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1 .0 INTRODUCTION

1.1 PURPOSE

The purpose of this study effort was to examine methods of providing
a data base of weather information pertinent to the requirements and
qualifications for alternate airports.

1.2 BACKGROUND

Operations under Instrument Flight Rules (IFR) require the filing
of a flight plan. The fliqht plan must contain an alternate airport
unless certain conditions at the destination (the first airport of
intended landing) are met. These conditions concern the availability of
a standard instrument approach procedure and anticipated meteorological
conditions within one hour of the estimated arrival time. If these
conditions are not met, then an alternate airport is required in the
flight plan.

There are also certain other conditions that must be met for an
airport to qualify as i~n alterrate. These conditions also deal with
instrument approach availability and less stringent meteorological
conditions. More detailed descriptions of the requirements and
qualifications for alternate airports are contained in Section 1.4.

When an alternate airport is contained in the flight plan, the
pilot must increase the aircraft fuel reserves to acconmmodate flight
from the destination airport to the alternate and hold for 45 minutes.
(Rotorcraft operatinq under Special Federal Aviation Regulation No. 29-3
may reduce the holding trrie to 30 minutes with FAA approval.) This
requirement can have a profound effect -'mon mission reliability and
mission delays for aircraft with limited range and endurance character-
istics such as the helicopter. The requirement to file an alternate
can create many situations in which a suitable alternate cannot be
found within range of the aircraft capabilities. The flight must either
be delayed until weather improves at the destination or the flight
must be cancelled altogether.

A reduction in the meteorological constraints at the destination
airport could therefore significantly improve the operational utility of
IFR equipped helicopters. However, the reduction in meteorological
requirements at the destination airport produces an increased risk of the
destination weather beina below approach minimums. This study effort
investigates ways that this risk can be assessed through the study of
climatological data pertaining to ceilings and visibilities.

1.3 SCOPE

This study effort was limited to the development of methods which
relate climatolog~ical data to the operational problems associated with
requirements and qualifications for alternate airports. Climatological
data has been collected over a period of many years at many airports.



The first effort undertaken was to determine if these data were pertinent
to the alternate airport problem and, if so, what methods of analysis
could be applied to the data to produce results that could be interpreted
in operational terms. Next, methods of limiting the amount of .ata
processing necessary to produce these results through the application of
statistical models were investigated. This effort did not include
a sufficiently broad sample of results to permit validation of these
statistical models.

Some data are presented for airports in several regions of the
country. It should be cautioned that these data were obtained with an
unvalidated model anu although the results seem very reasonable ard
consistent, they should be considered only as examples of what types of
data the methodology can produce and not as actual study results.

In summary, the products of the study are the interpretation of
the climatological data in operational terms and development of the
methods that were used to produce the operational interpretation. The
actual processinq of the meteorological data on a broad scale was not
within the scope of this study.

1.4 CURRENT ALTERNATE AIRPORT CRITERIA

The current regulations concerning destination and alternate
airport criteria as they typically apply to helicopters are found in
the Federal Aviation Regulations (rAR's) Paragraphs 91.83 (General Avia-
tion) and 135.217, 135.219, 135.221 and 135.223 (Air Taxi Operations).

The specific statements of these regulations are as follows:

GENERAL AVIATION

§91.183 Flight plan; informat'on required.

(a) Information required. Unless otherwise authorized by
APM, each pernon filing an IFR or VFR flight pZan ehalZ include
in it the followinq information:

(9) In the case of an [FR flight plan, an alternate airport.,
except, as prooided in paragraph (b; of this section.

(b) .xceptions to applicability of paragraph (a)(9) of this
section. Paragraph (a)(9) of this section does not appZy if
Part 97 of this subchapter prescribes a standard instrument
approach procedure for the first airport of intended landing
and, for at least one hour before and one hour after the
estimated timn. of arrival, the weather reports or forecasts
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or any combination of them, indicate --
(I) Phe oeiling will be at least 2,000 feet above the

airport elevation; and
(2) Visibility will be at least 3 miles.
(c) TFR alternate airport weather minimums. Unless otherise

authorined by the Administrator, no person may include an
alternate airport in an IFR flight plan unless current
weather forecasts indicate that, at the estimated time of
arrival at the alterate airport, the ceiling and visibility
at that airport will be at or above the following alternate
airport weather minimwns:

(1) If an instrument approach procedure, has been published
in Part 97 of this chapter for that airport, the alternate
airport mininunms specified in that poocedure or, if none are
so specified, the fo l lowing minimums:

(i) P.recision apji eoach procedure: Ceiling 600 feet and visibiltty
2 statute miles.

(ii) Nonpreeis-.on approach procedure: Ceiling 800 and visibility
P,2 t(7tute miles.

(2) If no inotr.ument approach procedure has been published
in Part 97 of this chapter for that airport, the ceiling and
visibility minimums are those allowing descent from the MEA,
ap)proach, and landing, under basic VFR.

AIR TAXI OPERATIONS

f ]F.2 R. 1 -R take7off limitations.

No person ,ny takeoff an aircraft under IFR from an airport
where weather conditions are at or above take off minimums
but are below authorized IFR landing minimums unless there is
an alternate airport within 1 hours's flying time (at normal
cruising speed, in sn.il1 air) of the airport of departure.

5 135•.'. 29 IPR: destination airport weather minimwia .

No person may take off an aircraft under IFR or begin an
IFR or over-the-top operation unless the latest weather reports
or forecasts, oi; any combirntion of them, indiate that weather
conditions at the estimated time of arrival at the next airport
of intended landing will be at or above authorized IFR
landing minimums.

§135.,,e1 IR: alternate airport weather minimums.

No person may designate an alternate airport unless the
weather reports or forecasts, or any combination of them,
indicate that the weather conditions will be at or above
authorized alternate airport landing minimums for that
airport at the estimated time of arrival

§136.223 IPR: aiternate airport requirements.

1-3
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(a) Except as provided ini paragraph (b) of this section, no
person may operate an aircraft in ZFR conditions unless it
carries enough fuel (contidering weather reports or
forecasts or any combinati-on of them) to-

(1) Complete the flight to the first airport of intended
landing;

(2) Fly from that airport to the alternate airport; and
(3) Fly after that for 45 minutes at nomzal cruising speed.
(b) Paragravh (a)(2) of thi;s section does not apply if

Part 97 of this chapter prescribes a standard instrumnt
approach procedure for the ftret airport of intended landing
and, for at least one hour before and after the estimated
time of arrival, the appropriate weather reports or forecasts,
or any combination of them, indicate that-

(1) The ceiling vil be at least 1,500 feet above the lowest
circling approach MDA; or

(2) If a circling insrtrument approach is not authorized
for the airport, the ceiling wil7 be at least 1,500 feet
abcx'e the lowest published minimum or 2,000 feet above the
airport ele',ation, whichever is higher; and
(3) Visibility for that airport is forecast to be at least

three miles, or two miles more that the lowest applicable
visibility minimums, whichever is the greater, for the instrurment
approach procedure to be used at the destination airport.

In summary for paragraph 91.83 If a pilot can answer "yes" to
the following two questions, then no alternate airport is requtrtd on
the flight plan:

1) Does the destination have a standard instrument approach
procedure?

2) Within one hour before and one hour after the estimated
time of arrival, do the weather reports or forecasts for
the destination indicate that the ceiling will be
at least 2000 ft. above the airport elevation and
the visibility at least 3 miles?

If either answe-r is "no", then an alternate airport must be filed in
the flight plan.

Paragraph 135.223 is similar to paragraph 91.83 but it contains
slightly more complex ceiling and visibility criteria for air taxi
operators.

The qualifications for an alternate airport are found in paragraph
91.83(c). These qualifications depend upon the existence of an instrument
approach procedure at the alternate and forecast or reported ceilings
and visibilities at the estimated tir~e of arrival.

If an airport has a published instrument approach procedure,
then the ceilings and visibilities must exceed those published in the
procedure; or if none are published, then ceilings and visibilities

1-4
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must exceed 600 feet and 2 miles for precision approaches (ILS and PAR)
or 800 feet and 2 miles for non-precision approaches (VOR, LOC, DME Arc,
NDB, RNAV, ETC.).

If no instrument procedure is published, then ceiling and visibility
minimums must permit descent from the Minimum Enroute Altitude,
approach and landing under Visual Flight Rules.

SPECIAL FEDERAL AVIATION REGULATION No. 29-3;
LIMITED IFR OPERATIONS OF ROTORCRAFT

SFAR No. 29-3 allows for limited operations under IFR for certain
rotorcraft which are certificated for operations under VFR. Paragraph 4
of SFAR No. 29-3 specifically applies to the fuel requirements for holding
after reaching the alternate airport. This provision relaxes the holding
time requirement from 45 minutes to 30 minutes for qualifying rotorcraft.

4. Notwithstanding § 91.23(a)(3) of the Federal Aviation
Regulations, a person may operate a rotorcraft in a limited
IFR operation approved under paragraph 2(a) of this Special
Federal Aviation Regulation with enough fuel to fly, after
reaching tho alternate airport, for not less than 30 minutes,
when that period of time has been approved.

This Special Federal Aviation Regulation terminates on
December 37, 79RP, unless oco,.er superseded or rescinded.

1.5 PROPOSED ALTERNAT! AIRPORT CRITERIA

There were proposals, made by the helicopter industry at the
recent Regulatory Review, to change alternate airport requirements
to 1000 feet ceiling and 1 mile visibility. This same proposal
considered changing alternate airport qualifications to 300 feet and
I statute mile for precision approach procedures and 600 feet and
1 statute mile for nonprecision approach procedures.

In summary, the current and proposed requirements for the need
to file an alternate airport in the IFR flight plan for helicopters

Ii are presented in Table 1.1. The current and proposed qualifications
for alternate airports for helicopters are presented in Table 1.2.

I

ii 1-5
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Table 1.1 Current and Proposed IFR Alternate Airport Requirements
For Helicopters

Ceiling(ETA i.1 hr) Visibility (ETA ± 1 hr)

Current Requirements, Part 91 2000 ft 3 miles
Current Requirements, Part 135* Circling MDA +1500 ft 2 miles + IAP Requirement

[ Proposed Requirements 1000 ft 1 mile

Note: The table assumes the destination has a published Instrument Approach
Procedure (IAP)

*If Part 91 requirements exceed Part 135 requirements, then Part 91
requirements shall be used.

Table 1.2 Current and Proposed Alternate Airport Qualifications
For Helicopters*

Ceiling Visibility
(ETA) (ETA)

Current Requirements, Precision Approach 600 ft 2 miles
Current Requirements, Non-Precision Approach 800 ft 2 miles
Proposed Requirements, Precision Approach 300 ft I mile
Proposed Requirements, Non-Precision Approach 600 ft 1 mile

4

*Requirements apply unless superceded by non standard or restricted
alternate minimums published in the airport instrument approach
procedure.

1-6
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2.0 METHOD OF APPROACH

Dr. Donald E. Martin of Saint Louis University (SLU) in Report
AFGL-TR-78-0308 "Climatic Models That Will Provide Timely Mission
Success Indicators for Planning and Supporting Weather Sensitive
Operations", (Reference 1) anc' in other reports, developed statistical
methods based on present observed conditions to aid in forecasting for
various time increments and/or for space increments.

It appeared that simil'ar methods would have application as a
basis for setting alternate minimum regulations by establishing a
statistical deterioration rate of visibility and ceiling.

It is necessary to develop a statistically valid data base of
weather deterioration probabilities prior to makinq modifications in
the destination or alternate destination weather minimums. The methods
used by Dr. Martin and the Saint Louis University would seem to provide
a procedure for developing the data base. Therefore these methods form
the basis for this study program.

The basis for the weather analyses are the conditional probability
equations numbers (16) and (17) contained on page 20 of Reference 1.
These equations are as follows:

P(211) =r
2 + (1:00 - r2)P2  weP 1 <=P

and
P(211) =r

2 ! + (1.00 - r2) P2  wnen Pj> P2  (17)
P1

The term P(211) may be interpreted as meaning "The probability that
Event 2 occurs given that Event 1 occurs".I As an example in operational terms related to this program, the
term P211) was interpreted as follows:I "Given that the current ceiling is greater than 3000 feet, whatr is the probability that the ceiling will be less than or equal

to 500 feet in 3 hours".

The P1 and P2 terms in the equations refer to unconditional
probabilities for Events l and 2. In the operational example they are
interpreted as follows:

P1 is the probability that the current ceiling is greater than
3000 ft.

'P2 is the probability that the ceiling will be less than or
Teequal to 500 ft. in 3 hours.
Teremaining term in the equations is the r2 parameter developed by

Dr. Martin. This termcan be thou ht of as a correlation term relating
IIthe conditional probability P(2 11 and the unconditional probability P2.

2-1



For example:

if Event 2 always occurs when Event I occurs, then the conditional
probability P (211) would be unity. This is obviously true in Equation
(16) when r 2 = I which represents a one to one correlation.

If Event 1 and Event 2 are uncorrelated, then it would be expected
that r 2 = 0. In this instance P(211) = P2 by either Equation (16) or
(17). This also is tie anticipated result for P(211).

The main appeal of Equations (16) and (17) is that this analytical
model provides a means for determining conditional probability tables
from only unconditional probabilities and a table of r 2 values. The
model can therefore be used to provide conditional probabilities at
stations where no conditional data exists. The model is also useful in
reducing the amount uf source data and data processing required to
analyze weather probabilities at airports that have conditional probability
data. The challenge is, of course, to determine and validate the r 2 values.

2.1 DATA SOURCES

2.1.1 Conditional Probability Data

The computation of r 2 values uses raw climatology data like that
shown in Figure 2.1 and 2.2 for Fairchild AFB, Washington. These data,
called persistence-probability tables, are actually conditional
probability tables of the following form:

P(CN = XICo = Y) or P (VN = UIVo = W)

Stated in textual terms this means:
The probability that the ceiling is in Category X in N hours (CN)

given that the initial ceiling (Co) is in Category Y: and,
The probability that the visibility is in Category U in N hours

(VN) given that the initial visibility (V0) is in Category W.

The ceiling categories shown in Figure 2.1 are:

A: <200'
B: 200' - 499'
C: 500' - 999'
D: 1000' - 2999'
E: 3000' - 9999'
F: >10000

The visibility categories correspond to:

J: <0.5 mi
K: 0.5 mi but <1.0 mi
L: 1.0 mi but <2.0 mi
M: 2.0 mi but <3.0 mi
N: 3.0 mi but <6.0 mi
0: >6.0 mi

2-2



GLOBAL Ci IMTOLOOY BRANCH STATION 24114
LISAFETAC FAIRCHILD AFI WA
AIR WEATHER SERVICE.'MAC POR 6/49-5/19

HMUR 00-01 LST
CEILING CATEOORY HOURS SUSSEQUENT

NIT SUBS 1 2 3 4 5 6 9 12 15 IS 24 36 4eI

A A 70 51 43 40 39 41 20 12 & 9 20 10 13
9 46 28 39 37 32 24 33 29 24 13 15 23 15
C 2 5 5 7 10 1 - 9 13 to 17 6 12 1

O 2 6 5 4 2 5 10 11 13 4 12 15 15
E 7 6 5 9 13 11 10 I 18 23 23 13 23
F 2 4 4 4 4 6 20 23 29 32 24 27 30
03. 02 82 82 82 32 82 $2 82 82 92 82 32 *2

B A 7 9 10 9 10 to 4 5 8 3 7 3 6
3 75 64 54 54 49 48 36 -n 21 30 32 21 20
C. to 13 16 is to 17 19 25 iS II 13 1? It

D 3 7 8 7 9 9 12 12 It 10 7 12 12
E 3 5 5 7 9 8 13 15 14 16 14 20 18
F 2 3 3 5 6 8 14 18 28 29 27 27 33
OS 273 273 273 273 273 273 273 273 273 273 273 273 273

C A 1 3 3 5 7 7 3 1 2 2 4 3 4
B 18 24 24 22 24 24 21 17 15 14 18 8 14
C 46 51 44 32 30 27 23 20 13 17 17 17 12
o 9 12 14 19 20 19 17 21 18 it 8 18 12
E 3 3 7 10 11 12 18 20 20 18 17 22 22
F 2 5 7 7 8 10 18 20 32 38 35 32 31
08 205 205 205 205 205 205 205 205 205 205 205 205 205

D A 1 4 5 6 5 5 4 2 1 3 2 0 4
B 5 8 10 12 17 17 21 14 10 14 13 15 18
C 13 15 18 24 22 19 1* 15 13 13 14 14 14
D 44 52 41 30 27 27 18 25 24 16 17 17 9
E 11 13 17 17 16 19 18 19 0 16 23 2 19
F 4 7 8 11 13 12 20 25 31 35 31 32 35
OBS 195 195 195 195 195 195 195 195 19n 195 195 195 195 ,,

E A 0 0 1 1 3 1 2 0 1 3 3 1 3
3 4 7 7 7 8 9 9 4 5 8 12 10 12
C 3 6 8 10 12 12 16 14 8 10 9 11 10
D 9 11 12 12 13 13 16 19 17 13 12 15 9
E 75 60 53 49 42 43 28 26 30 26 26 21 26
F 9 16 19 21 22 21 30 35 39 41 37 41 41
03s 387 387 387 387 327 387 387 387 3"37 387 3S7 3n7 387

F A 1 1 2 3 3 2 1 1 2 3 1 T.
B 2 3 5 7 o 10 8 6 5 a p 8 13
C 1 2 2 2 3 3 7 7 7 8 9 12 12
D 1 1 2 2 2 4 7 9 t0 9 f 14 9
E 6 10 13 15 14 17 17 19 21 21 20 1S is
F 90 83 77 72 68 64 60 58 55 52 50 47 46
OBS 718 718 718 718 718 718 710 718 718 718 71C 718 719

INITIAL CATEOORY ALL A 3 C D E
PERCENTAOE 100.0 4.4 14.7 11.0 10.5 20.8 38.4
TOTAL OMS 1860 82 273 205 195 307 71S

Flcure 2.1 Ceiline Conditional Probability Tables for Fairchild AFB,
Washi ngten
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CONDITIONAL CLIMATOLOGY
MONTH JANUARY

HOUR 00-01 LSTWIND SECTOR ALL

VISIBILITY CATEGORY HOURS SUBSEQUENT
INIT .US$ 1 2 3 4 5 6 9 12 1. 13 24 1 , 48

d 73 62 55 47 47 48 37 22 16 22 S. 14 1:3a
K 12 17 16 17 16 12 12 5 9 6 8 10 S
L 4 6 7 *t 9 13 14 a S 11 13
M 2 4 2 a 3 2 3 3 6 4 3 3 3
N 1 3 7 5 5 6 9 20 18 16 13 16
0 2 3 14 11 22 22 27 35 43 44 47 43 57
OB 172 172 172 172 172 172 172 172 172 172 172 172 172

K 23 25 20 23 20 23 19 12 12 13 19 i1 Il
K 47 42 13: 27 29 26 14 9 3 8 13 2 12
L 15 13 16 I1 19 20 16 16 12 11 5 13 4
M 3 2 4 8 10 3 7 11 9 3 3 9 5
N 8 8 7 8 9 9 19 i1 19 is 9 11 9
0 5 10 14 16 14 19 25 34 41 47 51 52 31
ops • 91 91 91 1at 1 91 91 91 • 91 91 91 a 71

L J 7 :3 • 13 19 16 20 10 9 10 19 7 16
K 16 19 23 17 13 14 14 13 7 8 12 5 7
L 53 42 :33 25 22 22 14 13 14 19 0 12 13
M 13 7 5 10 6 5 4 4 2 4 3 4 2
N 6 12 13 11 12 13 20 i1 i1 4 6 12 7
0 5 1: 17 24 29 29 29 42 50 55 53 60 55
083 112 112 112 112 112 112 112 112 112 112 112 112 112

M J 3 3 5 3 5 7 12 7 7 3 7 3 10
K 5 a 5 10 20 20 20 3 3 2 7 7 10
L 17 22 18 17 13 15 8 17 8 is 5 8 5
M 45 30 1A 8 5 a 5 10 a 3 8 7 3
N 13 1 25 28 20 20 27 7 22 8 15 13 2
0 17 18 28 33 37 .30 23 32 52 60 58 62 70
OB$ 60 60 60 60 60 60 60 40 60 60 6.0 ,0 60

N J 0 2 7 10 10 10 7 4 5 7 10 4 13
K 5 9 7 7 8 12 13 5 5 6 6 1 3
L 13 15 13 13 12 11 18 10 6 10 9 13 10
M e ! 4 4 6 5 11 4 4 2 5 2 4
N 44 36 32 20 17 12 11 21 16 11 10 1 7
0 30 30 39 46 40 51 40 56 43 45 60 60 63
09 136 136 136 136 1:36 136 136 136 136 136 1.-6 136 1?6

0 j 1 2 3 4 4 4 4 2 2 3 5 3 6.
K 0 2 3 2 3 4 1; 3 3 2 4 4
L 1 2 2 3 4 4 6 5 5 5 I S 5
M I 1 1 1 1 2 3 3 2 3 3 :ý 3
N 4 5 5 6 6 7 11 9 9 9 7 12 7
0 93 88 a 5 83 81 79 71 77 80 79 71 71 74
OBS !2e9 1299 1299 12S9 1299 1289 1289 1289 1239 1289 12S9 I129 1289

INITIAL CATEGORY ALL K L M N 0
PERCENTAOE 100.0 9.2 4.9 6.0 3.2 7.3 61.,
TOTAL OS ISl0 172 01 112 60 136 1289

Figure 2.2 Visibility Conditional Probability Tables for Fairchild
AFB, Washington
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The data in Figure 2.1 and 2.L1 are interpreted as follows:

In Figure 2.1 the letters in the far left under the column labeled
INIT correspond to the initial ceiling category. The next column,
labeled SUBS corresponds to the category observed at the subsequent
time. Subsequent time categories, ranging from 1 hour to 48 hours, are
shown in the first row across the page.4

Going down the first column the numbers mean:

Given the initial ceiling is in Category A, the probability
that the ceiling is in Category A one hour later is 70%.

Given the initial ceiling is in Category A, the probabfiity that
the ceiling is in Category B one hour later is 16%.

And going down a few lines:

Given the initial ceiling is in Category B, the probability that
the ceiling is in Category A one hour later is 7%.

And for later times:

Given the initial ceiling is in Category C, the probability
that the ceiling is in Category B four hours later is 22%.

Visibility tables in Figure 2.2 are analogous to the ceiling
tables.

Given the initial visibility is in Category L. the probability
that the visibility is in Category J three hours later is 87..

The terms OBS at the end of each initial category is the number of
observations from which the data were collected.

At the bottom of Figures 2.1 and 2.2, the numbers of observations
for each initial category are again shown along with the percentages for
each initial category. These values are the unconditional probabilities
of ceilings (visibilities) being in each category. For example, the
probability of the ceiling being in Category 8 at Fairchild AFB in
January during 00-01 Local Standard Time is 14.7%.

The month, local time, and years in which the data were collected
are shown in the upper right hand legends of the figures. These data
represent one, two-hour time period for one month. Yn order to obta~in
a complete set of persistence-probability tables such as those sh'own,
it takes 144 pages of ceiling data and 144 pages of visibility data for
each station.

Obviously the r2 model developed by Dr. Martin in Reference 1I
could considerably reduce the amount of data sources and data processing
necessary to produce data that is pertinent to the alternate airport
problem. The r2 model requires only the use of unconditional probabilities



and r2 table values. Sources of unconditional probability data are
described in the following paragraphs. Construction methods for the
r2 tables are described in Section 2.2.

2.1.2 Unconditional Probability Data

One source of unconditional probability data is the summnary lines
at the bottom of the conditional probability data as depicted in
Figures 2.1 and 2.2.

Another source is Appendix C in Reference 1. Data in this document
is presented in a compacted form as shown in Figures 2.3 for Fairchild
AFB, Washington. In this form the entire unconditional ceiling and
visibility data for a single station can be presented on a single page.
The data are interpreted as follows:

Data for each month of the year are presented as a series of twelve,
nine or ten digit strings of numbers. The first six strings are ceiling
data and the last six strings are visibility data.

The categories for ceilings and visibilities correspond to
cumulative categories rather than specific categories. That is, the
first row corresponds to ceilings in categories A and B; the second
row corresponds to ceilings in A, B and C; the third row corresponds to
ceilings in A, B, C and D; and so on.

The visibility data is also in a cumulative format.

In order to understand the data string it is necessary to understand
the manner in which it is packed. For example the string corresponding
to ceilings less than 500 ft for Decý%mber is 478865566:

<500 ft 4 7 8 8 6 5 5 1 6- 6 jPACKED PROBABILITY

The right eight digits correspond to eight, three-hour time periods during
the day in terms of local standard time on the 24 hour clock. The left
digit (or occasionally two digits) is a multiplier to be applied to each
hourly digit in the string. Thus the unpacked unconditional probabilities

are:

0-2 j3-5 6-8 9-11 j12-14 15-17 18-20 121-24 ITIME PERIOD
<500 ft

28% j32% 32% 124% 20% 20% 24% 24% PROBABILITY

These values thus become a very convenient way for reducing the
complexity of the unconditional probability data source. Some resolution
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FAIRCHILD AB WA SKA WMO NUMBER n 727855

LAT * 47,6 LON a 117,7 E (MVTERS) * 750,0 E/EBAR 1.1

DEC JAN FEB
< 500 FT 478865566 378864466 288763356

( 1000 rT 578877677 489986677 377875555
( 3000 FT 6e8888777 677877666 478807666
< 5000 FT 778888777 689988778 578877664

< i0000 FT 086888888 888888777 688988777
C 20000 FT 988888887 988888877 788998b87

< ,5 "I 277764446 245543234 244531123
< I H! 377764456 345653334 266752245
C 3 "I 478886566 466775555 366764345
C 5 MI 577886566 566776555 456764444
C 6 P.1 578887666 567887666 467874455

MAR APR NAY
t 500 FT 136737224 112210000 111210000

C 1000 FT 245652333 135752112 134631112

< 3000 FT 346787544 234575322 233565322
( 5000 FT 456679755 433468532 422357422

< 10000 FT 656778755 645558744 545568754
4 20000 FT 766778866 755668765 656678765

< I5 MI 12231C011 101100000 100000000
( 1 M1 124521112 101200000 101100000
< 3 11 223531222 111310000 101100000
< 5 Hi 234642333 ' 113431110 1122t110o
C 6 MI 245753333 124642211 112321110

JUN JUL AUG
< 500 FT 111100000 100000000 111100000

< 1000 FT 123421111 100100000 111211100
< 3000 FT 145885323 101111100 112343111
< 5000 FT 323366322 111145311 123468421

4ioooo FT 544567643 2344576;3 245679744
C 20000 FT 656668754 346567654 357889855

< .5 MI 101000000 100000000 100100000
"C 1 14 101000000 100000000 100100000
" 1 3 MI 101000000 100000000 &00100000
1 5 MI 112100110 101000000 111110:11
C 6 MI 112211110 101000000 111111111

SEP OCT NOV
< 500 FT 100100000 146851123 356753344

< 1000 rT 112221111 235652223 467765445
< 3000 FT 123354322 256897445 489998667
< 5000 FT 222335322 356777544 588888767

< 10000 FT 345657654 4778e8766 689998888
C 20000 FT 4$6767765 666877766 877a88777

< .5 MI 100100000 135730011 255631223
4 1 MX 100100000 136840012 267853344
< 3 mI 100210100 224631112 367864445
< 5 MI 101211110 235862222 45o864444
< 6 MI 1PI,322210 334752222 467975545

Figure 2.3 Packed Unconditional Probability Data
(Source: Apnendix C, Reference 1)
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is obviously sacrificed in the data pack 4ng process. The impact of this
loss of resolution on the overall products of the study program was not
considered but is an area that warrants further analysis.

2.2 DEVELOPMENT OF THE r2 PARAMETER

The computation of the table of r 2 values is achieved by using the
following procedure:

1. Solve Equations (16) and (17) from Reference 1 for r 2

and retain the constraints on the unconditional probabilities.

P(2jl) - P2
r2 = for Pjc P2

I - P2

P(211) - P2'2 = for P1>P 2
PI(1/P 1 -l)

2. Utilizing conditional and unconditional probabilities
from data tables like those shown in Figures 2.1 and 2.2
determine r 2 values.

3. Accumulate values for r2 from several time periods,
se'.eral months of the year, and from several geocgraphical
areas. Combine these r 2 values by finding the statistical
1-,-an value. The resultant. values become the composite
r2 tables.

4. Validate the r 2 model by:
a) Examining the variation in the r 2 values that are

used to detzrmine the composite r 2 vaiues.
b) Utilize the composite r 2 values tn compute the

conditional probabilities from whence the original
r1 values were derived. Compare the original and
computed conditional probabilities and evaluate the
fidelity of the model.

5. Utilize the composite r 2 tables and compacted unconditional
probability data described in Section 2.1.2 and determine
conditional probability values for several locations that
are operationally significant for civil helicopter operations.

6. Compare actual conditional probability data and data developed
from the model. Ascertain the validity of the model. Consider
alternative models or procedures if the r 2 model is not
appropriate for the alternate airport problem.

2-6



Steps 1-4 were carried out in conjunction with a graduate research
program at Saint Louis University. In this program r2 values were
developed for sixteen weather stations in four geographical areas
of the country. These areas and stations are:

Northeast North Central
Westover, Massachusetts Ellsworth, South Dakota
McGuire, New Jersey Offutt, Nebraska
Dover, Delaware Cinker, Oklahoma
Pease, New Hampshire Minot, North Dakota

Southeast West
Robbins, Georgia March, California
Blytheville, Arkansas Fairchild, Washington
Little Rock, Arkansas Yakima, Washington
Randolph, Texas Gray, Washington

Tho locations of these weather stations used by Saint Louis University
are shown in Figure 2.4.

Steps five and six were performed by the contractor. Utilizing
the r2 values generated by the Saint Louis University program and the
compacted unconditional probability data from Reference 1, conditional
probabilities values were computed for time periods of one hour,
three hours and six hours after the initial time period. Conditional
probability data from Fairchild Air Force Base in Washington were
obtained and compared with conditional probabilities for Fairchild
developed from the r2 model.

The results of this comparison and the subsequent development of
alternate formulations for the r2 parameters are discussed in Section 3.
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DISCUSSION

The study results are presented in three parts. 3.1 contains an analysis
of the interpretation of the climatology in terms that are operationally
significant for the alternate airport problem. 3.2 describes the development
and use of the cumulative probability model. 3.3 describes the results that
were obtained through the application of the cumulative probability model.

3. 1 OPERATIONAL CLIMATOLOGY PARAMETERS

3.1.1 Ceilings

In reviewing the climatology information contained in the persistency-
probability tables, the following observations were made concerning the
ceiling categories:

1. The 200 and 500 ft ceiling categories are roughly equivalent to ILS
Category I ceiling minimums and non-precision approach respectively.

2. The 500 ft ceiling category is close to the 600 ft ceiling that
qualifies an airport with a precision approach capability as an
alternate airport.

3. The 1000 ft ceiling category is close to the 8OO ft ceiling that
qualifies an airport with a non-precision approach capability
as an alternate airport.

4. The 1000 ft ceiling also represents a goal that the helicopter
operators have for requiring the filing of an alternate airport
in the flight plan.

5. The 3000 ft ceiling category is slightly greater than the current
ceiling requirement of 2000 ft for filing an alternate airport in
the flight plan.

6. Ceiling data in the compacted unconditional probability tables
in Reference 1 have the following altitude boundaries: 500 ft,
1000 ft, 3000 ft. 5000 ft, 10,000 ft and 20.000 ft. Ceiling
data in the persistency probability tables have the following
altitude boundaries: 200 ft. 500 ft, 1000 ft, 3000 ft, and
10,000 ft. Altitudes which are common in the two data bases
are: 500 ft, 1000 ft, 3000 ft and 10,000 ft.

Since data was not available for the 200 ft category from both
sources, the 500 %aid 1000 ft categories were selected to represent
precision and non-precision approach minimum respectively. This
assumption means the results are conservative. Actual risk prob-
abilities for ceiling would be less than those in this analysis.

With these considerations, the following six ceiling parameters were selected
as being the most relevant to the alternate airport problem:

1. The probability that the ceiling N hours later will be less than 500
ft given the initial ceiling is greater than or equal to 1000 ft.

P( CN< 500 ftjI C0  > 1000 )1

2. The probability that the ceiling N hours later will be less than
500 ft given the initial ceiling is greater than or equal to 3000 ft.

P( CN < S)O ft CO > 30000)
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3. The unconditional probability that the coiling will be
less than 500 feet.

P(C <500)

4. The probability that the ceiling N hours later will be
less than 1000 ft given the initial ceiling is greater
than or equal to 1000 ft.

P(C N <1000 1C0  1000)
5. The probability that the ceiling N hours later will be

less than 1000 ft given the initial ceiling is greater
tharf or equal to 3000 ft.

P(CN <1000 I C0 13000)
6. The unconditional probability that the ceiling will be

less than 1000 ft.
P(C <1000)

These six ceiling parameters have roughly the following operational
conotations:

1. The probability that the ceiling will be less than
precision approach minimums under the regulation
proposed by the helicopter operators.

2. The probability that the ceiling will be less than
precision approach minimums under the current regulation.

3. The probability that the ceiling will be less than
precision approach minimums.

4. The probability that the ceiling will be less than
non-precision approach minimums under the regulation
proposed by the helicopter operators.

5. The probability that the ceiling will be less than
non-precision approach minimums under the current regulation.

6. The probability that the ceiling will be less than
non-precision approach minimums.

For comparison purposes these parameters break down into two sets of
three parameters:

The difference between ceiling parameters 1 and 2 is the increased
risk in terms of the ceiling being below precision approach minimums
due to reducing alternate airport requirements from current values to
those desired by the helicopter operators.

Comparison of ceiling parameters l and 2 with 3 indicates the
amount of improvement in predicting ceilings below precision approach
minimums when ceiling information is known at the initial time versus
no knowledge of initial ceiling information.

The difference between ceiling parameters 4 and 5 is the increased
risk in terms of the ceiling below non-precision approach minimumis due
to reducing alternate airport requirements from current values to those
desired by helicopter operators.
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Comparison of ceiling parameters 4 and 5 with 6 indicates the
amount of improvement in predicting ceilings below non-precision
approach minimums when ceiling information is known at the initial
time versus no knowledge of initial ceiling information.

3.1.2 Visibilities

The visibility categories contained in the persistency-probability
tables are related to operational visibility parameters in the following
way:

1. The 0.5 mi visibility category is roughly equivalent to
ELS Category I minimums for fixed-wing aircraft and
non-precision approach visibility minimums for helicopters.

2. The 1.0 mi visibility category is the goal that
helicopter operators have for requiring the filing
of an alternate airport in the flight plan.

3. The 1.0 mi visibility category is roughly equivalent
to the visibility requirement for slower fixed-wing
aircraft. Almost all instrument approaches can be
made with a visibility of 1.0 mile with helicopters.

4. The 2.0 mi visibility category is equivalent 'o the
visibility that qualifies airports with precision
and non-precision approach procedures to be used as
alternate airports.

5. The 3.0 mi visibility category is equivalent to the
current visibility requirement for filing an alternate
airport in the IFR flight plan.

In utilizing visibility data from both the persistency-probability tables
and the compacted unconditional probability tables in Reference 1,
the following visibility boundaries are commnon to both data sources:
0.5 mi, 1.0 mi, 3.0 mi and 6.0 mi.

Based upon these observations, the following six visibility
parameters were selected as being the most relevant to the alternate
airport problem:

1. The probability that the visibility N hours later will be
less t~'an 0.5 mile given the initial visibility is greater
than or equal to 1.0 mile.
P(V< 0.L5 1 V0  > 1.0)

2. The probability that the visibility N hours later will be(I less than 0.5 mile given the initial visibility is greater
than or equal to 3.0 miles.

P(VN <0.5 1 V0 > 3.0)

3. The unconditional probability that the visibility will be
less than 0.5 mile.

P(V < 0.5)
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4. The probability that the visibility N hours later will be
less than 1.0 mile given the initial visibility is greater
than or equal to 1.0 mile.

P(VN < 1.0 1 V0 1 1.0)
5. The probability that the visibility N hours later will be

less than 1.0 mile given the initial visibility is greater
than or equal to 3.0 miles.

P(VN < 1.0 1 VN *30

6. The unconditional probability that the visibility will be
less than 1.0 mile.

P(V <1.0)
These six visibility parameters have roughly the following operational
conotations:

1. The probability that the visibility will be less than
precision approach minimums under the regulation proposed
by the helicopter operators.

2. The probability that the visibility will be less than
precision approach minimums under the current regulation.

3. The probability that the visibility will be less than
precision approach minimums.

4. The probability that the visibility will be less than
non-precision approach minimums under the regulation
proposed by the helicopter operators.

5. The probability that the visibility will be less than
non-precision approach minimums under the current
regulation.

6. The probability that the visibility will be less than
non-precision approach minimums.

Similar to the ceiling parameters, the visibility parameters
break down into two sets of three parameters:

The difference between visibility parameters 1 and 2 is the
increased risk in terms of the visibility being below precision
approach minimums due to reducing alternate airport requirements from
current values to those desired by the helicopter operators.

Comparison of visibility parameters 1 and 2 with 3 indicates
the amount of improvement in predicting visibilities below precision
approach minimums when visibility information is known at the
initial time versus no knowledge of initial visibility information.

TV~e differences between visibility parameters 4 and 5 is the
increased risk in terms of the visibility being below non-precision
approach minimums due to reducing alternate airport requirements
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from current values to those desired by helicopter operators.

Comparison of visibility parameters 4 and 5 with 6 indicates the
amount of improvement in predicting visibilities below non-precisi~on
approach minimums when visibility information is known at the initial
time versus no knowledge of initial visibility information.

3.1.3 Time Period Variations

Several of the selected operational parameters have a time period
specification between some initial time and a subsequent time. In
operational terms the initial time correspon'ds to the time that the
latest ceiling and visibility measurements were reported; and the
subsequent time refers to the estimated. arrival time at the airport.
The time span'between the initial time and the subsequent time is
equivalent to the age of the ceiling and visibility report plus the
aircraft flight time.

Three time periods were utilized in the study, one, three, and
six hours. The one hour period corresponds to many helicopter
operations which are one hour or less in duration. The three hour
time period corresponds to many fixed-wing operations and an upper
limit for helicopter flights. The six-hour tin'.:! perilod is a typical
upper limit for fixed-wing operations. The one, three, and six-hour
periods provide a reasonably broad spectrum of time periods in which
to evaluate ceiling and visibility characteristics.

Four ceiling parameters and four visibility parameters are
affected by the time period between the initial time and the subsequent
time. These values are the conditional probabilities. Evaluating
these parameters at three time periods produced a total of twelve
visibility values. The remaining two ceiling parameters and two
visibility parameters are the unconditional probabilities. These values
are not affected by the period between the initial time and the
subsequent time. In total there were fourteen ceiling values and
fourteen visibility values produced for each airport used in the
analysis, or twenty-eight data values in all.

3.1.4 Averaging of Monthly and Daily Variations

The computational procedures for the ceiling and visibility
parameters produced data that had both hourly and moi~thly variations.
The source data is available for each month in both the packed uncon-
ditional probability tables and the persistency-probability tables. The
fotiner data source had hourly data for eight, three-hour time periods
and the latter source has hourly data for twelve, two-hour time periods.

In order to reduce the amount of tabular output data, the monthly
and hourly data were averaged. The statistical mean value was taken as
the output of the probability analysis. This procedure reduced the

amount of output from any one station from 2688 values to 28 values in
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t he packed unconditional probability cases and from 4032 values to 28
values in the persistence-probability case.
3.2 THE r2 MAPTRIX

3.2.1 Development of the Cumulative r2 Tables

Matricies of composite r2 values were originally applied to ceiling
and visibility parameters by researchers at Saint Louis University.
Unfortunately, models using these matricies proved to be unreliable
for ceilings and visibilities with a low probability of occurence. Methods
of reducing the variation in the r2 valu~es when low probability situations
were encountered were examined. The most Dromnisinq method was the use
of cumulative probabilities rather than the category probabilities shown
in Figures 2.1 and 2.2. The maiin drawback in this formulation of the
problem was that the data in the persistency-probability tables had to be
reprocessed to a considerable extent. These procedures are outlined
in Appendix A.

A very limited amount of data and contract resourcEcs were available
to develop and utilize the cumulative r2 tables. Only a limited amount
of persistency-probability data had been obtained to check the model
developed by SLU. This data, shown in Appendix B, was for Fairchild AFB,
Washington for the month of Jantiary.

It was decided to utilize this limited data to develop the cumulative
r2 procedure. Then, if this data looked satisfactory, validate the
procedure using unconditional probability data for Fairchild in January.
This obviously is not a completely satisfactory validation of the model as
geographical and seasonal universality is not tested. These tasks remain
to be completed.

The methods described in Appendix A were applied to the data contained
in Appendix B and cumulative r2 tables for Fairchild were devcloped.
Table 3.1 contains the cumulative r2 values corresponding to ceiling data
and Table 3.2 contains cumulative r2 values corresponding to visibility
data.

These cumulative r2 values have correlation function characteristics
as was anticipated in Section 2.0. In no instances were negative r2
values obtained. Also small differences between the initial time and
and the subsequent time produce r2 values close tc unity indicating
high correlation. As the time interval is increased, the cumulative
Y12 values decrease indicating a reduction in correlation. These results
are reasonable when considering the correlation characteristic attributed
to the r2 parameter.

3.2.2 Validation of the Cumulative r2 Tables

In developing the cumulative r2 values, the cumulative conditional
probabilities were developed as part of the procedure. These values are
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Table 3.1 Cumulative r2 Value for Ceilings

(Values Multiplied by 100)

SUBSEQUENT TIME

INITIAL :=A -ZWB .-C ',-D ",-"E DIFFERENCE
TIME

74.2e e8.35 91.71 03.25 92.55 1 HOUR
• "A 41.82 72.60 73.06 32.37 34.72 3 HOURS

?;3.6,4 52.7' ,1.56 48.9.. 73.16 6 HOURS

89,.S 1,1•.7• :, 1 2.•45 93. 80 1 HOUR

,'ýB 71.96 62.10 74.07 81.64 86.06 3 HOURS
52.,)7 47,7-4 57.7q 67.07 74.07 6 HOURS

41.42 97.10 34.61 89.36 91.98 1 HOUR
0K-C 77.53 71.56 69.02 76.04 $1.66 3 HOURS

60.56 55.00 53.54 59.77 A7.72 6 HOURS

'1,54 910. 66 89.98 85.12 90.O9 1 HOUR
"."$D 31.03 77.26 76.59 71.02 78.20 S HOURS

64.00 61.40 59. 00 56.77 62.38 6 HOURS

9'1.63 n1.56 92.90 92.37 35.12 1 HOUR
;:=E :1-.3.12 $1.05 $2.47 31.47 69.43 3 HOURS

62.78 65.60 68.41 66.26 57..97 6 HOURS

Table 3.2 Cumulative r2 Values for Visibility

(Values Multiplied by 100)

SUSSE•UENT TIME

INITIAL <,-A ý,,W <MC <so ,',E DIFFERENCE
TIME

75.2' 34.37 91.14 92.73 96.36 1 HOUR
<,:A 57. 00 6Z3.64 72.05 76,.39 84.70 3 HOURS

43.32 41.. 56 5.3.57 56.S7 67.19 6 HOURS

$4.72 75. 32 :35. 25 33. 05 ?4.55 1 HOUR
.:',s 9 1. 78 56. 58 64.76 69.79 80.00 3 HOURS

45. 96 41.90 46..33 50.11 60.37 6 HOURS

91.11 64.71 79.17 82.38 92.13 1 HOUR
ý.C 69.67 63.47 60.57 64.22 75.63 . HOURS

55.35 45.38 44.62 48. 1t 57.27 , HOURS

92.46 37.51 31,'3 $0..?1 90. 15 1 HOUR
.:.D 72.47 67.67 61.70 6Z.;5 72. P6 3 HOIJRS

5•.44 49.80 45.21 4c. 04 55.32 6 HOURS

9•.44 93.3•0 ?0.99 38 .32 82.50 1 HOUR
"<-F 79.07 76. T5 725.47 70.20 66.6.5 3 HOURS

66.33 59.10 54.79 52.76 52. 44 6 HOURIS
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interpreted as follows:

P(CN ICat i C C0 < Cat J) and

P(VN !Cat k Vo < Cat 1)

The prL-ability that the ceiling N hours latLr will be less than or equal
to Category i when the initial ceiling is less than or equal to Category J;
and the probability that the visibility N hours later will be less than
or equal to Category k given the initial visibility is less than or equal to
Category 1. An example of this data is shown in Table 3.3.

The symbols in the left hand column refer to the cumulative categories
at the initial time. The symbols across the top row refer to the cumula-
tive categories at the subsequent time. The first table is for a one hour
elapsed time between the initial and subsequent time. The second and third
tables are for three and six hour periods. Examples of these data are:

The probability that the ceiling in one hour will be less than or
equal to Category B given the initial category was less than or equal to
Category C is 59.6%.

The probability that the ce~ling in three hours will be less than
or equal to Category C given the initial category was less than or
equal to Category A is 87.0%.

Corresponding values for these conditional probabilities were
computed utilizing the unconditional probabilities and the derived tables
of r 2 values. An example is shown in Table 3.4. The format of this data
is equivalent to that of Table 3.3.

These values were calculated for each of the twelve periods and for
each of the 25 possible ceiling and visibility categories for elapsed
times between the initial and subseqjient times of one, three, and six2
hours. Differences between the actual data and that derived from the r2
tables were computed. The results of this comparison are shown in the
histograms of Figure 3.1 trough 3.6.

The histograms indicate that in most cases the differencý between
the actual data and the derived conditional probability dat: was less
than 5 % and in the majority of the cases the differences ; re less than
one or two percent. The histograms also show that the modt.i Is more
accurate for short periods between the initial and subsequent times than
for the longer elapsed times. The model appears to work about equally
well for ceiling and visibility.

Utilizing this validation information and the fact that the r2

tables had reasonable correlation characteristics, it was decided to
accept the validity of the cumulative r2 tables until a more thorough
evaluation of geographical and seasonal effects was available,
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Table 3.3 Conditional Probabilities for Ceilings in January
Fairchild AFB, 00-01 Local Standard Time

(Values In Percent)

SUSEOUENT TIME

INITIAYL -"0A : 'D
TIME
-.nA 70.0 86.0 88.0 , 0,0 97.0

"1. 5 $2.0 9". 1 03.7. S
1 HOUR %-C 14.0 59.*6 es. 91.9 C7.5

-:"-0 10.7 45.7 70.1q '1I. 4 97. !

M'E 7.0 :31.6 49.2 66.0

INITIAL -Z.A ,.'.B -%E.'
TIME

43.0 S1.0 0 92.0 97. 0
!:-B 17.6 71. 2 ;?4.7 02.0 '7.0

S HOURS <-C 12.3 55. 1 7 , 7 S9. 95.2
".-0 10.4 44.7 67.4 A 35. 4 !4.1

"7.2 32.3 50.1 66.0 39.7

INITIAL -=A :.a "'.D ':*E
TIME
".-A 41.0 65.0 77.0 92. 0 93.O

17.1 5,.6 75.5 33. • ". 2

-6 HOURS '-,C 13.4 49.Z 419.1 .. 1.1 ) . 0
':MD 11.3 42.1 41.8. 77.7

487.8 31.2 43. 3 V.

Table 3.4 Derived Conditional Probabilities for Ceilings in
January, Fairchild AFB, 00-01 Local Standard Time

(Values in Percent)

SUBSEOUENT TIME

INITIAL <-A <-l 3Mc "D
TIME
<-A 75.5 00.7 94.3 96.1 97.2
" "8 22. 5 33.9 32.4 "5. 7 97.7

I HOUR "-ýC 14.7 62.5 S.,5 93,9 97.0
"11.0 47.3 73.5 91.4 96.3

7.4 32.4 r0. 3 67.1 94.4

INITIAL :-A '-B <:0 "::-E
TIME

'-A 52..Z 79.7 85.5 90., q4.5

HOUrPS ,'<- 13.$ 58. 9 70. 65 6.7 03.4:-D 10.5 47.1 71.3 13.9 1

.. E 7.3 33.4 51.4 67.1
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3.3 APPLICATION OF THE CUMULATIVE r2 MODEL

3.3.1 Development of the-Operational Parameters

The cumulative r2 model is capable of developing conditional
probabilities of the type described in Section 3.3.2. These values
must be processed further to yield the operational parameters described
in Sections 3.1.1 and 3.1.2. The derivation of this relationship is
presented in Appendix C. The relationship uses cumulative conditional
probabilities and cumulative unconditional probabilities.

3.3.2 Selection of Representative Weather Stations

The cumulative r2 model was used to determine conditional probabili-
ties that were to be used in the relationship of Appendix C to develop
operational parameters relevant to the alternate airport problem.

From the large set of weather station data in Reference 1, twenty-
five were chosen for determining operational parameters. About half of
the stations were chosen on the basis of their locations being near known
active helicopter operational areas: East Coast, Gulf Coast, West Coast
and Appalachian Areas. The remaining stations were chosen to give a
balanced geographic..l representation of the operational areas. A map
of the twenty-five station ILoctions is shown in Fiqure 3.7.

The twenty-eight operational parameters discussed in Section 3.1.1
and 3.1.2 were computed for each of the twenty-five weather stations.
The results are presented in tabular form in Appendix D and are presented
graphically in Figures 3.8 - 3.12. In the figures the cities are pre-
sented in order of increasing percentage of ceilings below 1000 ft. The
lines connecting the city data are of no significance other than to aid
in the graphical presentation of the data. ihe shaded areas in the graphs
indicate a consistent pattern of slightly increased risks of low ceilings
and visibilities in going from current alternate airport requirements to
the reduced requirements desired by the helicopter operators.

The graphs also indicate significantly increased chances of low
ceilings and visibilities occuring if the time duration between the
initial time and subsequent time (which can be interpreted as the ageI
of the weather report at the destination plus the flight time) is large.
Generally the occurence of low ceilings and visibilities for a one hour
period using regulations proposed by the helicopter operators carries
less risk than a three hour time period under current regulations. This
result would tend to indicate that a relaxation of the alternate airport
requirements for short duration flights would carry about the same risk
of low ceilings and visibilities as lonocer flights under current regula-
tions. Thus a sliding scale of increasing alternate airport requirements
with increasing flight duration would tend to even the risk factor
associated with ceilings and visibilities lowering to values less than
approach minimums.
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3.3.4 Summiarization of the Operational Parameters

In order to summarize the results of the twenty-five station stucey,
the statistical mean values of the twenty-eight operational parameters
were determined. These results are shown in Figures 3.13 and 3.14.
As expected, these graphs show increasing risks of ceiling and visibility
deterioration as the aircraft flight time increases. The shaded areas
in the graphs represent additional risks in reducing alternate airport
requirements from the current rules to those proposed by helicopter
operators.

Three of these risk plots show that the risk at three hours under
the proposed rules is about the same as the risk at six hours under the
current rules. The fourth risk plot, the precision approach ceiling
case shown in Figure 3.13, shows the risk at four and one-half hours
under proposed rules equaling the risk at six hours under the current
rules.

These summnary curves indicate that the proposed alternate airport
requirements tend to increase the risk of ceilings and visibilities
dropping below the specified precision and non-precision approach
levels during the flight. By limiting the flight time to which the
reduced requirements apply, the risk can be minimized, however.

3.3.5 Candidate Alternate Airport Rule

Based on the preliminary results from this investigation of
climatological data, the rule pertaining to the requirements for
alternate airports in the IFR flight plan could be modified.

CURRENT REGULATION

GENERAL AVIATION

§91.83 Flight plan; information required.

(a) Information required. Unless otherwise authorized by/
ATC, each person filing an IFR or 1/FR flight plan shall include
in it the foltow~ng information:

(9) In the case of an IPH flight plan, an alternate airp,..rt.,
except, as provided in paragraph (bi of this sectiz~on.
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'b) Exceptions to applicability of paragnzph (a)(9) of this
section. Paragrnaph (a) (9) of this section does not apply if
Part 97 of this subchapter prescribes a standv:d instrumont
approach procedure for the first airport of intcided landing
and, for at least one hour before and one hour after the
estimated time of arrival, the weather reports or forecasts
or any combination of them, indicate--

(7) The ceiling will be at least 2,000 feet above the
airp)ort elevation; and Section

(2) Visibility will be at leajt 3 miles.M to be
(71) TFR alternate airport weather minimums. Modified

e

CANDIDATE MODIFICATION

(1) For flying times of 2 hours or less (at norrr I cruising
speed, in stil? air) -

(i) The ceiling will be at least Z,000 feet above the airport
elevation; and

(ii) Visibility will be at least 7 mile.
(2) For flying times greater than 2 hours -
(i) The ceiling will be at least 2,000 feet above the airport

eZevation; and
(ii) Visibility will be at least 3 miles.
(c) IFR alternate airport weather inn'amums.

CURRENT REGULATION

AIR TAXI OPERATIONS

§ 135. 223 IFR: alternate aiz;ort requirement.3.

(a) Except as provided in paragraph (b) of this section, no
person may operate an aircraft in IFR conditions unless it
caracaps enough fuel (considering weather reports or

forecasts or any combination of them) to-
(1) Complete the flight to the first airport of intended

landing:
(2) Fly from that airport to the alternate airport; and
(3) Fly after that for 45 minutes at normal cruising speed.
(b) Paragraph (a)(2) of this section does not apply if

Part 9? of this chapter prescribes a standard instrument
approach procedure for the first airport of intended landing
and, for at least one hour before and after the estimated
time of arrival, the appropriate weather reports or forecastss,
or any combination of them, indicate that-
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(1) The w.iling will be at least 1,500 feet above the
lowe.s;t circ7ling approach MDA; or
(:?) If a circling instrument approach is not authorized

for the airport, the ceiling will be at. least 1,500 feet Section
above the lowest published minimum or 2,009 feet above the
airport elevation, whichever is higher; and to be

(3) Visibility for that airport is forecast to be at least Modified
three miles, or two miles more than the lowest applicable
visibility mini.mums, whichever is the greater, for the
instrument approach procedure to be used at the destination
airport .

CANDIDATE MODIFICATION

(1) For flying times of 2 hours or less (at normal
cruising speed, in still air) -

(i) The ceiling will be at least 750 feet above the
lowest circling approach MDA; or

(ii) If a circling instrument approach is not authorized
for the airport, the ceiling will be at least 750 feet
above the lowest published minimum or 1000 feet above the
airport elevation, whichever is higher; and

(iii) Visibility for that airport is forecast to be at
least one mile, or one-half mile more than the lowest applicable
visibilit?,n minimums, whilchever is the greater, for the
instrument approach procedure to be used at the destination
airport.

(2) For flying times of greater than 2 hours -
(i) The ceiling will be at least 1,500 feet above the

lowest circling approach MDA; or
(ii) If a circling instrument approach is not authorized

for the airport, the ceiling will be at least 1,500 feet
above the lowest published minimum or 2, 000 feet above the
airport elevation, whichever is higher; and

(iii) Visibility for that airport is forecast to be at
least three miles, cr two miles more than the lowest
applicable visibility minimums, whichever is the greater, for
the instriment approach procedure to be used at the destination
airport.
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4.0 PRELIMINARY CONCLUSIONS

The data developed during this study effort are based on the
cumulative r2 model of conditional probabilities. Since the model
has not been validated for geographical and seasonal universality
the results can only be considered as tentative. Consequently, the
conclusions reached at the close of the study have been identified
as beingq preliminary.

1. The cumulative r2 conditional probability model
represents a suitable method for developing a
data base for the alternate airport problem.

2. Reducing alternate airport requirements
increases the risk that weather at the
destinatiorn airport will be below ceiling
and visibility minimums for precision and
non-precision approaches.

3. Given that no alternate airport is required in the IFR
flight plan the probability that the destination weather
will deteriorate below precision and non-precision
approach minimums increases as the duration of the
flight increases.

4. Any reduction in alternate airport requirements should
be offset by limititig the duration of the flights for
which the reduced requirements apply. It is recommended
that reduced requirements only apply to flights whose
flight time is two hours or less.
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APPENDIX A

THE CUMULATIVE r 2 MODEL

This section contains a description of the methods employed in

the development of the cumulative r2 tables.

Th- following terminology is used in this development:

P(C < b) - P(C = a(j)b) = P(C = R) i P(C = h)

where E inplies a union of sets

Or stated in textual terms:

The probability that the ceiling C is less than or equal to

Category b is equal to the probability that the ceiling is in

a or Category b which is also equal to the probability that the ceiling

equals Category a plus the probability that the ceiling equals Category

b. This statement is true because the categories are mutually exclusive;

that is, if the ceiling is in Category b it can't be in Category a or

vise versa. This fact holds for all ceiling categories and all

visibility categories.

As an aid to understanding the procedures for developing the

cumulative r 2 values, the data from Figure A.1 is used for sample

calculations. In order to develop cumulative probabilities, the

following procedures were utilized:

1. The cumulative unconditional probabilities for the

initial time are computed from thL categorical

unconditional probabilities shown at the bottom of

Figure A.l.

P(C0 = a) = 4.4% P(C0 = a) = 4.4%

P(C0 = b) = 14.7% P(C0 < b) = 19.1%

P(C0 = c) = 11.0% P(C0 < c) = 30.1%

P(C0 = d) = 10.5% P(C0 < d) = 40.6%

P(C0 = e) = 20.8% P(C0 < e) = 61.4%

P(L0 = f) = 38.6% P(C0 < f) = 100.0%

2. The cumulative conditional probabilities at the subsequent

time for each initial category are developed from the

conditional probabilities for each category:
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P(C1 = ajC0 = a) = 70% P(Ci = alCO = a) = 70%

P(Ci = bICO = a) = 16% P(Ci < biCO = a) = 86%

P(C1 = cdCO = a) = 2% P(Ci clCO = a) = 88%

P(C1 = dICO = a) = 2% P(C _< dICO = a) = 90%

P(Cl = elCO = a) = 7% P(Cl elCO = a) = 97%

P(C1 = fiCO = a) = 2% P(C _ fICO = a) = 99%*

*Round off error in table causes the sum to be slightly less than 100%.

P(C1 = ajCO = b) = 7% P(Cl = ajC0 = b) = 7%

P(C1 =bjCO = b) = 75% P(Cl <. bIC 0 = b) = 82%

P(C1 = cdCO = b) = 10% P(Cl < cjCO = b) = 92%

P(Cj = djC 0 = b) = 3% P(C1 < djCO - b) = 95%

F(Cl = e1CO = b) = 3% P(Cl . ejC 0 = b) = 98%

P(C] = flCO = b) = 2% P(Cl 5_ fICO = b) = 100%

and so forth through P(C 5._ fiCo = f). The results of this

step are shown in the matrix in Table A.l.

3. Compute or otherwise determine the cumulative unconditional

probability values at the subsequent time. This step may

be achieved utilizing tables for subsequent time periods

or the values may be computed as follows:

The unconditional probability that the ceiling is In

Category a at the subsequent time is the sun) of the joint

probabilities that the ceiling at the subsequent time is in

Category a and the ceiling at the initial time is in each

of the six ceiling categories.

Table A.l Intermediate Cumulative Probability Table
(Percent)

INITIAL I CUMULATIVE SUBSE UENT CATEGORY (CO)
CATEGORY(CO) < CB <_E <F%

=A 70 86 88 90 97 99

=1 7 82 92 95 98 100

=C 1 19 85 94 97 99

=D 1 6 19 85 96 100

=E 0 4 7 06 91 100

=F 1 3 4 5 11 101

*This category should equag 100%. Variations are due to
roundoff error.
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P(C, = a) P(CI = a'ýC 0 = a) + P(CI = a (DC 0 = b)
+P(C, a aD C0 = c) + P(C1 - a@ C0 = d)

+P(C- = a@CO = e) + P(C = aGC 0 - f)

The joint probabilities can be computed from the conditional

probabilities by using the following relationship:

P(CI = a®c0 - a) = P(CI = alCo = a) P(C0 = a)

P(Cl = a(@)C0 = b) = P(CI = aJCo = b) P(CO m b)

P(CI = a(C 0 = f) - P(C1 = aIC0 = f) P(C0  f)

or P(C1 = a) = P(Cl = FiC0 = a) P(C0 = a) + P(C1 = aIC0 = b) P(C0 = b)

+P(C1 = aIC 0 = c) P(C0 - c) + P(CI = aCe0 v d) P(C0  d)

+P(C -= alC0 = e) P(CQ0 e) + P(C = aJC 0 = f) P(C0 - f)

and similarily,

P(CI < b) = P(C1 < b(C 0 = a) + P(C1 < b (DC0 = b)
+P(C :i <_b (DC0 = c) + P(CI < b (BC0 = d)

+P(CI .1 b(DC0 = e) + P(CI < b()C 0 = f)

or P(CI < b) = P(Cl < bjC0 = a) P(C0 = a) + P(C _< bIC0 - b) P(C0 = b)

+P(C,_< bIC0 = c) P(C0 = c) + P(Ci < bIC0 = d) P(C0 = d)

+P(CI < blCo = e) P(C0 = e) + P(Cl < bIC0 = f) P(C0 = f)

Similarily, the unconditional probabilities P(CI < c), P(C_< d), etc.

can be computed from the conditional probabilities and unconditional

probabilities for the initial ceilings, CO.

From Table A.l and the data from Step 1 example computations for

P(Ci = a) and P(CI < b) are as follows:

P(C1 = a)=.70 * .044 + .07 * .147 + .01 * .10 + .01 * .105 +

.00 * .208 + .01 * .386 = .0471 = 4.7%

P(C1 < b)=.86 * .044 + .82 * .147 + .19 * .110 + .06 * .105 +

.04 * .208 + .03 * .386 " .2054 20.5%
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The unconditional probabilities for C. are as follows:

P(Cj = a) = 4.7%

P(Cj < b) = 20.5%

P(Cj < c) = 31.7%

P(Cj < d) = 42.4%

P(Cj < e) = 62.6%

P(Cj < f) = 100.2% (100.0 %)

4. It "is now necessary to determine the cumulative conditional

probabilities.

P(C = ajC0 = a) P(C < b1C 0 = a) * * * P(C < FICo = a)

P(C = alCo _ b) P(C < bjC 0 < b) • . * P(C < fICo < b)

P(C = alCO < c) P(C <_bit0 <_c) . . . P(C < fjCO <_c)
* 0 0

P(C = ajC0 < f) P(C < bIC0 < f) . * * P(C < fIco <__ f)

These values are computed from Table A.l as follows:

The first row remains intact as these values are the required

conditional probabilities.

The second row requires these computations:

P(C1 = aIC0 < b) = P(C1 = a(D)C0 < b)

P(C0 < b)

= P(Cj = a(DC0 = a) + P(Cj a(C 0 - b)

P(C0 < b)

= P(C1 = aIC0 = a) P(C0 = a) + P(C. alCo = b) P(C0  b)

P(C0 = a) + P(C0 = b)

Similarily

, P(Cj < bjC0 < b) P(C1 < biC0  a) P(C 0 = a) + P(Cj < bitC = b) P(C0 = b)

P(C0 = a) + P(C0  b)

IP(C,< bC < C) -P(C bCO = a)P(C0 = a) + P(C1 < bjC0 b) P(C0 b)

+ P(Cj < bIC0 = c) P(C0 = c)

P(C0 = a) + P(C0 = b) + P(C0  c)

etc.

A- 5 i



These conditional proLabilities are shown in Table A.2.

Table A.2 Cumulative Conditional Probability Table

CUMULATIVE CUMULATIVE SUBSEQUENT CATEGORY (CO)
INITIAL (Percent)

A <B <C <D <E <F_*

= A 70.0 86.0 88.0 90.0 97.0 99.0
< B 21.5 82.9 91.1 93.8 97.8 99.8

< C 14.0 59.6 88.9 93.9 97.5 99.5

< D 10.7 45.7 70.8 91.6 97.6 99.6

< E 7.0 31.6 49.2 66.0 95.0 99.7

< F** 4.7 20.5 31.7 42.4 62.6 100.2

*with no round off error this column would equal 100% for all entries.

"**This row is the unconditional probability values for C1 since CO is

less than or equal to Category F with unity probability.

5. It is now possible to use equations (16) and (17) from Reference 1,

to solve for an r 2 table using the data shown in Figure A.I.

r2= P(C 1 < XIC 0 < Y) - P(Cl < X) for P(C0 < Y)_< P(C1 < X) (A.l)

I - P(C _< X)

r2= P(C 1 < XIC 0 <Y) - P(Cj < X) for (P(C0 < 4)> P(C _< Y) (A.2)

P(Ci < X) (1/ (P(Co0< Y) -1)

These computations are as follows:

for C = a, CO = a

P(C, = alCO = a) = .70; P(Cl = a) = .047; P(C0  a) = .044

Therefore using Equation A.l: r 2 = .70 - .047 = .685

1 - .047

for C1 < b, Co = a

P(Cl < bjC0 = a) = .86; P(Cl < b) = .205; P(C0 = a) = .044

therefore using Equation A.l: r 2 = .86 - .205Szw .824

A-6
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for C1 = a, C0 s b

P(C1 = aCo < b) = .215; P(Cj<a) = .047; P(C0 < b) = .191

Therefore using Equation A.2: r 2 = .215 - .047 = .842
.047(1/.191-1)

The table of r 2 values for the data shown in Figure A.1 is presented
in Table A.3.

Table A.3 Table of r 2 Values for Fairchild AFB, Washington
January - (00-01 LST) (Value Tines 100)

INITIAL SUBSEQUENT CATEGORY (CI)
CATEGORY

C0  =A <=B <=C <=D <=E

=A 68.5 82.4 82.4 82.6 92.0

<=B 84.2 78.5 86.9 89.3 94.0
,=C 85.1 81.8 83.7 89.4 93.3

<=D 86.2 83.7 84.1 85.4 92.3

78.8 85.4 87.4 83.2 86.7

A
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APPENDIX B

PERSISTENCY PROBABILITY TABLES FOR FAIRCHILD
AIR FORCE BASE, WASHINGTON FOR JANUARY

The following pages contain the persistency probability tables

(conditional probabilities) for Fairchild Air Force Base, Washington.

The data in percentages are of the form:

P(CN = XIC 0 = Y)

The probability, that the ceiling is in Category X in N hours

(CN) given that the initial ceiling (CO) is in Category Y; and

P(VN = UIV 0 = W)

The probability that the visibility is in Category U in N hours

(VN) given that the initial visibility is in Category W.

The initial Categories, A-F for ceilings and J-O for visibilities,

are in the far left column labeled INIT. The subsequent categories N

hours later are located in the second column labeled SUBS. The hours,

N, are found in the first row and head each of thirteen columns.

Unconditional probabilities for each category are found in the

table at the bottom of the page. The rows labeled OBS refer to the

number- of observations that are used to determine the probability values.

The ceiling categories are:

A = less than 200 feet

B = 200 feet - 499 feet

C = 500 feet - 999 feet

D = 1000 feet 2999 feet

E = 3000 feet - 9999 feet

F = 10,000 feet and greater

The visibility categories are:

SJ = less than 0.5 mile

K = 0.5 mile but less than 1.0 mileLe
L = 1.0 mile but less than 2.0 miles

M = 2.0 miles but less than 3.0 miles
N = 3.0 miles but less than 6.0 miles

0 = 6.0 miles and greater

B
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GLOrIBAL C:LIMATOLOGY PRANCH S-TATION 24114

UL`AFETA(c FAIRCHILD AFB WA

,1IF: WEATHER •.ERVEE,'•C POPR /49-5/79
HOUR 00-01 L.T

CEILINC, '-.,TTE F,':-ý:Y ,!OI•.'R -S.,'zEC3EOIENT
INIT -LIP i 2 2 4 5 6 9 12 1:; 1.1 24 T6 48

A A 70 51 43 40 3"• 41 20 12 6 9 20 10 13?

B I4 28 39 37 32 24 3311 29 24 13 15 23 15
C 2 S 5 7 10 12 9 13 10 17 8 12 *1

D 2 6 , 4 2 5 10 11 13 6 12 15 15

E 7 6 45 9 13 11 10 11 18 23 23 13 23

2 4 4 4 4 6 20 23 28 32 " 24 27 30

081 •.:32 2 S•2 82 S 2 -32 82 82 82 32 82 82 S32

B A 7 9 10 9 0 10 6 5 8 5 7 3 6
B 75 64 58 54 49 48 e 6 25 21 30 .32 21 20

C 10 13 16 18 18 17 19 25 18 11 13 17 11

D 3 7 8 7 8 9 12 12 11 10 7 12 12
E 3 5 5 7 9 8 13 15 14 16 14 20 18

F 3 5 - 6 a 14 is 28 2a 27 7 ?:Z

OBS 273 273 273 273 273 273 273 273 273 273 273 27.3 273

C A 1 3 .3 5 7 7 a 1 2 2 6 3 6

B 18 24 24 22 24 24 21 17 15 14 18 8 16
c 664 51 44 3S 30 27 23 20 13 17 17 17 12
D 9 12 14 19 20 19 17 21 1i 11 8 18 12

E 3 3 7 10 11 12 1S 20 20 13 17 22
F 2 5 7 7 8 10 18 20 32 38 35 32 31

08S 205 205 205 205 205 205 205 205 205 205 205 205 205

0 A 1 4 5 6 5 5 4 2 1 3 2 0 4

B 5 S 10 12 17 17 21 14 10 16 13 15 18
C 13 15 18 24 22 19 18 15 13 13 14 14 14
D 66 52 41 30 27 27 18 25 24 16 17 17 9

E 11 13 17 17 16 19 18 19 120 16 23 22 19
F 4 7 8 11 13 12 20 25 31 35 31 32 35

Os 195 195 195 195 195 15 195 195 195 195 195 195 195

E A 0 0 1 1 3 1 2 0 1 3 :3 1 3
B 4 7 7 7 8 9 9 6 5 8 12 10 12

C 3 6 8 10 1.2 12 16 , 14 8 10 9 11 10
D 9 11 12 12 13 13 16 19 17 13 12 15 9
E 75 60 5' 4q 42 43 29 26 T0 26 2S. 21 24
F 9 16 19 21 22 21 30 35 39 41 37 41 41

088 37 387 387 3:37 387 387 387 387 3!::7 337 387 387 387

F A I 1 1 2 3 8 2 1 T.2.3 1.3

"p 2 3 5 7 8 10 S 6 5 S 9 C. 1::.
C 1 2 2 2 S 3 7 7 7 S 9 12 12

D 1 1 2 2 2 4 7 'p 10 9 9 14 9
E 6 10 13 15 16 17 17 19 21 21 20 1: I:
F 90 '83 77 72 6:- 64 40 53 55 52 50 47 48

0BS 718 71G 71S: 71$ 713 713 71$ 718 718 718 713 718 713

INITIAL CATEGORY ALL A B C D E F
PER•i:ENTAGE 100.0 4.4 14.7 11.0 10.5 20.2 3S,.6
TOTAL OBS 1$60) 8.2 272 205 195 337 718
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COND[ ITT ONWL CLI MAT0LO!,Y

MONTH JANUARY
HOUR I L:T
F4tND ,TJO' ALL

'JI'.IBILITY CATEOORY HOUR'.; 'StLIBS$EOIIENT
INIT S1. 9.' 1 4 12 IS 1. 24 .'

j 7 - 5Z 47 4 4,:3 37 22 14 2 *? 14 12

K I ." 17 I.. 17 t.. 12 1 5 ' 6. . 1 ,
L 4 7 :2 :3 ' 1, 14 : :• 11 13

m '14 2 S, .

Q . 3 14 19 22 2 27 2:5 '13 44 '17 4" 57
0'3 172 172 172 172 172 172 172 17% 172 172 172 172 172

I S2 25 20 2: 20 o 1' 12 I2 1 1 131 1-
p 47 42 Z:3 27 :2 26 14 : 3 S, 1 2 12
L 15 1. 1 iS 1'. 20 I1l 16. 12 11 I 5 13 ,1
M - 2 '1 :3 1 0 7 ! 7 1 1 • ? " .

0 5 10 14 1:. 14 1' 25 :S4 41 47 51 72 51

L .j 7 :3 2 1:3 10 1--n 2I 10 1 10 1 S 7 1-
K - 1i 2c 17 13 14 14 13S 7 - 12 T
L 5, 42 :3 25 22 22 1.1 1Z 14 1 ' 12 1.3

13 7 5 10 0 5 4 4 2 ,1 3 4 '
N A 12 1? 11 12 1.3 20 1:: 1: : 12 7

T 1s 17 24 29 2* 238 42 $0 55 T.4 i-O ".
09.2 112 112 112 112 112 112 11: 112 112 112 112 i12 112

M5 7 12 7 , 3 7 - 1.

S " , IC 20 20 2 0 : ... '2 , 7 1o
L 17 .22 1S 17 1 1 15 : 17 S, I1 -S 15 S 5,
M 45 30 1: - " 2 5 10 : 3 3 7
N I 1 2.5 28 20 20 27 27 22 S 125 131
1 17 1 2:? ,. "7 ,0 22 32 52 A.2

o 8a .0 6 0 60 60 60 60 6c 1 0 .60 4 , .40 .0 /-'A .

N 0 2 7 1)0 10 10 7 4 5 7 110 4 1.'
IT, 9 7 7 :. 12 1- 5 5 . . 1 ?

L 1.• 15 1:. 13 12: 11 1 10 1 1) 'i I 0 I
M S 4 4 . • 11 4 4 z 5 2 1
N 4, ,'4 32 2.0 17 12 11 21 1 11 10 1' 7
0 :':N 3 ,'-. 461 is, .51 40 (1 /•3 .. .0 0. 63

08's 13Ž 1.6 16 1 -11 234 1'3. .,4 14 136., 13. 1.3,5 13',

, 2 ,1 4 4 2 z 5

L 1 2 4 4 5 " . '

N 4 5 5 4 , 7 11 ' ' ' ' 12 7
0 , ,$31 '- : 1 7q 71 77 7,0 . 7'7 71 74
03 I -Is 1223, 12S142 118 12 12sa iZ2°' 12I9 122.' 1,. 128'" 12V- 1229

INITIAL CATEGORY ALL. I L mI I N 0
PERCENTAGE 1 ., • 4.1- , 0 ', 7. 7 4'. .17
TOTAL 09S I4.0 ' 17Z12 4, 1:4'
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'~~LFPANCL .L'1TITICIYI ýFAtR~~Tr 41141
FAIR':H!LD A9FB W.)

SWE,•EF: "-:EF.'.i'I M •: FOR S/41'-5/7"'

HR UPI, LPSET JENT

4 I r 5. . 1 1 . 1 ? 1 S 1."

., 1 1 1 1

, ". 1 1-10 1 . 17 17
1 -:. "1" 5 * • " I ' 1:, ":? ': 1 " 6.. .'

SA 7 7 7 1 5,

s , , 52 47 2:! 7 IT,
, 7 ' 7 7 12 1' 1 : , : 1. 14 11

:" : 16 1 ' . 1 , 1 I

F" 1 I: • : 1U• 14 '' 7 :.1 27 :.:1 :Q:

C :.: ? 3 .' : 4 _: .:1• -' : .:1• "' 1 • :1• • : 1 :: • ': "2 -:, . 1 6.E:1 "

17 1 "01 1 1 11 1

"- -,6 1 ', • 1 26 . . .5 1'5" 17 15 1 1 P U :
F 1 S ' 11 1 1' ' 7 I 1 ' 1

1 A 14 1 1 0 2 1 4 - 1
S4 5 :? I t) 1 11 1 1:: , I I 2 ZZ1 17 1.; : 1 Z 18

I .., I :: 12 1 .11 1,: U: 17 I's 10 1
16 :, .. 4 , 2 I' Ss 14 1 A I I..

S4 4., -:6. :0 24 -27 -1 14 ; 17 16 1 :
E 11 1s 1 1"- 2' 17 17 5. is . . 15: 2 11
F 4 5 " 12, 1:-4 .. ,,..4 3 :37 .3
C':B 202: :!02 2" ( 202 202 :02 ::z,:2 z0 2o.

E A I 1 1 0 I 1 1 1 : 4S2 -': S. 6. 4 , 5 9 I • 17
¢- .-" . 7 *'• 12 13 11 5 11 6. 11 I U

: 10 1 " 12 1 1 17 1 ' , 11 1 17

E 76. i7 5! T 4-71 41 31 - 21 "
F 1 ' :. :2 Z5 '6 1:7 40 1 :: 41 3'

F A 1 1 1 --
B 2 . 5 7 :' : ,.- - : 7 I

E 1 7 7 2 1 11
7- 1" 1. 7 '-7I 1-:

E 1 14 L, l' 17 17 ' 1- - 1'

INITIAL "ITE" '•FY ALL A D E F

B-4



CONDIT!ONAL CLIM(PTOL00. ' Y
MONTH ,JAZNI.IARYHCL'I'R " "Ci "'"H111, -'):-()S: L'--:T

WIND '.ErTiR i'LL
V r I.; I LI TY CATEGORY HOUR- 'I.I .BEOVtIENT

INIT SLUBS 1 5 6. 11) 12 1s 18'A 24 34 48

j. . 71 ,74 "..z" 5. 5' 1 :' 0 23 17 Z. :1 17

' 13 1 5 15 14 10 12 S S 8 7 i1 10 "
L 5 7 7 11 11 11 1, 9 .3 11 11 11
M 1 2 4 3 4 5 1 * 4 1
N 2 2 4 2 7 10 17 17 14 1, 5 14 3

.7 , 11 10 11 S 4 417. 41, 446,

0'B! 1i47 1-67 167 I.S7 167 1.,7 167 1$7 16; 1 47 1,47 17 167

j 14 21 I S 17 15 17 A 6 6 10 2:2 12
95 IS 4 3 .2• 3 27 22 1: 1 3 11 8 I 16

L 13 17 14 16 14 1? c 1) 1. 13 10 "
M 2 4. '1 4 ,. :3 10 2 4 2 :3 1 4.'

N S 11 S 14 6 "12 21 21 14 7 7 20 7
0 l. 12 17 " 2 0 Z"' 2: 42 53 55 56. T.0 55 50
Oes 129, 12: 1 -- 1 129 1 12•9 1 5 125 127 12. 125 129

L ,j . 10 11 1 1, 17 10 :) 10 11 1.3 , 1.,
P: 16 12 ' 11 17 :1 12 3 " 11 ' 7 11
L 4$ 35 2 -3 :S 24 24 1, 1') '4. 12 : 10 3

M 7 7 " 10 4 5 7 4 ., ' .A
p 12 17 1:< 14 14 19 .:7 27 1) 1) 14 19 10
cI 12 20 . ;, 24 2 1' 2' . 4 59` 2 .1•. !A t,
-is 126 1:,24 126 12, 126 126 124 124. 124 1 Z2, 1 24ý 124. 124.

M ..' 5 . IC 14 11 11 10 10 3 11 10 10 13
I; 10 11 16 16 24 5 5 S 5 1) 5

L Z5 21 24 17 22 13 16. 6 13 " 11 11 10
M 2 14 3 6 4 141% 45 1 2 2 3
N 22 1 16 14 13 14 17 Vý 14 14 S' 1• 3

C, 17 30 o _0 " .2 1 '7 56 ,0 74 , "o 4 0
C9BS 4.3 3 4.3 43, 3 t '6, -- 4, , . : 6A.-

N J 3 5 7 7 t0 7 3 7 5 10
5 "3 ? ,:. 7 12 7 P , $ 10 P.

L .3 7 10 14 10 12 : :ý 11 IF,
m S A.4 4 4 6/ f 7 3 2 S
N 4i. 0 .0 24 17 .') -24 19 11 7 11 12 1,,-.
0 "z 42 44 49 48 44 4S 58 6,' /.1 7 5P 70 IT.46
18$ 193 193 1 3 1'95 1; 3 IT3 19-ý 19:3 153 193 1-" 153 '9

1 3 4 25 1-
P 1 - 2 , 4 4 3 4 .

L t) 2 4 4 91
M 0 1 1 2 .2 ., -, -3 2' "3. 3, 2 '

N 1 4 C: ,3 7 il I. S
" "3 t) :::7 78 73 -75 77 31 7' 7" 7? 74 71
OB 1 1224 122, 1224. 2 12214 122 1224, 1226 1226 122.4 1Z',. 12:, 1Z:.. . 1224-,

INITIAL CATEGORY ALL j. V L M N 0

PEPCENTA-:E 100. ( ". o 6.7 6.. • ?. 4 ?. 2 * r'
TOTAL OB' 1860 167 12!' 124 SS: 13 1212.1.
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"FO'L i:' ':' EH 'TATION 24114
. FE- A;- •FAIRCHILD AFD WA

~c w"~E ~"1 E'AI OR 6/4*ý-5/7*
HhOIR 04-065 LST

"F" HOI."iS0R3 ,U'SEOUENT
:s4I" "6 1 6 1- is 24 3 IR

7:3 47 37 1) 24 12 7 i1 t 2 17 ': 1
22, 2 27 2'4 :`5 2516 231,

,"*: " 1 11.• I ) 17 I :.:: s . - 17 17 15

1In 5 I> 7Q1 17 -i 1ý 7
E : 5 7 ' 13 15 10 3 13 1 A I'

.1 15 20 20 2 1 2.4, 34 Z:" 24 2i, ::5
, 2 1 ' ' C 1¢0I 1 :" 1 0, 1 0 1 ý0 I o0f 164 1 00 1 o 0 1 I0 1 1,0

2 7 15, 7 5 4 4 , 4 5 , 1 7
' 3S .3 46 37 27 21 ?1 -T2 2"7 14 27

"1T 1 15 17 1 215 23 17 12 12 13 16 11
I .• 4 5 :.3 12 12 14 12 ? 1) 12 7p

E 4 5 7 ' 10 is 17 17 14 1,, 1' 20
F 4 ', : 1) 1,: 1v, 2$ :S 2 33 34 27
08'1 •1" •1° 3"1'• .3919 31 :3.• 31' 3 •19319 319 319 311' :319

V, 1 " 3 .3 :3 S1 T 19 3 6

B I' I 2 277 27 21 20 11 13 S 16 is 22 13 1i
- '1 51 _- :6 3. 31 22 1:3 13 15 15 13 I4

r, I- t1 17 261~ it 1 S, ..,1
E3 1 11 16 20 26 22 19 22 I2 S,

F I " 13 14 1- 2 34 31 24 ?49 :3
z2 3Z ' 1' S Z ' - "' Z: ý 7 231 232 232z 232 232* 23

p• 3 i 11 ' 7 1) " 16 14 1': 11 22
1:II 13 I7 21 Z- -' 16. 12 16 1 17 oS 12

L1 .S7 T:, 42 3' _? " 1 it 1 1:2 1
E 1. 1 7 17 216 1' 1 16 :1 17 1 1 7 1- 12

. 12 17 1' 24 23 34 n9 31A '10 41 "31
'l2n 11:8 1.0 1'0 ISO 1SO 1S0 I0 1SO I0 O I 0 130 17P 130

E ' 1 1 1 1 1 0 1 1 3., 1 r..

2 3 5 . 3 4 5 9 10 1~ 3 16,
1 12 11 12 12 ' :3 11 7 11

1 11 12 1 17 17 12 12 10 S 1
E 7A 615 56 14ý 3l 37 05 3211 30ý 11) 21 2. " ~
F 1 17 2 Z:7 .:1 7 37 37 33 45 3 50.•.: 7 '• ":'- :•' 7-"1 ? 77-ý -7 7- 7- 7 7`5 3.7-3• 3.7') •7'

F A .: p 1 1 0 1 1 1 3 1 4
p 4 7 55 . :3 3 10 1

4 7 11
I 1 - 2 , 6 7 ' 10 10 12 1:

E 1 15 17 15 15 17 1, 13 20 1 R3X', 1 2c)
F '• .1 75 7 7'1 72 5 44 T74 0. 5 4 412

'. /.5'" .0 -.. . . ." ':, .., . .:0 650 650 ,50 AA0

INITIAL C:rE• T ::FY ALL A B a .1: D F
1E0rEN',fE l00.0 C .1 17.2 1. T . 7 20.4 .''",TIL "2' 1 ",- PQ 31 I 1'n R79 I,0

B-6

" : • q•. c •' ... . L



CONDIT I ONAL CL IMATOLOGY
MONTH JANUARY

HOUR 04-15 L'.$T
WIND SECTOR ALL

VI$I F I LS I TY CATEGORY HOULRS SUBSEOUILENT
INIT SUBS 1 2 S 4 15 I Z 1t1s 4 34 4

77 67 ,.%1 51 41 34 21 21 21 Z4 20 1'5 17
13 14 T, 14 13 "1 7 6 7P 12 14 15 7

L 4 $ 14 13 13 3 1
M z 4 A 4, 7 4 4 2 3
N 3 4 3 . 12 1'" 14 11 1) 10 14 1I
0 7 8 15 :f , 44 45 4S 47 43 52 57
O0:5 130 130D 1 30 1 3.0 13')0 13:0 13:0 13:0 13:0 1 30 130 1 3.0 13:0

j 13 Z3 23 2Z 1 13, S 4 13S 1: 19 4 12
IS3' 3 23 1 19 11 1 Z I 1 Q 1 1Q

L 15 11 14 10 13 11 12 11 1 o 10 s , 11
M ? S 15 4 4 7 2 1 4 5 :3 7
N 4 13 1311 14 19 IS 21 23 1 10 10 Ill 6,
0 4 11 22 26 25 n3 44 41 1 I 51 43 55 51
OB 120 120 120 1O0 120 120 120 120 I10 120 120 120 120

L J 11 14 10 13 4 13 1O 1 I 7 1::
1.3 1s 24 2S 2? 14 6 17 6 8 7

L 5 44 .1 23 25 20 14 5 10 13 S • 12
M 9 7 S 4 4 • 5 6 4 2 2 2 1
N 11 13 14 16 17 13 22 19 12 9 11 11 1I
0 q 14 12 15 1'3i 24!. 44 "1 !! T, T19 4- 12 1 r
oeS 123 12 12; 123 12S I-- 123 127 123 12 12 12S 12

I-I 12 12 10 12 14 4 ,. 3 6 10 10 3 12
O 6 1. 20 20 20 1l 14 4 14 6 12 2 101

I 13 20 32 20 12 I1 8 10 10 24 1 1 12 14
M 2 1 2 4 R 12 4. 4 1 2 4)

N 20 I I 1& 2 22 26 14 16 14. 4 6 10 II

0 1is 2 20 -221 24 2S '5Z 5, '50 454 60 44 42
0B$ 550 0 5 o 50 50 50 50 50 SQ 50 50 50 50

N j 4 1 4 S 7 15 7 1 12 14 1It 1
K l. 3 14 12 10 't -. 5 2 9 " 7 7
L 14 14 1, 14 14 15 1 10 15 s 3 ' '
M 6 41 7 :3 7 1 5 .5 1 5 i, 2
N 40 32 Z20 26 24 23 13 1:3 ! 1.3 11 l') 7
0 3I 33 37 22 :37 42 T52 57 5t 53 ! 1 A4 t3
O 1 1 143 148 143 14 143 143 143 143 143' 143 14:, 14 14::

1: 1 2 3 Z 1 2 2 4 2
1 2 2 4 a 4 3 3 3 5 . 4
1 3 4 !5 15 5 5 6 6

N 4 5 7 S 10 , • 3 3 7 7 1
0 0.2 T7 3 2 7S 7,S 77 30L S,, SO 7%7 73, 7. '70,

OS 1234 12341234 1234 1234 1234 12?4 1234 123 4 123 4 12-:4 1234

INITIAL CATEGORY ,ALL K , L M N 0
PRCENTAE 100. 0 ,•.7 .• ,'3 2.7 . .0 61.. .
TOTAL OP' I134.) 190 12)0 12S 50 14$ 1234

B-7
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GLOI.AL f.,.1MAT0LOACY BRANCH STATION 24114
1-!::APEITA" PAIPRCHILD ,F9 WAAIR WEATHE, _ERV!CE/MA: POR,

HOUR 06-07 LZTC:E I LI! NC' C.A TEGOC4Y HOILiR'3 3U'31.EOUIL',ENT

INIT 1iLB 4 6 12 15 is 2. 34 4S
A A .' 50 37 21 . 1 15 7 13 15 21 21 12 15

a 14 24 27 3: 2" "- 24 2 281 18 20 23C $ 7 10 7 17 17 15 10 4 '4 16 12 15
D q6 , , o 11 14 81 11 17 10 13 7

A 1111 1?* 13 14. 10 15g 10 2F 5 11 17 17 13 17 21 27 27 25 1 0 25
,3B5 I Q11 I 1)'Z 10,9 111, 10, 10. 1': Q'4 ICY) I0- lO '' •• IO

A A. 5 4 6 *1 5 7 q ,4S75 ) 51 3-l 4 :l 1 D 246 2 .0 2 ! 2s 22
11 2 12 12 1 15 16 14 1 1 , 12

E 2 4 0 ' 11 17 14 13 15 12 20 17F 3 . 7 1') 11 13 22 2 27 2 2: .;.: 2
.)as :41 ?41 341 341 S41 341 S41 341 Z341 .4.1 41 341 3,11

A 1 1 2 ." 1 1 -2 -' 3 2 4 , 2 ,.
e IS 23 :0 15 15 14 14 17 15 1:' :0 1; 23

5 'ý'! 44 42 41 -3Ž, 24 16 IZ3 16 1 12 12Z11
0 12 15 14 13 11 23 2"2 o 11 1i 14 15 13E 4 6 '. 13 15 15 1S 21 21 "1, 16 1a 19F " 10 14 17 1, 20 27 32 34 29 32 S6 28OBS' =2.. Z2 2Z 2 222 222 2 22Z2 "-.)1ý.111. ý-)' "ý 11

C 0 0 0 1 0 0 3 5 I 7 4 49 6 10 10 6 7 • 3 12 19 15 17 13 22C 16 i1 20 -22 18 16 10 13 12 15 15 3
D 58 43 37 S6 34 Ž3 2e 17 13 10 ' 1Ž 11E 14 20 20 1i 21 23 2: 20 1. 2 24 1( 13
F 6 :3 13 17 20 2.O 33 :4 33 :S 2 4 ,5 34Ol8, 1*6 196 196 196 196 1;6 106 1 6 961 19; 196 196 196

1A ) I I I 1 1 2 :3 S - 4
a 2 4 4 7 7 5 5 9 o 19 1
I- 4 6 6 7 7 9 7 10 'Z 10 :: .1 I 0D 0 13 15 14 1 4 17 14 11 10 12 S: I ,
E 72 55 4* 42 U4 ?15 :6 .32 " - 2!3 25 221
F 13 2 24 :A 1 .5 ?4 S's :S4. 40 S3 3, 46 ,S

- 3-. . .. 2.3.. z ', s 3: . .. s:. 3.2 "> .. .- 2
F A 0 0 0 0 0 0 1 1 2 2 2 3

B 4 Z S 4 4 4 8 1 3 1
1 1 2 2 2 3 51 5 7 1 :D 1 2 4 4 4 7 8 10 :3 10 10 C'

E 9 12 1- 12 14 17 17 1~ 21 :0 1 21 2F S6 '1 79 7C 75 71 6-T 6 56 5Z' 14 50 40•'-B, 41n 610 61o 0 ,10 610 4,10 610 o 10 ,10 ,10 410 .1,
INITIAL '; ATEO:RY ALL A B E FPER:ENTAGE loi0 ,0 5.T 18,:, 11.S 1..5 20.. 32..
TOTAL 0E1'. 186.0 Z4 2' Z:2ZR
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C CON IT I CINAL C:LI MATOfLDOY
MNTH JANUARY

HOUR 06-07 LST

WIND SECTOP ALL
V ; I S I L I TY CATEQORY HOUR '.-UEviEOUENT
INIT i.lISS 1 4 5 6121 15 18 24S. 4

.617• 4C " q:. :30 25 17 - 2.1 23 - 1 . ;

14 14 11 12
K 14 14 15 '10 72. . 5

M 2' 2 5 .1 S 67 4 2 4 ' ,

N 3 . 1 17 19 1,4, 14 12 c ' 7 1 '1
6 . 10 15 2!5 35 45 44 47 47 44 54 57

K J 24 22 . 1 4. 12 12 I1 4 10 IC) 14 17 4-

43 131 26 2'2 16. 12 10 3 5 ,D 4
L 11 20 2 S2 1' I 115 1? 12 12 12 "' 7 "'
.m 5 10 IC) I 9 6 3 5 1 1 5 C
N 11 10 19 : 0 ' 2 25 24 16 T 12 12 14 5
o 4 10 14 .2 3 5 28 43 53 56 54. 51 .'.4 6,4
OB. 138 138 138 s13e 1, 138 138 1 .3 13 3 13.I: I :E38 1 1.. 38

L J I 0 14 -" 6. 7 :', ':3 11 15 10 i1 10
K 19 2•. 16 15 1' , 10 4 5 10 7 , S 0,
L 47 26. 18 Io 1" 14 1 112 4. 11 t Z 14 11
M 6 9 9 " 0 $ 6 6 6 8 4 5 q
N 11 16 22 21 21 20 21 11 12 . :. 11 '4
0 S 14 .2:1 291 34 ?9 51 57 54 54 !!/9 .6 5t,
0'-a 14C, 140 140 141) 140 140 i40 140 140 140 140,) 140 140

S J 4 .2 0 4 2' ::: 0 12 12 14 8 14 10
. :3 16 12 10 12 8 10 4 12 83 4 2
L 34 24 'K:" 180 20 . 22 10 4 6 1C 6 12 S:
M 20 16 12 16 12 6 4 2 2 6 0 2 4.
N 18 26 24 20 22 20 12 12 12 6 20 16 I. 10
0 16 16 24 32 32 S6. 56 4A 5 56 6. 0 74 S0)
09s 50 50 50 50 50 50 50 50 50 50 5' 50 50r

N J 4 8 6 6 5 4 6 ' 1)0 I0 12 6 :3
So 12 12 7 6 2, 2 7 6 7 13

L 15 13 12 15 9 "' 6 9 : 3 12
M 3 10 11 ,8. 8 5 - -, 1 o

N 35 2, 2.4 23 2.. 2. 1: 17 12 " 1.2 13 12
. 30 3 1) .2 37:6 41 45 SO 62 6 1 ,5 44 57 -,i: 52

1:93.: 155 155 155 15!5 15 55 155 1 '.,. 155 15 5! 155 155 155

0D - 1 2 21 1C , 5 3 4 1
S 1 2• 2 7- 3 2 3 4 " 7

L 3 4 4 5. 5 4 5 . '- i,
M 2 2 2 2• 2 2" 2 2 ,.2 "3 3' .3 3

N 5 S 9 8 8 7 8 7 7 7 7 $::
0 -? -8.3 81 N 1 82 8281 Z S 0 77 70 7S

9:BS 1182 11:32 I82 11:32 1182 11 I'2 113 I1S 1182 118 2 8II2 III2 :12 i

INITIAL CATEiCORY ALL J K L M N 0
PERCEINDTACIE 100. 0) 10.75 7.4 7,5 2.7 8. 6 A3. .
TOTAL 8's 1,60 I5 138 140 50 15i 11,.
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j.5-

.,L MATI"ILI-:IY E'RANC H STAT ION 241141

USAFETr.': FA IRCH ILD AFB IJA
AIR WEATHER SFRVICE/MAC POR 6/49-5.'7"

HOUR 08-09 L!-3T
lEE ILI N,': AT'.0,R y' HOLIURS ."I.3EO.ENT
l!JIT 1 2 3.4 5 4 9 12 15 1i 4 .3 . 4::

A , 47 1- "6 126 18 18-: ' 22 1S 1!: 13 1
- : 7 .. 27 33 -. , 7 2- 24 14

1. 1 434 1 17 1:-' ' 12 A: 12
1 '' 10 16 4 ' 1:? 3 10 1

E 1 4 4 1 6 .: 1:3 17 1!> 15 15 1S :
F 5 5 S 1 13 Z: :: 21 Z4 :s 31

7~ 7 3 7S:7 7 73,. . 7S 7S 7SOB`ý 7':' 7' 7?. 7.:3 7::-: 7'3 7S• 7 :: 7• 7: 7 :

4 4 4 s 5 5 . .i. 7 !1 4. 4 5
T.) -o10 34 ?0 5.5 -"4 ."0 27 27 24 22 21
261::: -. . 2- 2:• 1 .*21 2A. 1c¢' 13 16: IS t7 1 1 1 •

D 4 . : 14 15 17 12 7 8 :1 ! . 14
E 6 s ' ' 10 13 17 14 12 10 15 1I 17
Fr " 1,:) 11 1. 14 " 7 -0 27 27 ?5 - 27

C.1 2 1 ': 1 4 3 2 3 .3

S15 14, 1 !I-: 15 1 4 15 I6 '. 2 I1?' 20 1 3. 14 17

. ..1 1 44 3," 24 Z() 1 17 16 17 .. 15 1.
s15 i 21 27 27 27 1. 12 1Z., Is 17 12 Is

E 4 7 7 12 1'.. 1::. 1'-) 17 13i 1' -1 12-' 24
F 4 . 14 14 15 1 ) 25 21 :7 246 27 !:7 :. '

OBR. 41 '41 24-1 241 241 241 241 -41 241 41 241 241 241

A 4 ' 1 0 0 o I . 4 5 4 2 5

11 1 13 16. 17 17 14 1S 12 14 11 12 11
D '.1 1 4. 37 -:4 27 1' 15 1A. 14 11 1. 12
E 2'- :2S 20 2 15 17 1'n 1T 19
F 11:3 11 13 :1 25 .3 / 30 "." 1 3,1

( '5 - 05 205- 205 205 --05 205 205 :05 205 205 Z,- 5

E A ' 0 0 1 1 1 1 1 2
E1 4 ": : 5 7 12 1 3 17 17 12 22

. ", -. 5 7 5 1I '• 7, .: 12 " 13:'
ii t1 11 1 A1 14. 17 1 10 13 1 I

E " 1 47 4 ' 3 2 2'9 ZT 24 Z" 25 15
F 1 _ 4 ' 3'' 34 40 t!5 2:7 4. A,. ""'n.. . . ... .. .. :5* .,. ':0 :350 3 " - '- *:5 ' *

F '' 7 0 '] 1 2 2 2 : -" •

1 1 :m . 2 : 5 '' 1 1:I0 13?

1 2 1 4 7 1..) 7 14
1 2 4 4 4 ' :'T 10 10'

it 11 ' 15 17 19 '1 2: 21 :1 22
F ". / " 7- ) 76 7? /6 ,0 5A 52 44 43 40
r'pj, ' -47 6747 '47 ''17 1.47 A.47 647 647 i.47 647 /6,47 4,47 .47

INITIAL CATEGO:RY A LL A s ': E F
F'EF " E 4TAOE 1Z0. 4.2 1. Y 1 .0 11. 0 1. f: • .'4 4.?
TIOTTAL ,' I 240 , .... 241 205 "5.0 1.47
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CONDITIONAL CLIMATOLOGY

MONTH JANUARY
HOUIR C:8-09 LST
WIND '3ECTOR ALL

VISIBILITY CATEOOPY HOURS SUBSEOUENT
INIT SUBS, 1 2 4 5 6 "' 12 15 1.3 24 36 4-

J 65 49 37 ?0 ZI6 :0 2'3 22 25 25 21 I £:
14 13 15 9 8 10 9 9 11 12 11 9

L 12 15 12 15 11 ' 12 11 5 5 10 .3
M 2 6 7 7 5 4 6 2 5 :: 4
N 4 9 15 14 16 19 12 7 a 11 12 7 11
0 3 7 14 231 '3 34 40 45 49 41 38 ; 5,9 51
OB$3 1;'-3 193 1'?3 1-'.-3 1-3 1'3 19.393 13 1.3 1, 193 'P3

K 15 13 11 11 11 10 6 10 15 15 11 ' 14
37 26 IS 15 12 6 6 12 10 10 12 5 12

L 21 17 16 14 12 12 12 12 11 11 11 15 10
M 7 7 10 9 4 4 & '. 1 , 3 4 4
N 12 18 20 17 21 17 15 10 S 12 15 12 14
0 7 19 : 2 34 40 50 54 53 54 4'ý 47 54 44-
1:1B$ I156 156 156 156 156 156 156 156 15A, I5T6 15. 156 156

L ,J -S 5 ;: 4 5 , 11 15 15 14 ? 8
K 17 1s 13 1I () 9O 9 9 5 1
L S7 22 18 17 20 12 11 16 13 11 11 1z
M 13 14 134 8 5 6 6, 4 . : '. 4
N 17 22 27 29 24 23 15 10 '• 12 11 11 13
0 10 2: 2: -:'.2 3..e 42 4- 51 !.5 /!9 45 ,2 5
0. 15:8 158 158 158 153 158 !. -15 15 158 158 17-. 15!: 15?

M .- 7: 3 1 4 4 10 7 4 I4 '.- 14
K 1 7 6 4 A. 7 1 6 . 7 4 )
L 17 16 11 13 14 14 7 1: 4 4 14 4
M 20 11 10 4 4 3 6 4 10 6 :6 . '
N 39 33 :1 37 30 26. 19 14 '1 ' 10 1: 10
0 1.3 )0 40 .:' 41 46 T,7 57 6 7 66 5.0 -6*,1 6A 1
'B'-- 70 70 70 70 70 70 70 70 70 70 70 70 70

N U : 3 2 2 3 2 5 - 7 ' 13 ' 12
6 A 4 3: 3 , 5 7 8 8 it

L 8 1 : 12 13 12 12. 11 8 10 10 12 11
M 5 5 7 5 i 2 4 4 4 '- 4 4 7
N 50 ".. 35 .1 23 21 15 16 17 12 13 10 14
0 29 ":op 43 4, ,. 5 6 /0 9 • 56 57 50 5,, 50

::B 200 200 200 200 2:0 200 20 :) 200 200 200 2O0 200 2,:1:0

C) , 0 1 1 1 2 ": 5 7 4 '3

K 1 2 2 2 2 -4 7 '
L 1 2 ': 3 3 3 4 .5 A. 7 4 -
M 1 21 2 1 2_2 2,
N 5. 6. - v 6 6 6 / 10 7 10

91 e9 T..- .4 :3:" '3".7 S5 $4 :30 74-. 67 7-3
C':{3 1083 108.3, Q,..,3' 1"•9 1083 1083 10,83" 1033• 10:3-3 1033... 1083: 108:.3.'" 1 Q•:.'.

INITIAL CATE.')RY ALL K . L M N 1)
PERCENTAOE 100.0 10.4 8.4 .. . 3. 10. 3 ,3.2
TOTAL 0B"3 1:860 1'3 . 12 103

B-I1



GLOBAL CLIMATC-LI:IY BRAONCH STATION 24114

1•.1AFETOC FAIRCHILD AFB WA

t IR wEATHER. SERVICE/MAC F'iR s./4--5/7'
HOUR 10-11 LS.T

CEIL INC C -,TE13ORY HOURS SUBSEQLIENT

INIT 1UBC I - - 4 5 6 9 12 15 13 24 3,6 ,

A A 5 . 43 34 31 2 . 26 , 17 26 2/6 24 21 Io I"

B "., - 41 4f f 3 3 ýs SM. 34 1 -. - t1 17
1 .. 7 7 7 10 10 7 " 12 17 5 1

D 2 2 1 0 10 IC 12 12 10 7 7 7 1m
E ' . 7 5 5 2 2 10 17 I, 12 -4 14
F ? 7 7 5 16 10 22 1 1 10 Im 21 24 22

BES 5s ! TS 5:; 5 : , , 3• "- -8 . 5 5-

A 4 4 5 4 4 6 4 7 a > 4 - -.

B 4, 51 43 37 30 29 ';' :"=3 34 -, 25 23 17

30 33 30 25 22 15 15 1 1: . 1 . 1' 17
C 4 11 12 16 14 :1 1 11 10 2 a' 13
E 2 .5 4 ,e 12 13 " 14 15 16 I 20 20

F 2 3 4 6 11 15 23 1_ 23 20 25 32 31O W E:• 2ý 5 .23 , '2.9$ 2w.: ' ' 25.-' r -,t=-, . -@. ,r :,-,.t-. 'C.•. :

c A 0 1 2 2 3 5 4 5 7 S ' 5
B 12 14 14 12 13 13 ".2 2K 17 2l 1.! 17 13
- 6, 4' 6. 2'n 24 2 : 20 16 ,Q 1 'Ill' I.
D 15 21 23 27 23 17 :4 :1 .2' 1? i3
E 4 7 113 15 17 20 15 115 17 L1 1:3 17 2'
F 5 .-' 12 15 20 23 29 !.0 27 Z2 '
OBS 265 265 265 265 265 24. 245 245 263 26" 6 26 26-;

D A 0 0 0 0 0 1 4 5 2 4 13
B 4 6 -s ! ? 13 13 15 2"2 10 ? 13 13
n:. 11 10 13 15 14 16 13 12 17 13 15 12 15
E ý-5 56 46 36 33 :31 19 22 16 16 15 14 17
E 14 21 25 27 24 23 26 1:S 17 14 la" 14 1
F 6 7 ' 14 19 22 2 31 :31 2 9 :o 41 34
OB.' 22 221 22 T 2 2,D 223 2 fl223 -" 22? Z"::. : 2• 2 ' S'

E A I 0 I 1 I 1 1 2 4 4 4 3
B 1 2 2 2 5 7 1., 11 16 16 111 14 12

C 2 3 . 6 6 7 9 ' 'P 14 1 10 15
D a 14 14 16 15 14 13 12 12 7 12 10 II1

E 73 $2 55 4:, 41 -39 V5 32 28 27 22 24 1 :
F 14 1$ 20 27 32 33 34 -4 33 32 34 3. 4')
08'., -347 347 3;47 :347 347 . 17 347 347 ?47 :.:47 347 47, 3,17

o' ':' ') C' ': 1 1 2 "2 3.' I
3 1 1 2 3 3 3 5 5 '. a'• 11 .t

1 1 1 3 3 6 7 12 -:
' 2 4 3 4 5 4 7 7 7 ' 11 10 it

E 7 10 1 2 16. 17 17 197 20 22 20 1!- 22 1 '1.
F ;)) $3, S31 77 74 7? 4.4 1 4,0 54 5-0 1!3 47 446

093 714 714 714 714 714 714 71A 714 714 714 714 714 714

INITIAL CATEOC-RY ALL A 9 C D E F
RERCENTACE I00.C 3. 1 13. 61 14.2 12. C' 18.7 7 :. I
TOTAL 0$ 136.0 5:S 253 2 6 5 2 347 7141
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CONDITIONAL CLI MATOLOGY
MONTH JANUARY

HOUR 10-11 LST
WIND SECTOR ALL

VISIBILITY CATEGORY HOURS U9B$EO'.ENT
INIT .....L:B 2 3 4 5 4 '9 12 15 13 24 36 48

j j 1s 48 42 34 34 34 37 34 34 31 25 19 1.
, 1? 12 1C 20 8 'P 7 13 15 18 14 7 7

L 11 12 14 11 10 11 13 s 8 3 12 6 1:
M 3 10 6 5 4 5 7 1 2 4 6 1 4
N z 10 13 19 19 16 10 ? 7 11 7 14 13
0' 3B 15 20 24 25!! 25 34 31 ?Z 34, 51 $0
C1BS 134 1,34 134 1374 134 134 134 234 1:34 134 134 134 1.34

IC 12 10 9 11 11 9 13 13 13 12 10 10
37 25 213 20 11 12 8 4. 10 7 :3 5

L 22 20 17 16 17 15 21 12 .9 5 11 e 10
M 1! it 5 4 '3 4 3 3 7 3 5 1 S
N 17 1 23 23 22 21 17 13 1: 9 1 q_ 13
0 5 15 2 3 28 -32 35 42 53 53 57 .3 6-5 53
OB9 1-20 120 120 120 1f0 120 120 120 120 120 120 120 120

L U 3 6 6 4 51 7. 10 1:31 it 3 ?

L 36 32 27 21 17 14 12. 11 1Q 10 11 13 11
N j9 13 3 S 7 12 5 6 4 2 ' 5 3
N 20 23 1 21 2^ 15 16 13 13 7 21 10 :0
C' 10 1 S 31 :,4 41 44 52 51 52 57 42 546 51
09$ 154 154 154 154 154 1V4 154 154 154 154 154 154 154

M ' 2 4 2 15 2 7 a 8 8 I' 4. 12
K 10 7 10 12 7 s 3 10 11 ."S 10 7 10
1. 1 1 19 17 13 13 16 14 13 10 12 12 12 1"-

2 23 7 6 6 13 13 2 4 7 5 7 2 4-
N :40 49 41 3i 23 22 14 7 7 8 23 13 17
0 10 14 2 ?35 39 39 53 58 57 58 ý9 54 42
OB 83 83 .3 83 83 83 93 83 83 83 83 .83 8:3

N J 1 1 2 1 2 4 7 3 14 14 9 11 7
K 2 2 4 5 . ' 4 4 9 6 7 4 7 7
L 8 11 10 9 10 t 11 9 ? 10 12 5 13
M 2? 2 3 3 • 4 3 5 T T, 4 7
N 53 35 26 24 22 201" 15 13 11 14 2 2 10 .16
0 30 47 5, 57 57 -7 57 5a 54 "52 49 A,2 50
023 230 20 2--X, 23: 230 230) 230 230 230 230 230 23' 230

0 . 0 1 1 0 1 2 2 5 6 4
P . 1 1 1 2 2 2 3 3 5 5 4 1;
L 1Z 2 3S 4 4 ' 4
M I I 1 1 1 1 2 2 . 2 4 .- 4
N 3 4 5 5 5 5 4. 6 6 7 0. ? 10
u '5 93 91 90 1.9 .8 36 82 78 75 72 77 43
09 113$ 1129 1139 1139 113 9 1139 1139 1139 1139 1139 11 9 1139P

INITIAL CATEGORY ALL J y M N 0
PERC:ENTAGE 100.0 7.2 6.5 2.3 4.5 12.4 4.1.2
TOTAL ORS 1360 134 120 154 S3 230 11?9

r
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6:-LCBAL. CLIMATOLOGY BRANCH STATION 24114
USAFETAC FAIRCHILD AFS WA

AIR WEATHER .ERVICE/MAC POPR 6/4-517',ý
HOUR 12-13 L=T

:-EILINJ'. CATEGORY HOURS SUBSEQUENT
!NIT SUSS, 2 S. 4 5 6 9 12 15 19 24 S.. 4:?

A A 63 63 55 39 37 .,2 24 12 42 Z4 24 2.1 1.

B 26 2 : .9 37 37 34 39 29 21 45 Z7 21 .26
3::: 5 0 3. '.• 3 - . l,,

D .3 5 3 8 P 9 11 C' 11 :s ".3
E 0 3 3 3 3 13 1.5- 5 5 5 13 11
F 3 C, 5 13 13 I. I? 11 14 S 1 ýD I" 24

OB$ 29 1•.9 8. 3,9 ?:8 3:3 38 39 :3 .s 08 3".

B A ¶ 4 8 10 10 1 10 12 11 5 7 3
B 70 56 43 36 38 44 39 35 :36 :1 1 2:1 1 ,

C 20 24 23 22 21 17 1i 14 14 1 T 1 14 13

D .3 9 11 12 10 9 "; 13 13 13 1M 11 13

E 1 3 7 9 I' 6 7 10 16 19 1i 27
F 2 2 a 11 11 13 1:3 19 1:3 14 '1 2^9 2-S
O95 219 219 219 219 219 219 219 219 210 219 219 219 21P

C A 1 2 2 3 4 3 5 4 5 9 2 4 2
B 10 12 15 17 I8 24 2? 2j5 28 T1 14ý 23! 12

c 61 44 34 29 2s 25 16 1i 16 12 22 12 2Z
D 14 22 2-3 17 Il. 13 12 11 12 17 14 1') 17
E A .4 10 15 16 12 13 13 17 13 16 20 21
F 7 it 17 18 1i 22 24 26 22 20 31 31 27

OBS 249 249 246 243 249 249 249 24T 249 249 249 249 249

D A 0 1 1 0 1 1 3 4 6 3 2 5 2
B 3 5 6 7 t 10 13 15 21 21 13 15 13
C 12 12 13 17 Is 16 15 14 14 13 12 14 14

o 65 4S 43 37 30 26 21 19 17 19 20 12 15
E 14 21 22 19 20 20 22 20 17 1S 20 1s 21
F 5 13 1i 20 22 -26 2.6 2 25 246 :33 36 34

OBS 276 276 276 276 276 276 276 276 276 276 276 -27S 276

E A 0 0 0 1 1 1 2 3 3 5 2 4 2
B 1 2 4 6 7 7 10 1- 16 14 11 15 1"

C 2 3 5 7 ' ::, 3 11 11 15 :$ 12. 12
D 1.4 14 14 12 1: 15 13 IC: 10 6 13 7 11
E 76 61 52 4q 41 3 38 34 :31 30 Z::: .3 1"
F 5 18 2t, 27 29 31 29 31 29 3:1 S: 8 9 1. 8
OB; S67 367 36,7 367 .347 '6:/ .!7 /47 -:,7 367 :.7 77 ". 767

F A 0 0 0 0 0 1 1 1 2 :3 "' .3 1

a 1 1 2 2 :3 4 5 :? 11 4. :z

r Q I 1T . 4 6 10 11 : 11
0 1;2 2 2 2 3 , 6 7 1 1 t10 14
E 7 13 15 15 17 19 1P 21 19 21 1i9 21 1
F 90 84 81 7'0 76 71 46 30 55 43 50 49 49
OBS 711 '11 711 711 711 711 711 711 711 711 711 711 711

INITIAL CATEGORY ALL A S C D E F

PERC:ENTAG:E 100.0 2.0 11.8 13.4 14.8: I).7 38.2
TOTAL OB.3 1360 .3, 21* 249 27.5 .367 711
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CONDITIONAL CLIMATOLOGY
MONTH JANUARY

HOUR 12-13 LST
WIND SECTOR ALL

VISIBILITY CATEGORY HOURS SUISEOUENT
INIT SUDS 1 2 :1 4 5 6 9 12 15 18 24 36 40

.J. 73 56 48 41 44 43 33 36 35 34 1ý. 18 7
K 11 14 11 14 12 7 11 11 18 14 4 4 7
L 4 9 6 7 10 14 12 6 5 4 11 10 11
m 2 1 6 3 3 5 2 1 5 6 7 5 I
N 5 9 is 19 11 7 11 10 :3 3 16 11 12
0 4 10 10 15 19 23 30 35 2?9 33 44 52 57
03$ 7 7 97 97 97 97 -7 97 97 97 97 ? 97 97 '07

1 j 10 12 13 17 14 17 13 26 18 20 S 15 13
K 45 2 5 20 17 15 8 14 10 10 5 S 10 5
L CT) 30 20 14 18 15 14 7 11 15 12 S 5
M 2 10 4 10 5 5 0 0 2 1 4 6 4
N It 12 21 13 11 19 a 8 11 10 20 7 19
0 4 12 21 :30 37 36 50 49 49 49 48 54 57
OB$ 84 84 84 S4 84 84 84 84 84 84 84 84 84

L J 3 4 5 6 39 10 12 16 11 12 9 13 5
v 13 17 10 10 6 5 10 5 7 10 4 6 6
L 4: 30 29 24 22 20 17 17 16 12 14 9 9
M 10 9 12 13 14 12 8 10 6 2 7 3 .
N 15 18 16 19 16 13 10 7 11 9 14 :3 17
0 10 22 2S 28 34 39 44 46 50 56 52 61 59
OB 145 145 145 145 145 145 145 145 145 145 145 145 145

M J 0 1 4 8 6 6 15 9 12 10 4 12 6
K 1.3 13 12 14 19 10 13 7 6 10 7 7 4
L 21 19 18 18 15 24 7 19 9 12 10 12 10
M 16 9 9 12 6 4 7 4 7 3 3 1 3
N 31 30 24 15 16 21 10 10 15 12 25 9 21
0 18 27 31 33 37 34 46 49 51 52 49 58 55
OBS 67 67 67 66 467 67 67 67 67 67 67 67 67

N J 1 1 2 3 5 6 9 11 a 12 6 11 4
K 2 3 4 3 5 7 8 9 12 8 7 10 3
L 6 7 10 14 13 12 10 3 7 11 10 7 11
m 6 5 7 6 6 3 5 6 3 5 4 5 5
N 56 46 36 30 24 22 17 12 14 12 24 9 17
0 29 38 42 43 48 50 50 5! 57 52 49 57 58
OBS 236 238 236 236 236 236 236 236 236 236 236 236 236

1J 0 0 , 1 1 2 3 5 6 7 3 7 4
K 0 1 1 1 2 1 3 3 6 6 4 4 4
L I 1 1 3 3 2 3 4 5 6 6 7
M 0 1 1 1 1 1 2 2 2 2 S3 :
N 3 4 5 5 5 6 6 6 7 7 0 4 10
0 96 93 91 89 88 87 84 80 74 71 75 75 71
03 1231 1231 1231 1231 1231 1231 1231 1231 1231 1231 1231 1231 12I31

i INITIAL CATEGORY ALL i K L M N 0
PERCENTAGE 100.0 5.2 4.5 7.8 3.6 12.7 6,4
TOTAL' O0$ 1860 97 34 145 67 236 IZ1

iB
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t

Q 1LOBAL 'LLMATOLOGY BRANCH STATION '4114
IJSAFETAC FAIRCHILD AFB WA
ATR WEATHER '-ERVICE/MAC POR 6/49-5/7"

HOUR 14-15 LST
CEILINO CATEGORY HOURS SUBSEQUENT
INIT :..U•S 1 a 3 4 5 6 12 15 18 2, 36 4,:

A 79 5$ 49 42 2. 30 15 35. 24 2 2s 1 ,
B 24 33 2$ 40 33 .26. 2. 42 3-7 so 19 l
1:, T 2 2 9 9 9 7 7 7 € 14 12 11
D Q 4 0 2 5 c 7 9 14 5 7 2 7 12
E 2 5 5 7 5 1- 12 5 7 7 1" 14
F o 12 14 16 14 19 1' S7
'pBs 43 43 43 43 43 43 4:3 43 4.3 4:3 13 43 43

B A 5 7 8 8 7 4 11 12 12 10 4 7
B 6'. I 56 50 54 55 53 47 41 36 30 26 :30 1:
C 13 16 21 17 16 Is 14 13 13 14 15 . 11
O 4 5 3 9 7 7 a 8 11 12 13 7 "T
E 3 5 5 4 5 5 8 10 13 1-! 14 14 24
F A 11 5, '• 11 11 12 16 .4 21 26 33s .,
OBS I95 195 195 195 1 5 195 195 ;95 19T.5 1055 1;5 195 1'5

C A 0 1 2 3 4 5 3 5 a 5 4 . 5
B 14 20 25 20 T .32 31 26 4 29 2.5 15 20 1 060 44 35 I. '.5 2" ,0 1- 1: 19 14 1::

D 13 16 15 14 11 12 12 IS 13 9 14 12 15
E 7 11 I 10 12 11 13 11 15 17 I ".. 20 1.
F 4, 8 10 14 17 19 21 23 24 24 33 25 37
OBS 215 215 216 216 216 216. 216 216 216 216 216 216 21'S

A 0 1 1 1 3 3 4 6 7 1 1 5 1
B 4 5 :3 10 12 13 14 22 19 20 :2 17 a
C 7 17 21 19 17 18 19 14 20 16 13 14 15
O 6-P 48 34 :32 29 26 24 23 17 19 1 1:3 21
E 12 14 18 19 i1 16 17 14 17 17 261 1 1e
F 8 15 18 I 2 25 22 21 20 26 33 34 S"
OBS 269 269 269 269 269 269 269 269 269 269 269 269 2-9

E A 0 1 1 1 1 2 2 3 3 4 2 4 2
B 1 2 3 5 7 7 11 14 15 13 S 17 P

3 6 a : ? 9 10 13. 12 ' 1: ",-
D 1 11 12 12 10 11 11 10 * ; 13 :3 13
E 72 59 51 44 41I 40 33 31 27 2'7 25 2.,0) 24
F 15 21 25 ,0 z 3 31 33 33 33 S5. 4 1 Z2
OB' 403 40:? 403 403 403 403 403 40 ) 403 401 43 4Z: 4>3

F A 0 0 0 1 1 1 1 2 3 3 1
0 0 3 3 4 3 10 13 15 1: :

" " 0 1 2 2 2 2 5 - 10 1i1 9 " I'
o 1 2 3 3 4 4 4 6 ' 15 13 1
E 8 12 13 16 17 19 19 1? 20 17 21 V) 1I
F •1 .85 :A1 7? 73 70 45 57 50 47 4*: 44 4"
OBS 734 734 734 734 734 734 734 734 734 734 734 734 7-14

INITIAL CATEOORY ALL A B C D E F
PERCENTAGE 100.0 .2. 10.5, 11 .A., 14.5 21.7 l. 5
TOTAL OB, IS60 43 15 216 2* 403 7',4
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CONDITIONAL CLIMATOLOGY
14ONTH JANUARY

HOUR 14-15 LST
WINO SECTOR ALL

VISIBILITY CATZORY HOUR$ SUBSEQUENT
INIT SUBS 1 2 3 4 5 4 9 12 15 19 24 f3R 48

j 73 15 59 58 47 40 42 45 31 33 21 21 10
K 12 14 15 8 S 9 9 10 15 10 5 8 9
L 4 !5 4 10 is is s 4 1 5 10 12 10
M 1 4 5 4 4 3 1 5 4 4 T 5 ?
N 6 8 4 4 4 12 10 10 10 13 17 9 a
0 1 4 8 17 19 19 29 26 39 29 45 i7 4O
OB$ 73 73 7S 78 78 78 7S 79 78 78 7q 78 78

1 15 19 15 13 14 15 28 21 21 22 5 19 6
K 41 33 27 -4 3 16 5 7 7 8 7 7 9
L 24 19 28 35 34 20 19 14 9 12 12 7 5
M 4 6 6 7 7 8 4 5 4 2 4 4 7
N 3 14 7 a 13 5 4 7 11 11 11 13 0
O 8 9 16 22 24 35 41 46 48 45 62 51 65
09$ 85 S5 85 85 85 IS5 85 85 85 85 95 85 $5

L J 5 7 a 10 13 11 12 13 20 16 10 10 7
t 11 12 11 8 12 $ 10 4 12 5 10 .

L 51 4:3 33 23 23 15 18 13 12 10 a 4 3
M 15 14 14 14 11 12 12 9 3 5 4 3 3
N 17 17 17 16 14 15 12 14 9 13 14 13 14
0 S 9 17 26 31 36 39 43 53 43 58 5T 47
OB$ 120 120 120 120 120 120 120 120 120 120 120 120 120

m j 0 S 10 10 3 10 20 16 14 18 2 14 6
K 6 2 2 2 12 4 14 14 3 20 12 6 4
L 26 20 22 26 18 28 22 14 12 10 12 12 a
M 26 13 20 12 10 4 10 3 , 4 6 6 9
N 32 2 20 18 20 19 6 14 3 10 20 2 24
0 10 24 26 32 32 34 21 34 50 :3 48 60 50
OB 50 50 50 50 50 50 50 50 50 50 50 50 50

N J 0 1 6 9 7 9 11 13 12 12 4 10 4
K 5 6 5 4 & 9 it 12 13 12 9 12 t
L 7 14 13 14 16 14 9 13 14 12 5 11 9
m 9 7 5 5 4 4 5 5 5 6 ? 5 1
N 58 40 32 26 22 21 14 12 9 17 26 10 22
0 21 32 40 43 44 42 52 45 48 40 52 52 59
OB 220 220 221 221 221 221 221 221 221 221 221 221 221

0 , 0 1 1 2 2 3 3 5 7 7 3 7 4
K 0 1 1 2 2 3 3 5 6 7 4 5 4
L 0 2 2 2 2 2 4 5 6 8 6 6
M 1 1 1 1 2 2 3 2 3 2 :3 3
N 4 4 5 6 6 5 7 7 7 10 9 8 9
0 95 92 90 88 97 96 91 76 73 44 77 71 75
OBS 1304 1306 1306 1306 1306 1306 1306 1304 1306 1306 1306 1306 1306

INITIAL CATEGORY ALL j K L N N 0
PERCENTAGE 100.0 4.2 4.6 6.5 2.7 11.9 70.2
TOTAL OB$ 1360 7S 35 1-20 50 221 1306
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14LOBAL CLIMATOLOGY IAANCH STATION 24114
ULSAFETAC FAIRCHILD AFS WA
AIR WEATHER SERVICE/MAC POR 6/49-5-/7

HOUR 16--17 LST
CEILING CATEGORY HOURS 'UB81EOLIENT
INIT $UBS 1 2 3 4 5 6 12 15 1 24 3.4 4S

A A 7:? 3 43, 37 ?5 n5 2ý 2'o 2 22 1S 16 12
* 16, :%5 41 ?? 31 31 27 27 33 27 12 20(. 10
c 4 6 S 12 12, 10 14 110 a 6 14 12 :
o 2 0 6 14 14 14 10 S 6 S. 2 4 20
E 0 0 2 4 a : 1.1 1:2 14 14 14 22
F 0 0 0 0 0 2 10 12 Ic:, 22 3' 31 2'
Q3, 49 40 49 49 49 49 49 49 49 .9 49 4?) 4?:

B A 5 6 7 10 t 10 13 14 111 8 7

9 75 46 65 59 18 54 42 42 3 29 V2 -2 16
C 11 15 14 15 14 19 13 14 15 17 14 13 13
o 7 7 *6 7 10 ? 14 12 16 15 12 1- 1

E 1 3 5 5 4 5 10 12 13 12 13 15 17
F 2 3 4 4 4 6 I 7 12 1 S .i: Z.,2 34
OBS 1*9 189 189 189 1S9 189 1 S 189 is' ISIP I$9 i; 139

C A 0 0 1 2 2 3 5 3 5 i 1 5 1
B 14 26 29' 29 30 28 2 6 V5 2?. 14 14 21 11

C 66 47 40 :35 2' 27 22 2 17 2'3 1 5 1
D 1 46 14 14 17 14 17 17 i1 15 13 9 17
E 6 4 S 10 10 13 16• 15 18 22 2.)0 :'1 1'.-

F ' 4 8 10 11 14 14 18 1S 26 ^ 7 30 38
OBS 203 203 203 203 203 203 203 203 203 203 20? 3 20:3

0 A 1 1 2 2 S 3 6 3 2 3 7 ?
a 5 9 13 14 13 16 21 IS 21 15 1 1 8 1u
C 19 21 18 17 16 15 is 22 19 20 11 Ii 13
D 37 40 33 29 2 8 29 22 14 17 17 16 11 1 2
E 12 17 19 20 22 20 21 20 14 1, . 22 15 23
F 4 12 14 18 1"' 183 15- 17 2 3 28 36 32 3',
09$ 232 232 232 232 232 232 232 2.32 232 .- 2 232 232

E A 0 0 1 2 21 2 3 3 :3 3 2 3 2
B 1 3 5 7 7 7 11 13 17 11 s I1 a
C 3 3 3 5 7 8 12 11 12 1? 12 7
D S 12 13 13 13 13 8 11 7 9 10 5 14
E 74 59 52 45 41 :3, 33 31 30 24 28 .4 2 1
F 14 231 24 29P s0 30 33 3 1 32 ;8 4 S4 4
095 393 393 :393 393 39 3 3 93 -. 5. . ' ::0 T.-

F A I I 1 1 2 2 3 4 4 2 1 4 2
a 1 2 3 T 4 5 7 11 14 z 13 83
C 1 2 2' 3 3 T3 1 : 07 11 10) 11 11

D 1 2 7 2 4 6 " 11 13 11 10
E 7 11 13 16 11 17 17 I i1 16 :0 21 21
F S9 82 79 75 71 69 62 55 4* 3!, 1 51 40 4'-)

OBS 703 793 793 793 793 79T 793 793 79S 70• 703 7"43 702

INITIAL CATEGORY ALL A a C 0 E F
PERCENTAGE 100.0 2.6 10.2 10.9 12.5 -21.1 42.7
TOTAL 09$ 1@5" 4' 18 " 203 222 s '3 7'3.
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COND ITIONAL CL I ATOLOOY

MONTH JANUARY
HOUR 16-17 LST
WIND SECTOR ALL

VI$IBILITY CATEOORY HOURS 3USUSOUENT
INIT $UgS 1 2 3 4 5 6 9 12 15 IS 24 36 Is

J 78 70 60 52 51 54 44 38 32 27 24 21 17
K 11 11 1 9 7 7 0 13 9 it 9 20 4
L 3 7 13 17 12 8 8 4 9 12 7 4 7

S0 2 1 3 4 3 1 2 4 1 2 4 0
N :? 4 4 6 11 10 7 7 10 12 11 2 16
0 2 6 12 13 15 10 33 35 29 36 44 16 56
o0s S 9 99 I9 89 89 89 89 $9 $9. S9 s9 39 89

K 1 14 13 10 5 12 10 19 14 19 14 8 1i 6
K 48 25 13 ^3 22 17 13 12 9 12 • 13
L 27 40 44 31 23 2y 22 19 10 10 !5 6
M 1 5 13 13 I 5 4 5 3 3 3 3 0
N 4 9 10 12 12 48 6 1i 21 14 10 13
0 1 q 9 16 26 34 31 42 40 39 -1 4T 64
O$ 77 77 77 77 77 77 77 77 77 77 77 77 77

L J 8 12 13 l4 17 17 13 11 15 21 e 17 e
K 14 8 16 13 11 11 11 9 1 i 6 8 $
L 49 40 28 28 24 19 14 12 15 9 15 9 3
M 14 12 8 5 4 8 10 4 4 5 $ 8 5
N 11 15 15 15 13 15 a 12 4 is 10 10
c 5 13 21 23 24 30 44 52 45 40 50 51 43
OB 131 131 131 131 131 131 131 131 131 131 131 131 131

M 1 0 a 11 13 14 13 19 16 19 6 5 3 5
K 5 6 6 11 16 14 5 11 3 5 2 a 9
L 20 17 20 17 4 9 3 14 13 19 8.11 i
m 28 19 13 13 13 5 14 3 5 5 9 2 2
N 23 20 14 3 8 14 14 13 9 19 11 14 11
0 19 30 34 42 44 44 42 44 30 47 46 63 67
OB 64 64 64 644 64 44 64 44 44 4 64 44 6.4

N J 3 5 9 8 9 10 13 13 13 e 7 ' 4
K 4 6 5 11 11 9 9 9 10 a 4 9 4
L 11 a 10 7 9 10 10 9 9 9 8 A 10
m a 6 4 3 2 3 5 5 5 5 3 2 1
N 44 34 26 25 21 19 12 11 14 1P 20 14 15
0 31 42 46 44 48 49 47 54 48 51 58 59 40
OB 194 194 194 194 194 194 194 194 194 194 194 VIA 194

0 1 0 1 1 1 2 2 5 6 7 4 2 :E:
K 0 1 1 2 3 3It 5 3 7 . 3 . .
L 1 1 2 2 2 3 4 5 8 6 •
M 1 1 1 2 2 '2 3 2 • 5 3 2
N 4 5 4 5 3 4 4 7 8 :0 9 7 9
0 95 91 89 88 84 5 8 70 74 68 648 7 71 7"
OB$ 1304 1304 1304 1304 1304 1304 1304 1304 1304 1304 1304 1304 1303

INITIAL CATEGORY ALL K L M N 0
PERCENTACE 100.0 4.8 4.1 7.0 3.4 10.4 70.1
TCTAL OB3 1339 89 77 11 44 194 1304
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OLOBAL CL;MATOLCOY BRANCH STATION 2411A
USAFETAC FAIRCHILb AFS WA
AIR WEATHER .ERVICE/MAr. MOR 4/49-5/7"-1

HOUR 1.~?LST
CEIL INO CATEGI•RY HOURS SUBSEnUENT
INIT SUB$ 1 2 3 4 5 6 - 1: 1T 1.S 24 :. 111$

A A 62 50 . 44 44 44 :37 :, 7 10 1 IT 17 Z I
3 27 31 Z.7 .' 23 21 Z5 27 -. 1• 21 1

O 4 4 . 10 15 17 i 1 .1 IS 1
4 10 12 10 1 17 1 1) 1V I 3 4 1

E 1 2 4 • 4 6 11 10 I 10 " 2 '1 I1
F 4 $ 4 4 4 10 Z? :9 7 27 2T
OB3 "52 . S2Z 154 2 '2 5 .2 2 52 '25 42 512 T2 241

3 A 14 1 9 11 1 15 7 A,
s S2 72 4146 41 3 46 :4 2IS 14 1T 27 21
C 7 11 13 1S 14 16 15 14 1, 1 15 11 1i
D 2 5 q 1 12 16 14 13 :I .3: 'A
E 2 3 4 4 4 a 11 14 1,: 19 1? 20 21.) ,
F 1 2 Z 2 3 4 6 :3 15 14 3ý7 '7 ý
OB 241 241 241 241 241 241 241 241 241 241 241 2-- 1 241

C A 1 3 2 2 1 7. . 1 1) 1 T t
B 20 23 26 24 26 22 25 24 21 14 17 4 17
c 6S 53 43 38 12 2 2A'24 241 :0 14 1s 1I
D 8 1 15 16 15 17 14 14 13 12 Ic 1
E 5 71 'A 11 14 12 15 14 1 S 1I 13 1'
F 2 4 6 14 14 14 14 1 :23 $1 3 27 3"P
OBS 201 201 201 201 201 201 201 201 21 2 1 201 2I'14

0 A 0 1 2 1 2 2 05 4 , 3 2 7 4
9 4 7 7 1o 12 19 19 23 105 0 14 2
c 12 16 17 1' 20 is 15 14 19 13 11 1- 14
O 61 46 41 351 281 24 21 17 1 5l 17 14 1 5 Z,.'
E 13 13 21 21 21 21 22 24 21 21 0 12 1'
F 10 13 12 14 16 17 19 V3 7 1 3, 5 2 A ,
035 204 204 204 204 204 204 204 204 :04 204 204 204 204

E A 0 1 1 1 1 2 1 2 S 1 2 4 2
B 1 4 6 6 6 3 1A I 10 I it 16 I0
C 1 1 2 4 7 3 It 10 11 13 :3 1e s I
D O 13 17 15 14 14 13 9 12 13 12 .3 11
E 77 61 3 45 43 :3 Z6 2 " 7 7 27
F 12 20 23 T, 27 27 3,2 34 T3 36 4O S2
03S 379 379 '171 379 379 379* *379 237'P T,7'1 S379 .1' 70

F A 0 11 2 1
3 1 1 2 a 4 5 10 11 10) ., :3 14 1
C0 1 T 4 6 .1 10) -I -

I 1 1 3 3 4 5 7 10 13 10 it
E 7 12 15 5I 15 15 17 19 15 17 21 1'• :1,')

F 91 94 go 76 73 69 25 9 150 2 45:3 4' :3: r,-
OS3 7?e 78 3 78 3 783 773 783 783 73 73 7 7q 73S7 733 73 7.

INITIAL CATEGORY ALL A B C E E F
PERCENTAGE 100.0 2.S 13.0 10.8 11.0 20.4 42.1
TOTAL 03$ 1860 52 241 201 204 *370 73
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CONDITIONAL CLIMATOLOOY
MONTH JANUARY

HOUR 19-19 LST

WIND 3ECTOR ALL
VISIBILITY CA'KOORY HOURS SUBSEMUENT
INIT $Si23 1 2 4 5 6 9 12 15 13 24 34 4*

J77 62 0~43 58 54 44 44 Z65 Z3 23 -23 21
10 1? 12 13 15 13 22 12 13 9 5 7 :3

L 8 13 13 12 10 7 4 I1 ' 1• 10 q 10
M ? 3 4 2 2 1 4 6 4 5 I 4 2
N 6 4 5 4 7 0 4 4 12 14 13 2 6
O -* 2 4 3 9 13 20 24 27 31. 44 55 53
O09 112 112 112 112 112 112 112 112 112 112 112 112 !12

K 1 10 14 14 13 19 22 16 19 16 11 14 1 10
K 40 :37 33 32 22 22 1,5 14 3 3l : 13 10
L 32 19 16 14 11 13 11 13 " 10 14 10
M 4 8 5 3 9 s 2 3 - 5 5 :3 3
N 8 6 6 3 1 a 16 17 21 27 25 17 it
0 5 14 25 30 35 32 33 35 37 4T. 43 40 5-7
08c 6? 63 43 6 3 43 63 43 4.3 6.3 &3 63 63 63

L j 8 3 12 14 16 19 15 13 20 14 12 13 14
K 15 21 15 12 12 13 10 4 12 9 7 3 5
L 52 38 32 27 2S 22 21 17 6 13 9 S
M 8 10 a a 10, 8 4 5 4 S 6 2
N 13 12 17 20 13 11 13 12 13 13 12 - 13
0 5 11 16 19 22 24 34 45 35 47 53 50 5T
09 130 130 130 130 130 130 130 130 130 130 130 130 130

M J 7 5 13 11 7 9 13 9 11 4 4 11 2
K 2 It 15 13 16 12 15 20 18 9 5 9 4
L 25 20 13 9 13 I a 5 11 I ' 0 13 7
M 31 15 7 9 7 7 5 7 11 5 4 2
N 13 25 22 25 22 22 22 13 9 13 11 5 1r
0 14 24 1 33 35 40 40 45 40 51 53 59 71
O9$ 55 55 55 55 55 55 55 655 5 56 55 55 55

N J 2 4 5 3 9 12 10 t • 4 5 9
K 4 6 9 6 7 6 a 9 7 2 4 10 6
L 9 a a t0 @ 12 a 12 3 13 8 S 7
M 5 5 4 4 6 6 * 4 3 T 3 3 :' *

N 52 32 29 23 15 11 17 13 22 21 13 9 15
0 28 42 46 49 54 54 14 54 44 546 46 40 46
OB$ 179 179 179 179 179 179 179 179 179 17,) 171 17 170

0 . 0 1 1 1 2 3 . 7 6 3
K 1 1 2 2 2 2 5 6 6 4 " 1 -

L 1 2 2 S 3 4 5 6 8 6 T 7
M 1 1 2 Z 2 2 2 2 3 3 2
N 3 4 4 5 6 6 7 7 11 11 S 9 9
0 94 91 99 87 95 33 71 72 67 74 7$ 67 75
OB3 1321 1321 1321 1321 1321 1321 1321 1321 1321 1321 1321 1321 1321

* INITIAL CATEOQRY ALL i K L M N 0
PERCENTAGE 100.0 6.0 3.4 7.0 3.0 9.4 71.0
TOTAL OBS 1360 ) 11 63 130 55 179 1321

B
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OLOBAL CLIMATOLOOY BRANCH STATION '4114
USAFETAC FAIRCHILD ARS WA
AIR WEATHER SERVICI/MAC POR 6/49-5/19

HOUR Z0-21 LST
CEILINO CATEOORY HOURS SUBSEQLUENT
INIT SUBS 1 2 3 4 5 6 9 12 15 1M Z4 36 4C

A A 75 66 54 46 36 36 31 25 20 13 5 20 15
3 20 245 = 26 38 39 34 31 26 18 23 1S 23
C 0 3 7 11 11 11 7 $ 10 16 7 15 S
D 2 0 5 7 7 5 11 10 11 11 e - 11
E 0 2 2 3 5 5 a 11 (1) S 10 10 14
F 3 5 8 7 3 S 8 15 23 33 49 34 26
03$ 61 61 41 41 41 41 61 61 411 61 61 41 411

B A 4 7 11 10 11 10 12 6 5 5 5 7 6
9 78 66 56 51 43 41 35 32 25 '2 9• '3 20
C 9 13 16 15 14 17 18 17 19 18 12 14 12
D 5 6 8 it it 14 13 15 15 14 8 12 11
E 3 5 6 8 12 13 14 13 19 15 16 18 I,
F 1 3 T 5 6 6 8 17 14 25 22 27 33-
OB$ 272 272 272 272 272 272 272 272 272 27Z 272 272 272

C A 1 1 2 4 3 3 4 5 1 1 3 3 4
B 15 23 27 26 32 33 34 30 1 1 22 19 16
C 68 52 42 36 27 25 21 20 24 1? 15 1:3 I,
D 9 14 14 14 17 18 15 14 17 31 18 10S5 6 7 it 12 10 16 18 17 15 1? 20 17
F 2 ? 7 9 9 11 11 13 21 28 '33 27? 14
038 188 183 183 183 183 183 183 183 183 1•3 1 183 183

D A I I I 3 4 5 5 2 2 4 3 5 7
a 3 6 7 10 13 13 14 15 11 7 1'2 2)
C 8 15 17 18 1 is 19 21 19 12 10 16 9
D 70 51 40 34 27 30 25 17 21 23 14 13 13
E 14 17 21 21 20 18 18 17 17 20 -10 21 22
F 4 9 14 14 15 17 20 27 30 3S 40 25 40
OB3 183 183 183 183 183 183 183 183 183 183 183 183 183

E A I I 1 1 2 2 3 2 1 1 3 3 1
B 2 4 5 6 7 1 13 16 10 6 11 15 13
C 2 4 4 8 10 11 14 11 14 it 9 16 7
D 10 14 15 14 14 13 it 12 12 IS 1 7
E 75 62 54 49 46 3", 32 28 26 31 2A 21 23
F II 15 21 22 22 26 28 29 :7 3S 41 s4 4
03$ 385 385 385 385 385 385 385 385 :385 35 385 :335 e 85

F A 1 1 1 2 2 3 4 3 1 1 S
B 1 2 3 4 6 7 10 10 7 4 10 1) 1 I3
C 1 1 2 4 4 7 10 9 7 9 11 '-
D 1 1 2 2 3 4 4 6 10 12 10 10 '7
E 7 10 12 14 13 14 17 16 18 21 20 17 2')
F g0 85 80 7- 72 48 58 53 56 52 49 42 47
O0S 776 776 776 776 77S 776 776 776 776 776 776 77,% 776

INITIAL CATEGORY ALL A 3 C E E FPERCENTAGE 100.0 3.3 14.6 '.8 9.8 20.7 41.7
TOTAL OB IS60 61 272 1833 13 1 3 774
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CONDITIONAL. CLIMATOLOG3Y
MONTH -JANUARY

HOUP 20-21 L|T
WIND SECTOR ALL

VISIBILITY CATEGORY HOURS SUBSEOUENT
INIT SUBS 1 2 3 4 5 4 9 12 15 18 24 3A4 4S

74 7 59 41 54 49 40 43 24 20 19 24 20
11 14 12 12 13 is 11 it 11 7 p If) 4.

L 7 10 It 6 5 1 7 11 10 12 7 11
M I 1 0 2 2 4 5 6 4 5 2 5 4
N 4 3 5 5 .9 5 5 4 15 13 T. 1!
0 0 6 9 11 15 19 27 27 3ý4 45 50 41 531
09$s 114 114 114 114 114 114 114 114 114 Ili 111 114 114

J 19 26 32 34 33 24 1 ) 20 14 T 13 10, 153

49 34 2S 1:3 20 19 21 is 3 7 4 :? IC i.
L 19 21 20 16 13 18 it 11 14 11 12 11 11
M 3 55 9 6 6 7 9 6 4 5 7
N 4 10 7 11 a 13 13 14 21 27 13 1is~
0 5 4 3 10 16 1s 29 '29 37 42 5 1 44 47
09BS ~ 98 98 "I' 99 98 9PS 9$ 908 902 QS 99

L 1 4 10 12 12 14 14 2 1 1:3 14 10 13 1!5 it
1K 18i 17 18 14 14 14 17 11 5, 12 6 -

L 46 30 25 201 23 2 1 14 14 11 12 10 to 10
M 9 8 10 10 12 1. 4 2 S . 5 1,
N 10 14 12 10 11 6 17 20 1 S, I 14 "1
0 10 2!1 25 30 ?0 ?0 T8 32 SS 50 5 3 50 4.2
098 125 125 1_25 125 1 2 5 125 125 1-25 125 125 123 12". 125

M .J 6 6. 4 4 9 15 17 9 9 3 9 2
S 4 11 13 11 17 13 15 113 6 It1 2

L 23 23 19 17 11 13 13 21 4 T 4 15 4 6
M 30 13 9 8 4 2 6 6 - 2 4 2
N 17 17 1 11 19 19 15 $1 2.1 23 11 21. 1
0 19 36 42 43 34 42 T34 47 55 55 4'3' 72
083 53 5 3 53 53 53 53 533 53 53 "Z '!3 5 3 5.3

N '1 3 :3 7 8 10 10 10 10 5 4 6 13 .
5 6 6 15 5 12 13 5 12 7 7 5

L 6 1i 11 1. 11 10 q 10 14 1Q 7 6.
M 8 8 1n 10 11 10 5 7 IS 2 7. ? 5
N 4o 38 31 22 21 25 13 16 24 18 I 11. 11
0 28 34 36 41 42 39 S2 43 4. 55 54. SS 6`1
093 153 15.? 153 153 153 153 153 1T3 151 131 113 151 114

0 1 0 1 2 4 4 6 6 2 2 44
1 1 1 2 4 41 6 4 73 4

L 1 1 2 I 3 4 5 7 6. 5 T 5 i.
M 1 1 1 1 2 2 2 13 4 2 s1 11
N 3 4 ! 5 5 4 7 !o 11 a' 7 1 S
0 94 91 A 9 84 6 3 80 74 ALS 72' 7* 7? 'T
N9$ 1317 1317 1317 1317 1317 1317 1317 1•17 1317 1317 1317 1317 17

INITIAL CATEOORY ALL J p1 L m N 0
PER7CENTAGE 100.0 1 5.2 .7 2.S T.. 71.
TOTAL 493 1::160 114 9 13. 145 153 1:317
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GLOBAL CLIMATOLOOY BRANCH STATION 24114
USAFETAC FAIRCHILD AFB WA
AIR WEATHER .;ERVICPE/MAC POR 6/49-5/79

HOUR 22-23 L3T
CEILING. CATEGORY HOURS 3UBSEQUENT
INIT SUBS 1 3 4 5 . 9 12 15 18 24 36 18

A A 7 6:3 44 41 41 36 41 25 16 12 19 11 11
13 26 3S-. $ 3. 30 29. 2-9 P. 15 1i 19 "31.1

1 5 7 5 10 10 5 :3 21 14 3 14 7
D 0 o 8 10 7 3 3 5 a 11 t0 11/ t10
E 1 , :. 5 S 12 15 16 .9 15 21 143 13
F 1 0 1 4 7 16 27 :32 27 27 32
0S 73 73 7 73 73 73 73 73 73 7? 73 73 73

B A S : 1 I 7 10 4 3 4 -S 5 iz :
B 7S 63 54 !2 51 47 38 27 27 21 30 19. 20I

C 12 15 1. 15 16 16 14 20 20 15 1 I 3 10
V 4 6 11 11 9 14 14 11 9 9 13 13
E 3 T 7 7 40 12 16 17 17 17 15 19 17
F T 4 4 5 6 4 12 19 23 :2 131 30 Z:,
O93 275 275 275 275 275 275 27 1 275 275 275 275 275 275

.. A 4 3 S. a 3 3 3 2 3 1 .3 4 5
8 13 20 26 26 23 27 32 23 15 15 22 11 1A,

C A6 52 40 34 :31 30 23 -5 20 15 13 to 1:
D 0 12 14 15 16 13 17 1S I 15 11 14 1?
E S ' 11 11 11 12 12 20 20 21 IS 24 14
F 3 4 , 11 12 I C. 12 17 2S 33 33 29 S:7
1110$3 1:361 13•6 1:36 146 1a6 1841 136 146 196 186 136 1 *34

D A 0 1 3 4 5 6 ,/ 4 3 3 2 ? 3
B S 10 11 1. 14 16 20 12 7 it 15 13 15
C 12 16 21 23 24 25 21 26 19 14 14 15 10
O 15 50 42 36 30 25 20 21 30 23 13 14 1 T
E 12 13 I1 17 17 16 14 14 ,5 17 15 i1 22
F 5 4 4 1% q 12 1s 22 25 322 35 ?6 ...
a9s 201 201 201 201 201 201 201 201 201 201 201 201 201

E A 0 0 0 2 2 0 2 2 0 1 2 2 3
B 2 3 6 3 9 1 10 8 6 T 9 10
C 2 5 6 3 11 1. 11 1 0 11 17
D o 10 11 11 11 !1 i 14 17 14 10 10 12
E 75 61 53 46 43 3<* 3A 27 29 294 23 21 2I 1
F 12 21 24 27 2:! 30 30 :3.8 39 41 40 40 4?
083 774 .376 374 374 374 1716 :7 7 7 A.. :.77 ?76 T77 376

F A I • 2 2 3 " 3 2 1 1 3 3 ,
B 1 " 4 5 7 :3 It 7 7 7 10 12 15
C 1 2 ? 4 4 5 7 9 o r I.- 13 . 1
D I 1 2 4 4 3 6 a 10 9 1 It 7
E 6 11 12 12 15 17 17 16 21 20 20 17 20
F )0 83 79 73 4,• 63 54 5 59 54 55 '!0 45 47
09 749 749 749 749 74'P 74"Q 749 747 740 740 740 7741 740

INIT' ýL CATEGORY ALL A B - v E F
PERENTAGE 1. (0. 0 -,. 0. 14.8 10. 01 #: 20.2 40.
TOTAL OB9 1860 73 275 1:36 201 376 740
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C:ONDITI ONAL CL IMATOLOGY
MONTH .JANUARY

HOUR 22Z-23 LST
WIND SECTOR ALL

V I S IBL I TY CATECIORY HOURS SUBSEQUENT
INIT SUBS S 4 5 6 lp 12 15 Is 24 36 4,

j ~ 7 A,6.6 60 *;4 47 4q 33 212 215 27 :1 1512
K 1 O 1 14 16 19 19 10 10 7 7 7 -."

L : ' 4 4 5 7 1 17 12 12 ' 13 13
M 0 1 3 1 1 4 2 4 4 1 1 4 T.
N 2 4 6 6 6 6 7 13 17 i1 10 1.3 it

1 2 7 1I 15 13 20 24 38 43 47 40 50
"093 125 135 13? 135 135 135 1 135 I"5 1:135 134 131 1:23 !:35

f: J 17 -7 27 20 17 IQ 21 IS 7 4 15 14 15
T54 *.7 28 31 25 22 21 14 $ 4 15 '- 11

L 15 13 14 9 15 14 1Z 12 13 17 5 13 S
M 4 0 14 7 a ?3 7 7 1 7 4
N 8 8 7 9 15 11 i• 1 26 17 12 . 13
1) ? 12 17 21 26 31 31 4S 51 49 51 41,

L J 10 11 10 10 17 17 12 10 10 17 3 12
K 10 17 17 20 22 13 17 11 7 7 6a 11 7
L 47 36 32 29 21 20 2:2 10 16 11 10 10 $
M 10 10 a 9 5 5 4 6 3 5 3 4 4
N 1:• 11 11 11 11 10 11 24 17 ? ' 17 7
0 10 17 20 23 31 3 S T0 .7 48 5 8 TIT, 50 -?
09$ 115 115 115 115 115 115 115 11.q 5 115 115 115 115 1135

M J 7 7 7 7 9 11 15 7 7 0 7 4. 9
K 4 4 11 11 11 13 15 11 11 13 ". 7 i
L 24 24 26, 31 20 17 17 11 7 9 19'; 9 .•
M 41 2- 20 11 9 11 6 19 0 11 ' 1 2
N 19 26 20 20 28 19 17 15 24 17 17 19 13

0 6 11 15 19 22 30 31 37 43 50 46 57 61
o09 54 54 54 54 54 54 54 54 54 54 54 54 54

N J .2 7 8 7 8 8 12 S 7 9 10 12 13
p 4 5 5 9 a 10 8 . 7 7 7 2 7
L 10 , 9 12 11 12 10 12 9 12 7
M 6 8 12 5 7 5, 6 7 5 3 6 6 2
N 47 S3 2, 5 30 20 16 1? 22 22 I 12 1.4 :8
0 30 40 41 37 45 52 4'0 45 53 A5 , '
OB$ 153 15.3 153 153 153 151 153 153 153 15 113 153 153

0 J 1 1 3 3 4 5 5 3 2 2 T 5 .

1 1 1 2 3 :1 6 5 . . 4 t 4
L 1 - 3 4 4 5 t. 7 6 v , 7 ".
M 1 1 2 2 2 2 3 4 2 :.1
N 3 4 5 5 6 7 a 10 I a 7 12 7
0 '4 1 87 83 81 30 72 72 79 78 78 .7 75
098 1308 1308 1308 1308 130e 13Oe 1308 1301:1 13ý'08 130? 130S I.0 S I"03

INITIAL CATEOORY ALL J Fl" L M N 0

PERCENTAGE 1(*0.0 0 .3 . .. 2 . " .2 " ")'
TOTAL OBS 1860 135 05 11s 5" 1-3 1 30$:
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APPENDIX C

DERIVATION OF OPERATIONAL PARAMETERS
PERTAINING TO ALTERNATE AIRPORT CRITERIA

The operational parameters utilized in this study programs
were of the form:

P(CN < xIc0 > Y)

or

P(VN _< UIV 0 > W)

which are interpreted as;

The probability that the ceiling (visibility) in N hours is less
than Category X(U) given the initial category was greater than Y (W).

The conditional probability data available from the cumulative r2

model are of the form

P(CN _< xIco < Y)
or

P(VN < UIV 0 <_ W)

The derivation of the operational parameters from these data are

described in the following paragraphs. The derivation will be carried
out for ceilings. The visibility equation derivation is identical

in form.

The unconditional probability that the ceiling in N hours will be
less than Category X is the sum of the following joint probabilities:

P(CN _< X) - P(CN< X(E)CO < Y) + P(CN.<X)CO > Y)

Solving for P(CN < X(C 0  Y)

P(CN < XC 0 E Y) C P(CN <_ X) - P(CN ._ X®()C 0 _ Y) (C.1)

The tw,) joint probability terms can be written in terms of cumulative

conditional probabilities:

P(CN_< X(®)CO > Y) - P(CN XIC 0 > Y) P(C0 > Y)

- P(CN XIC 0 > Y) (-P(C 0 _< Y))
P(CN :S X(E)C0 f Y) - P(CN XIC 0  Y) P(C0 1_ Y)

C-1



Equation C.1 may be rewritten as

P(CN _< XIc 0 > Y) = P(CN < X) - P(CN < XjCo0 _ Y) P(C0  Y) (C.2)

1- P(C0  Y)

As an example of the application of Equation C.2 the cumulative conditional

probability data in Table C.1 were converted to the operational parameter

format.

Table C.1 Cumulative Conditional Probability Table

CUMULATIVE CUMULATIVE SUBSEQUENT CATEGORY (CO)
INITIAL (Percent)

CATEGORY(C 0 )
=A '<B <C <D <E

=A 70.0 86.0 88.0 90.0 97.0

<B 21.5 82.9 91.1 93.8 97.8

<C 14.0 59.6 88.9 93.9 97.5
<D 10.7 45.7 70.8 91.6 97.1

< 7.0 31.16 49.2 66.0 95.0

P(C 0 = A) = 4.4% P(C; - A) = 4.7%

P(C0 : B) = 19.1% P(Cl :S B) = 20.5%

P(C0 < C) = 30.1% P(Cl < C) = 31.7%

P(C 0  D) = 40.6% P(C_ D) = 42.4%

P(C 0 ._ E) = 61.4% P(C :S E) = 62.6%

Example calculations are as follows:

P(Cl = AIC0 > A) = .047 - .70 • .044 .0169 = 1.7%
1 - .044

P(C1 = AIC 0 > B) = .047 - .215 * .191 - . 0.7Z

P(Cj < BIC0 > A) = .025 - .860 , .044 = .1749 17.5%1 - .044 79= 75

C-2
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The table of operational parameters is shown in Table C.2.

Table C.2 Operational Parameter Probability Table

CUMULATIVE CUMULATIVE SUBSEQUENT CATEGORY (CI)
INITIAL (Percent)

CATEGORY(C 0 ) (
=A <B <C <D _E

>A 1.7 17.5 29.1 40.2 61.0
>B .7 5.8 17.7 30.3 54.3
>C .7 3.7 7.1 20.2 47.6
>D .6 3.3 5.0 8.8 39.0
>E 1.0 2.8 3.9 4.9 11.1

C-

Vg
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APPENDIX D

OPERATIONAL CEILING AND VISIBILITY PARAM4ETERS FOR

TWENTY-FIVE WEATHER STATIONS

In the following tables ceiling and visibility parameters related

to alternate airport criteria are presented for twenty-five weather

stations. These data were derived through the use of a cumulative r2

model for deriving conditional probability data from unconditional

probabiIi ty data.

Tables D.1 and D.8 contain the unconditional ceiling and visibility

parameters. Tables D.2 through D.7 contain the conditional probabilities
for ceilings. Tables D.9 through D.14 contain the conditional probability

data for visibilities.
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Table D.l Unconditional Probabilities ThatThe Ceiling will be
Less Than Precision and Non-Precision Approach
Minimums (Percent)

-- I
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Ai TRc, I A, 0,R 2.,40% 1 0.:,)ý?

.',il A,•l Ft. ..It .9+
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')kA' - , C I1.38
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0-2



Table D.2 Probabilities That the Ceiling will be Below Precision
Approach Minimums for Current and Proposed Alternate
Airport Criteria in One Hour (Percent)

A A

Q

WEATHER STATION
1.2

AST)IONA, OR .28% .22% .16%
0A4Vi, L .) 4  1

.A riA4CPC, 'A .,1 .1,• .

rYJD.IOLL, i-L .44 .3,i 41)
4ILUXI , .AS .ol .,t, .I

Afi•TLt: *IACii. SC .32 .24 .03
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Table D.3 Probabilities That the Ceiling Will Be Below Non-Precision
Approach Minimums for Current and Proposed Alternate
Airport Criteria in One Hour (Percent)

S/b

o /

WEATHER STATION ..-

ASf g)A i1A, mi1 2.00% 1 .12) .).1%

if 1 I),LL, rH L o1.6r ..*)* .;

A5 4/ ..- )q

,l TL i- IH,:', 3f'". ")

,-LL 1 4-Tj* J A 'i, f:( 1 *::l .62 .
<f1!,1fl; Cif V ~ I.,. 1.11! ,.' I.60V
x,4LA,\I II1i C I re. . e) .1.1 ")1

,iIL i4,1UKi;, 4 1 1 .4ýi .14 .64
r f. "NtX, K f' 1 .26 .613 .6')
Jh)-:fT] \h., •J'i- I .)T) .44
,111 fi!.tJz?';, P'4 I *4•,? .Si2 .

fi"•S Ar i, fA . 1 .14 .t4 .
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A 1,SLOi, AZ 604 .;)6 .04
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6AN , ,Ltl h_. cx . ., 1 .CI
A. JfAml UH, CA 3 e I ) . I /

..,i4AN4 VALJI-' 1 .3 % * / .% . 4 %
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Table D.4 Probabilities That the Ceiling Will Be Below Precision
Approach Minimums for Current and Proposed Alternate
Airport Criteria in Three Hours (Percent)

WEATHER STATION •S "--

, lAIAMI ,,I-L .1 I•.j) .e)4

-IN 1 rFRA ,'"1S(',J CA . .41 . I I
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A ,F. S AC•| ' ! if ./4 ,}.In
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g\ fLa,• I" ,"I1", 1j 1,561 1.,.) .32

~3,:, '?~A *.4/ .3b.1
.. iL..AI U KL-, Q - 1.N9 1.li .22
,-f. ,N(0A, KIV .12 .)i .1.
;)r-JF[T Ar 4, :& .i4 .43 . II
?--I jl"F ,IUR';:i, PA 1 .-) .oI .22
,,)l',i& 3 At- 1, 1'X .. . 5 .1!
0-ULLib Ar'l,. .AV .) '}.)

rAIRCzIILJ AF3., JA 1 .:I 1 .,) .41)
.. il . 6s' , Mr. .42 .' .0
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l',•.%Vi b, ".;A. *•€4, .,: / * I ')
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6A14 Lk,•JrH. CA I .24 ..

.IHAN VAL, J.'4 ./4 % .%%) %
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Table D.5 Probabilities That the Ceilings Will Be Below Non-
Precision Approach Minimums for Current and Proposed
Alternate Airport Criteria in Three Hours (Percent)

c •. /b -%

,A~Sr,)aA, (),1 4.')2% 2 46 It 0t I

A •:I , k F-L .4t) .23 d.23. M Io .. 1/)
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fqAVIS, ',A 2.11 I .: 1 .1 1
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:iA I .L, ti tA) 4.'34 2., I 1
',,)ATSH ; A .CA .4/ .211.
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Table D.6 Probabilities That the Ceilings Will Be Below Precision
Approach Minimums for Current and Proposed Alternate
Airport Criteria in Six Hours (Percent)

0 AI " ',., -

WEATHER STATION /•" •'"

,i)lA, O}R I9 .92 %.14.
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Table D.7 Probabilities That the Ceilings Will Be Below Non-
Precision Approach Minimums for Current and Proposed
Alternate Airport Criteria in Six Hours (Percent)

o --
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Table D.8 Unconditional Probability That the Visibilities
Will Be Less Than Precision and Non-Precision
Approach Minimums (Percent)

WEATHER STATION/ - ,'/

iA~ifO)R A, JRH 1 .40% 2.19%
',,I 1.•41 .. FL .I •'j 2

i'/,+)ALL., i-L 1 14 2 .41
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Table D.9 Probabilities That the Visibility Will Be Less Than
Precision Approach Minimums for Current and Proposed
Alternate Airport Criteria in One Hour (Percent)

A

4 0 °

WEATHER STATION •- .•
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Table D.lO Probabilities That the Visibility Will Be Less
Than Non-Precision Approach Minimums for Current
and Proposed Alternate Airport Criteria in One
Hour (Percent)

WEATHER STATION /
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Table D.11 Probabilities That the Visibility Will Be Less
Than Precision Approach Minimums for Current and
Proposed Alternate Airport Criteria In Three
Hours (Percent)

A A

WEATHER' STATION CL•• I•- "
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Table D.12 Probabilities That the Visibility Will Be Less
Than Non-Precision Approach Minimums for Current
and Proposed Alternate Airport Criteria In Three
Hours (Percent)

A
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Table U.13 Probabilities That the Visibility Will Be Less
Than Precision Approach Minimums for Current and
Proposed Alternate Airpurt Criteria in Six Hours
(Percent)

S4j0

WEATHER STATION C La
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Table D.14 Probabilities That the Visibility Will Be Less
Than Non-Precision Approach Minimums for Current
and Proposed Alternate Airport Criteria In Six
Hours (Percent)

*A

WEATHER STATION --

ASTOfIA, OR I.1d% 1 .23% .5
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