather
reporting stations are few and widely separated; most are
concentrated along rivers. There are even fewer
upper-air stations, and they normally take only one
observation a day. -

Although the Brazilian portion of this region is
receiving more allention--especially from Brazilian
agencies concemed with Amazon development--even the

Brazilian meteorological community admits that much
research needs to be done. Very little data is available
from eastern Peru and Ecuador, either. In any case,
information on this area’s weather and climatc is much
scarcer and harder to locate in the United States than in
Brazil.

Despite the noted reservations, all available
information and data sources, including extensive
satellite imagery, have been used in the preparation of
this study. Even 30, readers should understand that these
discussions must necessarily be considered provisional.
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NORTHERN AMAZON BASIN WET SEASON

GENERAL WEATHER. The Amazon Basin from the
mouth of the Amazon westward (0 Manaus (about 3° S,
60° W) has a well-defined wet season that lasts from
January through May. West of Manaus, the wet season
gradually increases in length until, from the western
frontier of Brazil to the Andes foothills, there is no
definable dry season. In view of the gradual transition
westward, no attempt has been made to subdivide the
region further. Specific differences between the two,
however, are highlighted in the text.

Wind flow over the Amazon Basin is complex. Were
northern South America flat, the trade winds would
converge into the Monsoon Trough. However, the
elfects of the Guyana and Colombian Highlands are to
diverge the flow below 5,000 feet (1,500 meters) into a
"fan" west of Manaus. Winds on the northem side of this
fan-shaped wind field recurve northwestward around the
west side of the Guyana Highlands into the Colombian
Highlands. This anticyclonic curvature, however, is not
enough (o overcome the combined effects of forced lift,
heating, upper-level outflow, and persistent convergence
into the Monsoon Trough. Winds in the center of the fan
move westward and west-southwestward across rising
terrain until they reach the eastemm Andes foothills.
Winds on the fan’s southern side, which would normally
diverge towards the southwest and south, are constrained
by rising terrain south of the Amazon River to move
towards the west-southwest. Chapter 2 discusses this
phenomcenon in more detail.

Upper-level winds are highly sensitive to movements
of the Bolivian Anticyclone which, formed in late
November and December, provides the exhaust
mechanism for the sustained heavy convection typical of
the Amazon Basin wet season. By April, the high has
moved northward to the western Amazon basin and
weakened dramatically. See Figures 5-111 (Belem) and
5-112 (Manaus and Iquitos) for mean monthly
upper-level wind directions. Elevations shown are
10,000 feet (3 km), 20,000 feet (6.1 km), and 30,000 feet
(9.3 km). The 30,000-foot wind directions are
particularly scnsitive to movements of the Bolivian
Anticyclone.

January-May
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Figure S-111.
Belem, Brazil.
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Figure 5-112. Mean Upper-Level Winds:
Manaus, Brazil, and Iquitos, Peru.
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Land-sea breezes along the Atlantic Coast are thought
by some Brazilian and American meteorologists to be the
secondary cause of enhanced convection lines in the
Amazon Basin. Although very well developed examples
have been tracked as far as Manaus, we believe such
cases occur in conjunction with some type of low-level
convergence.

Mesoscale convective complexes occur in the central
and wesiern Amazon Basin during the wet season,
lasting for 18 w0 36 hours and reaching the western
Amazon basin. During May and June, some have
~ become stationary over the extreme westem parts of the
Amazon Basin, later apparently recurving eastward
against the flow on the south (poleward) side of the
Monsoon Trough. Such cases are rare as well as
controversial.

SKY COVER. In the absence of trade wind surges or
enhanced convective lines, dawn on the immediate
Atlantic coast sees 3-5/10 stratus and cumulus with bases
" between 1,500 and 2,000 feet (455 and 610 meters).
Pakchy shallow ground fog forms in swamps protected
from the open ocean. Towering cumulus--often in
lines--builds 20 to 40 miles offshore and moves onshore
" between 0800 and 1000 LST to produce moderate to
occasional heavy rain showers. By 1100 LST, trade
wind cumulus and stratocumulus form, with bases
between 1,500 and 2,500 feet (455 and 760 meters); tops
are usually at 5,000 to 7,000 feet (1,525 10 2,135 meters).
Scattered light showers fall during the aftemoon. Clouds
clear afler sunsel. Paichy stratus and stratocumulus form
in latc evening, becoming 3 to 5/10 by dawn. Visibilities
outside showers remain good except along rivers and in
coastal swamps during early moming. Mean
thunderstorm, precipitation, and temperature data for
Belem, Brazil, is shown in Figure 5-113, while Figure
3-114 gives mean ceiling and visibility frequencies for
Samarem, Brazil. Belem and Santarem are
representative of conditions along and 50 miles intand
from the coast.
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Figure 5-113. Thunderstorms, Precipitation,
and Temperature: Belem, Brazil.
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Figure 5-114. Percent Frequency Ceiling
and Visibility <3,000/7: Santarem, Brazil.

For 50 to 75 miles (80 to 120 km) inland from the
Atlantic (and extending to Manaus), the typical sky cover
cycle is different from that illustrated by data for Belem
and Santarem. Increased daytime healing resulls in a
typical continental cloud cover cycle: cumulus
formation during mid-moming, heavy cumulus and
cumulonimbus by early afternoon, precipitation
maximums between 1400 and 1900 LST, and clearing by
early evening.

~ Depending on their distance from shore, the towering
cumulus lines that form off the Adantic coast near dawn
arrive onshore between late afternoon and very early the
next moming. Heavy showers (thundershowers if arrival
time is_during aftemoon or early evening) accompany
their passage. Bases in the heaviest showers are between
500 and 1,000 feet (150 and 305 meters); visibilities go
as low as 0.5 mile (800 meters). Tops range from 25,000
10 50,000 feet (7.6 to 15.2 km). At dawn, patchy stratus
and cumulus form, with bases at 1,000 (o0 1,500 feet (305
and 455 meters). By 0900 LST, sky cover has become

January-May

5-7/10 cumulus and towering cumulus with bases at
2,000 to0 2,500 feet (610 to 760 theters) and Llops at 5,000
to 8,000 feet (1,525 to 2,500 meters). By 1100 LST,
isolated towering cumulus reaches 25,000 feet (7.6 km);
by 1400 LST, scattered towering cumulus and isolated
cumulonimbus tops reach from 25,000 to 45,000 feet
(76 w 137 km). Layered altocumulus, altostratus,
cirrus, and cirrostratus surround cumulonimbus. Very
heavy rain showers fall from these buildups, with
vigibilities lowering to 0.25 mile (400 meters).

Skies begin to clear by sunsct. By mid-evening only
cumulus and stratocumulus, with bases 1,500 to 2,500
feet (455 and 760 meters), remain.  Visibilities
throughout this diumal cycle remain good; the only
restrictions are heavy showers or the paichy fog that
forms near dawn along rivers and lakes but dissipates
rapidly after sunrise. Figure 5-115 gives ceiling and
visibility data for Boa Vista, Brazil; Figures 5-116 and
5-117 give similar data for Manaus. . These stations are
representative of the central portion of the region.
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Figure 5-115. Percent Frequency Ceiling
and Visibility <3,000/7: Boa Vista, Brazil.
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Figure 5-116. Percent Frequency Ceiling
and Visibility <3,000/7: Manaus, Brazil.

Thunderstorms increase to reach a maximum near the
Peru-Colombia-Brazil borders. In eastem Peru and
Colombia, ceilings and visibilities begin to deteriorate,
At the eastem Andes and Guyana Highland foothills,
cloud cover becomes almost overcast from late moming
(o carly evening. Bases average from 1,000 (o 2,000 feet
(305 to 610 meters); tops range from 5,000 1o 12,000
feet (1,525 0 3,660 meters). Rain showers and
intermittent rain, restricting visibilities to 3 t0 $ miles
(4.8 10 8 km), become more common. Near the eastern
Andes and Guyana Highlands foothills, clouds often
form a solid overcast at 1,500 10 2,000 feet (455 10 610
meters) MSL; termain above 2,000 feet MSL is hidden in
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Figure 5-117. Thunderstorms, Precipitation,
and Temperature: Manaus, Brazil.

perpetual cloud, rain, and mist. Tops range from 5,000
o 15,000 feet MSL (1,525, w0 4,570 meters). Heavy
cumulus along north-south ridge lines reaches 18,000 10
25,000 feet (5.9 10 7.6 km). Isolated cumulonimbus--
primarily in the afternoon--reaches 40,000 feet (122
km). Layered altocumulus, altostratus, cirrus, and
cirrostratus  surround cumulonimbus. Figure 5-118
(Uaupes, Brazil, on the Rio Negro), Figure 5-119 (Letica,
in extreme southeastern Colombia), Figure 5-120 (Piura,
in exireme eastern Peru), and Figure 5-121 (lquitos, in
casten Peru on the Amazon) give fairly representetive
samplings of weather conditions in the eastem Amazon
Basin.
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-Figure 5-121. Percent Frequency Ceiling
and Visibility <3,000/7: Iquitos, Peru.

Trade wind surges break the normal diumal cycle that
was discussed earlier. These surges ofien result in lines
of towering cumulus and cumulonimbus streiching from
the Amazon northward to the Guyana Highlands.
Although these phenomena are referred 1o here as "squall
lines," they do not much resemble the squall lines found
in the mid latitudes. Although the heaviest rain in these
tropical "squall lines” occurs with the cumulonimbus
line, most precipitation occurs in the layered middie and
high clouds east of the cumulonimbus line. As with
temperate zone squall lines, movement is due primarily
to propagation. Bases can be as low as 500 feet (150
meters); tops reach above 50,000 feet (152 km).
Visibilities under the line can be near zero; those in the
rain behind the cumulonimbus line average 2 to 4 miles
(3.2 to 6 km). Figure 5-122a is a typical ropical "squall
line" main cell in vertical cross section. Arrows show
updrafis/downdrafts, environmentalwinds, and associated
convergence/divergence Figure 5-122b is a cross-section
through an entire squall line. The dark shading is the
radar echo of the "bright band" in the trailing stratiform
layers and the heavy thunderstorm cell corc. Light
shading shows other radar echoes. (Both figures afier
Hastenrath, 1985.)

Figure 5-122a. Squall LineVertical Transect.
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Figure 8-122b. Tropical Squall Line Cross-Section.
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WINDS. 5.000-foot (1.500-meter) winds are from 070
to 090° at 15 10 20 knots. Surface winds along the
immediate coast are northeasterly to east-northeasterly at
5 to 15 knots. Inland, daylight surface winds are
northeasterly becoming easterly towards Manaus; speeds
range from 5 o |5 knots. Nights see surface winds
decoupling from gradient-level speeds and becoming
ncarly calm. West of Manaus, surface winds become
easterly (o southeasterly at 5 to 10 knots as the
northeasterly trades diverge. In the immediate foothills
of the Andes and the Guyana Highlands, wind directions
and speeds become highly variable and dependent on the
interaction of terrain, gradient wind speed and direction,
and mountain-valley influences. Winds at the inter-
section of scveral mountain valleys reflect a combination
of several mountain valley effects with the immediate
terrain and gradient winds.

THUNDERSTORMS. This is the thunderstorm season.
Thunderstorms increase 0 a maximum near the
Pcru-Colombia-Brazil border, where cumulonimbus
reaches 10 40,000 feet (12.2 km). Layered altocumulus,
altostratus, cirrus, and cirrostratys  surround
cumulonimbus. Some thunderstorms are severe; their
primary surface signature is an area of "tree-blowdown"
in the wopical forest, caused by microbursts similar o
those found by Dr Fujita of the University of Chicago
during his United States downburst research. Although
there are no rcliable stalistics, occurrence rates similar o
those of the Panamanian "chubisco” are probable. This
would limit storm frequency (o no more than 3 to 7 per
wel season at any one location. Higher elevations--up to
about 3,000 feet (915 meters)--are more vulnerable.
These views fil Central American experience.

January-May

PRECIPITATION. Figure 5-123 shows mean monthly
rainfall in the Northem Amazon Basin for January
through May. The data was taken from the Climatic
Atlas of South America published by the World
Meteorological Organization. Although unusual for
tropical zones, January-June rainfall in the western
northem Amazon Basin is only slightly more than half
thc mean annual rainfall total. This is not the case in the
central portion of the basin, and cenainly not so in the
eastern parts. Figure 5-123 probably gives the most
reliable and complete rainfall information available for
the interior of South America. It also shows the effects
of the Monsoon Trough’s passage om precipitation
amounts, which vary inversely with distance from the
Trough. Mean annual rainfall is just under 80 inches
(2,000 mm) over the southern approaches to the Guyana
Highlands; more than 125 inches (3,200 mm) in the
Peruvian and Ecuadorian rain forests; and more than 155
inches (4,200 mm) in eastern Andcan foothills near 3,300
feet (1,000 meters).

TEMPERATURE. Highs range from 68 to 75°F (20 to
23°C) in the Andes foothills to 86 to 90°F (30 10 32°C)
in the Amazon Basin and 84 10 86°F (29 to 30°C) along
the Adantic Coast. Lows are from 64 to 72°F (18 10
21°C) in the Andes w 79 1o 81°F (25 10 26°C) in the
Amazon Basin and 75 to 79°F (23 w 25°C) along the
coast. Downrush thunderstorm winds may tcmporarily
drop temperatures by 10°F (6°C), but they guickly return
to normal. ’
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Figure 5-123. Mean Monthly Precipitation: January, February & March.
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Figure 5-123, Cont’d. Mean Monthly Precipitation: April-May.
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GENERAL WEATHER. Flow west of Manaus
remains upslope; air moving westward continues (o
absorb water vapor from rivers and tropical rain forests.
The combination yields a progressively longer wet
scason west of Manaus; by the time one reaches the
Ecuador and Colombia borders, there is no dry season at
all,

As South America enters the late southern hemisphere
fall, sub-Antarctic cold fronts and the maritime polar air
that follows them move northward out of central
Argenlina with greater frequency. By the end of June,
the strongest of these cold surges reaches 5° S, or the
southern Amazon Basin. Such outbreaks--the Brazilians
call them “[riagems"-- cause extensive overcast stratus
decks in the "cold” air behind the cold front or surge line.
Convection is almost totally suppressed.  Surface
tcmperatures drop below 68°F (20°C). Dissipation of
the low-level cold air pool and stratus decks takes from
24 10 72 hours.

SKY COVER. In the absence of trade wind surges or
cnhanced convection lines, dawn on the immediate
Atlantic coast sees 3-5/10 stratus and cumulus with bases
between 1,500 and 2,000 feet (455 and 610 meters).
Paichy shallow ground fog forms in swamps protected
from the open ocean. Towering cumulus--ofien in
lines--forms 10 to 20 miles offshore and moves onshore
- between 0800 and 1000 LST to produce light to
occasionally moderate rain showers. By 1100 LST, trade
wind cumulus and stratocumulus have formed, with
bases between 1,500 and 2,500 feet (455 and 760
meters), usually with tops at 5,000 to 7,000 feet (1,525 10
2,135 meters). Very isolated light showers occasionally
fall during the aficmoon. Clouds clear after sunset.
Pachy strawus and stratocumulus form in late evening,

June

becoming 3 to 5/10 by dawn. Visibilities outside
showers remain good except along rivers and in coastal
swamps during early moming hours. Inland 15 to 25
miles (25 to 40 km) from the Adantic and extending to
Manaus, the typical sky cover cycle is the same as that
for the wet season, which see.

WINDS. 5,000-foot (1,500-meter) winds are from 090
to 110° at 10 to 15 knots. Surface winds along the
immediate coast are east-southeasterly at 5 o 10 knots.
Inland, daylight surface winds are east- southeasterly
becoming easterly towards Manaus, with speeds from 5
to 10 knots. At night, surface winds decouple from
gradient level speeds and become nearly calm. West of
Manaus, surface winds remain the same as in the wel
season, which see.

THUNDERSTORMS. Thunderstorm  [requency
decreases  dramatically. Very isolaled severe
thunderstorms occur, primarily along polar [ronts;
although no reliable occurrence statistics exist,
fragmentary reporis indicate 1 or 2 occurrences during
this month-fong transition.

PRECIPITATION. Figure 5-124, drawn from the
WMQO'’s Climatic Atlas of South America, shows mean
June precipitation in the Northern Amazon Basin.

TEMPERATURE. Highs range from 68 to 75°F (20 10
23°C) in the Andes foothills to 87 to 91°F (30 w0 32°C)
in the Amazon Basin and 84 to 86°F (29 to 30°C) along
the Adantic Coast. Lows are from 64 to 72°F (18 w
21°C) in the Andes 1o 79 o 81°F (25 to 26°C) in the
Amazon Basin and 75 to 79°F (23 to 25°C) along the
coast.
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June

Figure 5-124. Mean Precipitation: June.
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GENERAL WEATHER. Low-level wind flow in the
Amazon® Basin remains complex; adding to (this
complexity is the continuous absorption of water vapor
from the numerous rivers and tropical rain forests. The
combination yields a progressively longer wet season
west of Manaus, enhanced by a lack of upper-air
inversions that would "cap” convection. Figure 5-125
shows mean trade wind inversion heights--bottom and
top--in the southeast trades over Belem. Note that a trade
wind inversion is present only in the southeast trades,
and then, as stated earlier, only near the coastline. By the
time one reachés the Ecuador and Colombia borders,
there is no dry season at all.

LA
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Figure 5-125. Mean Inversion Heights:
Belem, Brazil.

By early July, strong Antarctic polar surges routinely
reach the Equator. Extremely strong ones penetrate into
southern Venezuela, and at least two have been
documenicd as passing into the southern Caribbean,
Such outbreaks--"friagems” 10 Brazilians--result in
extensive convection along the fronl. Extensive overcast
stratus decks occur in the "cold” air behind the cold front
or surge line, with partial clearing during the day.
Convection in the cold air is almost totally
Surface (cmperatures bave dropped below 43°F (6°C)
Dissipation of the low-level cold air pool and stratus
decks normally takes from 48 w0 96 hours, but surges
lasting 5 days have been recorded. Reports from the late
19th century speak of two surges at Manaus, each of
which exceeded 15 days.

Figure 5-126, from Parmenter, documents frontal
continuity of such a surge as it moved north across South
America in July 1975,

July-October

Figure 5-126. Polar Surge Continuity, 13-21
July 1978,

SKY COVER. Dawn on the immediate Atlantic coast
sees 3-5/10 stratus and cumulus with bases bctween
1,500 and 2,000 feet (455 and 610 meters). Patchy
shalfow ground fog forms in swamps protected from the
open ocean. Towering cumulus often forms in lines 20
10 40 miles offshore, moving onshore between (0800 and
1000 LST to produce light to moderate rain showers. By
1100 LST, trade wind cumulus and stratocumulus have
formed, with bases between 1,500 and 2,500 feet (455
and 760 meters) and tops from 5,000 to 7,000 feet (1,525
to 2,135 meters). Isolated light showers fall during the
afternoon. Clouds clear after sunset. Patchy stratus and
stratocumulus form in late evening, becoming 3 to 5/10
by dawn. Visibilities outside showers remain good
except along rivers and in coastal swamps during early
moming hours.

Inland 25 to 35 miles (40 10 55 km) from the Atlantic
and extending to Manaus, the typical sky cover cycle is
different. Dawn sees clear skies to patchy stratus and
cumulus with bases at 1,000 10 1,500 feet (305 and 455
meters). By 0900 LST, sky cover has become 2-3/10
cumulus and towering cumulus with bases at 2,000 1o
2,500 feet (610 to 760 meters). Tops have reached 5,000
to 8,000 feet (1,525 to 2,500 meters). By 1100 LST,
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very isolated towering cumulus clouds have reached
15,000 fect (4.6 km); by 1400 LST, isolated towering
cumulus and a stray cumulonimbus have tops from
25,000 w 45000 feet (7.6 to 13.7 km). Layered
altocumulus, altostratus, cirrus, and cirrostratus surround
the cumulonimbus. Moderate rain showers fall from
these buildups, with lowest visibilities down to 1-2 miles
(1,600-3,200 meters). Skiecs begin to clear by sunset; by
mid-evening skies are mostly clear. Visibilities remain
good throughout this diurnal cycle.

In eastern Peru and Colombia, ceilings and visibilities
begin 10 deteriorate to conditions typical of the wet
scason, which see.

Two things break the diurnal cycle that has just been
discussed. First, cold air penetrations result in a line (or
lines) of towering cumulus and cumulonimbus ahead of
and/or along the front. Behind the front, extensive layers
of low stratus form in the shallow cold air dome that is
normally less than 3,300 feet (1,000 meters) deep. These
clouds can be thick enough to provide night-time drizzle,
but normally break up during the day. Second, an
occasional very rare upper-level cold air pool has been
observed to drift northwestws. . *.um the South Atlantic.
When it does, the result i< widespread towering cumulus
and cumulonimbus--tops 10 45000 feet (13.7
km)--within 300 mil 5 of the cold pool center as it drifts
northwestward.  Given the extremely poor upper-air
coverage in this region (only Manaus takes soundings,
and only or.ce a day), it is extremely hard to determine
the frequency of cold pool passages. The satellite-
observed passage of enhanced convective areas from
southeast to northwest into southwestern Venezuela,
however, seems 10 indicate that these may not be the rare
events they were once thought to be. Two to three per
dry season seems to be a reasonable assumption of
frequency.

July-October

WINDS. 5.000-foot (1,500-meter) winds arc from 090
to 110° at 10 10 15 knots. Surface winds along the
immediate coast are southeasterly (o east-southeasterly at
5 to 15 knots. Infand, daylight surface winds are
east-southeasterly becoming easterly towards Manaus;
speeds range from 5 to 15 knots. At night, surface winds
decouple from gradient level speeds and become nearly
calm. West of Manaus, surface winds are similar to
those of the wet season, which see.

THUNDERSTORMS. Thunderstorms become much
less frequent. So far as can be determined, severe
thunderstorms during the dry season are almost
unknown.

PRECIPITATION. Figure 5-127 shows mcan monthly
dry season rainfall. Note that in the western northcmn
Amazon Basin, dry season rainfall is only slightly less
than what would be found during 4 months of the wet
season (see Figure 5-123 for wet season rainfall). But in
central and eastern parts of the region (especially
eastern), rainfall decreases significantly from the wet
season. For example, some eastern slations have at least
1 month with total rainfali less than 1.2 inches (30 mm).
The rainfall data in Figure 5-127 is probably the most
reliable and complete Available for the interior of South
America. It also shows the effects of the southeastcrly
trades on precipitation.

TEMPERATURE. Highs range from 68 to 75°F (20 10
23°C) in the Andes foothills to 84 to 86°F (29 w 30°C)
in the Amazon Basin and along the Atlantic Coast.
Minimums range from 64 to 72°F (18 to 21°C) in the
Andes to 75 o0 79°F (23 w0 25°C) in the Amazon Basin
and along the coast. However, "friagems,” as they are
known to Brazilians and as mentioned earlier, drop
temperatures into the middle 50s°F (12-13°C) routinely,
but only temporarily.
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Figure 5-127. Mean Monthly Precipitation: July-August.
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Figure §-127, Cont’d. Mean Monthly Precipitation: September-October.

5-144




NORTHERN AMAZON BASIN DRY-TO-WET TRANSITION

GFENFERAL WEATHER. The frequency of Antarctic
polar surges decreases dramatically; they become almost
unknown by the end of December. Total sky cover over
the central and eastern Amazon Basin increases toward
wet  season maximums. Mesoscale convective
complexes and trade wind surges make their first
appearances by mid-December.

SKY COVER. In the absence of trade wind surges or
enhanced convective lines, dawn on the immediate
Atlantic coast sees 3-5/10 stratus and cumulus with bases
between 1,500 and 2,000 feet (455 and 610 meters) at
dawn. Patchy shallow ground fog forms in swamps
protected from the open ocean. Towering cumulus, often
in lines, forms 10 10 20 miles offshore, moving onshore
between 0800 and 1000 LST to produce increasingly
hcavy rain showers in late November and early
December. By 1100 LST, rade wind cumulus and
stratocumulus have formed, with bases between 1,500
and 2,500 feet (455 and 760 meters) and tops at 5,000 to
7,000 feet (1,525 to 2,135 meters). Light to moderate
showers occasionally fall during the afternoon. Clouds
clear after sunset. Paichy strats and stratocumulus form
in late evening, becoming 3 to 5/10 by dawn. Visibilities
outside showers remain good except along rivers and in
coastal swamips during early moming hours.

Inland 30 to 60 miles (48 10 96 km) from the Attantic
and extending to Manaus, the typical sky cover cycle is
different, Dawn sees skies that are clear to patchy stratus
and cumulus with bases at 1,000 w0 1,500 feet (305 and
455 meters). Lincs of heavy cumulus and cumulonimbus
that formed offshore in the early moming penetrate
farther inland as the transition progresses. By late
December they reach 200 miles (320 km) inland before
dissipating. Otherwise, by 0900 LST sky cover has
become 2-3/10 cumulus and towering cumulus with
bases at 2,000 to 2,500 feet (610 to 760 meters) and tops
at 5,000 to 8,000 feet (1,525 to 2,500 meters). By 1100
LST, very isolated towering cumulus reaches 15,000 feet
(4.6 km); by 1400 LST, isolated towering cumulus (and
perhaps a stray cumulonimbus) have tops from 25,000 to
45,000 feet (7.6 to 13.7 km). Layered altocumulus,
alostratus, cirrus, and cimostratus surround the
cumulonimbus. Heavy rain showers fall from these
buildups, with lowest visibilities down to 0.5 mile (800

1 wm—

November-December

meters). Skies begin (0 clear by sunset; by mid-evening,
only cumulus and stratocumulus with bases at 1,500 10
2,500 feet (305 0 610 mcters) remain. Visibilitics
remain good throughout this diumal cycle; the only
restrictions are in rain showers and paichy fog near dawn
along rivers and lakes. Fog dissipates rapidly after
sunrise. In eastern Peru and Colombia, ceilings and
visibilities become typical of the wet season, which see.

WINDS. 5,000-foot (1,500-meter) winds are from 080
to 090° at 10 w0 15 knots. Surface winds along the
immediate coast are east-northeasterly at 5 to 10 knots.
Inland, daylight surface winds are east- northcasterly,
becoming easterly towards Manaus; speeds range from 5
to 10 knots. Nights see surface winds decouple from
gradient level speeds and become nearly calm. West of
Manaus, surface winds are typical of the wet season,
which see,

THUNDERSTORMS. Thunderstorm  frequency
increases dramatically. Very isolated severe thunder-
storms occur, primarily along trade wind surges.
Although there are no reliable occurrence statistics,
fragmentary reports suggest one or (wo occurrences a
month, increasing to four or five a month by the end of
December.

PRECIPITATION. Figure 5-128 shows mecan
November and December rainfall. Note that in the
western Northem Amazon Basin, mean monthly rainfall
averages nearly as much as during the wet season. There
is a dramatic increase in central and castern portions of
the region, especially in the east. The figure gives what
is probably the most reliable and complete information
available for the interior of South America; it also shows
the effects of the Monsoon Trough’s passagc on

precipitation.

TEMPERATURE. Highs range from 68 (o 75°F (20 to
23°C) in the Andes foothills to 87 to 91°F (30 1 32°C)
in the Amazon Basin and 84 to 86°F (29 to 30°C) along
the Adlantic Coast. Lows range from 64 to 72°F (18 to
21°C) in the Andes 10 79 to 81°F (25 to 26°C) in the
Amazon Basin and 75 to 79°F (23 w0 25°C) along the
coast.
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Figure 5-128. Mean Monthly Precipitation: November-December.

5-146




BIBLIOGRAPHY

Chapter 2--Major Meteorological Features of the Caribbean Basin

Alpert, L. "The Intertropical Convergence Zone of the Eastern Pacific region," Bulletin of the American
Meteorological Society, Vol. 26, pp. 426-432, 1945.

Anthes, Richard A., "Tropical Cyclones. Their Evolution, Structure and Effects,” Meteorological Monographs,
Volume 19, Number 41, American Meteorological Society, Boston, February 1982.

Atkinson, G.D., Forecaster’s Guide to Tropical Meteorology, AWS TR 240, Air Weather Service, Scott AFB, IL,
1971.

Dorman, C.E., and R.H. Bourke, "Precipitation over the Pacific Ocean, 30° S to 60° N," Monthly Weather Review,
Vol. 107, pp. 896-910, 1979.

Gray, William M., "Hurricanes/Their Formation, Structure, and Likely Role in the Tropical Circulation,”
Conference of Meteorology over the Tropical Oceans, London, August 21-25, 1978.

Gray, William M., and Cheng-Shang Lee, "Analysis of Cross-Hemispheric Influences on the Monsoon Trough and
Cyclone Genesis During FGGE and Diurnal Subsidence Differences,” Proceedings of the First National
Workshop on the Global Weather Experiment: Current Achievements and Future Directions. Volume Two, Part
11, Woods Hole, July 9-20, 1984.

- Gutnick, M., "Climatology of the Trade-Wind Inversion in the Caribbean,” Bulletin of the American Meteorological

Society, Vol. 39, No. 8, pp. 410420, 1948.

Hall, B.A,, "thwal;d Moving Disturbances in the South Atlantic Coinciding with Heavy Rainfall Events at
Ascension Island,” The Meteorological Magazine, Vol 118, No 1405, August 1989, pp. 175-181.

Haraguchi, P.Y., "Inversions over the Tropical Eastern Pacific Ocean,”" Monthly Weather Review, Vol. 96, pp.
171-18S, 1968.

Hastenrath, Stefan., Climate and Circulation of the Tropics, Reidel Pub. Co., Dordrecht, Holland, Chapier 7, pp.
233-252, 1985.

Hastenrath, Stefan, and Peter J. Lamb, Climatic Atlas of the Tropical Atlantic and Eastern l’acgﬁc Oceans,
University of Wisconsin, 1977.

Holten, J.R., .M. Wallace, and J.A. Young, "On Boundary Layer Dynamics and the ITCZ," Journal q’ Atmospheric
Science, Vol. 28, pp. 275-280, 1971.

Hubert, L.F., A.F. Krueger, and J.S. Winston, "The Intertropical Convergence Zone, Fact or Fiction 1," Journal of
Applied Meteorology, Vol. 26, pp. T71-773, 1969.

Krishnamurti, T.N., "The Subtropical Jet Stream of Winter," Journal of Meteorology, Vol. 18 (2), pp. 172-191,
1961.

Lahey, James F., On the Origin of the Dry Climate in Northern South America and the Southern Caribbean,
Scientific Report No. 10, University of Wisconsin, Madison, February 1958.

BIB-1




Lawrence M.B., and Pelissier, J.M., "Atlantic Hurricane Season of 1980,” Monthly Weather Review, Vol. 109, pp .
1567-1582, 1981.

Leroux, M., The Climate of Tropical Africa, Part B., FTD-1D (RS) T-0615-85.

Murakami, T., Global Aspects of Monsoons, Number 12, NSFG ATM-8210229.

Neumann, C.J., Tropical Cyclones of the North Allannc Ocean, 1871-1980, Dept of Commerce (NOAA), Asheville,
NC, 1978.

Naval Oceanographic Command, U.S. Navy Climatic Study of the Caribbean Sea and Gulf of Mexico, Volume 2,
East Caribbean Sea, Asheville, 1985, AD-A 160 159,

Ramage, C. L., Tropical Meteorology Training Program, Parts 1,8,9,10,11,13,14,15,17,18, 19, 20, 21,22, 23, ‘
24,27, 28, 29, 30, 36. Acrospace Audio Visual Service, 1981.

Reihl, H., Tropical Meteorolc gy, McGraw-Hill Inc., NY, 1954, C

Ryan, A.P., Flying Weather. Manual of New Zealand Aviation Climatology, New Zealand Meteorological Service,
Wellington, NZ, p.13, 1984

Sadler, J.C., Fifth Tropical Meteorology Training Seminar., Parts 1,2,3,4, 5,6, and 7, Aerospace Audio Visual
Service, 1983,

Sadler, 1.C., The Tropical Upper Tropospheric Trough as a Secondary Source of Typhoons and a Primary Sowrce of ‘
Tradewind Disturbances, Final Report, contract AF 19(628)-3860, HIG Rept 67-12, p. 44, 1967.

Sadler, J.C., and Thomas C. Wann, Mean Upper Tropospheric Flow Over the Global Trop:cs. Air Weather Service
Technical Report 83/002, Scott AFB, IL, January 1984,

Sadler, J.C. et al, Mean Cloudiness over the Global Tropics from Satellite Observations, Naval Environmental
Prediction Research Facility Contractor Report CR 84-09, December 1984,

Trewartha, Glenn T., The Earth’s Problem Climates, University of Wisconsin Press, Madison, 1961.

BIB-2




Chapter 3—-Central America
Air Corps Tactical School, Weather Conditions in Latin America and Caribbean Areas: Part I, Report and
Discussion of Weather Conditions Along the West Coast of Tropical South America; Part IV, The Weather and
Climate of Central America and South America, 1941.

Air France, Meteorological Study of the Regional Seasonal Winds for the Airports of Panama-Tocumen and
Bogota-Eldorado, June 1972,

Alpent, L., "Panama Tomnadoes,” Bulletin of the American Meteorological Society, Vol. 36, pp. 171-172, 1955.

Andrade, E.Z., Variants of the Tropical Rainy Climate in Honduras; Characteristics of the Climate in the Gulf of
Fonseca and Its Littoral, FTD-ID (RS) T-1171-86, 1986.

Brooks, Bruce, Forecasting the Atemporalado in Honduras, AWS/FM-87/001, Air Weather Service, Scott AFB, IL,
1985.

Chacon, R.E., and W. Hernandez, "Temporal and Spatial Variabilily in the Mountainous Region of the Reventazon
River Basin, Costa Rica," Journal of Climatology, Vol. 15, pp. 175-188, 1985.

Chapel, L.T., "Winds and Storms on the Isthmus of Panama,” Monthly Weather Review, Vol. 55, pp. 519-530, 1927.

Chamey, 1.G., and A. Elliassen, "On the Growth of the Hurricane Depression,” Journal of Atmospheric Sciences,
Vol. 21, pp. 68-75, 1964.

Estoque, MA. et al., "Effects of El Nifio on Panama Rainfall,” Geofisica Internacional, Vol. 24, Number 3, 1985.

Fernandez, W., "Organization and Motion of the Spiral Rainbands in Hurricanes: A Review," Cienc. Tec., Vol. 6
(1-2), pp. 49-98, 1982.

Fujita, T., "Formation and Structure of Equatorial Anticyclones Caused by Large Scale CmssiEqméidal Flows
Determined by ATS-1 Photographs,” Journal of Applied Meteorology, Vol. 8, pp. 649-667, 1969.

Gramzow, R.H., and W K. Henry, "The Rainy Pentads of Central America,” Journal of Applied Meteorology, Vol.
11, pp. 637-642, 1972.

Grandoso, H., "Estudio Meteorlogico de las Inundaciones de Deciembre de 1970 en Costa Rica,” Geofisica
International, Vol. 18, pp. 129-176, 1979.

Guard, C.P., "Local and Regional Influences on the Metcorology of Central America,” AWS/FM-86/002, Air
Weather Service, Scott AFB, IL, September 1986.

Hastenrath, S., "On General Circulation and Energy Budget in the area of the Central American Seas,” Journal of
Atmospheric Science, Vol. 23, pp. 694-712, 1966.

Hastenrath, S., On Large-Scale Circulation and Weather Anomalies in the Central American Caribbean Region,
WMO No. 421, N76-19711, pp. 127-123,

Henry, W K., J.F. Griffiths, and S.O. Barnard, Research on Tropical Rainfall Patterns and Associated Meso-scale
Systems, Texas A & M Univ., ECN DA-36-039 SC-89202, Report 3, 1964.

BIB-3




Chapter 3--Central America, Cont'd
Henry, W K., and J.F. Griffiths, Research on Tropical Rainfall Patterns and Associated Meso-scale Systems, Texas
A & M Univ., DA-36-039 SC-89202, Report 4, 1964.

Henry, W K., J.F. Griffiths, and L.G. Cobb, Research on Tropical Rainfall Patterns and Associated Meso-scale
Systems, Texas A & M Univ., DA-36-039 SC-89202, Report 7, 1965.

Henry, W.K,, et al., Research on Tropical Rainfall and Associated Meso-scale Systems, Texas A & M Univ.,
DA-36-089 SC-89202, Report 11, 1966.

Hemandez, J. "The Temperature of Mexico," Monthly Weather Review, Vol. 23, pp. 1-24, 1923,
Irwin, J.R., A Polar Inbreak Into Central America, Masters Thesis, St Louis Univ., 1964,

McBryde, G., "Studies in Guatemalan Meteorology: l.bThe Climates of Southwestern Guatemala,” Bulletin of the
American Meteorological Society, Vol. 23, pp. 254-262, 1942.

McBryde, G., "Studies in Guatemalan Meteorology: 2. Weather Types in Southwestern Gualemala,” Bulletin of the
American Meteorological Society, Vol. 23, pp. 398-406, 1942.

National Intelligence Summaries 71-77, Central America, Sect. 23, Weather and Climate, U.S. Central Intelligence
Agency, 1969. ’

Paltman, A., and C.J. Murino, The Synoptics, Dynamics and Energetics of the Temporal Using Satellite Radiation
Data, Dept of Geophysics, SLU WBG-89-67-7, NESC, 1967.

Pearson, D. et al., Seasons in Review: GOES Satellite Photos over Central America, SWW/[FM-87/006, Sth Weather
Wing, Langley AFB, VA, 1987.

Pope, J.R., "Atlantic Hurricane Season of 1974," Monthly Weather Review, Vol.103, pp. 285-293, 1975.

Schwerdtfeger, Wemner, ed., World Survey of Climatology, Volume 12. Climates of Central and South America,
Elsevier, Amsterdam, 1976

Waltcers, K.R., Central American Flying Weather, USAFETAC/TN-85/004, USAF Environmental Technical
Applications Center, Scott AFB, IL, 1985.

Whiteman, C.D., "Breakup of Temperature Inversions in Deep Mountain Valleys, Part 1, Observations,” Journal of
Applied Meteorology, Vol. 21, Number 3, pp. 270-289, 1982.

Whileside, J., Central American Climatology, USAFETAC/TN-85/002, 1985.

Young, J.A., Cross-Equatorial and Boundary Layer Exchange: A FGGE Review, Univ of Wisconsin, NSFG
ATM-8210229, 1982.

BiB-4




‘;

Chapter 4- The West indies
Alexander, Charles S, The Geography of Margarita and Adjacent Islands, Universily of California Press, 1958.
Army Air Forces Weather Division, Local Forecasting Studies, Beane Field, St. Lucia, 1945. .
Armmy Air Forces Weather Division, Local Forecasting Studies, Coolidge Field, Antigua, 1944,
Army Air Forces Weather Division, Local Forecasting Studies, Edinburgh Field, Trinidad, 143,
Army Air Forces Weather Division, Local Forecasting Studies, Hato Field, Curacao, 1945.
Army Air Forces Weather Division, Local Forecasting Studies, Plesman Airport, Curacao, 1943,
Ammy Air Forces Weather Division, Local Forecasting Studies, Waller Field, Port of Spain, Trinidad, 1949.
Briscoe, C.B., Weather in the Luquillo Mountains of Puerto Rico, Institute of Tropical Forestry, 1966.
British Meteorological Office, Aviation Meteorology of The West Indies, Report 1122, 1959.

t

Buttrick, R.E., Forecasters Handbook, NAS Guantanamo Bay, Cuba, Naval Weather Service Environmental
Detachment, January 1972.

Campan, G., Note on the Climatology of the Antilles and French Guyana, Monogmph No. 15, October 1959.

Chamey, J.G.; and A. Elliassen, "On the Growth of the Hurricane Depression," Journal of Atmospheric Sciences,
Vol. 21, pp. 68-75, 1964.

Fernandez, W., "Environmental Conditions and Structure of the West African and Eastem. Tropical Atlantic Squall
Lines,"” Archiv fur Meteorologie, Geophysik und Bioklimatologie, Series A, Vol 31, 1982.

Feu, Robert W., and Walter A. Bohan, "Tropics Weather Analysis and Forecast Applications,” Navy Tactical
Applications Guide, Volume 6, Part 1. 1986.

Jamaican Meteorological Service, The Climate of Jamaica, 1973.

Mexico, D. E, "Las Invasiones de aire frio en los Tropicos a sotavento de las Montanas Rocallosas," Geofisica
Internacional, Vol 13, April 1973, '

National Intelligence Summary 81, British Western Adlantic Possessions, Section 23, Weather and Climate, U.S.
Central Intelligence Agency, November 1957.

National Intelligence Summary 78, Cuba, Section 23, Weather and Climate, U.S. Central Intelligence Agency, May
19%9.

National Intelligence Summary 80, Dominican Republic, Section 23, Weather and Climate, U.S. Central Intelligence
Agency, July 1963,

National Inielligence Summary 79, Haiti, Section 23, Weather and Climate, U.S. Central Intelligence Agency,
February 1964.

BIB-5




CHAPTER 4-THE WEST INDIES, Cont'd

National Intelligence Summaries 82 & 83, Netherlands Antilles and French West Indies, Section 23, Weather and

Climate, U.S. Central Intelligence Agency, May 1965.
Naval Oceanographic Command, Roosevelt Roads Forecasters Handbook, 1981.

Naval Oceanographic Command, U.S. Navy Climatic Study of the Caribbean Sea and Gulf of Mexico, Volume 1,
West Caribbean Sea and Central American Waters, Asheville, NC, 1985, AD-A160159.

Pope, J.R., "Atlantic Hurricane Season of 1974," Monthly Weather Review, Vol.103, pp. 285-293, 1975.
Powis, A.K. and C.A Thompson, Trinidad Weather, Circular No. 11, Naval Meteorological Branch, 1945.

2d Weather Group, Climate of Cuba, 2WG Special Study 11200, circa 1964.

BIB-6




J

Chapter S—Northern South America

Air Corps Tactical School, Weather Conditions in Latin America and Caribbean Areas: Part Il, Report and
Discussion of Weather Conditions Along the West Coast of Tropical South America; Part IV, The Weather and
Climate of Central America and South America, 1941.

Air France, Meteorological Study of the Regional Seasonal Winds for the Airporis of Panama-Tocumen and
Bogata-Eldorado, June 1972. -

Air France, Climatology of Bogota, undated.
Air France, Climatology of Cayenne (French Guinea), undated.
Air France, South American Climatology, 1975.

Army Air Force, Weather Division, Study on Local Forecasting at Parnamirim Field, Natal, Brazil, 1945,
AD- 51400. :

Army Air Force, Weather Division, Studies on Local Forecasting. Amapa Field, Amapa, Brazil, 1945, AD-39494,

Amy Air Force, Weather Division, Studies on Local Forecasting at Tirirical Airport, Sao Luiz, Brazil, 1945,
AD-111747.

Azevedo, D da Costa, Rains of Brazil, National Meteorological Department, Brasilia, 1974,

Belanger, Lloyd T., Climatological Studies: Weather and Climate, South America, Headquarters, 19th Air Force,
August 1961.

Bernal, Francisco Alvarez, The Climatological Atlas of Venezuela 1951-1970, Central University of Venezuela,
1983.

British Meteorological Office, Peru Meteorologicai Notes, 1.D.C.R. No. 78, London, January 1954.
Carrillo, J.M.S., Mesoclimates in the Area of Lake Maracaibo, 1965.
Carrillo, J.M.S, Mesoclimatic Regions in the Center and East of Venezuela, 1967,

Carrillo, J.M.S., A. Monteagudo, and C. Sierio, "Surface and Upper Air Pressure Distribution over Venezuela,"
Maracay, Agron. Trop., 15, 1965, pp. 47-73.

Cohen, 1.C.P., C.A. Nobre, M.A F. de Silva Dias, "Mean Distribution and Characteristics of the Squall Lines
Observed Over the Amazon Basin," Third International Conference on Southern Hemisphere Meteorology and

Oceanography, 1989.

National Intelligence Summaries 87 & 88, Ecuador and Peru, Section 23, Weather and Climate, U.S. Central
Intelligence Agency, August 1973,

National Intelligence Summary 94-11, Northwest Brazil, Section 23, Weather and Climate, U.S. Central Intelligence
Agency, December 1954,

National Inselligence Summary 85, Colombia, Section 23, Weather and Climate, U.S. Central Intelligence Agency,
February 1956.

BIB-7




—

Chapter 5—-Northern South America, Cont’d.
National Intelligence Summary 95A, British Guiana, Section 23, Weather and Climate, U.S. Central Intelligence .
Agency, January 1959.

National Intelligence Summary 95C, French Guiana, Section 23, Weather and Climate, U.S. Central Inteligence
Agency, February 1959.

National Intelligence Summary 95B, Surinam, Section 23, Weather and Climate, U.S. Central Intelligence Agency,
January 1959.

National Intelligence Summary 86, Venezuela, Section 23, Weather and Climate, U.S. Central Intelligence Agency,
June 1956.

Chu, Pao-Shin, Diagnostics of Climate Anomalies in Tropical Brazil, University of Wisconsin, Madison, 1982.

Coile, R., and W. Culmsee, Notes on Thunderstorms at High Altitudes in the Tropics, 1953. ]
Coyle, J.R., Rio de Janeiro Weather Notes, 1960.

Coyle, J.R., Various Studies of Brazilian and South American Weather, 1952. 2
Da Costa Azevedo, D., "Rains in Brazil,” Brasilia, Dept. Nac. Met., 1974, pp. 414389,

Director of Meteorology, "French Overseas Territories. Part I. French American Departments and Territories.
Guyana,” Meteorological Annuals, Period 1961-1970, 1977.

Dufresne, R., The Exceptional Rainfall of the First Quarter of 1976 in French Guinea, 1976. ‘

Fermandez, W., "Environmental Conditions and Structure of Some Types of Convective Mesosystems Observed
Over Venezuela,” Archiv fur Meteorologie, Geophysik und Bioklimatologie, Series A, Vol 29, 1980,

Fernandez, W., "Environmental Conditions and Structure of the West African and Eastern Tropical Atlantic Squall
Lines,” Archiv fur Meteorologie, Geophysik und Bioklimatologie, Series A, Vol 31, 1982.

Flohn, H., A Climatic Profile of the Sierra Nevada de Meridia (Venezuela), 1968.

Fougerouze, J., The Climate of French Guinea: Weather Types - Seasons and Climatic Regions, 1965.

Frere, M., J. Rea, and J.Q. Rijks, Agriclimatological Study of the Andean Region, 1975.

Guhl, E., The Rains in the Humid Equatorial Andean Climate of Colombia, 1974, 4
Hauth, Floyd F., Latin American Forecasters' Handbook, Air Weather Service, October 1970.

Hoflmann, Jose A., Cthic Atlas of South America, World Meteorological Organization, 1975.

Johnson, A.M., "The Climate of Peru, Bolivia and Ecuador,” World Survey of Climatology, Volume 12. Climates of
Ceniral and South America, Elsevier, Amsierdam, 1976,

Kagono, M.T., Relationships Between Sea Surface Water Temperature and Low Level Divergence in the Tropical
Atlantic Ocean and Precipilation in the Amazonian and Northeastern Regions of Brazil, INPE-2543-PRE/204, .

Septcmber 1982,

BIB-8




Chapter 5--Northern South America, Cont'd.

Kousky, V.E., and M.A. Gan, "Low Latitude Upper Tropospheric Cyclonic Vortices in the South Auantic: Their
Origin, Characteristics and Effects on Tropical Convection Over Eastern Brazil,” First International Conference
on Southern Hemisphere Meteorology, Sao Jose dos Campos, July 31-Aug 6, 1983.

Kousky, V.E., and M.T. Kagono, "A Climatological Study of the Tropospheric Circulation over the Amazon Basin,”
Acta Amazonia 11(4): 743-758, 1981,

Kousky, V.E., and L.C.B Molion, A Contribution to the Dynamic Climatology of the Troposphere over Amazonia,
INPE-2030-RP1/050, November 1981.

Kousky, V.E., and A.D. Moura, Precipitation Forecasting for Northeastern Brazil: Dynamic Aspecis,
INPE-2244-PRE/029, November 1981.

Kousky, V.E., and Virji, H., A Low Latitude Frontal Penetration and Its Effects on Tropical Convection,
INPE-2582-PRE/230, Nov 1982,

Lobo, P.R.V., A Climatological Study of the Intertropical Convergence Zone (ITCZ) and Its Influence on the
Northeast of Brazil, INPE-2354-TDL/101, September 1982,

Myers, V.A,, "A Cold Front Invasion of Southern Venezuela,” Monthly Weather Review, Vol 92, No 11, November
1964,

National Committee for the Geophysical Year, Rainfall Regime in Bogota, 1866-1958, 1959.

Newton, Chester W., "Meteorology of the Southern Hemisphere,” Meteorological Monographs, Volume 13,
Number 35, American Meteorologica! Society, Boston, October 1972,

Nimer, E., Circulation of the Atmosphere of Brazil, 1966.
Nimer, E., Climatology of the Central West of Brazil: An Introduction to Dynamic Climatology, 1973.
Nobre, C.A., personal conversations, November 1989.

Oliveira, L.L., South Atlantic Convergence Zones and Their Influence on the Precipitation Regime of Northeastern
Brazil, M. Sc. Thesis, INPE-2307-TDL/)74, Jan 1982.

Pan American World Airways, Weather Study over South American Routes, undated.

Parmenter, F.C., "A Southern Hemisphere Cold Front Passage at the Equator,” Bulletin of the American
Meteorological Society, Vol 57, No 12, December 1976.

Pita, P., Diurnat Periodicity of Precipitation in the Equatorial Andes, 1959.

Poulos, John, South American Route and Terminal Weather Study, Braniff Airlines, Dallas, undated.

Ratisbona, L.R., "The Climate of Brazil,” World Survey of Cltmalology. Volume 12. Climates of Central and South
America, Elsevier, Amsterdam, 1976.

Richl, Herbert, On the Weather of Venezuela: A Summary Report on the Venezuela Experiments of 1969 and 1972,
National Center for Atmospheric Rescarch Technical Note 126+STR, Boulder, December 1977.

BIB-9




ﬁ

Chapter 5-Northern South America, Cont'd.

SABENA, Route Climatologies for South America, undated. .
Schroder, R., Distribution of Free Air Temperature in Columbia, 1953.

Schwerdifeger, Werner, ed., World Survey of Climaiology, Volume 12, Climates of Central and South America,
Elsevier, Amsterdam, 1976.

Scrra, A, Rains of Autumn, Rio de Janeiro, 1981.
Semma, A., Rains of Summer, Rio de Janeiro, 1981.

Serra, A., Rains of Winter and Spring, Rio de Janciro, 1981.

Scrra, A., Rains of Sunvner, Rio de Janeiro, 1981.

Scrma, A., Some Notes on Equatorial Weather, Rio de Janeiro, 1972. )
Shaw, A.B., "An Analysis of the Rainfall Regimes on the Coastal Region of Guyana,” Journal of Climatology, Vol ¢
7,1987.

Sikdar, Dhirendra N., and James B. Elsner, "Large Scale Circulation departures Related to Wet Episodes in
North-East Brazil,” Quarterly Journal of the Royal Meteorological Society, No 113, pp. 567-580, Bracknell,
1987.

Smid, J., L..C. Castro, and A.S. Silva, Bﬁ'ef Climatological Study of the North Coast of Brazil from Clevelandia to

Naual, 1978. A .

Snow, J.W., "The Climate of Northern South America,” World Survey of Climatology, Volume 12. Climates of
Central and South America, Elsevier, Amsterdam, 1976.

Sobral, Z.R., A Climatological Study of the Upper Air Wind and Temperature Fields over South America (M.Sc.
Thesis), INPE-1672-TDL17, January 1980.

Strang. D.M.D., A Brief Upper Air Climatic Adas for South America, Technical Report ECA-03/86, Acrospace
Technical Center, Sao Jose Dos Campos, 1986.

Strang, D.M.D., Climatological Analysis of Rainfall Normals in Northeastern Brazil, Technical Report >
1AE-M-02/72, Aerospace Technical Center, Sao Jose Dos Campos, 1980.

Suarez-Serrato, J., Maximum Precipitation in the Columbia Coffee Zone, 1975.
Torres, R.R., Regimem de Liuvias en La Saban de Bogata, 1958.
Torsani, J.A. and Y. Viswanadham, Distribution of Total Cloud Cover in Brazil, INPE-2575-PRE/223, Nov 1982.

Trojer, 1., Fundamentals for A Meteorological and Climatological Zoning of the Tropics, And In Particular,
Columbia, 1959.

Trojer, H., Meteorology and Climatology of the Slope of the Colombian Pacific, 1958.

Venezuclan Air Force Meteorological Group, Climatological Averages of Venezuela, Period Covering 1951-1980,
Ministry of Defense, Venezuelan Air Force, 1983.

BIB-10




Chapter 5--Northern South America, Cont'd.

Venezuelan Air Force Meteorological Group, Climatic Conditions of the State of Falcon (Paraguana Peninsula)
Based on a Period of Record 1951-1975, Ministry of Defense, Venezuelan Air Force.

Venezuelan Air Force Meteorological Group, Climatological Analysis of the Region of the Central and Eastern
Plains, the State of Zulia, and the Guyana Region, Based on a Period of Record 1951-1980, Ministry of Defense,
Venezuelan Air Force.

Venezuelan Air Force Mewomlogicél Group, Climatological Analysis of the States of Apure and Guarico, Ministry
of Deflense, Venezuelan Air Force.

Venezuelan Air Force Meteorological Group, Climatological Information of the Zuliana Region, Ministry of
Defense, Venezuelan Air Force.

Venezuelan Air Force Mcteorological Group, Climatological Study. Analysis of Joint Wind Direction and Velocity
Frequencies for the Area of Canada, Zulia State, Ministry of Defense, Venezuelan Air Force.

venezuelan Air Force Meteorological Group, Narrative Climatology for the Eastern Resion of Venezuela, Ministry
of Defcnse, Venezuelan Air Force.

Virji, Hassan, and Vernon E. Kousky, "Regional and Global Aspects of a Low Latitide Frontal Penetration in
Amazonas and Associated Tropical Actlivity,” First International Conference on Southern Hemisphere
Meteorology, Sao Jose dos Campos, July 31-August 6, 1983.

Zonzon, J., The Climate of Guyana, 1976.

BIB-11




DISTRIBUTION
OUSDA/R&AT/E&LS, Pentagon, Washington, DC 20301-3080...........ccccerrrrremrirrsereersressessrssresssresssesesesessesssessenssnns 1
AF/XOOREF, Pentagon, Washington, DC 20330-5054 ..........c.cucvremmeinimnmnnrisssssasssssesssssssssssessassssssssessssassece |
J-34/ESD, Pentagon, Washinglon, DC 20318-3000..........cccccviirererereinninnsesseresesesssssessssssssssssssessomsssssssesssssssessssasonersses 1
MAC/DOX, Scotl AFB, IL 62225-5001 .......c.ccoerrecriersierssennsesrsesesssesesssassossrsssssnsssesssssssessssssos ssosessassesssssssessssssssssssssses 1
AWS/DO, Scolt AFB, IL 62225-5008 ..........ccooverernnerererensnrsensesserseressassosssssesesesessesesenessssssasssssons ereesvenrerenenesnesssseaseasans 3
AWS/XT, Scott AFB, IL 62225-5008............ccovererensmrnsererssrissesssnssssesmessasssssresssassssosessassssssssssssssssessasssesss snsssssssassosssssses 3
AWS/XTX, SCOU AFB, IL 62225-5008 ...........ccorrceerrerereremirrassnmssssssmssssasssenssnssassssssesssssssssssassesessntasossssssssssassssssoserososses 1
AWS/PM, Scolt AFB, IL 62225-5008 ..........oreresrnrerericenreretsisssessesssssssssssesesssnssssesssssensasssassssssssssasss sessasssesssssssessssssss 1
AWS/RF, SCOtt AFB, IL 62225-5008 ........ccccovremmimcrnansseecsmtssssessssssessssstsaenssesssssssosssssssesssesssessmasasnssesssosssssssasssssesosses 40
OL-A, HQ AWS, Buckley ANG Base, Aurora, CO 80011-9599 ........ccoovvirrnmmrerereremmsesssserme oreasssssssssssesssnsessssssans 1
OL-C, HQ AWS, Chanute AFB, IL 61868-50000............ccececrrevererrrrrersrnsisesoesesesssssssesesssssssesssneesssoserssarssnsnsasessssssesssses 1
AFOTEC/WE, Kirtland AFB, NM 87117-TO N .......c.ccceinrrreeererireercessinssiiseesesssesssesssesssssssessesssssssssssnssssssssersssassses 1
CACDA, OL-E, HQ AWS, ATZL-CAW-E, Fi Leavenworth, KS 66027-5300..........cccccerriveeerermeurenreerercsssesesssesesosesas 1
SD/CWDA, PO Box 92960, Los Angeles, CA 90009-2960) ..........c.urvrrirmrenenisnsivemesessssssssssssessssissssssossassesssssssssssasssses |
OL-H, HQ AWS (ATSI-CD-SW), Ft Huachuca, AZ 85613-T000............cooevcrrueurnenieerenarmseessssessecsssesssssssssssssssssssesenens 1
OL-I, HQ AWS (ATWE), Ft MONroe, VA 23651-5051 ..........oeeeeceieeerererceneseerenstesesesesssssessssesssonsassssssassasssssosaens 1
OL-K, HQ AWS, NEXRAD Opnl Facility, 1200 Westheimer Dr. Norman, OK 73069........c.coooverrevereerenireieeseanons 1
OL-L, HQ AWS, Keesler AFB, MS 39534-5000.........cccocecvrmmrunrerisrerersesssesmsrorsssssosssessosssssses S ressrnsesssrensttaaeeeran 1
OL-M, HQ AWS, McClellan AFB, CA 95652-5609........cccomrreverersrenserersrmsmsssesessassesssesssssssssssssessasssssssessssssssssssessasios 1
Dct 1, HQ AWS, Pentagon, Washington, DC 20330-65600..............ccoeeeeeveveesrecesensessseessessesenseesssesssesssssssesessssssassans 3
Det 2, HQ AWS, Pentagon, Washington, DC 20330-5054 .............ccccoererveriremsrnressnsnsessmressssssssosesssssesssssssssssssssssesesesins 2
Det 3, HQ AWS, PO Box 3430, Onizuka AFB, CA 94088-3430.........cccoevernerereiernererresssssssssssensissorssrsssssssosssssssasenss 1
Det 8, HQ AWS, PO Box 4239, N Las Vegas, NV 89030............evevneiniensenrsessssmssssssssssrsssrsssssssssssssssssssssenses 1
Det 9, HQ AWS, PO Box 12297, Las Vegas, NV 89112-0297 ..........coeeneesrseissssersasseessesesesssssssssessessssssessrns 1
TWW/DN, Hickam AFB, HI 96853-50000........c.oo..ccocomirrnrnsrrrnrrieiessisessssesesesessessisssssssssssssssasssssassessasssssssssssesssssassras 3
20WS/DON, APO San Francisco 96328-5000..........ururrrrrureeeessmmnsssssssessssssmssnsssssssssssssssssssssssssannessissssssssasasssnsssseses 1
30WS/DON, APO San. FranciSco 96301-04200..............coverervrrerrersemrmsssssssossssssosssesssssssesssessssssossssesssssssssseresses 1
2WW/DN, APO New YOrK 09094-5000)..........ccccoercemrnrrmerarerririrersansrssassssssssscssesesessssssssossassasssssosssassssossssonersssessssssseness 3
TWS/DON, APO New YOrk 09403-5000 ........cccoevnvrererirricrnrneserererensssasasssessserssssessssesssssssesssasesssssesssesssesmssssessassssans 1
28WS/DON, APO NEW YOIK 09127-5000 .......ccovrereremeercreraressersssssnsssssssanssssrassassssasssssasassassssrssssasessssssessssssssassosss 1
31WS/DON, APO New YOIk 09136-5000 .........ccreverererrerereecsesesnsessersesssssesasessnsssssssasesssssssessasssessassrsssssosssressssses 1
SWW/DN, Offutt AFB, NE 68113-50(0)...........ccocorvrrrernsrerermraercessssansassesssssssssessssessssesssssssssssssssssossssssessenssasssnsasssosssssases 3
IWS/DON, March AFB, CA 92518-5000 .........cccccveremerrremmerirerersssnsesssssssssesssssssssassssssrssssssssesossses resrsereesesernnseses 1
1WS/DON, EImendorf AFB, AK 99506-5000 .......ovecnmerrremrirreirrsssensrscsnersnsresssssssmssssssessssssssasssssssssasssssssersessssses 1
24WS/DON, Randolph AFB, TX T8150-5000 ............cccvuerrrerrererrreremsesssereressssssssssssssesssassssnsssssrssssssosssonsssssssessrsssens 1
26WS/DON, Barksdale AFB, LA TIH110-5002........c.cccouurrrreneereienrsesenssssisesssssssssessasssssssassosssesssssesesssesssenssssnssnses 1
4WW/DN, Peterson AFB, CO 80914-5000 ...........c.ccecvnuresmimrnrrenmrermrenssessssesssesssessssassssssssssnssssssssssssasssssassessssssssssonssossens 3
2WS/DON, Andrews AFB, MD 203345000 .........c.cocorererreeeeresnremmaressssrsrsssessarasssssesssssssrssassorsetsssossnsasessssesssossase 20
SWW/DN, Langley AFB, VA 23665-5000).............cccoeeeeeumverersersnsressssssnersasssssensssessssssssssessssssssasssresssssrssssssssssssssesosseres 7
TWS/DON MacDill AFB, FL 33608-5000 ..........ccocereuneermrerrisiersrsssssesmsesssssssssssssrerssssesesassssastorssesssessssssossssesssess 2
JWS/DON, Shaw AFB, SC 29152-5000) ........ccocevrericrrrreenseresesesssnssscrssesesssessssessssssnssssesenssos sassssrsssssssssssssssssseses 15
SWS/DON, Ft McPherson, GA 30330-5000...........ccccrrrerermrerersrensressesssssnsssssssessessssnssssesssesssssssessssssesssssssasssssasassas 20
25WS/DON, Bergstrom AFB, TX 78743-5000 .........c.ccovueeenrerorsmessnscssssrsesmssssssessssssssssnssossassssssonsaossssssasssssens 13
Det 25, SWW, APO Miami 34001-50000...........cceeetrerrrmresimmsrssessssersivessnesssssasssssessssssssssesssenssessasssssrsssssssosesssssssastons 3
AFGWC/SDSL, Offutt AFB, NE 68 113-5000)...........cccoemermrrmirrrinrnsresssssrersesssesesssssseasesesesssssssossssssssastosessssassssesserseses 6
USAFETAQC; Scott AFB, IL 62225-5438 .........ccoveiriveirrneersesesssessssssnaessssessssssnsssssssissrasssesssssesssssssanssesssssassessas 6
OL-A, USAFETAC, Federal Building, Asheville, NC 28801-272]............ccovvmrrverenmernnnnicsenssssssssssessssessessssens 3
TWW/DN, SCOlt AFB, IL 62225-5008 .............ccosremseerrocerearrrarnenisessssasssssasesasesessssssssssssssssssssastsssssssssssssssssassssssesssesssnsses 7
6WS/DON Hurlburt Field, FL 32544-5000 ...........cccoveveririirinenersnessssensssmnsesssmsessnssssrssssssssssssesssssssssassesssassasssaseses 6
I1SWS/DON, McGuire AFB, NJ 0BB41-5002 ..........coococvrrrecrrireresssinsserisernasssssssscssmerssssesssssssesssssssssessssssssssssssssssns i

1TWS/DON, Travis AFB, CA 94535-5986 ...........cooeveoerrreersrseessssessssesessssssssssaseees ceereseeeress et eessmee 1




3350 TECH TG/TTGU-W, Stop 62, Chanute AFB, IL 61868-5000 ...........ccccoeccmrirermisureniseronsessraesterssorsesmessssssssession 2
AFIT/CIR, Wright-Patterson AFB, OH 45433-6583 ..........ccoorceimereccsmcnrersmiresensnmmmecsessnmmensssnessssssssasesssasnsssssassssassness 1
AFCSA/SAGW, Washington, DC 20330-5000 ............ccueevercecsenseccsmesssssorresesesossaossssssrssessssrsrssssosssssssonsassssasssnsassons 1
USCINCPAC (J37), Box 13, Camp H.M. Smith, HI 96861-5025........ceeremrnrrenerrvenmncesasenc o vmnanrs o sasssassssessanens {
NAVOCEANCOMDET, Federal Building, Asheville, NC 28801-2723.........ccccvvmmmieminecr e cmrrnrstsasesssssnssnasssssensass 1
NAVOCEANCOMFAC, Stennis Space Ctr, MS 39529-5002 ........coccevrrumerremiresssmssssssssnesssssssssssensssesssssessssnsssesessanss ?
COMNAVOCEANCOM, Code N312, Stennis Space Cir, MS 39529-5000............ccvecersescusssencesonenseranssecsessssssscssescess 2
NAVOCEANGQO, Code 9220 (Tony Ortolano),Stennis Space Ctr, MS 39529-5001..........ccccvumemminirnmsierernensnmensunrssscassnns 1
NAVOCEANO, Code 4601 (Ms Loomis), Stennis Space Cir, MS 39529-5001......... ettt arar e s et sssnserensas s essesas 1
FLENUMOCEANCEN, Monterey, CA 93943-5006...........ccccconmareeremnenrsmamnersessemeresesorssssssssasssssssssenesssssessssssersssensess 1
NERL (Attn: Mr Fett), Monterey, CA 93943-5006 ...........ccoremeeriiirenirinnnisisanmmmrisessssimseesssnssaesssssssescsseseasssssasmmsseass 150
Naval Rescarch Laboratory, Code 4323, Washington, DC 20375 .......covivnenmeniniiccnesiecsessenseecsesesssnssnsesens 1
Naval Postgraduate School, Chmn, Dept of Meteorology, Code 63, Monterey, CA 93943-5000.........ccoonneerveverirenene 1
Naval Eastern Oceanography Ctr, U117 McCAdy Bldg, NAS Norfolk, Norfolk, VA 23511-5000........cc.cceeveemercrnnneas 1
Naval Western Oceanography Ctr, Box 113, Attn: Tech Library, Pearl Harbor, HI 96860-5000 ...........cc.ccovvecreecnc. 1
Naval Oceanography Command Ctr, COMNAVMAR Box 12, FPO San Francisco, CA 96630-5000 ..............cc........ 1
Dept of Commerce™NOAA/MASC, Library MCS (Jean Bankhead), 325 Broadway, Boulder, CO 80303 ..........ccon.e... 2
Federal Coordinator for Meteorology, Suite 300, 11426 Rockville Pike, Rockville, MD 20852............cccceenrereeaene 1
NOAA Library-EOC4WSC4, Auin: ACQ, 6009 Executive Blvd, Rockville MD 20852 .........ccoocorvrvneverecrinrnnnssesesenes 1
NOAA/NESDIS (Attn: Capt Taylor), FB #4, Rm 0308, Suitland, MD 20746.............cccoccoomerrernenecrnrrectsanesssonsenes 1
Armmed Forces Medical Intelligence Agency, Info Svcs Div., Bldg 1607, Ft Detrick, Frederick, MD 21701-5004......1
AFGL Library, Aun: SULLR, Stop 29, Hanscom AFB, MA 01731-5000........ccoeovneeriinercccnenensesssescnssassesaaseecsesees 1
Atmospheric Sciences Laboratory, Attn: SLCAS-AT-AB, Aberdeen Proving Grounds, MD 21005-5001 ................. 1
Atmospheric Sciences Laboratory, White Sands Missile Range, NM 88002-5501 ...........cccccvverreernenmvniennasnsnssossosesens 1
U.S. Amy Missile Command, ATTN: AMSMI-RD-TE-T, Redstone Arsenal, AL 35898-5250 ........cccvrerervevircrernnnnns 1
Technical Library, Dugway Proving Ground, Dugway, UT 84022-5000 .........ccccecocereriresereccsenerserenssesesonsessssessessesseons 1
NWS Training Center, 617 Hardesty, Kansas City, MO 64124...........ccovrmcininniinosionescsnesssssensasssssscss 1
NCDC Library (D542X2), Federal Building, Asheville, NC 28801-2723.........ccccccovuriresrnriicnnnmmmeresesineseserssssenssssesseons 1
NISO Pubs Production, Rm A-405, Admin Bldg, Gaithersburg, MD 20899 ...........ccomnimmersvreemuviressinressessssesnnnne 1
JSOC/Weather, P.O. Box 70239, Fort Bragg, NC 28307-5000 ..........cccorvurerneeensrusesssnascsnissesearessssessssasesscsssssesssassressasss 1
75th Ranger Btn (Aun: Lt David Musick), Ft Benning, GA 31905-5000..........cccconnuievernmeccnenircreresrrenccsmrencasrerseseasas 1
HQ 5th U.S. Army, AFKB-OP (SWO), Ft Sam Houston, TX 78234-7000 (Al DSS) ....c..ccecvueereernersenmeenseesssesssnsncncns 1
NASA-MSFC-ES44, Aun: Dale Johnson, Huntsville, AL 35812-5000 ...........ccoosrureriinierssnarensececnssnsmsssnsosessaesenens 1
Dept of Almospheric Sciences, 7127 Math Sciences, UCLA, Los Angeles, CA 90024-5000 .............ccccevimmverninrenrrenens 1
Dept of Oceanography, A-008, Scripps Inst of Oceanography, Univ of Cal, La Jolla, CA 92093-5000..........cc.occceunu.. 1
Library, USAFA (DFSEL), Colorado Springs, CO 80840-5000) .........c.cuvruiiicmsurecmmessieccesoessseresssaseossssssssssrssssasessess 1
Dept of Amospheric Sciences, PAS Bidg, Univ of Arizona, Tuscon, AZ 85721-5000 .........cccccermrrvereerrecrrsnenerssensansens l
Dept of Atmospheric Science, Atmospheric Science Bldg, Colorado St Univ, Ft Coliins, CO 80523-5000................ 1
Meterology Uniy/Dept of Agronomy, NYS College of Ag and Life Science, Bradford Hall, Cornell Univ,

HHAC, NY 14853-5000........cireirininitinninecsnsiaecsintesensaratesessssensisssrsesssasssessassesesesessassesenststsesess sesessesssusssasssssasesst sesesses 1
Dept of Atmospheric Science, Crelghlon Univ, 25(X) California St, Omaha, NE 68178-5000 ..........c.coeevverveccreerirerencns 1
USDAO/AIRA, APO Miami, 34030-0008.................oconmrrictnicsisininmsaseeenrsescersssssessissscsssescresssonsmssasssssonssssnsssessssses 1
USDAO/USARMA, APO Miami 34003-5000 .........ccccoerrrrerenetrersnsnsrseecsessesssssstssessssrssessessssssnsessararssssssssessrsssasssssossssss 1
USDAO/AIRA Quito, APO Miami, 34039-5000...............cccornismmirmnarsescnsmeasssestsesssencessensnstsestsenssssessasssesssssssssssens 1
USDAO/ARMA Guatcmala City, APO Miami 34024-5000 ...........ccoecveverrirmessacecssearssssrasscsenssssasssessessasssses sasssssesssssns 1
Amembassy Georgetown, St Dept Pouch Room, Washington, DC 20520-5000...........c.coceimeeecrinenrcsneorsensesssessssssesses 1
USDAO/AIRA Tegucigalpa, APO Miami, 34022-5000...........cccoirimemrercncirmmcssassessanssesescsssensasssrsssssans sssssssssssssesssaseses 1
USDAQ/AIRA Mexico City, St Dept Pouch Room, Washington, DC 20521-5000 ..........c.ccevercrererrencrssnrsersvesersassenses 1
USDAOQ/AIRA, APO Miami 34021-5000.........ccccevemeinrremsererioneeeiosssarsnisssmsssssssestsssssosesessnsssissssetsessssans sessassasssassssns 1
USDAO/AIRA Lima, APO Miami 34031-5000 ........ccocrrvvmrriecemtrencmnunerenannressssssssensssasessasssensassessessessonsessssnsasessenes 1
USDAO/ARMA Paramaribo, St Dept Pouch Room, Washington, DC 20520-5000..........ccooccourirmiinuccisinncmmnseecsusienes 1
USDAO/AIRA Caracas, APO Miami, 34037-5000 ...........c.c.cevurueremsereserceresesmrrssssssesssssessasreasasesisssssesssansrsasssssassrssessssesss 1

Acronautical Cir Library (AAC 64D), PO Box, 25082, Oklahoma City, OK 73125-5000...........cccceuevnrrmververnnvnnnnne 1




Dept of Meteorology, Florida State Univ, Tallahasse, FL 32306-5000..............c..ccerusivensusmsinesssncssssssssssssessccssnsesssenne 1
Dept of Meteorology, Univ of Hawaii, 2525 Correa Road, Honolulu, HI 96822- S(XX) .............. 1
Dept of Atmospheric and Oceanic Scicnce, Space Research Bidg, Univ of Mich, 2455 Hayward,
. ANN ATDON MEAIB09-2143 ..o esvccseereceseescemss s sssses e sees s ses s e s s ssssss s snsssessosess 1
Dept of Meteorology and Physical Oceanography, Univ of Miami, Miami, FL. 33149-1098 ............. 1
Dept of Atmospheric Scicnce, Univ of Missouri, 701 Hitt St, Colombia, MO 65211-5000 ........cccovrenercvesmcrsesesnaonnens 1
Center lor Agricultural Meteorology and Climatology, L.W. Chase Hall - East Campus, Univ of Nebraska-Lincoln,
LnCoIn, NE GB583-0728 ........ooiieereiriienrsnsnsnsetsissssie s sseessssessssssssssssssrsssesstsssssssssesssssssrasssase st ssssnsnsassesssesassssasassases 1
Dcept of Marine, Earth, and Atmospheric Sciences, North Carolina St Univ, Box 8208, Ralcigh, NC 27695-8208 ..... |
School of Meteorology, Univ of Oklahoma, 200 Felgar St, Norman, OK 73019-5000............cccovvevererreneeernnnnenennisnns ]
Dept of Atmospheric Sciences, Strand Argiculture Hall, Oregon St Univ, Corvallis , OR 97331-2209.........c.ocnveeen. 1
Dept of Metcorology, 503 Walker Bldg, Penn St Univ, University Park, PA 16802-5000..........c.covveeeriniiriersssseserens 1
Dept of Marine Sciences, Univ of Puerto Rico, Mayaguez, PU 00708-5000 ..............c.oeevirersrmiremsmesessossassssnessesssenses 1
Dept of Earth and Atmospheric Sciences, Stadium Hall, Purdue Univ, Wesi Lafeyette, IN 47907-5000.................... 1
Library, Rand Corporation, P O Box 2138 Santa Monica, CA 90406-5000).................covveerireenmmseenssinresssssesseeessscnssns 1
Dept of Earth and Atmospheric Scicnces, St Louis Univ, P O Box 8099-Laclede Station, St Louis, MO
OILTO0-5000.......cccnceeiereteerene e rsesssrsssssse s rresassssssnsessassesesssrassssssanssse e bsbas s bes ot sbebssesasatossrssssses s sesosatssasentsemenssesersnes 1
A Dept of Mcicorology, Univ of St Thomas, 3812 Montrose Blvd, Houston, TX 77006-5000...........cc.ccevverrererrerernonsens 1
Dept of Metcorology, San Jose St Univ, One Washinglon Square, San Jose CA 95192-5000.........coovvvcvrrenrerrvrerenss 1
Dept of Metcorology, Texas A&M Univ, College Station, TX T7843-3146.........coeeceeiieceersseeeorcesseserssesesessssesans 1
b | US Military Academy, USMA Library, West Point, NY 10996-S000..........cococoueineeremensreeseeseesmsescssssisessssssssessrssssses 1
Dept of Oceanography, Stop 9d, US Naval Academy, Annapolis, MD 21402-5000...........cccooevrerviersnrersssseorensrnsresnes 1
Dept of Meteorology, Univ of Utah, Salt Lake City, UT 84112-50001..........cccocreuvrvursuerecsessenssererssssasssssssssesessosessmeesanes 1
Dept of Metcorology, Utah St Univ, UMC 4840, Logan, UT 84322-5000..........cccveuiverirerncminsesssesesssssesssssssaeseessessesns 1
Dept of Environmental Sciences, Clark Hall, Univ of Virginia, Charlottesville, VA 22903-5000 ..........ococevrvenennreneens 1
Dept of Meteorology, Univ of Wisconsin, 1225 W Dayton St, Madison, WI 53706-5000 .........ccveeeerercennssvecssescsseens 1
DTIC-FDAC, Cameron Station, Alexandria, VA 22304-6145 .............cccuervienmeresesnccsssisnsnessessssssssssssssosssseseassssssonsns 2
AUL/LSE, Maxwell AFB, AL 36T12-5504 ..........ocoorercrernrieeensiriresssssssesssssssssassssssssessssssssssosssssesessosssossssssssassarass 1
‘ AWSTL, Scott AFB, IL 62225-5438 .........ccoceuenrererennrererees “ eestsnesesiaenassststsseasrassrtinenasirenaass .200
(4
Y
. T U.S. GOVERNMENT PRINTING OFFICE: 1990 . 754-883/04118
L




