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ABSTRACT

This thesis presents a preliminary statistical analysis

of the daily and weekly rainfall for the Monterey Peninsula,

in central California. The analysis begins by examining
the daily rainfall data, also the relationship among the
length of the storms, amount of rainfall in the storms and {
length of the successive days of rain. Also included is a
study of the distribution of the amount of rainfall in the
storms. Also study of the distribution was carried out for
non-zero weekly rainfalls. 4x4 contingency tables are used
to identify dependence/independence among the weeks in a
given month. Also, 2x2 contingency tables are used to
examine dependencies between weekly rainfalls; logistic 3
analysis is used as a parametric model for dependence.

This paper attempts to analyze rainfall data in the

statistical sense. No attempt is made to provide a physical

explanation of the findings from the point of view of a

meteorologist.
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GLOSSARY OF SYMBOLS

JULIAN

WEEK DATE DESCRIPTION

Jl: 001-007 is first week of January.

J2: 008-014 is second week of January.

J3: 015-021 is third week of January.

J4: 022-028 is fourth week of January.

JF: 029-035 is end of January--beginning of February.
Fl: 035-042 is first week of February.

F2: 043-049 is second week of February.

F3: 050-056 is third week of February.

FM: 056--63 is end of February--beginning of March.
Ml: 064-070 is first week of March.

M2: 071-077 is second week of March.

M3: 078-084 is third week of March.

M4: 085-091 is fourth week of March.

Al: 092-098 is first week of April.

A2: 099-105 is second week of April.

A3: 106-112 is third week of April.

Ad: 113-119 is fourth week of April.

AM: 120-126 is end of April--beginning of May.

ol: 272-278 is first week of October.

02: 279-285 is second week of October.

03: 286-292 is third week of October.
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292-299 is fourth week of October.

300-306 is end of October-beginning of November.
307-313 is first week of November.

314-320 is second week of November.

321-327 is third week of November.

328-334 is fourth week of November.

335-341 is first week of December.

342~-348 is second week of December.

349-355 is third week of December.

356-362 is fourth week of December.
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I. INTRODUCTION

The Monterey Peninsula Water District, in the central
California coastal area, has as one of its responsibilities
the duty to recommend and/or impose water rationing on its
constituents.

To do this in a rational way requires the district to
have some way for predicting future water availability. This
thesis analyzes rainfall data for the Forest Lake station of
Monterey by purely statistical methodology in order to iden-
tify possible ways for predicting future water availability.

No strong evidence for useful procedures has been uncov-
ered in this thesis, although some week indications of possi-

ble dependencies have been found.
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II. DATA

A. GENERAL

Daily and weekly rainfall data were used in this analy-

sis. The data were accumulated at the Forest Lake station
of Monterey, in Central California. Rainfall data has been
gathered by the California American-Water Company since 1891.
Although this data set started quite early, the data
prior to 1938 has frequent missing observations. Therefore
this data set includes observations from January 1938 through
December 1974. Appendix A contains a listing of the daily
rainfall data.
Weekly rainfall amounts have been obtained by summing ';
daily rainfall amounts, starting from the beginning of Octo- :
ber and running to the end of the April (which is considered

the rainy season for Monterey Peninsula area) for the 36-year !

period (1938-1939 through 1973-1974). A week is defined in
terms of Julian dates rather than the usual calendar week.

For example the first week of January is defined to include
the first seven days of the year. For other definitions of

weeks, see the Table of Symbols.

B. WEEKLY DATA
Appendix B contains a listing of weekly rainfall data.

Appendix C shows plots of the weekly rainfall. As can be

seen the data are strongly seasonal. This is enough to

indicate that it is quite non-stationary.




Means and variances of the weekly rainfall are shown in
' Tables 1 and 2 for weeks with and without positive rainfall
respectively. Figures 1 and 2 show plots of means and vari-

ances for weeks with and without positive rainfalls. On

the figures week 1 represents the first week of October as
Ol and week 31 represents the end of April and beginning of

May as AM.

4.
4»
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III. ANALYSIS OF STORMS

A. GENERAL

This analysis is carried out on rainfall data from Octo-
ber to May for a 36-year period (1938-1939 through 1973-1974),
The rainy period is considered to run from October to May

for the Monterey Peninsula. 4

B. STORMS

It will be said that a storm lasts exactly n days if
there are exactly n consecutive days having rainfall greater
than 0.02 inches. For example, if on January 10th there is
no rainfall and on the 1llth, 12th, and 13th of January there
are 0.30", 0.15", 1.15" recorded in inches of rain respec-
tively, and on the 14th of January there is again no rainfall,
this means that a storm of length of duration 3 days has

occurred, and the amount of rainfall in this storm is 1.60"

(0.30 + 0.15 + 1.15 = 1.60).

Based on the above definition the historical lengths of
storms and the amount of rainfall in the storms will be *
examined.

Appendix E shows the histograms of length of the storms,
as denoted by LS, amount of the rainfall in the storms, as
denoted by AR, and length of the non-rainy period after the
storms, as denoted by LN for October through April and De-

cember through February in the 36-year period. The rainy

period in the December through February months is more




homogeneous than the October through April period so for this

reason the December through February period is also examined.

Figures 3 through 5 show the time series plots of the LS, AR,
and the LS in the 36-year period. On the figures, dot (.)
indicates the beginning of each year from 1938-1939 through
1973-1974. Figures 6 through 11 show the plot of LS against
AR, LS against LN, and LN against AR for the October through
April and December through February months in the 36-~year
periocd.

Plots of LS versus LN indicates that if the length of
the storms is small then the following non-rainy period
(dry period) is large. Table 3 shows the LS and the mean
of the length of the following non-rainy period for the Octo-
ber through April and December through February months.
Figure 12 shows the LS versus the mean of the following non-
rainy period for the October through April and December
through February in the 36-year period. The length of the
storms (LS) and amount of the rainfall (AR) in the storms
appear to have a linear relationship. By using median methods
the slope of the length of the storms against the amount of
the rainfall in the storm was computed as 0.71 for October
through April and 0.79 for December through February.

Here are some statistics from the historgrams of LS,
AR, and LN (Table 4).

Appendix E shows the histograms of the amount of rain-

falls in exactly n days lasting storms which are made for
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Table 3:

STORM

IN DAYS

=

1s=1
15=2
LsS=3
LS=4

LS=5

MEAN OF LENGTH OF THE NON-RAINY PERIOD FOLLOWING

EXACTLY N DAYS LASTING STORMS IN

OCT-APR

HEAN OF LN

IN DAYS

6.66

6.44

5.91

DEC-PEB

MZAN OF LN

IN DAYS

6.04

5.92

5.34

3.83

6.17

3.76

335
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Table 4: SONME STATISTICS POR THE LS,AR, AND LN

OCTOBER-APRIL DECENBER~-FEBRUARY

Min. MNean HMax. Min. HNean HNax.
LS in days 1. 2.09 14, 1. 2.31 14,
AR in inches 0.03 0.7 7.86 0.03 0.83 7.86
LN in days 1. 6.86 S7. 1. 5.6% uS.

n=1, 2, 3, 4 days in the 36-year period fur October through
April and December through February.
From the total number of occurrences for each exactly
n days lasting storms estimated of occurrences for a year
were computed in the following way and are shown in Table 5. 7
This suggests that many of the small storms, especially

exactly one day lasting storms, occur during the months of

October, November, March, and April and many ofthe large

storms occur during the months of December, January, February.
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Table 5: ESTINMATED # OF OCCURRENCES/YEAR FOR THEF EXACTLY |
N DAYS LASTING STGRMS IN THE 36-YEAR PEFIOD. 1

OCT ,NOV ,MAR, APR DEC,JAN,FEB :

- D P > wp e ar @ e = - - r

STORMS ESTINATED ESTINMATED

(EXACTLY) OCCURRENCE/YEAR OCCURRENCE/YEAR

LS=1 6.52 .64
Ls=2 2.97 3.17 '
LS=3 1.06 1.31
LS=4 0.78 0.84
L5=5 0.28 0.47

L5>6 0.36 0.58




IV. ANALYSIS OF WEEKLY RAINFALL

A. DISTRIBUTION OF POSITIVE WEEKLY RAINFALL
1. Theory

In this section we will explore the distribution of
positive weekly amounts of rainfall. A week is said to have
a pcsitive amount of rainfall if the amount of rain exceeds
0.02 inches. Table 6 is a listing of estimates of means
aad variances for positive weekly rainfalls. They were com-
puted by using the program "HISTG". Figure 13 shows a plot
of the weekly means and variances respectively. The pattern
of weekly means again indicates nonstationarity of rainfall i
with more rain on the average falling during the weeks D4,
J2, J3, J¥, F3, FM, M4 where the average amount of rainfall
in these weeks is more than 1.00 inches.

2. Empirical Distribution of Positive Weekly Rainfall

In order to fit a theoretical distribution to the
positive weekly rainfall it is necessary to use some sta-
tistics computed from the data such as the mean, median,
variance, standard deviation, quartiles, coefficients of
variation, and skewness and kurtosis coefficients. Agreement
of these statistics with the theoretical values for the ex-
ponential model (or some others) helps to identify and sup-
port that model.

Table 7 shows a listing of means, standard deviations,

and coefficients of variation of the non-zero (positive)
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MEANS AND VARIANCES FOR POSITIVE WEEKLY RAINPALL

Table 6:

VARIANCE
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WEBK
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Weekly means and variances for the positive
weekly rainfall data in the 36-year period
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STANDARD DEVIATIONS, AND COEFFICIENTS

OF VARTIATION POR POSITIVE WEEKLY RAINFALL.

MEANS,

Table 7:

COEFFICIENT OF

ST ANDARD

VARIATIONS

DEVIATIONS

MEAN

WEEK
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weekly rainfalls. Figure 14 shows the weekly coefficients
of variation for the positive weekly rainfalls.

As can be seen, the means and standard deviations of
the data are approximately equal to each other, and the
coefficients of variation of the data are close to one.

These facts indicate that the distribution of the data may

be approximately exponential. This is suggested since for
data from an exponential distribution, the mean of the data
equal the standard deviation of the data, and the coefficient
of variation is one.

The fit of an exponential model for the positive
weekly data will not be explored in more detail.

A plot of the means against standard deviations of
the positive weekly rainfall is shown in Figure 15. These
data appear to have a linear relationship. By using the
median method (McNeil [Ref. 3]) the slope of the means versus
standard deviations was computed as 0.84. This indicates that
the means of the data are little higher than the standard
deviations of the data.

Next, by using the subroutine EXPLT (which is a
NONIMSL subroutine at the Naval Postgraduate School computer
library), a plot exponential scores versus observed scores of
the data can be examined. If the data is distributed exponen-
tially, the the plot should be a straight line. Appendix E
shows the exponential scores versus observed scores for the
positive weekly rainfall. Most of the weeks seem to fit the

exponential.
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COEFFICIENT OF VARIATION

1.6 -
1.4 -
1.2 p
1.0 -
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WEEKS OF THE DATR

Figure 14. Weekly coefficients of variation for the
positive weekly rainfalls in the 36-
year period
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Also, estimated and theoretical values of median,
é lower and upper guartiles were examined against each other.
Table 8 shows the estimated and theoretical values of the

median, and lower and upper gquartiles for the positive weekly

rainfalls. Figures 16 through 18 show the plot of estimated
values against theoretical values. They seem to support the

exponential model for the positive weekly rainfall. Again

using the median method the slope of estimated values against
theoretical values were computed and are shown in Table 9.
A 90% confidence interval for the average positive
weekly rainfall can be computed by assuming exponential dis-
tribution for the weeks which are shown in Table 10. Let
; X be average positive weekly rainfall with n observations, ‘f
{ then the formula for (l-q)% confidence interval for the mean

with o = 0.10 is

2

2
_ Xon (l=a/2) _ _ Xon(a/2) _
X[—z'&-fr'—] 1 < Elx] = %‘ x[—z%n——] L

B. SKEWNESS AND KURTOSIS ANALYSIS FOR POSITIVE WEEKLY

RAINFALL
1. Theory

In general the third moment of a distribution is con-
sidered to be a measure of skewness. If the distribution of
a sample is symmetric, its third moment abaut the mean will

be zero. If the distribution is skewed to the right, the

third moment about the mean will have a positive value, be-

cause the large size of observations on the long tail will




ESTINATED AND THEORETICAL VALUES OPF MEDIAN, LOWER
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Table 9 : SLOPES OFP THE ESTIMATED VALUES AGAINST THEORETICAL
VALUES FOR MEDIAN AND LOWER AND UPPER QUARTILES.

SLOPE INTERCEPT

EST. MEDIAN VS THEO. XEDIAN 0.96 0.63
EST. L.QUAR. VS THEO. L.QUAR. 0.95 0.0a

EST. U.QUAR. VS THEO. U.QUAR. 0.88 0.01




90% CONFIDENCE INTERVAL POR AVERAGE POSTIVE WEEKLY

RAINFALL ¥'ITH EXPONENTIAL DISTRIBUTION
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more than offset the greater number of smaller observations

on the shorter tail of the distribution. Hence for a posi-
tively skewed distribution (i.e., one with the long tail to
the right), the third momert (u3) will be positive. For
these reasons the third moment around the mean is taken as
a measure of the absolute skewness of a distribution. The

theoretical skewness for a random variable X is given by

E[(X=E(X)) 3]
(var[x]) /2

11

The empirical skewness for data {xi, i=1,...,n}
having average X is given by
n
[o(x,~m3
i=1

1 'Z‘ -
{(=—=5( (x; ~X)
n-l jop 1

o N 1l

g -
1 2,3/2

If a distribution is symmetric, will be zero. If

Y1
the distribution of X is exponential with parametar A = 1,
then Yq has the value 2 (see Appendix D for che algebraic
computation) .

The kurtosis for a random variable X is given by

EL(X-E (x)) 4]
[Var (X) ]2

Y2

The empirical kurtosis for data {xi, i=1,...,n} having

average X is given by




=N
’.a.
e~

l(xi~§>4>
%2 7 0 — 22
{ ) (xi-x) ]
i=

[
—

n= 1

If the fourth moment (u4) about the mean of the

random variable X is large relative to the variance (02).

it indicates relatively large tails.

For the normal distribution, u4/o4 has the value 3.
Since the normal distribution arises very frequently and is
often used as a basis of reference for distributions that are
not normal, the guantity D) is defined so that it will be 0
when a distribution has the kurtosis of a normal distribu-
tion. Thus Yy > 0 means that a distribution has a sharper
peak, thinner shoulder, and fatter tails than the normal dis-

tribution. < 0 means that a distribution has a flatter

¥
2
peak, fatter shoulders, and thinner tails than the normal

distribution. Cramer [Ref. 5] and Duncan [Ref. 6] contain a

discussion of the skewness and kurtosis coefficients.

If the distribution of X is exponential, then Yo
has the value 6 (see Appendix D for algebraic computations).
Appendix D also contains a discussion of the sample proper-
ties of the skewness and kurtosis coefficients.

It is suspected that the sample size has some effect
on the values of sample skewness and sample kurtosis. To
study this effect a simulation study was done as described

below.




By using the random number generator (LLRANDOM) N
independent unit exponential ran&om numbers were generated
as a sample. Then the sample skewness and kurtosis were
computed from the sample. M independent replications of the
procedure were done and sample means and standard deviations
were computed for the skewness and kurtosis.

Appendix D shows the simulation results for sample
skewness and sample kurtosis of a unit exponential distribu-
tion with various sample size (standard deviations of them
are given in parentheses).

As can be seen in Appendix D if the sample size is
small, then the sample skewness and kurtosis values are
smaller than their theoretical values. When sample size is
between 2000-3000 they reach the theoretical values 2 and 6
for the skewness and kurtosis respectively.

2. Skewness and Kurtosis Analysis for Positive Weekly
Rainfall

Histograms, and plots of exponential scores versus
observed values of positive weekly rainfalls are given in
Appendix F; they suggest that the distribution of weekly
positive rainfall is approximately exponential. The examina-
tion of classical skewness and kurtosis coefficients of posi-
tive weekly rainfall can be used to further examine the fit
of this exponential model.

Table 11 shows a listing of the values of skewness

and kurtosis for the positive weekly rainfall.




SKEWNESS AND KURTOSIS POR WEREKLY RAINFALL DATA

Table 11:

NUMBER OF YRBARS

POSITIVE RAINPALL

KURTOS 1S

SXBURESS
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PO 2 OV NN O™ OV = O NN = NN D
o e e OO OO NN O IO NI TN O = Oy e

2 e 2 IR OOV DO ™ M A * v N NM OO MWD e cp

PO\ ¥ TN 23 O ONP-OEN N 22 OO M- NIN 33« 0 SOOI

== DN MOO O O™ MNXND FWORN=MOoOMN PN

9% 0 0 6 0 00 0 g0 0 T g @ 0P s P s e C O s P S e g

O M- INE AN e mMmOr-fNoOOOCO~ 00000000000
-

v = OND O v - MO OM O OMNON MO MO e~ vy
UN D MO MO MMINMONTNIO M. SO S B3\0M
NOFOMPSOMIOOM O OO S OCOTTINDOMDLM™NG
-.nn..‘-OC.Q.O.....ll.....‘..‘.Q
Latad sV iad ol ogd o d ol ot ol od of o T Lot ad ol ood ad el al ol o et Ll d 4 oy

M P 2 (T 2P NN 22V I P R O E ey = (N 2 B
OOOQ X MIEF.OIO AT I FIFY By Brafhy (e 712 2 D20l A 0 8

56




,
- Ay

Figure 19 shows the skewness and kurtosis of the
positive weekly rainfall, and a plot of skewness against
kurtosis values is shown in Figure 20.

Figure 19 shows that the skewness and kurtosis values
are reasonably stable. But relatively high values occur early
in the year. There is some tendency for the distribution to
change throughout the rainy season. Average skewness and
kurtosis values of the positive weekly rainfall are shown

in Table 1l2.

Pable 12: ESTINMATED AND SINULATED MEANS POR THE
SKERNESS AND XKURTOSIS COEFFICIENTS

SKEWNESS KORTOSIS
ESTINATED HEAN 1.29 1.19

SIMULATED NEAN 1.45 1.84

The estimated kurtosis is somewhat lower than its simulated
value. This might suggest that the distribution of positive
weekly rainfall has a shorter right tail than the exponential.
Perhaps a Gamma or Weibull distribution would fit these data
slightly better.

Table 14 shows the estimated and simulated values of
the skewness and kurtosis coefficients for the actual sample
sizes observation. By using the median method the slopes of
estimated values against simulated values were computed for

skewness and kurtosis and are shown in Table 13.
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Table 13t SLCPES FOR SKEWNESS AND KURTOSIS

SLOPE INTERCEPT

EST. SKEWNESS VS SIN. SKEWNESS 0.19 1.20

EST. KURTOSIS VS SIM. KURTOSIS 0.40 1.32




ESTIMATED AND SIMULATED VALUEBS FPOR SKEWNESS
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As can be seen they are not fitted very well. Esti-
mated values are lower than the simulated values for the
skewness and kurtosis. Figures 21 and 22 show the estimated

values against simulated values for the skewness and kurtosis.

C. 2X2 CONTINGENCY TABLES

1. Summary

The idea to be explored in this section is whether

or not some weeks of the weekly rainfall, to be called the i

control, may be used to predict in some way the behavior of
another weeks of the weekly rainfall, to be called the

complement.

Let X be a week of a month, to be called the control,

and let Y be a week of a month, which is different from X, l

to be called the complement. It is necessary that X n ¥ = 0;
that is, the intersection of these two weeks is empty. The
weeks are then compared for some quality in X and for some
guality in ¥. The question is then; does the presence (or
absence) of quality in X affect the presence (or absence) of
quaiity in Y? An example of a typical table is shown below
in Figure 23.

The elements, a typical one of which is nij' repre-~
sent the number of years which display quality i in the con-
trol and quality j in the complement. The marginal entries
n, and n.j repregsent the number of years for which the con-

i.
trol has quality i and the number of years the complement

has guality j respectively. The overall number of years, N,

appear in the lower right of the table.
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N1 N2 n.
N2 Ny2 R
n oy n oo N {

Figure 23. Typical 2X2 contingency table

Conover [Ref. 2] gives a discussion of the theory and
use of contingency tables. Let eij be the probability that
any given year will have a control quality i and a complement

quality j. Then estimates of the eij's are

iy = iyt
i. ° nl./N
S
.J n.J/

If the control and complement are independent,

eij = ei. e.j , for all i,j.

These simple assumptions allow for an investigation
of the possible interrelationships between the weekly
rainfalls.

The question of independence may be approached in

the was as described below.
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2. Chi-Squared Test for Independence

Let Eij equal n; n j/N. Then for a 2x2 contingency

table the test statistics are given by

N
1IN
£)
1
tm

2 2 n.?
Q@ = [ I gL-n
i=1 j=1 Bij

The exact distribution of Q is difficult to tabulate

because of all the different combinations of values possible

for Dyqr Py n21' n22. Therefore the large sample approxima-
tion is used for the distribution of Q; this turns out to be

chi-square distribution with one degree of freedom.

Hypothesis
Ho: sii = ei.e.j ’ for all 1,3
Hl: eij = ei.e.j ' for some 1i,j

Decision Rule: Reject H,y is Q exceeds the (l-a)

guantile of a chi-square random variable with one degree of

freedom. The approximate level of significance is then a.
Figures 24 through 28 show 2x2 contingency tables for

the weekly rainfall. In these tables, X = 1 occurs when the

week i falls below its mean of weekly rainfall and X = 2




01 vs 02
1

1 22 7
2 6 1
28 8

2=0.32

(a)

03 vs on
1 2
1| 18 7
2 9 2
27 9

Q=0.39

()

ON VS N1
1 2
1 1 10
2 7 2
24 12

Q=0.67

(e)

Pigure 24:

29

36

25

1"
36

27

36

67

02 vs 03
1 2
21 7
4 4
25 n
Q=1.83
(b)
o4 Vs OW
21 6
5 4
26 10
Q=1.66
(d)
N1 VS N2
1 2
b 7
s 5 7
22 14
Q=2.86
()

28

36

27

36

24

12
36

2x2 contingency tables for weeks 01,02,03,04,0N,N1.




N2 ¥s N3

1 2
19 3
9 5
28 8
Q=2.41
(2)

N4 VS D1
1 2
16 1
7 2
23 13
Q=1.00
(<)
D2 vs D3
1 2
16 9
4 7
20 16
Q=2.36
(e)

22

"
36

27

36

25

1
36

N3 VS N4
1 2
22 6
5 3
27
Q=0.86
(b)
D1 VS D2
1 2
15 8
10 3
25 11
Q=0.54
(4)
D3 VS D4
1 2
16 4
8 8
24 12
Q=3.60
()

28

36

23

13
36

20

16
36

Pigure 25: 2x2 contingency tables for weeks N2,N3,N4,D1,D2,D3,D4.




D4 VS J1
1 2
1 18 6
2 5 7
23 13
Q=3.85
(a)
J2 vs J3
1 2
1 15 8
2 7 i
22 14
Q=0.45
{c)
Jy VS JP
1 2
1 14 10
2 9 3
23 13
Q=0.96
(e)
Pigure

26: 2x2 Contingency tables forx

24

12
36

23

13
36

24

12
36

J1 ¥s J2

1 2
16 7
7 6
23 13
Q=0.89
(b)
J3 Vs Ju
1 2
18 4
6 8
24 12
Q=5.84
(d)
JP VS P1
1 2
16 7
9 4
25 1
Q=0.01
(£)

23

13
36

22

1L
36

23

13
36

veeks D4,J1,J2,33,J4,JP,P1.
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Pigure 27:

P1 ¥YSs F2
1 2
17 8
5 6
22 14
Q=1,63
(a)
P3 VS PN
1 2
17 6
8 5
25 11
Q=0.60
()
M1 VS N2
1 2
14 8
9 5
23 13
Q=0.01
{e)

25

1
36

23

13
36

22

14
36

P2 vs PF3
1 2
16 6
7 7
23 13
0=1.92
(b)
PN VS M1
1 2
17 8
5 6
22 14
Q=1.63
(d)
%2 VS M3
1 2
17 6
6 7
23 13
0=2.77
(£)

22

14
36

25

1
36

23

13
36

2x2 Contingency tables for weeks P1,P2,P3,PN,N1,M2,M3,




M3 Vs M4
1 2
N\
1 16 7 23
2 11 2 13
27 9 36
Q=1.00
(a)
Al ¥s A2
1 2
1 20 6 26
2 5 5 10
25 11 36
Q=2.47
(c)
A3 Vs A4
1 2
1 17 1" 28
2 6 2 8
23 13 36
Q=0.55
(e)

Pigure 28:

2x2 Contingency tables for weeks N3,M4,A1,A2,A3,44,AN.

71

W VS A1
1 2
22 5
4 5
26 10
Q=4.62
(b)
A2 VS A3
1
21 4
7 4
28 8
0=1.83
(d)
A4 VS AN
1 2
16 7
8 5
24 12
Q=0.24
(£)

27

36

25

1
36

23

13

§




occurs when week i falls above its mean of weekly rainfall.
Similarly, Y = 1 occurs when the week i+l falls below its
mean of weekly rainfall and Y = 2 occurs when the week i+l
falls above its mean of weekly rainfall.

The control consists of the binary category of rain-
fall for week i and the complement consists of the binary
category of rainfall for week i+l in the 36-~year period.

Results of the test statistics suggest that the weeks
Nl vs N2, D4 vs J1, J3 vs J4, M2 vs M3, and M4 vs Al are not
independent with o« = 0.10 significance level. The rest of
the weeks appeared independent of each other at o = 0.10
significance level. Table 15 shows the test statistics and
their chi-square values with a significance levels.

The expected number of 30 x2 random variables that
would be over .10 is 3. So it seems that the result could be
explained by random sampling.

Figures 29 through 33 show the 2x2 contingency tables
for which the weekly X and Y values are determined differently
from those shown above. On these figures, X = 1 occurs when
the week i has no rainfall (no rainfall means rainfall of
less than 0.02") in year t and X = 2 occurs when week i has
rainfall in year t. Similarly, Y = 1 occurs when the week
i+l has no rainfall in year t and Y = 2 occurs when the week
i+l has rainfall in year t.

The control consists of the binary category of rain~
fall for week i and the complement consists of the binary

category of rainfall for week i+l in the 36-year period.

72




Table 15: fPBST STATISTICS, APPROXIMATED CHI-SQUARED t
AND SIGNIPICANCE LEVEL FOR THE WEEKS.

TEST APPROXIMATED SIGNIPICAICE

2
WEEK STATISTICS X;_, VALUE LEVEL




J4

JP?

P

r2

3

4.}

51

2

a3

. L)

an

A2

A3

A4

Vs

vs

vs

vs

¥s

Vs

Vs

Vs

s

Vs

Vs

vs

Vs

¥s

Jr

7

P2

P3

1 4.}

)

12

u3

L)

Al

A2

A3

Al

AnN

1. 63

1.92

0.60

1.63

X .67
2

X 12
2

X.80

X.84

X 55

X,79

X.79

X,.82
2

0.21

0.88

0.10

0.18

0.u8

0.562




Pigure 29:

01 ¥s 02
1 2

1 13 i1
2 6 3
19 17
Q=0.93
(@)
03 ¥s o4
1 2
1 12 8
2 9 7
21 15
Q=0.05
(c)
ON ¥s N1
1 2
1 " 1
2 5 3
16 20
Q=0.71
(e)

27

36

20

16
36

22

"
36

02 Vs 03
1 2

TR

9 8

20 16

=0,.09
¢ (b)

o4 vS ON
1 2

15 6

9

22 U
Q=2.26
Q)

NV VS N2
1 2

5 1"

3 17

28
=1.36
(f)

19

17
36

21

15
36

16

20
36

2x2 contingency tables for weeks 01,32,03,04,0HN,N1,




Pigure 30:

N2 vs N3
1 2
S 3
12 16
17 19
Q=0.96
(a)
Ng vS D1
1 2
4 10
4 18
8 28
Q=0.54
(e
D2 VS D3
1 2
L} 10
4 18
8 28
Q=0.54
(e)

28
36

1L

22
36

14

22
36

N3 VS N&
1 2
8 9
6 13
14 22
Q=0.91
(b)
D1 ¥s D2
1 2
3 S
1 17
1w 22
Q=0.01
(d)
D3 Vs D4
1 2
5 3
7 21
12 24
Q=3.98
(£)

17

19
36

28
36

28
36

2x2 contingency tables for wveeks ¥N2,N3,N4,D1,D2,D3,D4.




Pigure 31:

D4 VS J1
1 2
3 9
7 17
10 26
Q=0.07
(a)
J2 VS 33
1 2
8 3
7 18
15 21
Q0=6.29
{c)
Jy vS JP
1 2
3 6
4 23
7 29
Q=1.48
(e)

12

24
36

1

25
36

27
36

J1 Vs J2
1 2
6 )
S 21
1" 21

Q=5.66

(b)

J3 Vs Ju
1 2
5 10
4 17
9 27

Q=0.95

(d)

JP Vs P1
1 2
5 2
4 25
9 27

Q0=9.99

(£)

10

26
36

15

21
36

29
36

2x2 Contingency tables for weeks D4,J1,J2,33,J4,JF7,F1.




F1 Vs P2

Pigure 32:

1 2
2 7
7 20
9 27
Q2=0.05
(a)
F3 vs P
1 2
4 1
2 19
6 30
0=1.85
(c)
MY Vs N2
1 2
0 8
4 24
4 32
Q=1.29
(e)

27
36

15

21
36

28
36

78

P2 vs 73
1 2
4 5
1 16
15 21
Q=0.04
(b)
P¥ VS M1
1 2
1 5
3 27
4 32
Q=0.23
(4)
42 VS M3
1 2
3 S
8 20
1 25
Q=0.23
(£)

217
36

30
36

28
36

2x2 Contingency tables for weeks P1,F2,P3,PHN,N1,M2,H3.




Pigqure 33 2x2 Contingency tables for

M3 VS N8

1 2
6 5
7 18
13 23
Q=2.33
(a)
A1 Vs A2
1
7 8
7 14
14 22
Q=0.55
(<)
A3 Vs an
1 2
10 12
4 10
1L 22
Q=1.03
(e)

T

25
36

15

21
36

22

14
36

N4 VS A1
1 2
6 7
9 14
15 21
Q=0.17
(b)
A2 VS A3
1
11 3
1 1
22 14
Q=2.94
(d)
A4 Vs an
1 2
9 5
13
18 18
Q=1.87

veeks M3,M4,A1,A2,A3,24,AH,

()

13

23
36

14

22
36

1L

22
36
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Table 16 shows the test statistics and their approxi-
mated chi-square value with o significance level.
; Results of the test statistics showed that the weeks
D3 vs D4, J1l vs J2, J2 vs J3, JF vs Fl, and A2 vs A3 are not
independent with o« = 0.10 significance level. The rest of the
i weeks appeared independent of each other at a = 0.10 signifi-
cance level. According to this procedure, the overall asso-

ciation among the weeks is not strong.

D. 4X4 CONTINGENCY TABLES

1. General

c s s et

Figure 34 shows a typical 4x4 contingency table. The
table element, nij’ represents the number of years which dis-
play quality i in the control and quality j in the complement.

The marginal entries n; and n 3 represent the number of years

: COMPLEMENT
WEEK, (Y)
i+]
i
§
j Bl N2 13 Nig n.
CONTROL
no1 Ra2 No3 Nag Ry
WEEK
N3 N3 BT Nay Ny
3
' n41 N42 M43 Daq Ny,
na no, no3 n oy, N

v Figure 34. Typical 4x4 contingency table
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Table 1l& TEST STATISTICS, APPROXINATED CHI‘SQU)REﬂ
AND SIGMIPICANCE LEVEL FOR THE WEEKS.

TEST APPROXINATED  SIGNIFICANCE
WEEK  STATISTICS xl__ VALDE LEVEL
2
01 ¥s a2 0.93 e 0.34
2
02 vs 03 Q.09 T 0.75
2
03 vs o4 0.05 o1 0.79
04 ¥S ON 2.26 g7 0.13
2
on vs W) 0. 71 e 0.41
2
N1 VS N2 1.36 X.75 0.25
2
N2 ¥S N3 0. 96 X 67 0.33
2
N3 VS N4 0. 91 X.66 0.38
2
2
D1 VS D2 0. 01 X 12 0.88
2
D2 ¥S D3 0. SH e, 0.48
2
D4 ¥S J1 0.07 Y 0.76
2
31 s 22 5. 66 X 98 0.02
2
J2 Vs J3 6.29 X.99 0.01
33 Vs ;e 0.95 69 0.33
2
Ju vs Jr 1.48 X, 77 0.23
2
J? Vs P 9. 99 x99 0.01
81
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P1

p2

?3

FH

LB

u2

N3

. 1)

Al

A2

A3

A4

vs

¥s

vs

Vs

Vs

Vs

Vs

Vs

Vs

Vs

vs

Vs

F2

3

m

M

N2

43

L1

At

A2

A3

Al

AN

X.88
2

X .38

82

X, 38

X.56

X,83

0.79

0.82

0.18

0.62

0.26

0.62

0.13

0.67

0.4

0.09

0.31

0.17




for which control has quality i and the numbers of years
the complement has quality j respectively. The overall num-
ber of years, N, is in the lower right of the table.

Conover [Ref. 2] discusses the theory and use of rxc
contingency tables.

2. Classification of Rainfall

The National Weather Association classifies the daily
positive rainfall in 3 categories, as light rainfall, moder-
ate rainfall, and heavy rainfall. Any rainfall amount less
than 0.02 inches is defined as zero rainfall. The observed
positive rainfall data is ordered from least to highest for a
given year. Then, the first 1/3 of the ordered positive rain-
fall data is called light rainfall, the second 1/3 of the
ordered positive rainfall data is called moderate rainfall,
and the remaining 1/3 of the ordered positive rainfall data
is called heavy rainfall.

To construct a 4x4 contingency table using the weekly
rainfall data, a similar procedure was used and is described
below.

The weekly positive rainfall data was ordered from
least to highest for a given month in the 36-year period; then
3 categories of rainfall were defined as described above. ]
Additionally, a weekly rainfall of less than 0.02" inches is
called zero rainfall and is considered as one category so that
weekly rainfall data was broken down to 4 categories. Thus

X = 1 occurs when the week i has zero rainfall in year ¢,
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X = 2 occurs when week i has light rainfall in year t, X = 3
occurs when week i has moderate rainfall in year t, and X = ¢
occurs when week i has heavy rainfall in year t for a given
month.

Table 17 shows the amount of rainfall limits of 3

categories of rainfall for the 7-month rainy period.
Table 17: AMODNT OF RAINPALL LIMITS POR

THE WEEKLY RAINPALL IN INCHES

LIGRT MODERATE HEAVY

MONTH RAINFALL RAINPALL RAINFALL {

OCTOBER 0-03-00 12 0013-003“ 0.35"0?9‘.‘.‘

NOVEABER 0.03-0.31% 0.32-1.00 1.0t1-over i

DECEMBER 0.03-0.37 0.38-1,07 1.08-~over

APRIL 0.03-0.17 0.18-0.60 0.61-over !

3. Chi-Squared Test for Independence

A 4x4 contingency table was constructed the category

or rainfall in week i and the categqory of rainfall in week i+l
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by grouping all weeks in a month together. Table 18 shows

the name of the weeks which were included to construct the
contingency table for each month. Each month was analyzed
separately since the rainfall data is seasonal. Each paired
week contains 36 observations so that the total 144 (4x36 = 144)

observations are formed in each contingency table. For exam-

ple in the December contingency table the paired weeks used
are (D1,D2), (D2,D3), (D3,D4), (D4,J1). The chi-square test
was used to explore possible relationships between rainfall

in successive weeks for a given month.

Table 18: WEEK NAMES POR CONSTRUCTING 4x4 CONTINGENCY

TABLES t]
BONTH WEEKS 5
OCTOBER 01,02,03,04,0N
NOVEMBER N1,H82,83,84,D1
DECENBER p1,D2,D3,D4,J1
JANOARY J1,32,33,J4,3F
PEBRUARY JE,F1,P2,P3,PN
MARCH FY,M1,82,43,86
APRIL A1, A2,A3,A0,AN

Let Ei equal n; n j/N. Then for a 4x4 contingency

3
table the test statistic is given by:
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2

4 4 (n,.~E,.)
e = ] ] —F——=-
i=1 3=1  Fijy

or simplifying for the calculation

4 4 n.?
Q = J I Eil - N
i=1 j=1 “ij

The exact distribution of Q is difficult to tabulate

; because of all the combinations of values possible for nij'
Therefore the large sample approximateion, the chi-square
distribution with 9 degrees of freedom is used for the dis-
tribution of Q.

Figures 35 through 41 show the 4x4 contingency tables
for the weekly rainfall. The control consists of the cate-
gory of rainfall for week i and the complement consists of
category of rainfall for week i+l for a given month, where
the categories are given in Table 14.

; The results of the test statistics suggest that the
weeks of January, the weeks of February, and the weeks of
April are not independent at a= .10 significance level

(ngo(s) = 14.7 with o« = .10). The rest of the months,

{ October, November, December, and March appear independent at

the o = .10 significance level.
Table 19 shows the test statistics, approximate chi-

squared values, and the achieved significance level a.
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Pigure

FPigure

OCTOBER
1 2 3 4
51 1" 10 15
1% 3 3 3
10 2 4 0
7 3 4 4
82 19 21 22
35: 4x4 contingency table for OCTIOBER.

NOVENBER
1 2 3 4
22 11 12 10
9 7 9 6
7 9 3 8
9 3 10 9
47 30 34 33

362

4x4 contingency table

for NOVEMBER.

87
23
16

18
us

55
N
27

3
144




DECEMBER
1 2 3 4
1] 15 1 7 9 |42
2 7 10 10 4 | 31
3] 1 7 7 11 | 36 ;
sy n 8 5 11 | 35
44 36 29 35 184

Pigure 37 4x8 contingency table for DECEMBER

JANUARY
1 2 3 4 !
1 22 9 5 9 4s
2 8 9 10 7 34
3 6 4 12 10 32
4 8 8 1M 33
42 30 35 37 144

Pigure 38 U4x4 contingency table for JANUARY




PEBROARY
1 2 3 4

1| 15 1 6 8 | wo

2 5 9 12 s | 30

3 13 11 7 8 | 39

4 6 6 10 13 | 35 |
39 37 35 33 144 |

Figure 39: U4x4 contingency table for PEBRUARY

MARCH
; 1 2 3 o
% 1 10 10 5 4 29
2 9 8 12 11 40
3 13 9 6 10 38
4 4 1" 12 10 37
36 38 35 35 144

FPlgure 40: u4x4 contingency table for MARCH
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26

22

3
144

APRYL
1 2 3 4
37 13 9 6
10 9 3 4
10 L} 6 2
11 2 8 10
68 28 26 22
4x4 contingency table for APRIL

Pigure 41:
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Table 19: TEST STATISTIC,

TEST
MONTHS STATISTIC
OCTOBER T.28
NOVEMBER 10.45
DECEMBER 8.43
JANUARY 18.68
PEBRUARY 15.92
NARCH 11.9¢
APRIL 19.7

APPROXINMATE CHI-SQUARED VALUES,
SIGNIFICANCE LEVEL POR THE MONTH.

APPROXINATED

CRI-SQUARED

xi_a(Q)

2
X, 409

2
X, ggt9)

2
X.50(9)

2
X 97(9)

2
X 93(9)

2 .
X, 779

X?98(9)

SIGNIFICANCE

LEVEL

a

0.60

0.32

0.50

0.03

0.07

0.23

0.02




E. LOGISTIC ANALYSIS

1. Theory

The logistic analysis to be described in this section
was developed from Cox [Ref. 1].

The basic approach is to view the complement as having
a binary representation, with success being defined to mean
that a complement has rainfall, while failure means that the
complement has no rainfall for week t+l. The problem then
is to find the conditional probability of a success given
that the control takes on a particular value.

Let X, be the rainfall in week t. 1If the probability

of "success" = rainfall in week t+1l, given X is written as

tl

8, = P(rainfall in week t+l|Xt),

the logistic model is

a+8xt

e = g—-—-———
t a+BXt !

l+e

where the Xt are the explanatory variables.

The likelihood function is then

at+gX

N t Y l-vy
L(X,Y;0,8) = i FE——Ezgg*) t+l(———;%§———) e+l
t=1 t Xe
l+e l+e

where:
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1l if week t+l1 has rainfall

t+l
0 if week t+l has no rainfall

and the log-likelihood is

N N N a+BX
L(X,¥;a,8) = a ) Y_+8 J XY - ] 1ln(l+e
t=1

£

The gradient, and Hessians are:

+8X
N N aTESe
dlog L _ 7oy, - ) (_2__:___)
da =1 t =1 a BXt
1+e
+8X
N N *TPRe
og L L ¥ xy, - ) X (S
38 piy vE T L) TeTT a¥EXy
= l+e
Hessian:
+8X
a+B8X @ t
_ g e t ) N Xte
o at+8X & a+BX
a+8X a+8X
N Xe °© N X %2 °©
-1 S BX - ! = +8X
L a+t+ = bl
t=1 (1+e t)2 t=1 (1+e t)2

Information Matrix:




_.---IlIlllll...I....IIllIlllIIlllIIIIIIIIlIlllllll!!!amayeg::::::mq

to solve for a and B8 use of Newton's method as follows;

Q&
( B)k+l
All necessary elements may be calculated in one pass
of the computer algorithm.
One beneficial byproduct of the maximum likelihood

approach is the asymptotic covariance matrix, (I )-l.

S:s
Cos [Ref. 3] states that the diagonal elements ofltiis matrix
provide good estimates of Var(a) and Var(é) under assumptions
of normality.
Next, by using the diagonal elements of the asymptotic

covariance matrix to put approximately symmetric confidence

limits on o« and g8; for 90%

5 - 1.64 VI5'5(a) < a < a + 1.64 N1%/5(q)
s - 1.64 VI®'5(3) < 8 <3 + 1.64 VI5'5(g)

2. Analysis

In this analysis, given week i has rainfall/no rainfall
in year t is considered as a control X, then conditional proba-
bility of success which week i+]. has rainfall in year t is

considered as a complement Y. Let

1l if week i+l has rainfall

i+l
0 if week i+l has no rainfall

94
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and
1 if week 1 has rainfall
X. =
i
0 if week i has no rainfall
Then, the model
ea+BXi
P 0 =1i%) = ¢ = —gy;
l+e
and
e = = 9y =
log 0Odds = ¥ = 1In(y=3) = o + BX;

Using the computer package "BMDPLR" estimates of a
and B8 were obtained using maximum likelihood. Other quanti-
ties computed were conditional observed and predicted. These
values are shown in Table 20, Also the number of successes,
number of failures, predicted log odds and parameters « and
8 and their 90% confidence interval are shown in the same
tables for the weeks. In the tables weeks are shown with
their names which are indicated in the glossary of symbols
tables.

In the 2x2 tables, the x2 test results have suggested
that the weeks 02 vs 03, D3 vs D4, J1l vs J2, J2 vs J3, JF vs
Fl, and A2 vs A3 are not independent with a = 0.10 signifi-

cance level. Logistic model also indicates that these weeks
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Table 20 RESOULTS OP THE LOGISTIC ANALYSIS FPOR THE WBEKS

MODEL : P(02=1(01=x)

4 OF 20 OBSERVED PREDICTED LOG
SUCCESS FAIL PROBABILITY PROBABILITY ODDS o1
8 7 0.5333 0.5333 0.134 0
14 7 0.6667 0.6667 0.6913 1
PARAMETER COEFPPICIENT SE COEP/SE
Alpha 0.133 0.518 0.248
Beta 0.560 0.694 0.806
var{ 2)=0.15 var{3])=0.65
9O!Lgsngidenceulll%ts
e
Algha -0.552 0?368
Beta «0.762 1.882
MODEL : P(03=1]02=x)
4 OF $ OF OBSERYED PREDICTED LOG
SUCCESS FlIL ?ROBIBILI!! PROBABILITY ODDS 02
3 1M . 143 0.2143 -1.299 0
" 11 0.5000 0.5000 0.0 1
PARAMETER COEPFICIENT SE CQEP/SE
Alpha -1.299 0.651 =1.995
Beta 1.299 0.778 1.669
var{ 4 1=0.31 Var[ 3)=0.55
90% Confidence liaits
Lover Upper
Algha -2.212 -0.386
a 0.083 2.515
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SDDEL : p(ou=1|03=x)

$ OF $ OF OBSERVED PREDICTED LOG
SUCCZSS PAIL PROBABILITY PROBABILIT! oDDS 03
12 10 0.545% 0.5“55 0.182 0
10 4 0.7143 0.7143 0.916 1
PARAMETER COEP IENT SE CQEP/SE
Alpha ,{%S 0.428 o.ufs
Beta . 134 0.730 1.005
var{ «]=0.20 Var(s }=0.51
90% Confidence limits
Lover pper
Algha -0.551 «315
Beta -0, 437 .905

MODEL : P(ON=1{04=Xx)

¢ OF $ OF OBSERVED PREDICTED LOG
SUCCESS PAIL PROBABILITY PROBABILITY ODDS ou
-] 9 0.3571 0.3571 -0.588 0
13 9 0.5909 0.5909 0. 368 1
PARANMETER COEPPICIENT SE coz?éSE
Beta 0.956 0.707 1.352
90% confidence llmzts
Lover g
Algha -1. 3 40
a -0. 180 092
MODEL : P(N2=1|N1=x)
s or % OF OBSERVED PREDIZTED LOG
SUCCESS PAIL PROBABILITY PROBABILITY ODDS N1
11 0.6875 0.687S 0.788 0
1”7 g 0.8500 0.8500 1.735 1
PARAMETER COE CIENT SE CORP/SE
Algha 0.788 0.539 1.n€2
Beta 0.947 0.826 1. 145
var{a« ]=0.29 var(g3 ]=0.68
90% Confidence liaits
ove Upger
Algha -0.09 1.871
eta -0, 405 2.299




MODEL : P(N3=1|¥2=x)
%
} OBSERVED PREDICTED L0G
, SUCCESS !AIL PROBABILIT! PROBABILITY O0DDS
: 3 5 0.3750 0.3750 -0.511
16 12 0.57W 0.5714 0.288
; PARANMETER COBPFICIENT SE co
: Alpha -0.511 0.730 =0
! Be 0.799 0.824 O
] Varfa]=0.53 var(8 }=0.68
; 90% confidenca liaits
Love ger
Alpha ~-1.70 0. 93
MODEL : p(nu=1|n3=x)
¢ OF $ OP OBSERVED PREDICTED
SUCCESS PAIL PROBABILITY PROBABILITY ODDS
9 8 0.5294 O.S%9u 0.118
13 6 0.6842 0.6842 0.773
PARANETER COE?PICIBNT SE co
Alpha «118 0.486 )
Beta 0.655 0.693 0
var{ « J=0.24 var{ 3]=0.48
) 90% Confidence limits
Love Upgeg
Algha -0.68 0.92
_ Beta -0, 481 . 791
: MODEL : P(D1=1{N4=x)
8 OF 4 OP OBSERVED PREDICTED LOG
SUCCESS FAIL PROBABILITY PROBABILITY ODNDDS
10 4 g.7143 0.714 g.916
18 ) 0.8182 0.818 1.504
PARAMETER COEP IENT SE co
Ai ha E. g 0.992 1
Beta 0.588 0.810 0
var{ «]=0.35 var( 8]=0.66
90% Confidence liaits
Lower Upger
llgh& -00 ') 1. 86
Beta -0. 1.920
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MODEL : P(D2=1{D1=x)

% OF 4 OF OBSERVED EDICTED LOG
SUCCB§§ PAIE PROBABILET! PROBABELIT! QoDDSs DI_
S 3 0.6250 0.6250 0.511 0
17 11 0.60;1 0.6071 0.235 1

PARAMETER COEPPICIENT S COEFP/SE
Alpha 0.511 0.?30 0.669
Beta -0.076 0.826 =-0.091
var{ «]=0.53 Var([ 8)=0.68
90% confidence linits
Lover pg
Algha -0.683
Beta -1. 428 .216
MODEL : P(D3=1|D2=x)
$ QP 4 OF OBSERVED PREDICTED LOG
SUCCBSS PAIL PROBABILITY PROBABILITY ODDS D2
L.t X T K 1 T T J -Q - L X 1 J - e e
19 [ 0.7143 0.7143 0 916 0
18 4 0.8182 0.8182 <504 1
PARAMETER co ICIENT S COEF/SE
Ai ha E. 1% 0.592 1.5‘3
Beta 0.588 0.810 0.726
var{ ,J=0.31 Var(pgJ=0.52
90% Confidence limits
Alpha 62333 1785
Befa -0.595 1791
MODEL : P(D4=1|D3=x)
QF 20 OBSERVED PREDICTED LOG
SUCC!SS PIIL PROBABILITY PROBABILITY ODDS D3
3 5 0.3750 0.3750 -0.511 0
21 7 0. 7500 0.7500 1.099 1
PARAMETER COEPFICIENT SE COEFP/SE
Alpha -0.511 0.730 -0.669
Beta 1.609 0.851 1.892
var{, ]1=0.53 var{ g}=0.72
90$§g§§fidenccuéi§§ts
Alpha B g i
Bcga 0.21 3.001
99
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MODEL : P(J1=1|Du4=x)

oF & OF OBSERVED PREDICTED LOG
SUCCBSS PIIL PROBABILITY PROBABILITY ODDS D4
4 . 0. 5000 0.;000 0.000
22 6 0.7857 0.7857

1.299 1
PARANETER CORPPICIENT SE CJEF/SE
Algha o.gog 0.707 0.060
Beta 1.299 0.844 1.540
90% Confidence linits
Alpha -50%%8 17085
ofa ~0.023 2.6
MODEL : P(J2=1}J1=x)
$0F ¢ 0 OBSERVED PREDICT Lo
SUCCESS PIIL PROBABILITY PROBABILITY 0DDS  J1
4 6 0. 4000 0.4000 -Q0.40 0
21 S 0.8077 0.8077 1.Q3§ 1 )
PARAMETER COEFPFICIENT SE COEF/SE
ll ha '0.“05 0-6“5 -00648
Beta 1.840 0.815 2.258
0% COnfidence linits
Alpha R 5d3 up358
ota 0.508 3.172
MODEL : P(J3=1]J2=x)
$ OF &% OF OBSERVED PREDICTED 106
SUCCESS FAIL PROBABILITY PROBABILITY 0DDS  J2
3 8 0.2727 0.2727 -0.981 0
18 T « 71200 0.%200 0.944 1
PARANETER CORPFICIEN SB CORP/SE
Rpe AT edm LGS
Varf o J=0.46 7% Yar{y0.65 )

90% COnfidence limits
1pha e peee
Beta 0:203




NODEL : P(J4=1J3=x)

$ OF $# OF OBSERVED PREDICTED LOG
SUCCESS !lIL PROBABILITY PROBIBILIT! opDpsS J3
10 5 0.6667 0.6667 0.693 0
17 4 0. 8095 0.809% 1.447 1
PARAMETER COEPPICIENT SE COEF/SE
Algha 0.693 -5U8 1.266
Beta 0.754 0.780 0.966
Var{ «]=0.30 Var[ejso 61
90% Confidence limits
Lover Pper
Algha -0.205 291
Be a ‘0. 521 0035

MODEL : P(JP=1|Jl=Xx)

$OF # OBSERVED PREDICTED LOG
SUCCESS rAIL PROBABILITY PROBABILITY 0DDS  J4
6 3 0.6667 0.6667 0.69¢ 0
23 4 0.8519 0.8519 1.749 1
PARANETER COEFFICIENT SE COER/SE
Alpha 0.694 0.707 0.980
Be 1.056 -891 1.186
var{ 4]=0.50 var( s J=0. 80
90% Confidence liaits
Lover Upggr
Algha -0.46 1.854
Beta -0.411 2.523
NODEL : P(P1=1{JP=x)
$ OP OBSERVED PREDICTED LOG
succzss FAIL PROBABILITY PROBABILITY ODDS JP
g 5 0.28%7 0.2857 ~-0.916 (6]
2 1 0.8621 0.8621 1.833 1
PARANETER COEFFICIENT SE COER/SE
Alpha -0.916 0.837 -1.095
2.749 0.995 2.763

Vart, J=0.70

Alpha
Beta

owm e
89
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MODEL : P(P2=1|F1=X)

PARAMETER COR
Algha 1
Beta 0 0

Var( «]=0.64 var( 3]=0.8

90% Confidence liaits

Algha -8?535 g?ggg
Beta -1.706 1.300

NODEL : P(P3=1|F2=x)

oF & OF OBSERVED PREDICTED LOG
SUCCESS PLIL PROBABILITY PROBABILITY ODDS P2
5 “ 0.5556 0.5556

3 0

16 1 0.5926 0.5326 8.%%5 1

PARAMETER
Alpha

COEPFICIENT
Beta 0.152
Var{ ,]}=0.45

Algha -3?50 Upg
Beta

Q

0

0

90X Confidence limit
e

2

-1.118 1.42

MODEL : P(PH=1|P3=x)

# OF OBSERVED PRED ED LOG
SUCCBSS PlIL PROBABILITY PRO A ITY ODDS P3
11 ﬂ 0.7333
19

PlRiHETBR COi: iIENT OS

0.345
u:(‘, }=0.34

var( 3J=0.89
90% Confidence limits

e W
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2 0 20 OBSERVED PREDICTED LOG
SUCCESS PAYL PROBABILITY PROBABILITY ODDS PN
1 0.8333. 0.8333 1.609 0
3 0.9080 0.9000 2.197 1
PARAMETER COEFPICIENTY S2 COEFP/SE
Alpha 1.609 1.095 1.469
Be 0.588 1.%53 0.469
Varﬁ:]=1.19 var{ g]=1.57
90% Confidence linmits
Lower Upper
Alpha -0.180 3.398
Beta -1. 467 2.643
MODEL : P(M2=1141=X)
$ OF # OF OBSERYED PREDICTED LOG
SUCCESS FPAIL PROBABILITY PRCBABILITY ODDS Kt
0 1.0000 0.9999 2.197 Q
8 0. 7500 0.7500 1.009 ]
PARAMETER COEFFICIENT SE COBF6$B
Alpha 2.197 0.000 0.000
Beta -1.098 0.408 ~2.691
var{, }1=2.78 Var( gl}=2.94
90% Confidence limits
Love Upper
Algha -0.53 4.931
Beta -3.910 1.714
MODEL : P(N3=1{M2=X)
& OF & OF OBSERYE PREDICTED LO
SUCCESS PAIL PROBABILITY PROBABILITY ODDS M2
3 0.6250 0.6250 0.511 0
8 0.7142 0.7143 0.916 1
PARANETER COEFPICIENT SE COEPgSE
Alpha 0.511 0.730 0.699
Be 0.405 0.842 0.u482
Vuf a]=0.53 var(s }=0.71
90’823§§1d0ncc0%$§§ts
‘1 h‘ Ve ‘-
Boga -0.871 1.787
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MODEL : P(NG=1{N3=x)

$ OF . OBSERVED PREDICTED LOG
SUCCESS PLIL PROBABILITY PRGBABILITY ODDS M3
S 6 0.4545 0.4545 -0.182 0
18 7 0. 7200 0.7200 0.944 1
PARAMETER COEPFICIENT SE COEP/SE
Alpha -0.182 0.606 -0.301
Beta 1.127 0.752 1.499
90% Confidence limits
Lover Upger
ngha -1.180 .
Beta -0. 111 2.365
NODEL : P(A1=1|M4=x)
$ OF 4 OF OBSERVED PREDICTED LOG
SUCCESS PFAIL PROBABILITY PROB ABILITY ODDS L U
7 6 0.5385 0.5385 0.154 0
14 9 0.6087 0.6087 0.442 1
PARAMETER COEPPICIENT S COEF/SE
Alpha 0.154 0.%56 0.247
Beta 0.289 0.701 0.410
Var{ o ]=0.31 Var{g }J=0.49
90% Confidence limits
Loyer Upser
Algha -0.75%9 1.067
a -0.860 1.436
HODEL : P(A2=1|A1=x)
$ OF & OF OBSERYED PREDICT LOG
SUCCESS PAYL PROBABILITY PRO BABIL IT! ODDS At
8 7 0.533 0.533 0. 13& 0
14 7 0.566 0. 666; 0.693 1
PARAMETER COEPFICIENT SE COEP;SE
Lipse S48 BEm ha
e . . .
Varl , 1=0.27 var({s J=0: 8

90% Confildence limits

e =13t I




MODEL : P(A3=1|A2=x)

3 OP $ OF OBSERVED PREDICTED LOG
SUCCBESS PAIL PROBABILITY PROBABILITY ODDS A2 :
3 11 0.218 -214 -1.299 0
11 11 0.%003 8.§oo 0.000 1
PARAMPETER COEYF IENT S COEP/SE
Apegr CRFESTHNT  oSE, SRERCE
Beta .29 0.778 1.669
Var(q ]=0.42 var{33}=0.61
90% Confidence limits
Lover Upger
Algha -2. 362 -0.236
eta 0.018 2.580

NODEL : P(A4=11A3=x)

D - D A D AP T P i e - -

4 OF $ OPF OBSERYVED REDICTED LOG
SUCCESS YAIlL PROBABILITY PROBABILIT! QDDS A3
1 10 0.5455 .5455 0.18 0
1% 4 0.713 g. 103 0. 91% 1 (
PARANETER CGEFPICIENT SE COBF/SE
Alpha 0.155 0.428 o.ufe
Beta 0.733 .730 1.005
Var{q ]=0.18 Var(8 }=0.53
90! Confidence limits
over Upge:
Algha -0.5148 0.87
eta -0, 461 1.927
MODEL : P (AN=1|A4=X)
$ OP 4 OP OBSERVED PREDICTED LOG
SUCCRESS PAIL PROBABILITY PROBABILITY O0DDS Al
5 9 0.3571 0.3571 -0.588 0
13 9 0. 5909 0.5909 0.368 1
PARAMETER COEFFICIENT SE cozrgse
ll ha -00588 0. 58 ‘1.0 4
Beta 0.956 0.707 1.352
var{ 2 ]=0.30 var({s }=0.50

90X Confi{dence limits

i 2 I ]




§ are dependent on each other at the 10% significance level
since the 90% confidence interval for beta does not cover
zero.

The following logistic model was also considered.
a+8R
e =
a+8R !
l+e t

P{Yt+l=l{Rt}

e e - o g ———————— A 1

where Rt is the amount of rainfall in week t and Yt+1 is
a binary random variable taking the value 1 if week t+l has
positive rainfall. Tabel 21 shows the alpha and beta coeffi-
cients, standard errors (ss) and the 90% confidence limits
for the alpha and beta coefficients. These numbers were
computed using computer package "BMDPLR".

The 90% confidence intervals for do not cover zero
only for the weeks D3 vs D4, JF vs Fl, and M2 vs M3. This
suggests that for these weeks the amount of rainfall in the

previous weeks exceeds the amount of rainfall in the current

week. Figures 42 and 43 show the plots of estimated alpha

and beta coefficients by week.
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Table 2]1: RESULT OF LOGISTIC ANALYSIS FOR THE WEEKS

MODEL : P(02=1]01=x)

- D D D G WS PP - - -

PARAMETER COEPPICIENT SE COEP4SE
Alpha 0.u38 0.409 1.071
Beta 0.027 0,432 0.062
Var(a 1=0.13 Var(g }=2.91

90% Confidence linmits
Alpha -5°9%%55 1883
Beta 22277 2.3
MODEL : P(03=1]02=1x)
PARANMETER COBFPICIENT SE COEPgSE
1€ha -0.735 0.424 -1.723%
Beta 1.067 1.175 1.173
var{, ]=0.16 Var( 31=0.87
90X Confidence limits
Lover Upggr
Alpha -1. 39 -0.07¢%
Beta -0, 463 2.597
MODEL : P(04=1|03=x)

PARANMETER COEFPICIENT SE COEPéSE
Alpha . 0.;79 1.002
Beta <31 0.748 0.424
var{ a)=0. 14 Var{ 8]}=1.18

90% Confidence limits
Lower pper
Algha -0.330 .994
Beta -1. 464 2.098
MODEL : P(ON=1{04=x)

PARAMETER COEFPICIENT SE COEF/SE
Alpha -0.192 0.438 -~0.4139
Be 0.636 0.932 0.675
varf o]=0. 14 Vac( 8J=1.29

90% Confidence limits
Lower UpRer
Algha 0.806 0.322
eta -1.227 2.499
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MODEL : P(N2=1|N1=Xx)

AR o Shen R W e @ W < @ @ -

2ARAMETER COEFPPICIENT
Alpha 0 93&

E
. 0 4
Beta 0.743 8
var{c ]1=0.22 var( 3]=0.6

90% Confidence limits
Lover Upggg
Algha 0. 217 1.
Bea Ve

S
466
0.807
5

MODEL : P(N3=1| N2=X)

PARANETER COE CIENT SE
Alpha -0.152 0.422
Beta 0.284 0.351
Var{, }=0.18 Var(s }=0.12

90% Confidence liaits
Lover pg
llgha -0. 798 0.57€

Beta -0. 384 0.852

MODEL : P(Nﬂ=1lﬂ38x)

PARAMETER COEPFICIENT SE
Alpha 0.595 0.395
varfa )=0.16 Vaz(s }=0. 14

90% Confidence limits
Lover pger
Algha -0. 061 1.251
eta -0.894 0.338
MODEL : P(D1=1| Nu=Xx)

PARANETER COEFFICIENT SE
Lipas S5 R
Varfa ]=0.21 var(s }=0.35

90$LCOnfidenceulinits
oyer

Alpha L 1°B2%

Beta -0.630 1.306
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MODEL : P(D2=1]|D1=x)

PARANETER COEPFICTIENRT SE
Alpha 0.294 0.456
Beta 0.230 0.450

90% Confidence liaits
Lover Upger
Algha -0. 458 1.046
Beta -0.503 0.963
HODBL_: P(E3=1|D2=x)

PARAMETER COEBPF ENT? SBE
Alpha 1.§§SI 0.485
Beta -0.301 0.614
var(, ]=0.24 Var(g j=0.38

90% Confidence limits
Lover Upger
Algha 0.9575 2.181
MCDEL : P(D4=1{D3=x)
pnggugrzn cog?rggzzur 05582
e a L] -
Beta 0.560 0.653
Var{a ]=0.23 var(s8 }=0.43

90% Confidence limits

Lower Upger
Alpha -0. 391 .183
Beta -0.515 1.635
MODEL : P(J1=1|Du=x)
PARANETER COEPPFIC E
Al hz 0.13213NT 0?399
Beta 1.952 0.988
var{ , 1=0.25 Var(g )=1.07
90% Confidence limits
Lover Jpper
Alpha -0. 688 0.952
Beta 0.256 .648
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MODEL : P (J2=1]J1=X)
PARAMETER COEPPICIENT SE
Alpha 0.299 0.445
Beta 1.232 0.801
90% Confidence limits
Alpha -32538 12833
Beka ~0; 030 2:3u4
MODEL : P(J3=1]J2=X)
PARAMETER COEFPPICIENT SE
Alpha -0.045 0.434
Be 0.526 0.402
Varea]=o.19 var(; ]J=0.16
90% Confidence liaits
Lover Upg;r
Algha -0.760 0.670
MODEL ?(Ju=1lJ3=x)
PARAMETER COEFPICIENT SE
Alpha 0.809 0.472
Beta 0.398 0.428
90% COnfidence liamits
Upg er
Algha 0 0 0 1.578
eta -0. 302 1.090
MODEL : P(JP=1{JG=X)
PARANETER COEFFICIENT SE
Alpha 1.525 0.567
Beta -0.137 0.482
var{ 1 ]=0.32 Var[ 8]=0.23
90% gggfidenceugzngts
e
Alpha 5049 2°h4
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HODBL : P(P1=1|J?=x)

PARAHBTEB CORFPICIENT SE
g 9.396 .50
Be 1.162 8 g
var{ 4 }1=0.26 var{ 3)=0.4
90% cConfidence limits
Lover Upger
Algha -0. 480 1.192
a 0. 026 2.298

MODEL : P(F2=1]F1=X)

- P D S WP WD G W AP D T WP D

PARANETER COEPFICIENT
Alpha 0.35

SBE
8 0.491
Beta Q.161 0.454
var( « 1=0.24 var( 81=0.21
90% Confidence limits
Lover prec
klgha 0. 183 1.699
a -0, 591 0.913

MODEL : P(F3=1| F2=X)

PIR HBTER 'cozrrrgrrur SE
eg 0.13 0.444
0.812 0.606
Vaz[alao 20 var( gJ=0.37
90% COnfidence limits
s1phe o T
Beta -olg 86 1.410
MODEL P (PA=1| P3I=X)
PlRiHBTBR COEFFISIENT SE
Alpha 1.8 0.546
Beta 0.272 0.578
var{ «1=0.30 Var[B]=0 33
90% confidence limits
Lover 0p§er
Algha 0.5u7 2.303
Beta ~-0.670 1.214
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MODEL : P{M1=1]| PN=X)

PARAMETER COEFPICIENT SE COEF/SE
Alpha 1.613 0.634 2.545
Beta 0.837 0.940 0.890
Var{ 2]=0.40 var( 3]=0.88

90% Confidence limits

ALphe bousE %R

Beta -0. 701 2.375

SODEL : P(N2=1jH81=Xx)

PARAMETER COEPPICIENT SE COEF;SE
Alpha 1.209 0.535 2.258
Beta 0.083 0.681 0.122
Var( ,1=0.29 Var( 5 }=0.46

QOSLCOnfidenceulilits
ove er
Alpha 50556 27833
Beta -1. 029 1.195
NODEL : P (N3=1|M2=x) |:

PARANMETER COEPFICIENT SE COEFP/SE
Alpha 0.10; 0.467 0.307
Beta 1.37 0.776 1.77a
Var{ a]1=0.22 var{ 3)=0.60

90% Confidence limits
Lover Upgar
llgha -0.626 0.912
Beta 107 2.687

PARANETER COEPFICIENT SE COEg‘SE
Alpha 0.237 0.435 0.546
Beta 0.800 0.694 1.154

90$ngg£idenceulilits

Alpha -G48 RH

Beta -0.336 1.936
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MODEL : P(A1=1| Mu=x)

- - . P APUR D @GP EAP @ WD W W B e -

PARAMETER COE IENT E CQEP/SE

NEH 2§ T8aY ohor S9F543
Beta 0.728 0.466 1.563
var[ 21=0.17 Var[ 8)}=0.22

90% Confidence liaits !
Lowver Upper
Beta -0. 0081 1.497
MODEL : P(A2=1|A1=x)

PARAMETER COEPPICIENT SE COBP4SE
Alpha 0.u38 0.409 1.071
Beta 0.027 0.432 0.062
var{ ,1=0.17 var{ g}=0.19

90X Confidence limits
Lower Upger
ngha -0. 238 1.114
Beta -J,.688 0.742
MODEL : P(A3=1]|A2=x) {

PARANETER COEPPICIENT SE COEP/SE ]
Beta 1.067 0.909 1.173
var(c ]=0.18 Var{ 8)=0.83

90% Confidence linits
Lover Upper
Algha '1.“31 -0. 39
Beta -0.427 2.561
MODEL : P(A8=1|A3=x)

PARANETER COEPPICIENT SE COEF/SE
Alpha - 0.;79 1.002
Beta 31 0.748 0.424
var{ «]=0. 14 var[ 8]=0.56

90% Confidence limits
Lover Upger
Algha -0.234 0.394
Beta -0.910 1.544




MODEL : P(AN=1}AU=x)

PAZABETER COEPPICTENT 85538 c§35§33
a Y . . *Ye
Be ‘6 1982 6.675
Varf =]=0.19 var( 8]=0.89
9OSLgeg§idenccu%§l§ts
A1 . <8°987 0 §
i 28:3% 2:383
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APPENDIX A.
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APPENDIX C. WEEKLY AMOUNT OF RAINFALL
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Figure 44. Weekly rainfall in inches for weeks Ol and 02
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APPENDIX D

EXPONENTIAL DISTRIBUTION

The Exponential Distribution with parameter A has the

form

F(x) 1 - exp(-ix) e 0 < x

0 ' x < 0

It has density function,

f(x) = A exp(-ix)

Suppose X has the exponential density with parameter .

Here are some characteristics of X.

a) The mean : LE(X] = 1/a
b) The variance : V(X] = l/}\2
std. dev [X] : 1/x

(Coef. of variation)2 = 1
c¢) The Median : Xy g5 = 0.693E [X]
d) The Lower Quartile: X .5 = 0.288E[X]
d) The Upper Quartile: x_75 = 1,3B6E[X]
f) The Skewness : 2
The Kurtosis : 6
ALGEBRAIC COMPUTATION OF SKEWNESS AND KURTOSIS FOR EXPONENTIAL
DISTRIBUTION.

Exponential distribution with parameter » = 1.

Density function : £(x) = exp(-x)
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ir? oy A

P

Mean : 1
variance : 1
A. SKEWNESS
E((x-1) 3] 3
Y = e = E[(X-1)7]
1 (1)3/2
elx-DH = [ @bl Fax e Xax =
0 0
= 31 - 3x2! + 3x1£ - lxol
\0 B 2

B. KURTOSIS

= elix-14Y -3

T2

grx-1nt = ojw(x~l)4e-xdx: again Ofmxke-xdx
o 4 - axd o+ exy - axt o+ 10
= 9

D) = 9-3 = 6
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SAMPLE PROPERTIES OF SKEWNESS AND KURTOSIS

Cramer [Ref. 6] gives a discussion of mean and variances

of the skewness and kurtosis for sampling. 1In general, the

atrm i o s

mean of 9, and g, are:
Blgyl = vy » Elg,] = v,

and the variances are: i

2 3 2 2 2 5
_ 4u2u6-12u2u3u5-24u2u4+9u3u4+35u2u3+36u2
var Igl] = g
4 XxXn X Mo
2 2 3 22 2 32
ugg=dugh gue=Buou quatdu ot LlOu U g +16uu'y
Var[gzl =

n x ug
When the parent population is exponential,

1332

N
[ ]
w

Var[gl] = Var[gzl =

w0
ol
e

for the computation.

In general for the exponential distribution with density
function f£(x) = e *, the kth moment; M = / xke-xdx = k!
0
So, by using this formula and putting it in the egquations of

variance:

N

varlg,] = 22,  varlg,] = &
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ESTIMATED AND SIMULATED VALUES FOR SKEWNESS

Table 22:

SAME SAMPLE SIZES.

AND KURTOSIS POR

SINULATED ESTIN. SINMULATED

ESTIN.

OF YEARS
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