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1. INTRODUCTION

The U.S. Pacific Fleet uses a tropical cyclone danger

area to mandate avoidance by its ships. Construction of this

danger area begins with 30 kt wind radii drawn around the warn-

ing and 24-hr warning positions. The 24-hr radii are increased

by an amount approximating the average 24-hr forecast error.

The danger area is completed by enclosing the space between

these wind areas with tangent lines. The allowance for average

forecast error has been 135 n mi since the 1960s; however there

has recently been a move at CINCPACFLT to decrease it to 120 n

mi which more closely approximates the average error over the

past decade or so (figure 1). The purpose of this study was to

evaluate the danger area and investigate ways to improve it.

N MI

I 00too 2,1- R

1970 1975 1' 98

YEAR

Figure 1. Annual JTWC forecast errors for all tropical
cyclones in the western North Pacific region.
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1.1 Purpose of the Danger Area

To evaluate the danger area one must first appreciate

its purpose. The apparent objective is to keep ships out of

30 kt winds; however the underlying purpose is to keep ships

out of dangerous areas where fully arisen seas up to 28 ft are

possible. In fact 50-kt winds more closely represent actual

danger to smaller ships; however, 30-kt winds and the accomp-

anying seas reduce the maneuverability of ships and therefore

the capability to avoid dangerous conditions. This is particu-

larly true in the front quadrants of a tropical cyclone where,

without positive evasive action, a ship will be overtaken by

progressively worseninq conditions. Additionally, in the right

front quadrant (N.H.) the winds and seas also tend to force the

vessel toward the cyclone's central core.

Because tropical cyclones rarely move equatorward in

either hemisphere it has lonq been a favored evasion tactic to

seek a position equatorward of the cyclone. This often re-

quires crossing the forecast track ahead of the tropical cy-

clone. The fundamental problem in this maneuver, called
"crossing the T", then becomes crossing far enough ahead to

avoid the inhibiting winds and seas. Such seas in particular

could slow progress to the point where the evasive maneuver

becomes a rendezvous. Crossing ahead of the danger area mini-

mizes this problem. Additionally, the danger area serves to

signal a ship's captain when he has cut it too close and is in

fact in jeopardy.

1.2 Strengths and Weaknesses of the Present Danger Area

The present danger area has three important advant-

ages:



1. It is well understood.
2. It is simple and communicable.
3. It works.

Any replacement danger area that negates any of the

above will have to prove its superiority with a strong case to

be accepted. Proving superiority will have to be on the basis

of the present system's assumed weaknesses:

1. It provides an unknown confidence.

2. It is inconsistent, overwarning in small error
areas and underwarning in large error areas.

3. It does not reflect the natural bias in fore-

casts, errors to the right or left of the track
are not equally likely in a given situation. The
tropical cyclone wind probability model recog-
nizes some such biases and allows for them, the
present danger area does not.

4. It does not consider errors in the nowcast or
forecast 30 kt wind area, the weakest part of a
warning.

5. It may overwarn excessively.

2. EVALUATION OF THE DANGER AREA

2.1 Measures of Goodness

Figure 2 compares the present danger area schematic-

ally with the verifying area of 30 kt winds. The danger area

was designed to allow for error in such a way that the area of

30 kt winds would almost always be included. This clearly

requires some overwarning.
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Figure 2. Schematic
representation of
danger area and
verifying 30-kt wind
areas (small circles).

FORECAST CORRECT OBSERVED

The following three measures are designed to gauge

how well the danger area performs.

1. Overwarning Rate (OR). This is defined as the

ratio of the forecast area to the observed area

in Figure 2. This parameter measures the over-

warning included in the danger area. Generally

we would like to see overwarning small since we

are denying the use of the included ocean area

to our ships. On the other hand, an overwarning

rate of 1.0 makes no allowance for error either

in the size or location of the 30-kt wind area.

Notice that an OR of 1.0 does not necessarily

ii.aply that the forecast is 100% accurate (fiqure

2). Overwarning rates of 2-3 appear to be

optimal. Like the rate of containment (below)

the overwarning rate tends to be insensitive to

changes on the danger area periphery being

dominated by the "obvious" high threat center

area.
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2. Rate of Containment (RC). This is defined by the

ratio of the "correct" area to the "observed"

area of 30 kt winds in Figure 2. This parameter

reflects the level of safety afforded by the

danger area. This measure is biased because

virtually any definition of danger area would

include the "known" nowcast area of strong winds

and that immediately ahead of the cyclone. This

assures a high score (> 50-60%) yet does not

allow for the unpredicted. Thus, in addition to

this obvious area, an additional safety zone must

be added. It should be noted that because ships

move slowly, it is necessary that the danger area

"lead" the tropical cyclone. That is, it not

only needs to convey areas that are dangerous now

but those that will be dangerous within 24

hours.

3. Peripheral Risk (PR). This is defined as the

risk of encountering 30-kt winds at the periphery

of the danger area. It is measured by the aver-

age 30-kt wind probability around the danger area

border. With the present danger area this is a

variable being greatest (typically about 0.5-0.6)

for points just behind the cyclone (on the now-

cast 30 kt isotach) and generally less (typically

0.10 to 0.15) at the leading edge of the danger

area (figure 3). The apparent acceptability of

moving in behind a TC may unwittingly expose

vessels to a typhoon making a loop or U-turn

which would rarely be correctly forecast. The

risk at the leading edge depends on the forward

speed of the cyclone, its size and intensity both
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nowcast and forecast, and its forecast difficulty

class. This is the most relevant measure of

goodness since it is sensitive to the placement

of danger area edges.

Figure 3. Depiction of an example of the-
CINCPACFLT danger area co~mpared to 'O-kt
wind probability contours. The averacr
pericheral risk oL 30-kt winds iF; about
21% ranoinq from 3 ]Iqw of 14% (tlop 1-7 1
,:o a hion )t 43t '.o)wer lert of c ,nrpr)



2.2 Evaluation

JTWC forecasts for 1982 were reduced to machine read-

able records. An algorithm was developed to test whether a

point was inside an area defined either as the CINCPACFLT

danger area or a series of verifying 30-kt wind areas joined in

sequence as shown in Figure 2. An MxN grid with 1' spacing was

set up which included both the danger area and the verifying

area of 30-kt isotachs. For each grid point the following were

determined:

a. Is this point within the danger area?

b. Is this a point within the verifying isotach
sequence?

c. Is this point within both a. and b. above?

d. What is the 24-hr elapsed time 30-kt wind
probability?

A test sample of forecasts was selected for each of 3 diffi-

culty classes (I = easy, II = average and III = difficult) so

that no two forecasts were used together if they were less than

30 hours apart in time of issue. This was done to increase

independence within the samples. Averages of overwarning rate

(OR), rate of containment (RC) and the danger area peripheral

risk (PR) were computed for the forecasts in the samples.

These values are shown in Table 1 for class I, II and III fore-

casts.
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Table 1. Summary of evaluation of a sample o) danqer area

forecasts see text for abbreviations).

AVG
ERROR

CLASS # FCSTS CYCLONES (N MI) OR RC(%) PR(%)

I 61 16 110 2.4 95.5 38

II 65 22 107 3.3 91.7 25

III 56 22 136 2.6 91.6 30

To interpret the results of Table 1, one must carefully con-

sider the prevailing circumstances associated with each class

of forecast. Class I is dominated by tropical cyclones in low

latitudes with the average >eing a typhoon intensifying and

growing larger. Since ther, is typically a 6-hr lag in recog-

nizing size changes (as they show up in synoptic reports),

these cyclones are typically understated in size in both the

nowcast and the forecast. This tends toward a low overwarning

rate but this tendency is compensated for by the "overall aver-

age" forecast error (135 n mi) being an excessive allowance for

these easy forecast cyclones. The net is a near average over-

warning rate. Because position errors are small, the entire

verifying 30-kt wind area was contained within the danger area

77% of the time resulting in a very high (95.5%) rate of con-

tainment. This bias is on the safe side, the 135 n mi safety

margin overwarns, but it is working. However, notice that the

small size of the class I danger area results in the highest

risk of 30 kt winds at the periphery (38%). The peripheral

risk with the danger area varies widely from case to case. The

range in this sample was 17 to 57%.

Class II tropical cyclones are a mixed group includ-

ing formative storms and mature storms near recurvature. The

135 n mi allowance for error makes up a relatively large part

of the danger area and there is no compensating underforecast
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of size since size forecasts are best for this group. For

these reasons overwarning rates are largest. Actual errors are

usually larger and consequently RC is somewhat less than aver-

age. The risk of 30 kt winds on the periphery is somewhat

below average at 25%. The range of peripheral risk around

individual danger areas was 7 to 46%.

Class III tropical cyclones are typically post recur-

vature. They tend to be large and fast moving with both fac-

tors contributing to the large size of the danger area. As a

consequence, the allowance for error makes up a relatively

small part of the danger area. For this reason overwarning is

below average. The largest component of forecast error is

speed, meaning that when the danger area fails it typically has

a small nose of verifying 30-kt winds protruding from the lead-

ing edge of the danger area. This class had only 57% of the

verifying 30 kt wind areas fully contained in the respective

danger areas, yet the RC was a very reasonable 91.6%. This

means that the remaining 43% averaged only 20% of the 30-kt

wind area falling outside of the danger area. Actually only

two of those had as much as half their 30-kt winds outside the

danger area. The peripherial risk of 30-kt winds is about

average at 30% ranging from 13 to 61% in individual cases.

2.3 Summary of Evaluation

Perceived weaknesses in the present danger area were

listed as presuppositions in section 1.2. It is now possible

to either confirm or negate most of those assertions on the

basis of evidence. The following will list the assertions and

cite relevant evidence where applicable.

1. The danger area provides an unknown confidence.

Since we now know that if we enter the danger area the likeli-
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hood of encountering 30-kt winds is highly variable depending

on sector entered, forecast difficulty class, forecast size and

the statistics of size verification, this is a fair criticism.

2. The danger area is inconsistent, overwarning in

small error areas and underwarning in large error areas. Small

error areas are those associated with class I forecasts (gener-

ally low latitudes) while large error areas are those associat-

ed with class III forecasts (typically mid-latitudes). This

weakness was not confirmed, and the degree of consistency shown

in the test sample is surprising. The portion of over or

underwarning attributed to track error was properly assessed,

but the possiblity of compensating size/strength errors was not

considered. It is true that the risk on the periphery is in-

consistent, but it was anticipated that this risk would be

lowest for class I forecasts and higher for classes II and III.

What was found was, in fact, just the opposite.

3. It does not reflect the natural bias in fore-

casts. Errors to the right or left of the track are not equal-

ly likely in a given situation. The tropical cyclone wind

probability model recognizes some such biases and allows for

them, the present danger area does not. This was not tested;

however, it is a factual statement not contradicted by the test

results.

4. The danger area does not consider errors in the

30-kt wind area, the weakest part of a forecast. This was con-

firmed and, in part, the biased 30 kt wind radii forecasts

compensate for other deficiencies. This is an extremely impor-

tant aspect of the "allowance-for-error" problem and an aspect

which will be addressed directly in the development of a new

danger area formulation.
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5. It may overwarn excessively. We now know what

the distribution of overwarning rates is like; however, the

acceptability of these (or any other) rates is a fleet policy

matter.

3. DEVELOPMENT OF NEW DANGER AREA

A particular 24-hr 30-kt wind probability contour

would be an ideal delimiter of a danger area since it would

standardize the peripheral risk of 30-kt winds in all cases and

would allow for errors in both position and wind radii. Selec-

tion of this contour and a method to simply describe it for

shipboard plotting remains to be solved.

Using 135 n mi allowance for error the equivalent

contours to the present danger area are 38%, 25% and 30% for

class I, II and III forecasts respectively (Table 1). The

impact of changing to 120 n mi for error allowance is to

increase the equivalent wind probability. This is because

higher wind probabilities are found toward the forecast track.

The impact is about the same on forecasts of all classes. The

new equivalent contour values are about 42%, 29%, and 34%

respectively as shown in Table 2.

Table 2. Same as Table 1 except the definition of danger area

changed by allowing 120 n mi for error vs 135 n mi,

and the unaffected average forecast error column is

omitted.

CLASS #FCSTS CYCLONES OR RC(%) WP(%)

I 61 16 2.2 94.6 42

II 65 22 2.9 90.5 29

III 56 22 2.3 90.5 34
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The change from 135 to 120 n mi allowance for error

causes a predictable decrease in both overwarning rate and rate

of containment and an increase in the peripheral risk factor.

In selecting a universal delimiter it is unreasonable

to use a mean because that may result in unacceptable reduction

in the safety factor afforded presently for class II. Rather

we are forced either to have class dependent delimiters or to

adopt a single delimiter of RC = 29, 34, or 42%. On the

grounds that a high risk of encountering 30 kt-winds is just as

undesirable for statistically good forecasts as for statis-

tically bad forecasts, the single delimiter option is preferr-

ed. Since it is regarded as better to err on the conservative

side the value of 29% is preferred. On the question of whether

to use 29% or round it to 30%, the accuracy of wind probabili-

ties does not justify the distinction and the convenience of

remembering a 30% probability of 30-kt winds is somewhat

appealing.

If the danger area is to be displayed using computer

graphics it is elementary to draw the 30%, 24 hour 30 kt wind

probability contour as the danger area. However, for shipboard

applications it is better to provide for construction using

circles and straight lines which is well within the capability

of all navigation personnel. To include this the JTWC warning

could be augmented to provide the appropriate simplified area

description.

Figures 4, 5 and 6 depict examples of the present

danger area and the 30% peripheral risk contour for class I, II

and III forecasts for comparison.
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30*N TYPHOON ANDY

1000 GM1T 26 JULY 1902
2S/ISOKT lO19 ISO."ICT

- - -=27/osc3UT 1I ZA I2f 1I MT
27A160w alT 19.9N 12.1E I I WT

20*N

1 20*E 1 30*E 1 40*E

Figure 4. Typhoon Andy in the Philippine Sea, July 1982.
Solid circle is nowcast position (1800 GMIT 20 July); open
circles are 12, 24, 48 and 72 hr forecasts. Large area
enclosed by heavy dashed line is current CINCPACFLT danger
area. Area enclosed by solid curve is contour of 30%
probability of 30 kt winds within 24 hours. This is a
class I forecast.

300N TYPHOON BESS

1800 GMT 25 JULY 1902
25/1m W 9 6,914 152.1 E UOKT
26/0600 OM 17.3N1512 A S
26/OGO GMT IS.3 150.2 WICT

I 0ON ___

1 406E 1 50E 1 60*E

Figure S. Typhoon Bess in the mid-Pacific east of
Guam, July 1982. For explanation of lines and
symbols, see Fig. 4. This is a class II forecast.
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TYPHOON JUDY
0000 GrMT 9 SEPT 1982

09/0000 OMT 21.8N 134.3E 9WT
.09/1200 G"T 24.0N 133.3E I IOKI"

- I " 0/A00 OMT 26.4N 133.2E I 1KT30*N /' -

'%

20*N

130*E 140*E
Figure 6. Typhoon Judy east of the Luzon
Straits, September 1982. For explanation
of lines and symbols, see Fig. 4. This is
a class III forecast.

Table 3 summarizes the performance of the 30% contour

danger area on the same development data.

Table 3. Same as Table 2 except the danger area is defined as
the contour of 30% probablity of 30-kt winds.

CLASS #FCSTS CYCLONES OR RC(%) WP(%)

I 61 16 3.1 96.8 30

II 65 22 2.8 87.4 30
III 56 22 2.8 89.7 30

What has been accomplished is a standardization of
the peripheral risk. The effect of this is to generally in-
crease the size of the danger area around the nowcast, decrease
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it somewhat around the 24-hr forecast, and skew the remainder

slightly to the right. In effect we are trading off some

allowance for 24-hr forecast error for nowcast error particu-

larly in the 30-kt wind radius. We are also acknowledging a

preference for certain types of errors depending on forecast

difficulty class. For example, in class I the most serious

source of errors is in the 30-kt wind radius. In class III the

most serious error is in the forward speed. The rate of con-

tainment for classes II and III was decreased slightly by

assuming more risk at 24 hours and less at forecast time.

The derived constant peripheral risk danger area does

not compromise the desirable features of the danger area and

yet is a more realistic treatment of the risk of a close en-

counter with a tropical cyclone.

4. RECOMMENDATION

It is recommended that the 30% (elapsed time) 30-kt

wind probability contour be adopted as an alternate to the

Pacific Fleet danger area. This change would require the

danger area be computed and specified by Naval messaqe (e.g.,

it could be a part of the current STRIKP message). Its

description can be adequately portrayed by two circles with

tangent lines. This has the added advantage of being spelled

out explicitly in the message rather than requiring the user to

hunt the information pieces from four or five different lines

buried within a very "busy" warning message.
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COMMANDING OFFICER COMMANDING OFFICER COMMANDING OFFICERUSS PELELIU (LHA-5) USS TARAWA (LHA-1) USS TRIPOLI (LPH-1O)ATTN: MET. OFFICER ATTN: MET. OFFICER ATTN: METEOROLOGICAL OFFICERFPO SAN FRANCISCO 96624-1620 FPO SAN FRANCISCO 96622-1600 FPO SAN FRANCISCO 96626-1645

COMMANDING OFFICER USCINCPAC USCINCLANT
USS LASALLE (AGF-3) BOX 28 NAVAL BASEATTN: METEOROLOGICAL OFFICER CAMP SMITH, HI 96861 NORFOLK, VA 23511
FPO NEW YORK 09577-3320
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USCINCPAC ASST. FOR ENV. SCIENCES CHIEF OF NAVAL RESEARCH (2)

BOX 13 ASST. SEC. OF THE NAVY (R&D) LIBRARY SERVICES, CODE 784

STAFF CINCPAC J37 ROOM 5E731, THE PENTAGON BALLSTON TOWER #1

CAMP SMITH, HI 96861 WASHINGTON, DC 20350 800 QUINCY ST.
ARLINGTON, VA 22217-5000

OFFICE OF NAVAL RESEARCH OFFICE OF NAVAL RESEARCH OFFICE OF NAVAL RESEARCH

CODE 1122AT, ATMOS. SCIENCES ENV. SCI. PROGRAM, CODE 112 ATTN: PROGRAM MANAGER, 1122CS

ARLINGTON, VA 22217-5000 ARLINGTON, VA 22217-5000 ARLINGTON, VA 22217-5000

OFFICE OF NAVAL RESEARCH OFFICE OF NAVAL RESEARCH OFFICE OF NAVAL RESEARCH

ATTN: HEAD, OCEAN SCIENCES DIV CODE 1122 PO, PHYSICAL OCEANO. CODE 1122 MM, MARINE METEO.

CODE 1122 ARLINGTON, VA 22217-5000 ARLINGTON, VA 22217-5000

ARLINGTON, VA 22217-5000

OFFICE OF NAVAL TECHNOLOGY CHIEF OF NAVAL OPERATIONS CHIEF OF NAVAL OPERATIONS

ONR (CODE 22) (OP-952) NAVY DEPT., OP-622C

800 N. QUINCY ST. U.S. NAVAL OBSERVATORY WASHINGTON, DC 20350

ARLINGTON, VA 22217-5000 WASHINGTON, DC 20390

CHIEF OF NAVAL OPERATIONS CHIEF OF NAVAL OPERATIONS CHIEF OF NAVAL OPERATIONS

NAVY DEPT. OP-986G U.S. NAVAL OBSERVATORY U.S. NAVAL OBSERVATORY

WASHINGTON, DC 20350 DR. R. W. JAMES, OP-95201 DR. RECHNITZER, OP-952F

34TH & MASS. AVE., NW 34TH & MASS AVE.

WASHINGTON, DC 20390 WASHINGTON, DC 20390

CHIEF OF NAVAL OPERATIONS CHIEF OF NAVAL OPERATIONS DIRECTOR

OP-952D OP-953 NATIONAL SECURITY AGENCY

U.S. NAVAL OBSERVATORY NAVY DEPARTMENT ATTN: LIBRARY (2C029)

WASHINGTON, DC 20390 WASHINGTON, DC 20350 FT. MEADE, MD 20755

CHIEF, ENV. SVCS. DIV. DET. 2, HQ, AWS NAVAL DEPUTY TO THE

OJCS (J-33) THE PENTAGON ADMINISTRATOR, NOAA

RM. 2877K, THE PENTAGON WASHINGTON, DC 20330 ROOM 200, PAGE BLDG. #1

WASHINGTON, DC 20301 3300 WHITEHAVEN ST. NW
WASHINGTON, DC 20235

OFFICER IN CHARGE OFFICER IN CHARGE COMMANDER

U.S. NAVOCEANCOMDET U.S. NAVOCEANCOMDET NAVAL OCEANOGRAPHY COMMAND

FPO SAN FRANCISCO 96685-2905 FLEET ACTIVITIES NSTL, MS 39529-5000

FPO SEATTLE 98770-0051
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COMNAVOCEANCOM COMMANDING OFFICER COMMANDING OFFICER

ATN: CODE N5 NAVAL OCEANOGRAPHIC OFFICE FLENUMOCEANCEN

NSTL, MS 39529-5000 BAY ST. LOUIS MONTEREY, CA 93943-5005
NSTL, MS 39522-5001

COMMANDING OFFICER COMMANDING OFFICER COMMANDING OFFICER

NAVWESTOCEANCEN NAVEASTOCEANCEN U.S. NAVOCEANCOMCEN

BOX 113 MCAOIE BLDG. (U-117), NAS BOX 12, COMNAVMARIANAS

PEARL HARBOR, HI 96860 NORFOLK, VA 23511-5399 FPO SAN FRANCISCO 96630-2926

COMMANDING OFFICER COMMANDING OFFICER COMMANDING OFFICER

NAVOCEANCOMFAC NAVOCEANCOMFAC U.S. NAVOCEANCOMFAC

P.O. BOX 85, NAS NAS, NORTH ISLAND FPO SEATTLE 98762-3500

JACKSONVILLE, FL 32212-0085 SAN DIEGO, CA 92135

COMMANDING OFFICER SUPERINTENDENT CHAIRMAN

U.S. NAVOCEANCOMFAC LIBRARY REPORTS OCEANOGRAPHY DEPT.

BOX 63, NAS U.S. NAVAL ACADEMY U.S. NAVAL ACADEMY

FPO SAN FRANCISCO 96654-2909 ANNAPOLIS, MD 21402 ANNAPOLIS, MD 21402

DIRECTOR OF RESEARCH SUPERINTENDENT NAVAL POSTGRADUATE SCHOOL

U.S. NAVAL ACADEMY NAVPGSCOL METEOROLOGY DEPT.

ANNAPOLIS, MD 21402 MONTEREY, CA 93943-5000 MONTEREY, CA 93943-5000

NAVAL POSTGRADUATE SCHOOL LIBRARY PRESIDENT

OCEANOGRAPHY DEPT. NAVAL POSTGRADUATE SCHOOL NAVAL WAR COLLEGE

MONTEREY, CA 93943-5000 MONTEREY, CA 93943-5002 GEOPHYS. OFFICER, NAVOPS DEPT.
NEWPORT, RI 02841

COMMANDER COMSPAWARSYSCOM COMSPAWARSYSCOM

NAVAIRSYSCOM, CODE 526W ATTN: CAPT. K.L. VAN SICKLE ATTN: LT S. PAINTER

WASHINGTON, DC 20361-0001 CODE 3213, NAVY DEPT. NAVY DEPT.

WASHINGTON, DC 20363-5100 WASHINGTON, DC 20363-5100

DIRECTOR COMMANDING OFFICER USAFETAC/TS

NAVSURFWEACEN, WHITE OAKS AMPHIBIOUS WARFARE LIBRARY SCOTT AFB, IL 62225

NAVY SCIENCE ASSIST. PROGRAM NAVAL AMPHIBIOUS SCHOOL

SILVER SPRING, MD 20903-5000 NORFOLK, VA 23521
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SUPERINTENDENT AFGWC/DAPL DIRECTOR (12)
ATTN: USAFA (DEG) OFFUTT AFB, NE 68113 DEFENSE TECH. INFORMATION
USAF ACADEMY, CO 80840 CENTER, CAMERON STATION

ALEXANDRIA, VA 22314

DIRECTOR, ENV. & LIFE SCI. CENTRAL INTELLIGENCE AGENCY DIRECTOR, TECH. INFORMATION
OFFICE OF UNDERSECRETARY OF ATTN: OCR STANDARD DIST. DEFENSE ADV. RSCH PROJECTS

DEFENSE FOR RSCH & ENG E&LS WASHINGTON, DC 20505 1400 WILSON BLVD.
RM. 3D129, THE PENTAGON ARLINGTON, VA 22209
WASHINGTON, DC 20505

COMMANDANT DIRECTOR ACQUISITIONS SECT. IRDB-D823
DEFENSE LOGISTICS STUDIES NATIONAL METEORO. CENTER LIBRARY & INFO. SERV., NOAA

INFORMATION EXCHANGE NWS, NOAA 6009 EXECUTIVE BLVD.
ARMY LOGISTICS MANAGEMENT WWB W32, RM 204 ROCKVILLE, MD 20852

CENTER WASHINGTON, DC 20233
FORT LEE, VA 23801

CHIEF FEDERAL COORD. FOR METEORO. DIRECTOR
MARINE & EARTH SCI. LIBRARY SERVS. & SUP. RSCH. (OFCM) NATIONAL HURRICANE CENTER
NOAA, DEPT. OF COMMERCE 11426 ROCKVILLE PIKE NOAA, GABLES ONE TOWER
ROCKVILLE, MD 20852 SUITE 300 1320 S. DIXIE HWY

ROCKVILLE, MD 20852 CORAL GABLES, FL 33146

NATIONAL CLIMATIC CENTER DIRECTOR CHIEF, SCIENTIFIC SERVICES
ATTN: L. PRESTON D542X2 NATIONAL OCEANO. DATA CENTER NWS/NOAA, WESTERN REGION
FEDERAL BLDG. - LIBRARY E/0C23, NOAA P.O. BOX 11188,
ASHEVILLE, NC 28801 WASHINGTON, DC 20235 FEDERAL BLDG.

SALT LAKE CITY, UT 84111

CHIEF, SCIENTIFIC SERVICES NOAA RSCH FACILITIES CENTER FISHERIES LIBRARY
NWS, PACIFIC REGION P.O. BOX 520197 NOAA
P.O. BOX 50027 MIAMI, FL 33152 75 VIRGINIA BEACH DRIVE
HONOLULU, HI 96850 MIAMI, FL 33149

DIRECTOR, CENTRAL PACIFIC LIBRARY ACQUISITIONS HEAD, ATMOS. SCIENCES DIV.
HURRICANE CENTER NWS, NOAA NCAR, P.O BOX 3000 NATIONAL SCIENCE FOUNDATION

HONOLULU, HI 96819 BOULDER, CO 80307 1800 G STREET, NW
WASHINGTON, DC 20550

DIRECTOR LABORATORY FOR ATMOS. SCI. NATIONAL ENVIRON. RSCH. CEN.
FEDERAL EMERGENCY MANAGEMENT NASA GODDARD SPACE FLIGHT CEN. ENVIRON. PROTECTION AGENCY
AGENCY (FEMA) GREENBELT, MD 20771 200 S. 35TH ST.
WASHINGTON, DC 20472 CORVALLIS, OR 97330
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COLORADO STATE UNIVERSITY CHAIRMAN, METEOROLOGY DEPT. INSTITUTE FOR STORM RESEARCH

ATMOSPHERIC SCIENCES DEPT. CALIFORNIA STATE UNIVERSITY UNIVERSITY OF ST. THOMAS

ATTN: DR. WILLIAM GRAY SAN JOSE, CA 95192 3600 MT. VERNON

FORT COLLINS, CO 80523 HOUSTON, TX 77006

SCIENCE APPLICATIONS MR. W. G. SCHRAMM/WWW DIRECTOR, JTWC

INTERNATIONAL CORP. (SAIC) WORLD METEOROLOGICAL BOX 17

205 MONTECITO AVE. ORGANIZATION FPO SAN FRANCISCO 96630

MONTEREY, CA 93940 CASE POSTALE #5, CH-1211
GENEVA, SWITZERLAND

BUREAU OF METEOROLOGY DIRECTOR, ROYAL OBSERVATORY DIRECTOR

BOX 1289K, GPO NATHAN ROAD, KOWLOON METEORO. & GEOPHY. SERV.

MELBOURNE, VIC, 3001 HONG KONG, B.C.C. DJALAN ARIEF RACHMAN HAKIM 3

AUSTRALIA DJAKARTA, INDONESIA

MARITIME METEOROLOGY DIV. DIRECTOR, TYPHOON MODERATION NATIONAL WEATHER SERVICE

JAPAN METEOROLOGICAL AGENCY RSCH & DEVEL. OFFICE, PAGASA PHILIPPINE ATMOS. GEOPHYS. &

OTE-MACHI 1-3-4 CHIYODA-KU MINISTRY OF NATIONAL DEFENSE ASTRO. SERV. ADMIN (PAGASA)

TOKYO, JAPAN 1424 QUEZON AVE. 1424 QUEZON AVE.

QUEZON CITY, PHILIPPINES QUEZON CITY, PHILIPPINES

CHIEF ATMOS. SCIENCES DIV. COORDINATOR, NATIONAL ATMOS. CENTRAL WX BUREAU

WORLD METEORO. ORGANIZATION RESEARCH PROGRAM 64, KUNG YUAN RD.

P.O. BOX 5 INSTITUTE OF PHYSICS TAIPEI, rAIWAN 100

GENEVA 20, SWITZERLAND ACADEMIA SINICA
TAIPEI, TAIWAN
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