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V

INTRODUCTION

There are many situations where it is useful to know the probability that some
weather event will occur on some specified date in the future. One way to estimate
this probabili ty is to examine past records , and find the proportion of time that
the event occurred in previous years. For example , if one were interested in the
probability of rain in Honolulu on May 8, 1982 , one method would he to examine the
available records of Honoluli’ for M-~y 8, for  prev ious year s. Presen tly ,  large
environmental data basef exist which can be used to estimate the probabilities of
various weather occurrences. Because of the massive amount of data , summar ies ar e
usally utilized . USAFETAC , Air Weather Service regularl y produces , for  a large
number of Stdt IOf lS.  a “Revised Uniform Summary of Surface Weather Observations.”
These “RUSSWO ’s” provide a very convenient summary and are widel y utilized .

There are a number of situations where even these summaries are unwieldly.
For exam p le , decision models are now widely used in a variety of disci p lines. In
a number of these,environmental conditions are required as inputs. To input raw
historical data for a decision model into a computer may require a prohibitive
amount of storage space. If one can give f r e q uency distributions for the states
of a given wea ther elemen t , then it may be possible to substitute models (formulas)
for a summary. This would substantially increase the number of situations where
it would be possible to utilize decision models requiring environmental inputs.

Part I of this report gives statistical models for the probability of daily
pre cipitation amounts. Part II gives models for the probability of “extreme
values” for precipitation during a given month. In all cases the models are de-
signed to answer ques tions req u i r ing as answers , estimation of the cumulative
distribution function . This report gives models for ten stations at diverse world-
wide loca t ions . In addi tion to separa te model s for  each mon th , additional models
are given for which month of the year is an input to a general model , val id for
all months. For the latter model if one wished results for May , for examp le , we
would set M=5 , and similarily M=ll for November. As would be expected , the general
model does nct give results as accurate as the ind ividual models. An estim ate of
the accuracy of the formulas is given in all cases. The models were developed
f r om da ta ob tained f rom a “Revised Uniform Summary of Surface Weather” for the
appropria te station , publ ished by USAFETAC . Air Weather Service.
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V

PART I DAILY PRECIPITATION

1. The Lognormal Model For Daily Preci pjtatlim

Let the proportion of days when there is no rain he denoted by D , and let
F(x)  be the probab i li ty of a~ amount of rain less than or equal to x. Assume
for the days when rain *ccurs , that the amount of rain has a l ognorinal dis—
tribution. Then, -If ~~z) is the cumulative normal distribution , we may w r i te

= D + (i—D)~~(z)

where z = ( e n  x—p)/o , and p and o are the mean and standard deviation of ~n x .

~or any spec i f ied  mon th , the lognormal  mode l , denoted by MODEL 1 , was f ound
to fit the data quite well for each station for each month. Two diff erent methods
were used to estimate the parameters p, o and D. The first and simp les t was to
estimate D as the proportion of days when no rain occurred . Estimates of p and 0

were then obtained using the method of maximum likelihood . The maximum likelihood
estimates of p and o are the arithmetic mean and the standard deviation (with
divisor the sample size n instead of n— 1) of the natural logarithms of the data
for days when there was rain.

The second method obtained estimates of p . o and D using least squares non-
linear regression techniques. Let y = C(x) he the ~roportion of the days when
the rainfall is x inches or less. Then we regress y on F(x) = D + (l—D)~~(z). The
statistical package SAS has a non—linear regression procedure called NONLIN , and
this was used to obtain estimates m , s and d for p , (3 and D. This technique
minimizes the sum of squares between the emp irical cumulative distribution function
and the model cumulative distribution function at the boundary points of the x—
intervals.

Since we are in general interested in estimating the probabilities of the
occurrences of rainfall less than (greater than) some specified amount x , and not
merely the estimates of p . o and D , the second procedure seems the more appropriate.
Section 5 gives the estimates m , s and d from the second method fo r each of the
stations for each month of the year.

Model I results in separate values of m , s, and d for each month of the year.
Models II and III are comprehensive models for a given station . The twelve
monthly value s for  each of m, s and d in Mod e l I I  are repr esen ted by a cubi c
pol ynom ial in M, the month of the year (M~ l for January, M=2 for February , etc.).

Model III was obtained by examining the residuals from Model II and “fitting ”
the residuals to an appropriate sine term . The twelve monthl y values for each of
m , s and d in Model 111 are thus represented by a cubic polynomial In M plus a
sine term .

The pol ynomials for each of Models IT and III are given in Section 5.

I- —I

- :~~ L~~ ?l , - -  V . V ~ V V



V

2. The Kappa and the Modified Kappa ModeL For Dail y Precip itation

Mielke (1973) has recentl y introduced a famil y of frequency distri bu tions .
This famil y has been termed the Kappa distribution and its cuniulativ& di ’r rlhut i ei
function is given by

F(x) = [(x/8)
1
/(a + (x/6)

aO ) 1 I/ aO 
a ,8, 0 > 0.

For preci p itation , Mielke used 0 = 1 , and termed the resulting family th~ “two
parameter Kappa distribution ”. For the data from the stations studied in thi
report , both the “three parameter Kappa model”  and the “mod i f i ed  three par LIe I e:
model” gave fits which were better than those for the “two parameter” f;in~i~~y .
The “modi fied Kappa model” has a cumulative distribution given by

F(x) = I (/8)
(
~
O / (  + (x / 8)~~~)I~~~ a,8,0 > 0.

Essenwanger (1976) has given the maximum likelihood estimates for a, ~ 
and 0 for

t li- Kappa model. However , for our modeling purposes we prefer the estimat s
obtained by the “least squares ” method . Using th i s  method , t h e e~~Limat es  a, h ,
for ~~~~ ~ and 0 are those values which minimize the sum of squares between the
observed empirical cumulative distribution function and the model cumulative dis-
tribution function. The emp irical cumulative distribution function was obtain d
f rom the appropriate RtJSSWO ’s. The categories of “none ” and “trace” were com-
bined to give “n p  precipitation ”. “No precipitation ” is taken to mean preci p L t - 1 -
t ion less than or equal  to .005 inches .

Two p rocedures  were  used to o b t a i n  the “least  squares es t ima tes” . One was
non l i n e a r  regress ion  of the  observed emp i r i c a l  cumulat ive  d i s t r i b u t i o n  values
on the model cumulative distribution function . The SAS (Statistical Analysis
System) procedure NONLIN was used. An equivalent method was to use an unsophist i-
cated “grid search” . Using the data from the RUSSWO ’s, the sum of sq uares of the
differences between the emp irical cumulative distribution function and the model
cumulative distribution function was calculated for a grid of values for ~~~, 8 and
0. The “least squares” estimates a, h , t are those values of a, 8 and 0 in the
grid for which the above sum of squares of differences was smallest.

In Sec tion 5 , we give the values a, h , t for the “Mod if ied Kappa ” model. We
term this Model IV . A comprehensive model for each station was also developed
using the “Modified Kappa ” model. In Model V , the val ues a , b , t ar e given as
quadratic pol ynomials in M , the month  of the year . The polynomials for Model V
are given in Sect-Ion 5.

It should be noted that to obtain the estimated probability of no precip itation
(including trace) using the modified Kappa model , we put x = .005 inches.

3. Goodness of Fit of The Lognormal and Modified Kappa Models

It is expected that the models will be used for estimating the probabilities
of r , I I~~ a l l  less than (greater than) a specif ied amount. Thus the measure of
“goodness” used was the root mean square of the differen ce between the empirical
cumulative distribution function and the model cumulative distribution function ,
summed over al l  the boundary  poi n ts between categories in the table of observed
val ues in the RUSSWO ’s.

1 — 2
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V

As previously men tioned , the three param eter modif ied Kappa dis tribu t ion gave
decidedly better fits than the two parameter kappa distribution . The three para-
meter modif ied Kappa gives , on the averag e, sl igh tly bette r f i ts than the lognormal
distribution. An advantage of either Kappa distribution is that no tables are needed
to calculate needed probabilities since each is a closed form distribution.

Section 5 gives the RMS of the f its fo r  all of the lognormal and modif ied
Kappa distributions .

4. Use of the Models

Supposc we wish to es timate the probabil ity of mor e than 0.5 inch of rain on
June 20 , 1984 , in Bedford , Massachusse t t s .  We f i r s t  f ind  the  p robab i l i t y  of 0.5
inch or less.

Lognormal model for  June

Put t ing  x = .5 , we have

z = (en x—ij)/o
(—.693——3.336)/2.230

= 1.185
then the probability of 0.5 inch or less is estimated by

D + (l—D) ~ (z) .532 + (l— .532) 4 (1.185)

= .945 .

The probability of more than 0.5 inches is l— .945 = .055.

Kappa model for  June

P u t t i n g  x = .5, and using a = 70, b = .450 and t = .08

F(x)  = [ ( .5/ .4 5 0 ) 5.6 / (70 + ( . 5 / . 45O) 5.6 ) ] h/ 7 0

= .949

The probability of more than 0.5 inches is estimated to be .051.

Lognormal models (overall — Model II)

From Sec t ion 5, using M = 6, we ca l cu la t e

d = .504, m = —3.923, s 2.3 14.
Then z = (—.693——3.923)/2.3l4

= 1.396.
Estimated probability of less than .5 inches is estimated by

.504 + (l— . 504) ~ ( 1.396) = .960.

The probability of more than .5 inches is estimated to be .040.

1— 3
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5. Tables of Models for DaiI~ Pre~~ p I t a t  Ion

Station 12867 Patrick AFB

Model I (Lognormal)

d m s RMS of F i t

Jan. .663 —1 .757 2,321 .021.

Feb.  .618 — 3 . 2 3 3  2 . 3 7 0  . 024

M a r .  .649 —3.11 ] 2.326 .018

Apr . .714 — 3 . 4 4 5  2 .392  .018

May .6 1 1  — 3 . 1 3 0  2.383 .023

J u n .  .494 — 2 . 6 2 0  2.318 .025

Jul. .527 —2. 845 2.295 .026

Aug. .504 —2.915 2.304 .022

Sep. .384 —2.675 2.341 .028

~~~ - t .  .466 —3.046 2.351 .023

Nov . .632 — 3 . 7 4 3  2.116 .018

1) -c . .656 — 3 . 9 5 4  2 .20 1 .021

Model I I  (Lognorma 1)

d = .557 4 . I O S M  — .027M 2 + .002M 3

m - 3 . 7 12  + .07 5M - .031M
2 

- .003M
3

s = 2 . 3 1 4  ÷ .0 2 1M — .002M 2

RMS E r ro r  = .128

Mod e l I I I  ( l a lg n orma  1)

d = .638 + .0 54M - .019M 2 + .00 1M 3 
- .050 s i n ( i i ( M - . 5 ) / 2 )

m = -3 .95()  + . 2 2 4 M  + .005M 2 
— . 002M 3 + .145 sIn ( 1T(M- . 5 )/ 2 )

s = 2 .309 + .023M — .0O3M 2 
— .026 sin(’TT(M—L5)/2)

RNS Error = .033

1—4
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V

Station 12867 Patrick AFB (CONT.)

Model IV (Modified Kappa)

a b t 
____ 

RMS of Fit

Jan . 40 .100 .05 .015
Feb . 110 .975 .05 .011

Mar. 100 .800 .05 .009

Apr. 30 .100 .05 .017

May 110 .975 .05 .010

Jun . 100 1.325 .08 .013

Jul. 80 .800 .08 .016

Aug. 110 1.150 .08 .008

Sep. 40 .975 .11 .010

Oct. 60 .800 .08 .008

Nov. 70 .275 .05 .006

Dec . 80 .27 5 .05 .007

Model V (Modified Kappa)

a = 61.59 + 7.88014 — .65214
2

b = .0095 + .36 1M - .029M 2

t = .021 + .015M - .00 1M 2

RNS Error = 0.036

1—5 
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S t at  io n 13802 S c o t t  AF J I

Model ! (L ognorm a 1)

(1 Ill s RMS ~~~ i -  t

J an .  . 52( 1 — /i .0 1 6  2 . 19 8  .01~
Feb. .489 — 1 . 8 2 5  2 . 2 7 5  . 00-4

Mar .  .466 — 3 . 5 0 4  2 . 2 7 2

A p r .  .4 6 7  — 3 . 0 7 8  2 . 141 .036

May . 5 1 7  — 2 . 9 7 0  2 .387 .02 1

J u n .  . 56?  — 2 . 9 2 ’~ 2.37(1 .024

. J u l .  . 6 1 1  — 2 . 9 9 4  2 .3 7 7  .023

Aug.  . 6 ( 3 — 1 . 1 2 1 )  2 . 4 9 0  . 62 1

Sep.  . 65H — 3 . 0 8 4  2 . 4 0 3  .020
()~~t .  .667 —3 .080 2.273 .017

Nov. .602 —3 . 344 2.303 .025

P e e .  . 5 26  — 3 .  661 2.295 .003

M o d e l  I I  ( l o g n o  rrn a I )

d = .610 - .1 1 6M + .02/H
2 

- .002M
3

m = —4.465 + .4 4 4 M  — .035M~
s = 2. I 11 + . 074M - . 004M

2

RMS Error = .121

Model I l l (Lo gn or ma  I )

ci = . 6 10  — . 1  l6M + .1127M2 
— .002M

3

m = - 4 . 5] ’)  + .491M - .043M
2 

+ .001M
3 

- .093 sin (~~ M-l.5)/2.5)

s = 2.108 + .0 75M - .005M
2 

- .027 sin (1T(M-l.5)/2)

RN S Err or = .030

0 ’
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V

Station 13802 Scott  AFB (CONT.)

Model IV (Modified Kappa) 
-

a b t RMS of Fit

Jan. 110 .625 .05 .010

Feb. 100 .975 .05 .018

Mar. 80 .625 .08 .011

Apr . 100 1.150 .08 .021

May 120 .975 .08 .016

Jun. 40 .450 .08 .018

Jul. 120 1.325 .05 .015

Aug. 90 .625 .05 .013

Sep. 120 .975 .05 .010 
V

Oct. 90 .625 .05 .009

Nov . 120 1.150 .05 .013

Dec. 110 .975 .05 .014

Model V (Modified Kappa)

a = 110. - 6 .409M + .584M2

b = .756 + .023M — .OO lM 2

t = .053 + .006M - .001M 2

RMS Err or = 0.024

1— 7



Station 14601 Bangor , Maine

Model I (Lognormal)

_ _ _ _ _ _  
d m s RMS of F it

Jan . .436 —3 .135 2.259 
— 

.037

Feb. .436 - —3 .158 2.265 .034

Mar. .448 —3.274 2.227

Apr. .443 —3.312 2.158 .031

May .450 —3.349 2.196 .030

Jun. .463 -3.370 2.269 .032

Jul. .476 —3.390 2.723 .028

Aug. .516 —3.473 2.172 .024

Sep. .530 —3.203 2.295 .026

Oct. .520 —3.060 2.272 .022

Nov. .416 —2 .969 2.399 .040

Dec. .425 —3.353 2 .224 .027

Model 11 (Lognormal)

d = .487 - .052M + .0 13M 2 
- .00 1M 3

m = -2.834 - .238M + .O32M
2 

- .001M 3

s = 2.354 - .093M + .O16M
2 

— .OO 1M 3

RMS Err or = .155

Model  III (Lognormal)

d = .476 - .045M + . O l l M 2 
- .OO lM 3 + .020 Sin (1T(M-l.5)/3)

m = 2.873 - .2 10M + .026M
2 

- .001M
3 
+ .073 Sin (i~(M-l.5)/3)

s = 2.364 — .097M + .0 l7M 2 
— .001M

3 
+ .049 Sin (1T (M—l.5)/2)

RMS Error = .034

1—8



Stat ion 14601 Bangor , Maine (CONT.)

Model IV (Modi f i ed  Kappa)

a b t EMS of Fit

Jan. 40 .450 .11 .024
Feb . ~0 .450 .11 .022

Mar. 110 .975 .08 .017

Api . 50 .450 .11 .015
May 90 .800 .08 .016

Jun. 100 .800 .08 .013

Jul. 50 .450 .08 .007

Aug. 40 .275 .08 .009

Sep . 90 .625 .08 .014

Oct. 40 .450 .08 .010

Nov . 90 1.675 .08 .025

Dec. 110 .975 .08 .014

Model V (Modified Kappa)

a = 5 6 .13 6  + l .74 lM + .062M 2

b = .724 - .087M + .Ol OM 2

t = .119 - .009M + .0005M 2

EMS Er ro r  = 0 . 0 2 0

1—9 
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S t a t i o n  14702 B edford , Massachuss. t s

Model I (Lognormal)

d m s RNS of Fit

Jan. .467 —3.097 2.322 .031

Feb. .450 —3 .214 2.271 .030

Mar. .487 —3.129 2.337 .032
Apr. .454 —3.052 2.271 .032

May .487 —3.159 2.233 .029

Jun. .532 —3.336 2.230 .026

Jul. .542 —3 .461 2.308 .027

Aug. .570 —3.301 2.354 .025

V Sep. .591 —3.305 2.323 .020

Oc t. .604 —3 .057 2.320 .019

Nov . .492 —3.104 2 .469 .032

Dec. .488 —3.241 . 2.371 .030

Model I T  (Lognorma l )

d = .516 - .062M + .0 l6M 2 
— .OOlM

3

m = -3.101 - .O34M + .001M2

s = 2 .356  - .043M + .006M 2

EMS Error = .140

Model I I I  (Lognormal)

d = .531 - .072M + .0l8M 2 
- .OO lM 3 

- .011 Sin (r (M- . 5 )/ l .5 )

m -2 .956 - .121M + .0 16M 2 
- .OOlM 3 

- .077 Sin (r (M- . 5)/3)
s = 2.43 1 - .O9OM + .0l4M 2 

- .001M 3 
+ .046 Sin (,T ( M — 2 . 5 ) / 2 )

- EMS Error = .030

[-10
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Sta t ion  14702 Bedford ,  Massachussets (CONT ,)

Model IV (Modified Kappa)

a b t EMS of Fi t
Jan. 120 1.150 .08 .017

Feb. 50 .975 .08 .014
Mar. 100 .975 .08 .014

Apr . 120 1.325 .08 .021
May 90 .9 75 .08 .015

Jun. 70 .450 .08 .013
Jul. 120 1.325 .05 .015
Aug . 30 .275 .08 .018
Sep. 110 .975 .05 .011

Oct. 120 1.325 .05 .013
Nov . 90 .975 .08 - .017
Dec. 90 .800 .08 .013

Model V (Mod i fied Kappa)

a = 129.0 — 13.045M + .894M
2 -

b = 1.327 — .l45M + .OlOM 2

t = .093 — .006M + .0004M
2

ENS E r r o r  = 0 . 0 2 0

I—li



Sta t ion  22521 Honolulu ,  Hawaii

Model I (Lognormal)

d m s RNS of F It

Jan. .448 —3.830 2.315 .034

Feb . .410 —4.097 2.103 .032

Mar. .385 —4.385 2.094 .044

Apr. .342 —4.729 1.837 .044

May .385 —5.034 1.637 .047

Jun. .347 —5.267 1.279 .042

Jul. .355 —5 .194 1.342 .042

Aug. .340 —5.070 1.491 .005

Sep. .411 —4.934 1.591) .040

Oct. .376 —4 .649 1.871 .032

No v.  .344 — 4 . 4 7 9  2 .021 .045

Dec . .320 —4.234 2.139 .046

Model II (Lognormal)

d = .525 - .086M + .013M 2 
- .001M 3

m —3.132 - .613M + .052M
2 
- .OO1M

3

s = 2.674 - . 303M + .014M2 + .001M
3

RNS Error = .105

Model I I I  (Lognorm a I )

d = .534 — .090M + .0 14M 2 
— .001M

3 
— .012 Sin (rM/l.75)

m = —3.203 — .562M + .041M
2 + .134 Sin (1T (M—1.5)/3)

s = 2 .842 — . 394M + .028M2 + .124 Sin (ir (M—2.5)/3)

ENS Error — .044

1—12
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Station 22521 Honolulu, Hawaii (CONT.)

Model IV (Modified Kappa)

a b 
- 

t EMS of Fit

Jan . 20 .100 .08 .012

Feb. 20 .100 .08 .005
Mar. 110 .625 .05 .014

Apr 40 .100 .08 .010
May 70 .100 .05 .007
Jun . 120 .100 .05 .012

Jul. 80 .100 .05 .011
Aug. 70 .100 .05 .011
Sep. 70 .100 .05 .010

Oct. 30 .100 .08 .011

Nov . 30 .100 .08 .014

Dec. 20 .100 .08 .005

Model V ( M o dj fj ~~J Kappa)

a = -5.909 + 29.066M - 2.333M
2

b =  . 100
t = .096 — .014M +

EMS Error  = 0.035

1—13
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S~~i tion 26435 Nenana, Alaska

Model I (Lognormal)

d m s RM S of F i t

Jan. .565 —4.317 1.649 .018

Feb. .537 —4.188 1.610 .025

Mar. .611 —4.450 1.572 .020

Apr. .653 —4.557 1.552 .618

May .633 —4.325 1.807 .021

Jun. .477 —3.687 2.004 .028

Jul . .428 —3.391 1.976 .029

Aug. .390 -3.446 1.988 .025

Sep . .498 —3.709 1.863 .022

Oct. .491 —4.275 1.624 .024

Nov . .506 —4 .330 1.689 .022

Dec. .486 —4 .613 1.460 .024

Model 11 (Lognormal )

d = .478 + .095M - .021M
2 
+ .001M

3

m = -4.011 - .388M + . 109M 2 
- .O07M

3

s = 1.653 - .085M + .O34M 2 
- .002M

3

ENS Error = .126

Model III (Lognormal)

d = .578 + .02711 — .009112 — .065 Sin (‘n (M— .5)/ 3)

m = -4.341 - .166M + .066M
2 
- .004M

3 + .254 Sin (n (M- .5)/ 3)

s = 1.705 — .085M + .03 lM 2 
— .002M 3 

— .038 Sin (n (M—l)/3)

ENS Error  = .034

1-14
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Station 26435 Nenana, Alaska (CONT .)

Model IV (Modified Kappa)

a b t ENS of Fi t

Jan. 50 .100 .08 .009
Feb. 50 .100 .08 .009

Mar . 120 .100 .08 .011
ApL . 120 .100 .05 .010
May 60 .100 - .05 ~0O4
Jun. 100 .450 .08 .012
Jul. 90 .450 .11 .015

Aug. 70 .450 .11 .012
Sep. 30 .100 .11 .015
Oct. 70 .100 .11 .009

Nov . 110 .100 .1 1 .010

Dec . 110 .100 .1 1  .009

Model V (M o d i f i e d  Kappa)

a = 72.27 + l.404M + .005M2

b = - .099 + .116M - .0087M
2

t =  .070

RMS Error 0.045

i— IS
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Stat ion 33123 Tripol i , L i b ya

Model I (Lognormal )

d m _ s RMS of Fit

J an. .565 —3 .492 2.150 .027

Feb. .704 —3.7 93 2.086

Mar. .782 — 4.136 2.109

Apr. .794 — 4 .623 1.910 .020

May .842 —5.051 1.614 .013

.Jun . .900 —5.5 17 1.076 .007

Jul. .975 —5.358 1.128 .002

Aug . .971’ —4.956 1.495 .002

Sep. .853 —4.627 1.957 .017

Oct. .630 —4.045 2.129 .025

Nov. .590 —3.607 2.290 .026

Dec. .S45 —3.040 2.253 .026

Model 11 (Lognormal)

d = .540 + .088M - .001M
2 

— .001M
3

m = -3.024 - . 565M + .023M
2 

+ .002M
3

s = 2.452 - . 2 57M + .O l lM 2 
+ .001M 3

RNS Error  = .074

Model  I l l  (Lognorm a l )

d = .301 + .204M -.0l9M
2 

+.070 Sin (r(M- . 5) 13)
m = - - 2 . 8 7 6  - . 531M +.003M

2 
+ .004M

3 
+.213 Sin (1T(M—l .5)/3)

s = 2.810 — .425M +.O3 lM 2 + .334 Sin (ir (M — 2 )/ 3 )

ENS Error = .024

1—16
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S t a t i o n  33123 Tr I p o l i ,  L i b ya (C ON T. )

Model IV (Modified Kappa)

_ _ _ _ _ _  
a b t RMS of FIt

Jan. 60 .275 .08 .018
Feb. 1’~t) .275 .05 .009
Ma r. 120 .275 .02 .014

A p r. 110 .100 .02 .007

Nay 120 .100 .02 .023

Jun . 120 .100 .02 .036
.Jul . 120 .100 .02 .040
Aug . 120 .100 .02 .038
Sep. 120 .100 .02 .020

Oct. 40 .100 .05 .009

Nov . 100 .625 .05 .010

Dec. 120 .800 .08 .015

Model V (Modified Kappa)

a = 78.409 + 11.941M — .927M 2

b = .569 - . 187M + .0l 64M 2

t = .094 — .026M + .002M 2

ENS Error = 0.022

1—17
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Sta ti on 41 108 Sai gon , V ie tnam

Mod el I (Lognormal )

d m S EMS ox Fit

Jan. .859 —4.329 1.907 .009

Feb. .961 —4 .371 1.836 .003

Mar . .879 —4.104 1.837 .005

Apr. .714 —4.061 2.033 .016

May .317 —2.060 2.002 .034

Jun. .167 —2.027 2.134 .047

Jul. .140 —2 .010 2.123 .044

Aug. .129 —1.890 2.041 .044

Sep. .100 —1.924 2.078 .040

Oc t. .207 —2 .021 2.066 .033

N O V .  .500 —3 .066 2.248 .026

Dec . .755 —3.428 2.129 .014

Model Ii (Lognormal)

d = .889 + .099M — .058M 2 
+ .004M

3

m = -4 .667  + .O l 9 M  + . 1l 7M 2 
— . 009M

3

s = 1.813 + .031M + .003M
2

RMS Error = .224

Mode- 1 I I I  ( L()gn orn la 1)

d = .834 + .139M - .067M
2 

+ .005M 3 
+ .103 Sin (r(M-1.5)/3)

m = -4.51 1  - .094M + .l41M
2 

— .OllM 3 
- .291 Sin (ir (M-l.5)/3)

s = 1.858 — .OO2M + .01011
2 

— .001M 3 
— .084 Sin (ir (M—l.5)/3)

EMS Error = .050

1-18
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Station 41103 Saigon, Vietnam (CONT .)

Model IV (Modified Kappa)

a b t RNS of Fit

Jan. 120 .100 .02 .007

Feb . 1’!u .100 .02 .033

Mar. 120 .100 .02 .013

Apr. 80 .100 .05 .011

May 90 1.325 .17 .025

Jun . 30 1.150 .23 .027

Jul. 50 1.500 .23 .025

Aug. 50 1.675 .23 .035

Sep . 40 1.675 .23 .035

Oct. 20 .800 .23 .020

Nov. 120 .975 .08 .010

Dec. 50 .100 .05 .016

Model V (Modif ted Kappa)

a = 164.318 - 27.585M + 1.646M2

b = - .542 + .607M - .045M 2

t = - . 0 7 9  + .091M - .0066M 2

ENS E rror = 0.116

1—19 
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~; t a t 1 , n  45715 Sbemya , Alask a

M-’de I I ( l.ogno rnj~ 1)

d m s ENS of 1i~

I an. .028 — 3.7 11, 1.770 .6 5

Feb. .1)17 —3. ’~S6 1.731

Mar. . 1)51) — 3 . 992 1.806 ,04 i

A p r .  . 10 + )  —4. 217 1.820 .005

I2/~ —4.217 1.895 .04~

Jun. .114 —4 .49! 1 .786 .05 1

J u l . .lp S — 4.1 61 2.031 .055

Aug. .147 -4.018 1.966 .042

Sep. .181 — 1 . / ? 6  1.937 .003

Oct. .076 —1 .476 1.890

Nov . .042 — 3 . 4 4 9  1 .849 .030

[h- c . . 1 ) 1 9  —3.7 28 1.879 .043

Msk 1 1 1  (1 ogno m l )  
-

ci = — .1)1)4 + .01 9VM . ( 9 ) 7 M

m = 3 007 - .h ’,411 . IOIM — .004M
3

.726 - . 1 ) 0 6M  t . ( Oh M 2 
- . OO 1M

3

EMS Error = .240

N~~61 111  ( )algno rina I)

d = - .010 .021M + .002M
2 

- .028 Sin (~~~~( M- l . 5 )/ 2 )

in = -2.746 - .7’ISM + .122M
2 
- .005M

3 
- .192 Sin (1T (M+ . 5) / 3)

s = [.718 + . O I O M  + .007M 2 
- .001M

3 
- .040 Sin (iT(M—1.5)/2)

ENS Error — .045

1-20
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St at ion 45715 S l i> .- w y ; i  , Alaska ( C O N ! .  )

Mode l _ l V (M od i t  ( ( I  K uppa )

a 0 t EMS of F i t

Jan . 60 . 2 7 5  . 23 .03/4

Feb. 120 . ‘7 5 . 23 .028

M a r .  1 10  .775 .2)) .017

Apr. 21) .100 .20 .017

M;i v 50 . 7 7 5  . 14 .0 15

J u n .  20 . 100  .16 .008

Jul. 40 .275 .14 . 0 1 1

Au . 1)) . 2 7 5  .14 .01/4

Sep. 4)) .775 .17 .016

O c t .  20 .27 5 .23 .030

Nov . 80 . 4 5 ) )  . 2 )  .04 1

1) ec.  ‘> 1 )  .775 .71 . 0 1 1

N o d u J V  (N d i f [ t - , l  K.- up ~~ ) -

a = 1 2 0 . 4 5 5  — 2 2 . 2 7 3 M  + 1. 4 ) 6 M

b = . [03 - . 0 )  ‘N + . 0034M -

t = .287  — . 042M + . 1 ) ) ) )  ) M  -

RM S ) - I r mc> r = ))  • ))  13

1 — 2 1
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~~t at  ion 93780 Chr  i s t c ) u u r c h ,  New /~- ; u I and

Mode ] I ( I .ogn orm a 1)

________ 
d m s EMS of F i t

Jan. .559 —3 .471 1.984 .03.6

Feb. .591 —3.460 1.972 .016

Mar. .571 —3.17 5 1.926 .00/

A pr. .573 —3.145 1.961 0 1 4

May .527 —3.225 1.998 .018

Jun. .587 —3.368 1.970 .001

Jul. .500 —3.165 1.940 .002

Aug. .595 —3.261 1.995 .015

Sep. .567 —3.407 1.814 .015

Oct. .616 —3.699 1.877 .018

Nov. .590 —2.910 1.981 .014

Dcc. .624 —3.355 2.046 .018

Model 11 (Lognormal)

d = .577  - .OIOM + .00 1M2

m -3.727 + .24 6 M - .037M
2 

+ .002M 3

s = 1.885 + .079M - .017M 2 + .OOlM 3

V RMS Err or = .132

Model III (Lognormal)

d = .606 — .028M + .004M 2 
+ .023 Sin (1T (M—1.5))

m = -3.631 + .184M - .025M
2 

+ .OOlM3 
- .094 Sin (ii(M- l )/2)

s = 1.912 + .059M - .013M
2 

+ .001M3 
- .051 Sin (1T(M-l.5)/3)

ENS Error = .019

1 — 2 2



Stat ion  93780 Ch r is t elm re Ii , New Va -a I ;uiuil (CONT

Model IV (Mod ii I ed Kappa

OM S >> ~ I - i t

Jan. 60 .275 .1)8 . 007

Feb. 80 .27 > .1)8 .009

M a r .  ~0() .4 5 ) )  .08 .009

A p r .  80 .45)) .08 .1, ’) )

May 6)) . 41) .08 .01 1

J u n .  70 .715 .08 .01 (1

Jul. 41) . 7 7 5  . 1 1  .0!)

A u g .  60 . 2 1’ > . 1)8 . 008

Sep. 60 .27> .08 .011

O c t .  40 . (0 1) .08 .012

Nov . 70 .451) .08 .008

Dcc .  120 . (>25 .05 .011

Mod el V (N, ) it I ed K a p p a )

a = lOO. ”SS - 1 3 . 1 7 7 M  3 1.01911
2

b = .430 — .04 5M +

t = .080

EMS Error .021

1— 2)
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PART II “EXTREME VALUES” OF DAILY PRECIPITAT I ON

1. Models of “Extreme Values ” for Preci p~~~ t ion

Two sets of models were developed . The first set consists of twe1ve models ,
one for each month of the year. The models are of the form

G(x )  = exp ( ~~- ( ( x - p) , a) ) )

V where p and a are constants with a > 0. C.(x) is the probability that for the
month in que’-~~>on , the maximum (extreme) dail y rainfall will he less than or equal
to x . Section 2 gives the rationale for t h e  selection of this model and discusses
the methods used to get the estimates in and s for p and a respectivel y. Section 6
gives the tabled values of in and s for the stations involved , and also an estimate
of the accurary of the model.

The second set of models are valid for any month of the year. The same form is
used as fo r  the models  for  the i n d i v i d ua l  m o n t h s .  However , in and s do not appear
explicitl y. Instead in and s are each e i the r  a pol ynomial in M , or a pol ynomial in
M plus a sine term , where M represents  the month of interest. For May M = 5 , while
for  September M = 9. Sec tion 3 g ives  furth er details on the de-riv~>tion of the
mod els.

2. Ra t iona le  f o r  the Models  Used

Let X be the amount of r~ ir~ i>i a day selected at random from a specified month .
Then X wi l l  be a random variable with  some probability density function f(x). In
gene ral , if we have n observations X1, X2, . ..  X on a random variable X , and
X . is the ith smallest of the n observations , then the  ( -u m u ] a t i v e  d i s t r i b u t i o n
fucA?tion of X

(n) 
is given by

G(x )  = [F (X) in

where F(x) is the cumulative distribution function of X. It is f r e q u e n t l y t he  case
that F(x) is not known . However , if n i s  large , fo r  f u n c t i o n s  f ( x )  where X i s
unbounded and F(x) decreases at least as rap idl y as the exponential function , then
G(x) has the limiting f o r m

G(x) = exp (-e~p(— ((x—p)/a)))

where p and 0 are cons tan t s  wi th  a > 0. This distribution is sometimes ca l l ed  the
“ex treme value ” distribution.

The parameters p and a may be estimated from data by several methods. It can
be shown that the maximum likelihood estimate of a is given by the solution of the
following equa t ion :

— 

~~ +1I~l x ie)cP (_x ./~~ [~~~~ 

~~~ (_x ./~~
J 

-l 
=

h — i
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T iut  t -qtia t i on may he so lved  t or ~ by an i terat ive procedure . The max lun irn 1 ‘ re t- ~ 
- -.:

e s t i m a t e  of ~ is then obtained from

~ =E~ 
t’+i 

~ 
~ V eXp (—x ./ô~~

A n o t h e r  method of o b t a i n i n g  va lues  fo r  p and a is by the d i n - C L  r c -~~r~ -~~s i a n  tI
the empirical cumulat lye distribution function on the model c u m u l a t i v e  l i u t r i h i u t

Roth methods were u sed in the stud y. The second method r e s u l te d  i >  - u 1~- i

fits. Instead of the emp irical cumulative distribution , the expected vah - -

cumulative distribu ti on for the ith order statistic , i/(n+1) was used as ~1 e dL -

pendent variable , and non—I inear regression techn iques were used. T6u va ‘-~ - -

p and a chosen were t hose  which minimized

•~~~~~ ~~~/ ( n + i )  -

where F(x (.);P~ a) =

3. Specification of the Models

Both sets of models  use the form

C ( x )  = (‘Xp(—CXp (— ((x—p)/a)))

where p and a are c o nst an t s , and C ( x )  is  t he  p r o b a b i l i t y  tha t  the  maximum exLr ~ r c- )
d a i l y rainfall for a specified month will be less than or equa l  to x .  We use in
and s for the estimates of p and a respectivel y. For the first set of 12 mode I-~
(one for each month) the values for in and s are g iven in Sec t ion  7. We shal l cail
this MODEL 1.

T h e  second set of m o d e l s  are cacti valid f o r  an a r b i t r a r y  month . Four of t l>es ~
models were deve loped .  We s h a l l  call then i Mod e l s  T I , I l l , IV and V. In each case ,
both m and s arc funct ions  of the month M . For Model 11 , m and s are each -i
q u a d r a t i c  po lynomia l  in M , while for Model Ill they are cubics. Models IV and
V ire quadratics and cubics respi- (-tivel y with an additional sine term .

For model 11 , we have

m m
0 

+ m
1
M + in

2
M
2

s = + s
1

M + s
2
M
2

For model III , we have

in = m
0 

+ m
1
M f m

2
M
2 

+ m
3
M
3

s S
0 

+ s
1
M + s

2
M
2 

+ s
3
M
3

Values for m0, m
1
, m2, s0, s~~, s2 for Model II are given under Model II in Section

11—2
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6. Values for m
0
, m

1
, in2 ,  m 3, SO, 

~~~~~
‘ 
~2 ’  s3 

tor M o d e l  111 n ’ t- g iven unde r  Model

III in the same section . The t abu la ted  v a l ue s  were  obtain ed I roni regression an-
al yses.

Mod els IV and V were ob tained by e x a m i n i n g  t l i i -  r i - s  i d t u ; u  Is f r om Models 11 and
III and adding an appropriate sine term to the e x p r e s s i o n s  for in and s. New re-
gressions were then run . For model IV we have

m m  + m M - 4 - ” ’1 + , 5~~~~i f l (0 1 2 3 in

S = s + s M + S M + s sin c
0 1 2 3 s

For model V . we have

m = m  + m M + m M  + m . M + m s i n c0 1 2 1 4 m

s s  + s M + s M  + S V M + S s i f l c
0 1 2 3 4 s

Val ues for  the m . ‘s, s. ‘s, c and c 
- 
are given in Section 6 under Models IV and V.

The arguments of’the s~ n fun~ tions ~ere obtained from an inspection of t he re-
siduals. -

4. Goodness of Fit of the Models

The measure of “ goodness ” used was the root mean square of t he  res [duals  f rom
the regressions. These measures are tabled in S e ct i o n  6. Ch oIce  o a model should

I 
- not be made without first referring to the table . As may he observed , fits for

models II , [II , IV and V were inferior to thit - fits of Model I and in many cases
substantially i n fe r io r .  This should hi-  expected s ince  one express  ion is  used f o r

• all 12 months while Model I has a separate expression for each nionth. Models
III and V give better fits than Models 11 and IV respectively, and Models  IV and
V give better fits than Models II and [II respectivel y. ln general , the models
with the most terms (or expressions) give the best fits.

The advantage , of course , of M o d e l s  11 , I l l , IV and V is tha t  in each case
a single expression may be used for all months.

It should be noted that in many cases the “extreme value ” model does not
provide as good a fit to the data as is desired . Thus , more work is needed on
models to replace the “extreme value” model.

5. Use of the Models

The following is an example of the use of the models.

Problem: What is the probability that the maximum dail y auno untof rain fall in
Honolulu in February will be less than 2 inches?

Solution: The model is

G(x) = e~ p ( — e x p ( — ( ( x — p ) / a ) ) )

Using Model I , our est imates of p and a are m = .58() and s = .662.

11—3
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Substituting these values in G(x), we obtain a probability of .89.

Using Model El , m = 1.202 — .33lM + .025M
2

s = 1.772 - .463M = .032M 2

where M = 2. Substituting , we have in = .640, s = .974 and the estimated prob—
ability is .78.

11—4
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6. Tables of Models for “Extreme Vahit~ for Prec±pjtat ion

Sta tion 12867 Pa t r i ck AFB

Model I

m s 8145

Jan . O.,5~ 0 .833 0,034
Feb. 0.913 0.770 0.051

Mar 0.780 0.757 0.030

Apr. 0.584 0.563 0,030

May 0.885 0.787 0.025
Jun . 1.239 0.964 0,024
Jul. 1.018 0.404 0,033

Aug. 1.276 0.562 0.039

Sep . 1.828 1.034 0,038

Oct. 1.201 1. 155 0.033

Nov . 0.653 0.858 0,048
Dec. 0.524 0.479 0.019

m = .162 + .293M - .0206M 2

s = .750 + .000811— .0002M
2

RMS E r r or = . 121

Model I I I

m = .975 - •33 5M + .0956M 2 
- , O06M~

s = 1.173 - .326M + .0605M
2 

- .0031M
3

RMS Error = .099

Model IV

in = .057 + .30911 — .021112 
- .270 Sin(ir (N—2.5)/2)

s = .653 + .O16M + .000M 2 
- .251 Sin(,T(M-2.5)/2)

RMS E r r or = .092

Model V

m = 1.337 - .56 5M + .136M 2 - .008M 3 
- ,256 Sin(ii (M-3,5 )/ l . 5)

s = 1.194 — .339M + .063M 2 
— .003M

3 
+ .027 SIn(ir (M—l.5)/1.5)

RMS Error = .075

h — S

V 
- . - - - - - - - 

- V —
~~ V



I

St ation 13802 Scott AFB

Model I

m s R~

Jan .  0.517 0.462 0.0Y~

Feb. 0.613 0.’~YH 0.02t~

Ma r. 0.752 0.421 (~~O2Vi

A pr. 0.840 0.517 0. -‘~3

May 0.955 0.59 1

Jun. l.O9~5 0 .7 14

Jul. 0.897 0.734 jJ122

Aug. 0.938 0.806 0 . 02 /

Sep. 0.945 0./54 3.031
Oct . 0.697 0.569 0.0l~

Nov . 0 .7 2 2  0. 462 0 .028

Dec. 0.663 0.603 O.Uq(l

Mode l E l
m = .328 + .18811 — .014M

2

s = .279 + .1 09M - .007M 2

- RMS Error = .050

Model 111

m = .244 + .253M — .026M
2 

+ •001M
3

s = .430 — .007M + .01411
2 
- .OOIM

3

RMS Erro r = .049

Model  IV
in = .328 + .188M - •014M

2 
+ .001 Sin(ir(M—1.5))

s .214 + .130M — .009M
2 

— .095 Sin(1T(M—2.5)/3)

RMS Error = .046

Model_V
- 

m .239 + .256M - .026M 2 
+ .001M 3 

- .004 Sin(ir (M 1.5))

s = .310 + .058M — .005M
2 

— .001M3 
— .088 Sin(1T(M—2.S/3)

RNS Error = .045

11-6
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Stat ion 14601 Bai~~or~ Ma ine

Mode I I

in

Jan . (1.811 0. 1/I 1) . 1)3 I

I~eh . I - I 1- 0. 285 11.04’)

Mar. (1. /67 1).  150 11.0 1/ 4

Apr. 1). 7 17  1) . !  58 1 ).  (1 16

M , i v  1). 194 (1. U / (1 .012

Jun. 0.82) (1 • 4  7/ 0. 1)4 1

.Iul . U. 948 0.561 0.068

A u g .  1) . 60/ 1) .  4 ( 1  (1.052

I - ) ) . ( 1 . 876 0 . 5 0  (1.046

6 - I .  1 . 7 / 1  (1 .694 0.040

Nov. 1. 192 ( 1. 61) 1 (1.04/4

U t-c . (I. 8(9 I ) .  1) .1)48

~1I 5 I t -  I I I

in = .879 — . 05011 + . ( i U 6 M

2 87 — .0! tIM I .001 M

I~MS Eu i - ) i  I = . ( 14

Mode l  I l l

= 1 .093 — . 2 1 SM + . 1) 1(111 . 0O?M

s = .405 — .076M - ) .01811
2 

— .001M

RMS - I i  u - u . 101

Mod e l I V

in = .914 - .065M + .007112 
- . 1/9 i i i  ( i t  (~1 - ( .5) /7

= .277 1 .02 IM + .001W — .0 1/  ~; l ,~ (II (M-- I. 5))

( IMS - I i  1)11 .087

Model V

m = 1.128 - .230M + .03 8M 2 
- . Uft ’M

1 
I . 1 / 9  S i n  (it ( M -  1. 5 ) / 2 )

(64 - . OSOM + .01 f.M 2 
— . 1) 1)! M — .012  S lut (n (N I . ‘ ) )

HMS I -l i rur .0/9

I l-/

- . - - . _ .~~~~ ~ -~_



r

Station 14702 Bedford , Mn s sach w~ae t a

Model I

m S 
_____

ian. 0.914 0.486 0. 23~

Feb . 0.902 0.462 0.024

Mar. 1.035 0.521 ~~~~

Apr. 0.959 0.445 U.050

May 0.787 0.449 0.051

Jun. 0.739 0.388 0.031

.InI . 0.861 0.624 u .u27

Aug . 0.866 0.656 0.046

Sep. 0.788 1.234 0.055

Oct. 0.993 0.542 0.052

Nov. 1.386 0.493 0.051

Dec. 0.970 0.530 0.050

Model_ I I
-— 2

in = 1.060 — .08011 + .007M

s = .324 + •069M — .00411
2

RNS Er ror  = .087

Model I l l

m = 1.003 - .037M - .00111
2

s = .755 - .264M + .05811
2 
- .003M3

RNS Err or = .085

Mode l I V

m = 1.098 - .086M + .007M2 + .100 Sin(i (M-2.5)/2)

s = .185 + .I OOM - .00511
2 

— . 199 Sin (1T (M-3.5)/3.5)

8115 Error = .075

Model V

m = 1.186 — . l 5 l M  + .01 9M
2 

— .001M
3 -F .112 Sin (ii (M—2.5)/2)

s = .814 — .31511 + .O68M2 
— .004M 1 

+ .101 Sin(it (M—1.5)/2.5)

RNS Error = .076

11-8
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S t a t  ion 2 2 5 2 1  Honol ii  In , h a w a i i

Model I

in s EMS

Jan. 0.947 1.585 0.048

Feb . “ . 580 0. 662 0 .040

Mar. 0.444 0.1,92 (1 .068

Apr. 0.2(3 0.349 0.071

1av 0.189 0. 12.1 0.088

Jun . 0.065 0.099 0.072

J u l .  0.148 0 .238  0.063

Aug. 0.122 0.161 0.075

5cr . 0.205 0.260 0.044

Oct . 0.389 0.496 0.042

No v . 0.558 ().14S 0 . 056

Dec. 0.750 1 . 020 0.046

Modt- l II

m = 1.202 — . ( ( ( ‘-1 + .02 5M~
s = 1.772 — .4 6 ( 8  = .~~~( 2 M

!-IM ~-I fIr ro r = .091

Model  I I I

in = 1.271 - .38411 + .03511
2 

- .OO1 M 1

s = 1.926 — . 5828 + . 1 ) 5 4 8  - .001M
3

EMS Error = .088

Model __rv
in = 1.195 — .330M +. I ’S’l  — .025 Sin( ii (M—l. S) )

s = 1 . 7 6 7  - .6618 + .0 32 M . f l I 5  Sin (~~(M--I .S))

I I8~ E r r o r  = .085

1adel  V

m = 1.243 — .366M 4.0318
2 

— .02 2 S i n (~~( M - l . 5 ) )

S = 1.916 — .576M +.05(1 - .00l8~ 
- .008 Sin (ii (M-l.5))

EM S Er ror = .082

I 1 — 9

- V V —- - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - _ _ _ _ _  - -  - - -—

- - -  
-
~~~~ - - V - -



Stat ion 264 15  N e n a n a  , Al as ka

M~,d~ - I I

- 
m s

Jan.  0.120 0.106 0,059

(- i- b. 0. 101 0.114 O.u 7~
M at . 0.081 0.046

Apr. 0.075 0.073 0.546

May 0.180 0.117 0.044

Jun. 0.428 0.267 0 .O2~
Jul. 0.415 0 .246  0. 058

All 1 . -. . 0.444 0.314 0.055

- - I - p .  0 . 2 7 2  0 .188 0 .043

O c t .  0 . 1 2 4  0 .078 (l .03~
Nov . 0.103 0.086 0.023

1 ( 1- I - . 0 .124 0 .114

110 11 1 I I

in - . 105 - f . I ‘ON -- .

o = — . U I  S ~ . 06 ( 8  — . 004M 2

EMS E r r o r  = . 232

I I I I
- - - -  

-, 3
in = .081 — .025M +.Ol8M — .O ((IM

S = .1 0’ . 0 1 1 8  f . 0 1 3 M 2 
- .00 1M 3

EMS Error = .220

‘-5 - 6 -  I I V

in — .0/7 + . 1( 1( 1  - .001M
2 

- . 1 4 6  S i n( ~~(M — 2 ) / 3 . 5 )

s = - - - ( ( / 1  -1- .081(1 — .01)6M
2 

- .089 Sin(n (M-2,5)/3)

EMS Error = .077

Mod el V

m = -.096 f .072M + .004M
2 

-- .001M
3 

- .132 Sin(~~(M—2 .5)/3)

s = — .01)9 4 .031M + .006(1
2 

— .OOIM
3 

— .084 Sin(ir (M-2.5)/3)

RMS Error .071

11—1 (1
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1 a t i o l i  33123 
- - 

Tr i p o l i , L i h y ;u

Mode l I

_____________________ 
ill S

Jan . 0 . 4 3 4  0 .2 7 9  0 . 0 5 1

Feb. ((.2 62 0 .4 7 5  0. 027

Mar. 0 . 1 ( 7  0.253 (1.03/4

Apr. 0.089 0. :114 ((.032

May —0.008 0. Ill 0.065

Jun . — ( 1 .010  0. 028 (L0S2

Jul . —0.076 0.6 4 1

Aug. —0.034 0.038 0.015

Sep. —0 . 394 (1. 918 0.040

Oct. 0.346 0.387 0.048

Nov. 0.679 0.689 0.035

Dec . 0.712 0.4(5 0.1) 16

Mod el II

m = . 7 7 7 — . 29 7 1  + .02~I ’1

s = .468 - . 112~! + . 0 1 1 M

I- I MS I- . r ro I = . I ~( ‘1

Model I I

in = . 574 - .05811 — .0 19 M
2 + . 00 2 M ~

s = .723  — .309M + .0478
2 

- .002N1
1

r o r  - I

M~~d- 
VLJ~~

in = . 856 — . 0)41 + . 0 2, 5 8
2 

+ . 1 4 ’ )  5 i u , ( ~~( 8 -  3

S = .241 — .030(1 + .ooSNi 2 
- . 1 1(1 S i n ( M ( M  ‘1 . 5 ) / I ) )

EMS E r r o r  = . 1 1 5

Mod el V

m = .407 — •014M — .027(1
2 

I . 60 1 8
1 
- . 1( 16  Sin (n(tI 2.51/1.5 )

s = 1.012 — .627M + .1 I ’ - 8 - - . 0(0 1 4 . .‘6( 0in (~~(1 ‘.5) /4)

S MS I- I t ro r = . 1 3 1

I I —  II

—--V .— -=V ~~~~~~~ ~~~~~~~~~~~~~~~~~~~ - —-  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ V ~~~~~~~~~~~~~~~ —- - .— ——-—-V_-V_-V

- V -. -I ~- V -
~~~



p

Stat ion 41108 S a i~~on , V i e t n a m

M i d -  I I

in a 11-

Jan. — 0 .4 3 5  0.828 ‘1.055

Feb. — 0 . 0 8 ]  0 . 1 1 6

M a r .  — 0 . 0 7/ ) 0 . 45 7  ( I .  (5~~9

A pr . 0 .234  0 . 5 92  9 . 6 3 )

May  1.562 2 . 18 4  6

J u n . 2 . 2 0 1  0.8 12 .

Jul. 1.893 0.787

A u 6 . 2.004 1.226 1 .177

Sep. 2.304 0.681

O t t .  2.0/3 1.194 0. 141

N o v .  0.71 I 0.468 0.052

Dcc. 0. 145 0.274 0.015

11 - 6- 1 II

ill -= — ~~~ I- I . 511 — . 0 9 8

a = . 05 1 I . 1. ’ V~~M - . ( ) 2 5 M
2

EMS E r r o r  = .210

1 1 -6 - 1  I I I

in = .5 79 — . 0 47 8  + . 1 ( 1 M  -- .O l P M 3

o = . 38! 4 . 01 )11 . 02 2M ~ --  . 1 ) )  2 ’-I - j

(- 1115 Error .160

11)16( 1 I V

= 2 . 2 0 2  + 1.07/11 — . 66 )11’ — .546 Sin (r (M—2.5)/2)

s = .0 7 5  - 4 . (26M - . 025( 1 - - . 102 S i n ( ~~( M - 7  . 5 ) 1 1 . 5 )

RMS t r u e r  = .158

MI )) - I V

in — 1 .268 + .385M + .058M
2 

- . 0 O / M 3 
- .421 Sjn (1T(M—2.5)/2)

a = .2V1 5 I . 165M + .00 4 M
2 

— . 007M
1 
- .232 Sin(~~(M—1.5))

EMS Er ro r  = .154

I 1 — 1 7

V : -  ~~~~~~~~~~~



Station 45715 SIur-u v i , A l . - ia t< .i

Model I

in s EMS

I a n .  0 .3 97  ( ( . 7 1 3  0 .03 9

Feb. 9. (0! (1.197 0.051

M a r .  0. t04 0 . 7 1 1  0 .042

A p r .  0 . 3 2 6  0 .292  0.062

M ay 0 .390 0 . 2 3 3  0 .026

Jun . 0.325 0.356 0.045

Jul. 0.530 0.335 0.042

0.679 (1.355 0.043

Sep.  0.588 0 . 4 4 3 0.038

Oct. 0.628 0.340 0.053

Nov . 0. 542  0 .393  0.030

1 1 1 ’ . 0.41)2 0.296 0.034

M I -  I I  II

in - 215 4 .1)5811 - .00311
2

s = . 120 .05011 — .00(11
2

EMS Error = . 108

-~ ( I  -

m = .584 - .227M + .050M
2 

— .003M~
s = .235 - .038M + .01411

2 
— .ooIM~

EMS Error = .059

Model IV

in = .299 + .045M - .003M 2 
— .145  S i n ( i u ( M - 1 . 5 ) / 5 )

s = .118 + .O5lM - .00311
2 

- .008 Sin(ii (M-1.5))

EMS Error = .062

Model V
m = . 583 — .22 6M + .05011

2 
— .003M

3 
+ .00! Sin(~~(M—2.5))

in = .232 — .037 11 + .0 13M 2 
— ~~~~~ - . 1 ) ) ) !  Sin(it (M-I .S))

EMS Error = .059

I I — I I

V 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
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