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1. Introduction

The present version of the Navy tropical cyclone

WIND probability model assumes the winds are over water.
For locations in rough terrain this assumption causes ser-

ious overestimates of the probabilities of 30 and 50 kt
winds. This report describes a method by which wind
probabilities are terrain adjusted. Independent testing of

the method is reported and comparisons are made of probab-
ilities with and without the modification. Two western

Pacific Navy ports, Cubi Point on Subic Bay in the

Philippines, and Yokosuka in Japan, were selected for

demonstration sites of wind probability terrain modifica-
tion. These sites were chosen because of a combination of
fleet importance coupled with good terrain protection from

typhoon winds. It is presupposed that this latter factor

is the reason that over water wind probabilities are too

high for these bases.

2. Background*

The forerunner for this work was an Air Force study

of typhoons passing in the vicinity of Air Force Bases in
the Pacific by Atkinson and Penland (1967)1 and recently

updated by Pettett (1980)2. In these studies, the winds

observed at the base were described as a percentage of

central winds in the passing typhoons, while the typhoons
were located in various grid spaces on a grid centered on

the station. Similar studies were recently completed for

Cubi Point and Yokosuka by Englebretson and Jarrell

(1982)3'4 . Figure 1 shows the grid used on these

latter studies.

Figure 2 depicts the maximum, median and minimum

percentage of the tropical cyclones center winds observed

at the station when a tropical storm or depression was
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~Figure 1. A 360 n mi radius circle divided into 71 equal
' area (5734.5 n mi2 ) segments which can be centered on the

* station of interest. The circle is comprised of an inner* circle and five surrounding rings. The radial thickness of
each ring is approximately 60 n mi, but is not a constant.
The segments are numbered from the inner circle and spiral71tar0
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tropical storm or depression was located in the grid

spaces.
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located in the grid spaces. These percentages are often

referred to as wind ratios, a convention which will be

followed in later sections. Figure 3 shows the comparable

maximum, median and minimum wind ratios when a typhoon was

located in the grid spaces. Figures 4 and 5 are a similar

set of diagrams for Yokosuka.

Figure 6 shows a graph of the typhoon wind ratio

data from grid space 1 (central grid space from Figure 3)

for Cubi Point. Knowing, for example, that a typhoon with

90-kt center winds will be in this grid space, the curve of

Figure 6, treated as a cumulative distribution, can be used

to estimate the probability of 30- or 50-kt winds. In this

example, in order to receive 30-kt winds at the station, we

must observe 30/90 or 33% of the maximum. From Figure 6 we

see that the ratio was below 33% in about 65% of the past

cases. Thus we conclude the probability of above 30-kt

winds is about 35% (100-65). Similarly for 50-kt winds we

must observe a wind ratio of 50/90 or 56%. Since ratios in

excess of 50% have not been observed we conclude the

probability is near zero of a 90-kt typhoon causing 50-kt
winds at Cubi Point while it is located in sector 1. These

probabilities are conditional, valid only if the conditions

(the typhoon is in grid space 1 and has 90-kt center winds)

are met.

The foregoing example may seem paradoxical in that

it may appear impossible to have a 90-kt typhoon pass

essentially over the station and yet the station observes

no more than 50-kt winds. This is the very idea of terrain

protection; in an actual event such as this, ninety knot

winds may not have been measured anywhere, partly because

there are so few anomometers. Additionally the post

-4-
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Figure 6. Cumulative frequency distribution of the ratio

of winds observed at Cubi Point to typhoon center wind

for typhoons located on grid space 1 (see Figures 1 and 3).

The dotted lines refer to an example cited in the text.
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analysis value of 90 kt represents a potential maximum wind

usually determined by minimum sea level pressure. Actual

sustained winds occurring, while usually not measured, may

well be substantially above or below that potential depend-

ing on terrain influence. Notice from Figure 3 that 16

typhoons (winds over 63 kt) have passed through the central

grid space yet sustained typhoon force winds have never

been observed at Cubi Point.

The terrain wind probability program allows for the

typhoon being in any grid space and having center winds of

any value from 20 to 150 kts. The product of the condi-

tional wind probability times the probability of the condi-

tions being met is referred to as a marginal wind probabil-

ity. The actual wind probabiltiy is the sum of these

marginal wind probabilities over all grid spaces and all

maximum central wind speeds for a particular forecast time.

This process of computing and summing marginal prob-

abilities is much slower than the equivalent overwater

computation. Consequently it is cheaper to first compute

the overwater probability and then compute the terrain

probability only if the overwater probability is signifi-

cant (over 1%). This procedure was adopted on the WINDP

modification. Figure 7 illustrates the wind probability

output message for Typhoon Nancy (Oct 82) before and after

the terrain modification.

3. Testinq

The terrain modification was entered and tests were

conducted on 1980-1981 tropical cyclones which passed

within 300 n mi of Cubi Point or Yokosuka. It should be

-9-
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Strike and Wind Probability Message Before Modification

STRIKE AND WIND PROBABILITY FORECASTS
NANCY 08060OZ
KADENA AB OQININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN

50 KNOT OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
30 KNOT 000202 121N02 241N02 361N02 48IN02 60IN02 721N02

YOKOSUKA OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
50 KNOT OOININ 121N02 241N02 361N02 481N02 60IN02 721N02
30 KNOT 001717 121066 241N68 361N68 48IN68 60IN68 721N68

YOKOTA AB OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
50 KNOT GOININ 121N01 241NOI 361NOI 48INOI 60INOI 721NOI
30 KNOT 001313 120654 241N55 361N55 481N55 60IN55 721N55

CHEJU-DO OOININ 121NIN 241NIN 361NIN 481NIN 60ININ 721NIN
50 KNOT OOININ 121NIN 241NIN 36ININ 481NIN 60ININ 721NIN
30 KNOT 000101 121N01 241N01 361N01 48IN01 60IN01 721N01

MISAWA JA OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
50 KNOT OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
30 KNOT OOININ 121N02 241N02 361N02 48IN02 60IN02 721N02

Strike and Wind Probability Message After Modification

STRIKE AND WIND PROBABILITY FORECASTS
NANCY 08060OZ
KADENA AB OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN

50 KNOT OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
30 KNOT 000202 121N02 241N02 361N02 48IN02 60IN02 721N02

*YOKOSUKA OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
50 KNOT OOININ -121N01 241N01 361N01 481N01 60IN01 721NOI
30 KNOT 000202 120235 241N35 361N35 48IN35 60IN35 721N35

YOKOTA AB OOININ 121NIN 241NIN 361NIN 481NIN 60ININ 721NIN
50 KNOT OOININ 121NOI 241N01 361N01 48IN01 60IN01 721N011
30 KNOT 001313 120654 241N55 361N55 48IN55 60IN55 721N55

CHF.JU-DO OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
50 KNOT OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
30 KNOT 000101 121N01 241N01 361NOI 48IN01 60IN01 721N01

MISAWA JA OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
50 KNOT OOININ 121NIN 241NIN 361NIN 48ININ 60ININ 721NIN
30 KNOT OOININ 121N02 241N02 361N02 48IN02 60IN02 721N02

rTHESE WIND PROBABILITIES ALLOW FOR TERRAIN

Figure 7. Depiction of a western Pacific wind probability
message for Typhoon Nancy, October 1982 before and after the
terrain modification. Notice that only the wind probabilities
f or Yokosuka are changed. Had Subic Bay been significantly

* threatened, those wind probabilities would also have been
* terrain modified.

-10-
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noted that no forecasts from these cyclones were used at

any point in the development process so they represent

independent test data. There were 13 storms passing Cubi

Point and 5 passing Yokosuka.

Table 1 compares the average 24-hour wind probabil-

ities before and after the terrain adjustment. The reduc-

tion is quite dramatic and reflects the effective wind

protection afforded both bases by hilly terrain. The

average overwater probabilities may appear surprisingly

high to some readers. This is true because those with near

zero (<1%) 30 kt probabilities are excluded since they were

not modified. A second factor is the preselection of trop-

ical cyclones which came within 300 n mi of the two bases

thus biasing the data sample. This bias occurs because we

already know the cyclones came within 300 n mi of one of

the bases. The real probability of that base receiving 30-

kt winds is much higher than it would be if it were simply

forecast to pass within 300 nmi, which is the probability

we calculate. The bias is less in short range forecasts

because the fact of the cyclone being within the 300 n mi

circle is nearly as well known in the short range forecasts

as in the observation. Because of this bias we expect to

see observations of 30- and 50-kt winds exceed what would

normally be expected by chance. This should be reflected

similarly in verification of the overwater as well as the

terrain modified probabilities.

Table 2 compares the observed to the expected occur-

rences by both the overwater and terrain adjusted models

for both sites. In the Cubi Point data, the actual occur-

rences of 30 and 50 kt winds compares markedly better in

every case to expectation based on the terrain adjusted

probabilities than to that based on the unmodified probab-

ilities.

- 11 -



CUBI POINT YOKOSUKA

30 KT 50 KT 30 KT 50 KT

INST T.INT INST T.INT INST T.INT INST T.INT

Before .180 .342 .032 .097 .e'8 .201 .010 .056

After .014 .077 .000 .003 .015 .086 .000 .001

Cases 132 47

Table 1. Average 24-hour wind probabilities by overwater

assumption (before) and terrain modification (after).

Cases where the unmodified 30 kt probability was less than

1% are excluded from the averages since these were not

modified. INST and T.INT are instantaneous and time inte-

grated probabilities.

In the Yokosuka data the comparison was unchanged or

improved in 13 of the 16 comparisons. There is a hint in

the 30 kt results that probabilities might be underestim-

ated by the terrain adjusted model. In reality this result

is consistent with the test sampling bias and does not

reflect on the reliablility of the terrain adjusted probab-

ilities. The same results not being evident at Cubi Point

is viewed as a statistical aberration, albeit a rather

minor departure from the norm.

-12 -
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4. Conclusion

Of the two models (the WINDP model that assumes

winds are over water, and the WINDP model that considers

the site terrain), the terrain adjusted model consistently

forecast lower, more realistic probabilities for the ter-

rain protected locations. Both the Cubi Point and the

Yokosuka data sets confirm that the terrain adjusted wind

probabilities are a suitable measure of the threat of 30-

and 50-kt winds at these bases. It is recommended, based

on the results of this study, that terrain influence stud-

ies be completed for all locations where wind probabilities

are calculated and where terrain influences are evident.

For those sites where terrain influences have been docu-

mented, it is recommended that the WINDP be modified based

on those studies.

-14-
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CENTER, CAMERON STATION THE EXECUTIVE DIRECTOR
ALEXANDRIA, VA 22314 AMERICAN MET. SOCIETY

45 BEACON ST.
BOSTON, MA 02108
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COMMANDER (2) JAPAN METEORO. AGENCY
NAVAIRSYSCOM 3-4 OTEMACHI 1-CHOME,
ATTN: LIBRARY, AIR-OOD4 CHIYODA-KU

WASHINGTON, DC 20361 TOKYO 100, JAPAN

AMERICAN MET. SOCIETY UNIV. OF THE PHILIPPINES
METEORO. & GEOASTRO METEOROLOGY DEPT.
ABSTRACTS COLLEGE OF ARTS & SCI.

P.O. BOX 1736 DILMAN, QUEZON CITY 3004
WASHINGTON, DC 20013 PHILIPPINES

DIRECTOR, JTWC TECHNICAL LIBRARY
BOX 17 WEATHER BUREAU
FPO SAN FRANCISCO 96630 NATIONAL DEFENSE DEPT.

LUNGSOD NG QUEZON
WORLD METEOROLOGICAL QUEZON, PHILIPPINES
ORGANIZATION, ATS DIV.
ATTN: N. SUZUKI NATIONAL WEATHER SERVICE
CH-1211, GENEVA 20 (PAGASA)
SWITZERLAND 1424 QUEZON AVE.

QUEZON CITY, PHILIPPINES
DIRECTOR
ROYAL OBSERVATORY DIRECTOR
NATHAN ROAD, KOWLOON TYPHOON RSCH & DEVEL.
HONG KONG, B.C.C. OFFICE (PAGASA)

MINISTRY OF DEFENSE
LIBRARY 1424 QUEZON AVE.
METEORO. RSCH. INSTITUTE QUEZON CITY, PHILIPPINES
1-1, NAGAMINE,
YATABE-MACHI, TSUKUBA-GUN COORDINATOR, ESCAP/WMO
IBARAKI-KEN 305 JAPAN TYPHOON COMMITTEE

SECRETARIAT, C/O UNDP
TYPHOON RESEARCH LAB. MANILA, PHILIPPINES
ATTN: LIBRARIAN
MET. RSCH. INSTITUTE CHIEF ATMOS. SCI. DIV.
1-1 NAGANINE, WORLD MET. ORGANIZATION
YATABE-MACHI, TSUKUBA-GUN P.O. BOX 5
IBARAKI-KEN, 305, JAPAN GENEVA 20, SWITZERLAND

i
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