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ÀBSTRÀCT

The main content of this report deals witn the

methodology of daily rainfall generation by statistical

modeling. Rainfall data for this study hrere taken from the

record of the Pemali- Comal Ïrrigation Project in Central

Java.

In water resources planning, rainfall is an important

variable; it is used in determining water balance'

in management of surface water resources and in river flow

forcasting. Many studies of generating daily rainfal-I have

been done successfully in other parts of the world' Hovlever'

no such study rainfall generation has been done for central

Java.

The writer hopes that this study wiII contribute to

hydrological science in Indonesia'
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CHAPTER I

INTRODUCTION

]-. ]- BACKGROUND OF THE STUDY.

Long records of rainfall and fl-ow data are reguired in

water resources ptanning. For examPle, flow and rainfall

data are needed to prepare an efficient plan for irrigation

oper:ations in the study area on Central Java.

Synthetic flow data are reçluired to extend the available

data, because the existing records are too short. Two types

of model are conmonly used to obtain synthetic flow data.

These are statistical models such as the Thomas Fiering

Model that can generate rainfall or flow data directly, and

deterministic rainfall runoff models such as the Tank Mode1

or the Stanford Watershed Model, that can be used to convert

rainfal-1 data into stream flow data. Synthetic daily

rainfall data are needed as an input to the rainfall--runoff

model. The rainfall data is also needed to model water

management in the irrigation area.

The availabte record of daily rainfall stations in the

area of the Pemali Coma1 Irrigation Project is more than 20

years. However it is still not long enough for longterm

water resources planning, because we have to take into

account the frequency of occurrence of droughts. AIso several



parts of this area have not enough rainfall data, because

there is a new or no rainfalL gauging station. Based on the

reguirements of rainfall data, this rainfall study describes

two major activities :

- The first activity is extending the rainfall record using

Markov Chain Sinulation Model.

- The second activity is estimating the rainfall for

areas without a rainfall station or areas that only have a

short period of rainfall record.

L.2. THE ORTECTIVE AND THE PROGRAM OF THE STUDY :

L.2.1. The objective of the studY.

The main objective of the study is generating

the daily point rainfall, for input into planning

ofanirrigationoperationorasinputintoa
rainfall runoff model. It can be stated as

follows :

a.Toextenddailyrainfa]-Idatarecordatgaged
site.

b.Toestimatedailyrainfallatungagedsite,
using data from surrounding stations'

1.2.2. The Program of the studY.

Theprogramofgeneratingrainfalldata,usinga
Markov chain Model consist of the several steps:

a. The first step is deternining the rainfall

occurrence on the first day of generation'



b. The second step is generating the daily

rainfall occurrence base on the Markov Chai-n

transition matrix.

The third step is generating the daily

rainfall depth.

The last step is performing the necessary

statistical tests.

c.

d.

]-.3. GENERÀL DESCRIPTION OF THE STUDY AREA.

The study area is the Pema}i - Comal Irrigation Project

area. It is located ín the North West part of CenÈra1 Java.
oo

The study area lies between 6.7 and 7.3 south latitude and
oo

l-09 to 1l-O east longitude. Due to the tine available for

the study, only l-O stations from more than l-00 stations v¡ere

chosen, for this study. To represent the rainfall pattern in

the study area adeguately, the stations !Ùere chosen to

include stations in mountainous areas, stations at

intermediate levels and station in the coastal plains. The

location of the l-0 stations are shown in Figure 1 and the

list of the stations are listed in Table I.l-.

1,.4. DATÀ SOURCES.

The rainfall data for the study are taken from the

record of Pernali - Comal Irrigation Project. The daity

rainfall data has about 25 to 27 years of observations' and

they are measured at daily gauging stations. The locations of
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aII available gaugÍng stations are shown on Figure 2. It was

taken from the Penali-Comal Irrigation Project. The

topographic map is shown in Figure 3 with a- scale of

1 : l_, ooo, ooo. It was obtained from the central Java

Irrigation Design Unit. OnIy one ¡neteorological station is

located in the study area, that is the Tega1 meteorological

station.
Table I. l-

RÀIN GÀUGE ELEVATIONS

STATIO
ETEVATTON !

(above sea level-) !MEAN
(m)

ANNUAL
(nm)

RAINFÀLL!
ETEVATTON

01

o2

o3

o4

o5

06

o7

o8

o9

l-0

LOSÀRI

I,ARÀNGAN

BREBES

TEGAL

PANGKAH

PROCOT

BUMIJAWA

BUMIAYU

PETUGURÀN

BANDAR

+3
+23
+3
+25
+36
+ 40

+ 946

+ ]-52

+ 243

+ 408

L55l-

2084

l_689

l-588

2094

1893

4253

2624

4250

427 6

]-.5. GEOGRAPHICÀL AND

The approximate
2

about 41600 Kn and

METEOROLOGICAL DESCRTPTION.

total surface area of the study area

it. is located in the north west

}S

of



Central Java. The climate of the study area is classj-fied as

tropical monsoon. The dry season occurs during Àpril
October and the wet season occurs during Novernber - March.

The mean annual rainfall is Lt75O mm and the mean annual
o

temperature is around 30 C in the coastal plain, and between
oo

Lo 20 c in the mountainous areas.
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CHAPTER II

METHODOIOGY OF GENERATTNG DAILY RÀTNFALL DATA

2.I. RÀTNFALL OCCURRENCE.

There are two steps in the generation of daily rainfall
data. The first step generates the daily rainfall
occurrence. This is followed by the generation of the

rainfatl depth. This section describes the simulation of

rainfall occurrence. À Markov Chain simulation model- that
has been widely used to simulate daily rainfall occurrence is
adopted. Studies of daily rainfall occurrence at TeI Aviv

by K.R. Gabriel and J.Nehtmann, (L952) and Markov Chain Model

of daily rainfall by C.T. Haan, D.M. Allen and J.O. Street

(L976) found that the Markov Chain Sinulation Model gave

good results for estinating daily rainfall occurrence.

2.L.L. Description of the Markov Chain Model.

The basic assumption of the Markov Chain Mode1

is that the probabitity of rainfall on any day

depends only on tthether or not it rained on the

preceding days (Chin tt977).
In the first order Markov Chain Model, the

probabitity of rainfall is only dependent upon

the previous day. For the second order or higher

order of Markov Chains Model, the probability of
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rainfall occurrence is also influenced or

dependent upon the condition of the previous two

days or more. The Markov Chain Model Ís a simple

model for the analysis of the probability
of rainfall occurrence but we have to choose a

proper order of the model which fits the

characteristics of observed rainfalI. Recorded

rainfall data for each station l¡ere divided into
twel-ve nonth seç[uences, because the charac-

teristics of the datarin each month are different.
In the Markov Chain Model the conditional

probabilities can be arranged as a transition
matrix shown below.

The matrix :

l-
I v-wet

X-dry

Y-dry

Where :

X-wet is the probability of a wet day

occurring when the previous day is a wet day.

X-dry is the probabiliÈy of a dry day

occurring when the previous day is a wet day.

X-drY : l- (X-wet) '
Y-wet is the probability of a wet day occuring

when the previous daY is a drY day.
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Y-dry is the probabilitY of
occurring when the previous daY is
Y-drY : L (Y-wet).

dry dry
a dry day.

2.I.2. Probability of rainfall occurrence on the

initial day

Before the procedure of generating wet days

and dry days can be started, the condition on the

initial day of the series should be determined-

To provid.e the possibility of generating

discontinuous series the probability of a

rainfall occurrence on the first day of each

month vtas determined. This was based on the

observed number of rainy days within a particular

range of time for which was chosen a period of

six days around the first of the rnonth. The

probability that it will rain on the first day of

the month is equal to the total number of rainy

days in the range devided by total days within

this range. For example, the probability of

rainfall occurrence for the first' February is,

total rainy days between January 29, to February

3 divided by number of days from January 29,

to February 3 (6 daYs).

2.2. RAINFALL DEPTH GENERÀTION.

The depth of rainfalL on a wet day can be generated,
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after the daily occurrence has been established. The

distribution and the relationship of the rainfall depth data

are checked, before the process of generation can be

conducted. The data were transfonned into a normal

distribution using a logarithrnic transformation. It was

found from the Anderson's test and the scatter diagrarns that

the transformed rainfall depth data on successive days are

serially independent. A simple Monte Carlo Technigue can

be used ethen the data is normally distributed and serially

independent.

2.2.1. Normal ízíng Transformations.

The logarithmic transformation is one of the

cotnmon transformation methods. It transforms a

Lognormal Distribution into a Normal

Distribution. The transformation formula is :

{. = Log (X.).
l_f

Another commonly used transformation is the power

transformation;

ii
Power transformations used for rainfall data are

the square root and the cube root

transformations. If the distribution of data is a

ganma distribution, the square root will produce

a normal distribution.
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The transformation formula as follow :

0.5
Y. : (x.)
r- r- th

Rainfatl study by Buishand (L978) and the n

root distribution of prepicipitations done by

C.K. stidd (L97o) are two examples of the

applications of the cube root transformation for

normalizing daily rainfall data. For this study,

the logarithmic was chosen, and it is explained

in ChaPter III.
2.2.2. Generation Procedure-

Since transformed rainfall data are serially

independent and normally distributed, a simple

generation algorithm is used in this study' The

general formulation of this technigue is as

foLlows (Haan, L986):

Y=fi+C*RnivY
where :

Y is rainfall dePth = log (X )
ii

lr
g

is mean of rainfall dePth data.

Rn

is standard deviation of rainfall depth

data.

is normal random nurnber, with mean =

and standard deviation = l-.
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CHÀPTER III

GENERÀTION MODEL

Components of the generation rnodels must be estimated

from observed data. The following steps are required

1. Obtain the transition matrix of probabilities that is

to be used to generate rainfall occurrences'

2. Determine the probability of rainfall on the initial

day of generation.

3. Determine the degree of correlation of rainfall depths

on successive daYs.

4. Determine the probability distribution of the rainfall

depth.

5. Determine the parameters of the transformed rainfall

depth distribution.
AlI of these wiII be explained in the following section'

3.]-. THE ESTIMÀTION OF TRÀNSITION MATRIX.

SeveraL levels of the Markov Chain Model can be used in

the rainfall study, but for this study only first order and

second order Markov Chain Models were considered' The first

and the second order transition matrices are calculated and

explained in this Chapter. But, for the rainfall generation

the first order transition matrix was chosen, because the

second order matrix did not give a significant improvement

L4
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as v¡iII be explained in 3. l-. 3 .

3.l-.L. First - order transition matrix.
Às mentioned before, each station -has twelve

transition matrices, one for each month. To

calculate the conditional probabilities in that
¡natrices, the number of wet and dry days

following wet or dry days has been counted for
the period of record for each station. The

general procedure of calculating the conditional
probability matrix is as follow :

Prob.(wetlwet) : ]r[ (wet/wet) :(( N (wetlwet) +

N (wetrzdrY) )

Prob. (wetldry) : |i[ (wetldry) : { (N (wetlwet) +

N (wetldry) )

Prob. (drylwet) = }I (drylwet) : { (N (dry/weL) +

N (dryldry) )

Prob. (dryldry) : lir (dryldry) : { (N (dry/dty) +

N (dryldry) )

Where :

Probability (wetlwet) = a probability of wet

day will be followed bY a wet daY.

- Probability (weE/dry) = a probability of wet

day will be followed bY a drY daY.

- Probability (drylwet) = a probability of dry

day will be followed by a wet daY.
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ProbabilitY
day will be

N (wetlwet) =

by a wet day.

N (wetldry) =

by a dry day.

N (drylwet) :

by a wet day.

N (dry/dry) :

by a dry day.

(dryldry) = a

followed by a

Tota1 number

Total number

Total number

probability of dry

dry day.

of wet days followed

of wet days followed

of dry days followed

Total number of dry days followed

Station Procot was chosen as an example of the

calculation of the transition matrix. The matrix

of the numbers of rainfall occurrences for the

first order Markov Chain is shown in Table

III. l- and the conditional probabilities of

rainfall occurrences can be seen in Table TII.2.
The result for other stations are attached in
Appendix B.

3.L.2. Second - order transition matrix.
The procedure of calculation is similar to the

calculation of the first order Markov Chain

Model. Rainfa1l occurrence in the second order

Markov Chain is not only dependent upon the

previous day but also dependent upon the

condition of the day before. The results for the
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station Procot are shown in Table III.3 and

Table III.4. Each column in
seç[uences of occurrence e.9-

Iist of the numbering is found

tables represent a

L = weE/wet/wet,. A

in Table fII.5.

Table ïII.L

RAINFÀLL OCCURRENCES FOR THE FIRST - ORDER MARKOV CHAIN.

I

PROCOT

January
February
March
ApriI
May
June
July
August
Septernber
October
November
December

brET/wET

( DAYS )

262
254
L74
l_0L

6t
L9
2L
28
23
3l-
90

t-8 3

wEl/DRY

( DAYS )

t57
140
152
L28
1L3

78
56
37
46
73

L36
L27

L51
1-37
1-46
]-29
1-L2

73
54
40
45
79

L34
L3 r.

DRY/wET

( DAYS )

DRY/DRY

( pAYS )

2),O
L78
308
396
494
584
649
675
640
597
452
309
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Table lIL.2.

ÎRÀNSITION MÀTRIX OF RÀIN PROBABILITY

FOR FIRST - ORDER MÀRKOV CHAIN.

I

wET/WET wET/DRY DRY/WET DRY/DRY

o .58L7 2
0. 56508
0.67841
o.75429
0.81-5L8
0. 88889
o.92319
0.94406
0.93431-
0.88314
o.77L33
o .7 0227

I

I

I

I

I

PROCOT

January
February
March
April
May
June
JuIy
Àugust
September
October
November
December

0.62530
o.64467
o .5337 4
0.44L05
0.35057
0. 1-9588
o.27273
o.43077
0.33333
0.29808
0.39823
0.59032

o.37470
0.35533
o.46626
0.55895
o.64943
0.804L2
o.72727
o.56923
o.66667
o.7 0]-92
o.60177
0.40968

0 . 4l_828
o.43492
o.32L59
o .2457 L
0. t_8482
0. t_1-1"1_l_

0.0768L
o. 05594
0. 06569
0. t_t-686
o.22867
o.29773

I

I

I

I

I

RAINFALL OCCURRENCE

Tab1e fII.3

USING SECOND - ORDER MÀRKOV CHAIN

a. l'7
I

t-
I

I

!8
I

t-
I

PROCOT

January
February
March
April
May
June
July
Àugust
Septernber
October
November
December

L73
L64

98
49
2L

4
5

13
L2
10
34

l_l_6

84
85
75
48
39
L5
L5
L4
l_ l-
L8
49
6l_

79
6L
89
83
8l_
59
43
3L
37
54
87
77

80
79
70
5L
38
L4
l_5
L4
LL
2t
54
64

67
52
73
74
69
57
38
22
32
54
80
62

75
59
83
82
82
55
40
30
37
60
89
84

L23
lLl_
2]-r
300
396
508
586
625
581
520
348
2L6

73
70
55
4L
28
t-6
l2

5
7

L7
43
45

I

I

I

I
I

I

I

I

I
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Table III.4.

TRÀ.NSITTON MÀTRIX OF RÀIN PROBABILITY

FOR. SECOND - ORDER I'ÍÀRKOV CHAÏN

I
I

I

I

I

| *l
l1

!¡-

! 0.,673 ! 0. 326 ! 0.480 ! 0.51-9 ! 0. 544
! o. 658 ! 0. 341-! 0. 53 4lO. 465 ! 0. 603
! 0.566 ! O. 43 3 ! O. 381- ! 0. 618 ! O. 498
0.505 ! o.494 ! 0. 3 3 0 ! O. 669 ! 0. 408
0.350 ! 0. 650 !o.256!O.7 43 ! 0.493
o.2x-o t 0.789 ! 0.21-3 ! 0.78 6!O.1.97
o.zso ! 0.7s0 ! 0.21-8 ! 0.781! 0.283
a.,48L! 0.518 ! O.l-38 ! 0.86L ! 0.388
0.52r. ! 0.478 ! O. l-59 ! 0.840 ! 0.25s

! 0.357 !O. 642! 0. 239 ! O. 760 ! O. 280
! 0.409 ! 0.590 ! 0.330 ! 0.669 !O.402
! 0.65s I O.344 ! 0. 368 ! O. 63L ! 0.507

lll

!2!314
rll
l 

- 

l- r 

-

;a

I

I

I

I

I

I

la
I
l-

PROCOT

January
February
March
ApriI
May
June
JuIy
August
September
October
November
December

0.455
0.396
0. 5l-o
o .592
0.506
0. 802

! 0.7r-6
! 0.61r-
1o .7 44
!o.720
! 0.597
!o.492

0.378 ! 0.621
o.347!O.652
o.2821O.717
o.29O ! 0,709
o.L7 L ! 0.828

! 0. 097 ! 0.902
! 0.063 ! 0.936
! 0. 04s ! 0.954
! 0.059 ! 0.940
! o. Lo3 ! 0.896
!o.203!0.796
! 0.280 !o.720

*) see Table Iïï.5
Tab1e III.5

T-
NTJHBER !

!

-!

1l¿

2

3

4

5

6

7

I

veE / wet.

weL / dry.
dry / wet.

dry / dry.
weL / wet.

weL / dry.
dry / wet.

dry / dry.

SEQUENCE OF OCCURRENCE

wet

wet

wet

wet

dry

dry

dry

dry
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3.L.3. Sel-ection of the order of the Markov Chain Model-

A statistical test was used to choose which

order of Markov Chain will be used in this study.

The results of the test can be seen in Table

III.6a and Tab1e fII.6b. In this test the null
hypothesis is that the probability of rain is not

influenced by the condition of the day before the

previous day. This hypothesis is tested with a

confidence level of 0.95. , and the hypothesis is
accePted.

3.2. PROBABILITY OF RÀINFALL OCCURRENCE ON THE INIÎIAL DAY.

The nethod for obtaining probability of rain occurring

on the first day of the month , has been explained in the

Chapter fI. A six days range is used for calculating the

freguency of rainfall occurrence from the record, that is

three days in the previous rnonth and three days in the month

itself. Since the probability of rainfall maybe assumed

constant over this period, the probability of rain is egual

to the number of raíny days divided by six days. The

probabilitÍes of rainfall occurrence in the first day for

stations Bandar, Procot and Burnijawa are listed in Tab1e

rfl.7.
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3.3. THE REI,ATIONSHIP OF THE RAINFALL DEPTH IN SUCCESSIVE

DAYS.

The relationship between rainfall depths on -successive

days was analyzed using coefficient correlation, and

apptying Anderson's test of significance for the serial-

correlation coef f icient (C.T. Haan,l-986) . The relations are

graphically presented as scatter diagram. The following

relationship lvere analyzed :

a. The relationship between the rainfall depth on the

first day and the second day for any two days of rain or

more of successive rain daYs.

b. The relationship between the rainfall depths on the

first day and the second day for any three days or more

successive rain daYs.

c. The relationship between the rainfall depth on the

second day and the third day for any three days or more

successive rain days.

It was concluded, that at the 95 Z confidence level, the

correlation coefficients are not significantly different from

Zero. Therefore,the rainfall depths are treated as

independent events. Table III.8, Tab1e III.9 and Table

III.t-O shohr that the values of correlation coefficient for

stations Bandar, Procot and Bumijawa are very sma}I. The

scatter diagrams also support this conclusion, because the

data are scattered at random on the graph. The result of the
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dependency test are shown in Tab1e III.ll- and the scatter

diagrams for station Procot can be seen in Àppendix C.

3.4. MODEL FOR GENERÀTING RAINFALL DEPÎHS.

Since the rainfalt depths are independent ' a

sinple random number generation can be used to generate the

rainfall depth once the distribution type and its parameters

have been deternined (Zekaisen, L978). It was found that the

rainfal-I depths are not nornally distributed, thus it is

preferabl-e to transform the data. So as to achieve nornality

,the Logarithrnic, the square root and the cube root

transformation were tried to transform the data record. The

Kolmogorov Smirnov's and the coefficient of skewness vtere

used to test the normality of transformed data, and it was

found that the lognormal transformation is the best. the

explanation of the adeguacy test is found in Àppendix D.

3.5. PARÄMETERS FOR RATNFALL DEPTH MODEL.

From the previous test, is shown that the transformed

variables are independent and normally distributed'

Therefore, the required parameters for rainfall depth model

are the mean and the standard deviation of the transformed

variable data from record. These data are shown in

Table III. l-2.
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Table III.7

THE PROBABTLITY OF R.AINFÀLL OCCURRENCE IN THE FTRST DÀY.

MONTH
BÀNDAR PROCOT BUMTJÀWA

JANUARY

FEBRUARY

MARCH

ÀPRIL

MÀY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

o.7 64

0.81_4

o.827

o.647

0.57L

o.327

0.31_4

o.2l_8

o.250

0.3L3

0.480

0. 593

o.422

o. 500

0.473

0.333

0.267

0.200

0. 100

0. l-00

0.080

0.080

0.21-0

0.341_

0. 654

0.882

o.771

o.7 47

0.599

o .432

o.32L

o. t_85

o.272

o.290

o .6L7

0. 641-
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TAbIE III.8

CORREIÀTION COEFFICIENT BETWEEN FIRST AND SECOND DAY

RÀINFALL FROM TWO-DAY RÀINFÀLLS OR I.ONGER

MONTH
BANDAR PROCOT BUMTJAWÀ

JANUARY

FEBRUARY

MÀRCH

ÀPRÏL

MÀY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

0.07861_9

0.007365

0 . 0l_852 6

0.01_6823

o . 0024l-4

0.000350

o . o27 460

o.L7 0l-04

0.103235

0. 08752 1

o . oo2L23

o . oo4524

0 . 024 L03

0. 028290

o.l-1-83290

0. 038798

_*)

_*)

o.Lo4265
_*)

o.023567

0 . 04131-0

0.004451-

0.008326

0 . 0584 64

0.00091_7

o. oo22L7

0 . 0L003 3

o . or44L2

0. 000065

0.000152

0.l-558L6

0.000028

0.0L6532

0 . 00004 3

o.oo2323

*) Insufficient data.
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CORREI,ATION

RÀINFALL

Table III.9

COEFFICIENT BETWEEN FIRST ÀND SECOND DÀY

FROM THE THREE-DAY RÀTNFALLS OR IONGER

BANDÀR PROCOT BUMIJÀWÀ
MONlH

JANUARY

FEBRUARY

MÀRCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

0.1,19251

0.0075L1

o . o47 287

o.Lo6247

0. 009874

o.t23405

0. 000045

0.060L77

o.243996

o.03477r

0.046505

0.0051-l-L

0 . 03 01-54

0.02 492r

0.l-35Ll-3

0. 068862

0.438831-

_*)

_*)

_*)

_*)

_*)

o.oL5296

0. 02 0295

0. 058563

0.000025

0.009993

0.01-3376

0.003206

o. 000006

o.oo2424

0.309L25

0.000000

0.009948

0.011-444

0.009850

*) Insufficient data.
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CORREI"ATION

RÀINFALL

Tabl-e IIï.l-0

COEFFICIENT BETWEEN

FROM THE THREE-DAY

SECOND ÀND THIRD DAY

RAINFALLS OR IONGER

MONTH
BANDAR PROCOT BUMIJAWA

JANUÀRY

FEBRUARY

IIÍARCH

APRIL

MÀY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

0. L62589

0 . 0063l-6

0.003739

o.225837

0 . 02 21-28

0.008957

0 . l-3 2939

o.o59449

o.225961,

0.008271-

0.1-3L872

0.008399

o . oo2248

o.066275

0.069378

0.0031-L2

o .02457 0
*)

*)

*)

*)

*)

0.003390

0.004946

0.003892

0.00L644

o.o59L77

0.008408

0.000254

0 . 05559l-

o . oo2347

o.05L366

0. 000393

0 . 0003 L3

0.005402

0.000921-

*) Insufficient data.
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ÀCCEPTANCE LIÌ4ITS

Takrle III. Ll-

FOR THE HYPOTHESIS OF INDEPENDENCY

THREE-DÀY RÀINFALLS

MONTH
FIRST
SECOND

SECOND &

THIRD DAY
&!
DAY !

I

IOWER
LIMIT

UPPER
LIMIT

I

! PROCOT
l-

December

BANDÀR

JanuarY

0.030L54
0.02 4921,
o. 1351-L3
0.068862
0.43883L

0.0r-5296
0. 02 0295

o . oo2248
o.066275
0. 058278
0 . 003l-12
o. 02457 0

0.006690
0.004946

0.20050
o.27237
o.32262
0.443L8
o .62504

o. d6ozg
o.33544

0.28840
o.24326
o.24873
o.2398L
o.29440
o .43332
o.42407
0.65436
o.39944
o.34486
o .2827 5
0.2398L

o.243690
o.237890
o.27 5002
o.356226
0.458382

o. ¡eiogo
o.27 41-60

o.249946
0. 1-25489
o.2L97 47
o .2L27 87
o.254400
o.349992
o.344079
o.42755L
o. 328016
o.290810
o.245722
o.2L2797

I

I

I

I

I
!January
! February
!March
! Àpril
!May
!June
! July
!Àugust
! September
! October
!November

! FebruarY
!March
! Àpri1
!May
!June
! July
!August
! September
! October
!November
! December
I

0. 1l-9251
0.00751-1
0.047287
o.Lo6247
0.009874
o.L23405
0.000045
0. 060L77
o.243996
o.03477L
0. 046505
0. 00511L

0 . L62 589
0 . 0063l-6
0.003739
o.225837
o.o22L28
0. 008957
o . 13 2939
o.o59449
o.225960
0 . 00827 1
0.L3L872
0.008399

I

I

I

I
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THREE-DÀY RÀINFALLS

MONTH ! T
! FIRST &

! SECOND DAY

r
SECOND &
THIRD DÀY

I,OWER
LIMIT

UPPER
LIMIT

I

I

I

I

I

I

!

-t

BUMTJÀWA !
!

!JanuarY !
!February !
!March
! À,pril
!May
!June
!JuIy

0. 058563
0.000025
0. 009993
o .01227 6
0.003206
0. 000006
o . oo2424
o .3r9L25
0. 000000
0.009948
0. 01-l-444
0. 009850

0.003892
o . 002644
o.o59L77
0. 008408
o. 000254
0. 055591-
o . oo2347
0.051-366
0. 000393
0 . 0003l-3
0.005402
0 . 00092 L

0.25870
0.28840
o.24504
0.25063
0.291-35
o.39944
o . 4771-7
0.52000
o .477L7
0.34005
o.24678
o.25457

o .227 453
o.249946
0 . 21-6880
o.22L224
o.252L42
o.3280L6
o.377t72
o.402352
o.377L72
o .287 426
o.218299
o.224273

!August !
! Septenber!
!October !

I

I

I

I
! November
! December

MONTH

FIRST & SECOND DAY

TWO-DAY RÀINFALLS

LOWER
LIMTT

UPPER
LIMÏT

! PROCOT
!-
! January
! FebruarY
!March
! Àpri1
! May
! June
!JuIy
! August

0 . 024 L03
o . 028290
0.l-l-8353
0.038798

o.ro4265

o. ozisaz
0.04L310
0.004451-
0.008326

o.2204L
0.21-41-0
0.23650
0.28840

0.55557

o. oãeoo
o .477L7
o.28275
o .2587 0

o.L97 428
0. 1-92360
0.21-0L85
o.249_946

o.422243

o. ¿eãooo
o.377172
o.245722
o .227 453

! Septernber !
!October !
lNovember !
!December !
I
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MONTH

I

I

I

I

I

I

!-l
!!
! BANDAR !
!- !
!JanuarY
! February
!March
! April
! Malr
!June
! July

FIRST & SECOND DÀY

TWO-DÀY R.A,INFÀLLS

LOWER
LIMIT

I

I

I

IUPPER
LIMIT

o. 0786L9
0.007365
o. t-08526
0 . 01682 3
o . oo24l4
0.000250
o.o27 460
o.t7 0l-04
0. l-03235
o.o87521,
o . oo2L23
0.004524

! November
! Decenber
!
!
! BTTMIJAWA
!-
!January
! February
!March
! ApriI
!May
!June
! July

o.241-52
o.22877
o.21532
0. 19330
o.22041
o.29)-35
0.29L35
0.443L8
0.28840
o.26528
o.20396
0.207L8

o.2L4L25
0.204083
o.l.93342
0 . t-7 5445
o .L97 428
o.256142
o.252L42
o.356226
o.249946
o.232493
0. r-84L58
0.l-86673

o .207 67 8
o.222733
0. L89504
0. L88580
0. L95353
0 . 54 2999
o.27 5002
o.323L49
0.284160
o.215489
0. 1-89504
o.L99572

I

I

I

I

I

I

!August !
! Septenber !
!October !

!August !
! Septenber!
!october !
!November !
lDecember !

0 . 0584 64
0 . 0009l-7
o . oo22L7
0 . 0l-003 3
o . or44L2
0.000065
0.0001-52
0. 15581-6
0. 000028
0. 0l-6532
0.000043
o . oo2323

0.23331
o.25258
0.21055
0.2094L
o.2I782
o.82871,
o.32262
0 . 392l-1
o.22544
o.24326
0.2L055
o.223LO
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PÀRAMETERS OF

FOR

Tah¡Ie III. L2

THE DAILY RÀ,INFALL MODEL

STA,TION PROCOT

OBSERVED
MONTH

MEAN
( Iog. tnm )

*) STANDÀRD DEVIÀTION *)
( tog. tnm )

JANUARY

FEBRUARY

MÀRCH

APRÏL

MÀY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2 .6306

2.6523

2.5258

2.237 4

2 . r_853

2.3840

2 .2223

2 .61-66

2.1-022

2.2034

2.2877

2.4736

l_.0961-

l_.0093

t_. L109

1. 0848

0.99i-6

l_.0348

l-.0491

l_. 0858

o.9795

l-.0533

t. o47 r
L. O4L2

The mean and

rainfall dePth

the standard

data

deviation from transformed*)
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CHÀPTER IV

PROCESS OF GENERÀÎING DATLY RÀINFALL

The process of generating of daily rainfall data will be

explained in this chapter. As mentioned before, the initial

step of the process is generating the rainfall occurrence for

the first day of the month. The next step is detennining

for each day in the series whether there is rainfall or not,

using the appropriate transition matrix. The third step is

the rainfall depth catculation for each rainy day. Finally

the total rainfall for each month is calculated' This is the

synthetic monthlY rainfall'

4.L. RÀINFALL OCCURRENCE FOR THE FIRST DAY OF GENERATION'

Theprocessofthefirststepofdailyrainfall
generation is as follows :

a. Generate a uniformly distributed random number between

0 and l-.

compare this number to the probabitity of a rainfall

occurrence on that day. This probability value is

obtained frorn the table of probabilities rainfall

occurrence.

Ifitishigherthantheva]ueofprobabilityof
rainfall, then the result of the generation is a dry

day -

b.

c.

33
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d.Ifthenumberislessthanthevalueofthe
probability of rainfall then the result of the

generation is a wet daY.

4.2. DÀILY RÀINFALL OCCURRENCE.

The second step is generating rainfall occurrences for

the entire period. The Transition Matrix is used in this

process, and the generating procedure is similar as the

generating Process for the first day rainfall occurrence'

The procedure is as follow :

L. Generate the uniformly distributed random number,

between O and l-.

2. Check whether the previous day is wet or dry :

a. If the previous day is wet, then the prob. (wet/wet)

and Prob. (wet'ldrY) are used'

b. If the previous day is dry, then the prob' (drylwet)

and Prob. (drYldrY) are used'

3. When the Previous daY is wet, and;

a. The random number is higher than the prob. (wet/wet) 
'

this daY is drY-

b. The random number is less than the prob' (wet/wet) 
'

this daY is wet.

4. When the Previous daY is drY, and;

a. The random number is higher than the prob. (drylwet) '
this daY is drY.

b.Therandornnumberislessthantheprob.(dry/wet),
this daY is wet.
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To make clear the generation process, the flow chart of

generation process of daíly rainfall occurrence is shown in

Figure 4.

4.3. THE PROCESS OF GENERÀTING RÀINFÀLL DEPTH.

The last step in generating daity rainfall is the

generation of rainfall dePth.

The procedure of generating is as follows :

a. Generate a normal)-y distribution random number (RN) ' with

mean : O and standard deviation : l-'

b. Determine the rainfall depth using this formulation :

x=;+s*RN

Where :

x : Transformed rainfall variable'
l_

; : The mean of rainfarr variabre, obtained from the

record.

s : The standard deviation of daily rainfall depth

from the record.

RN : The normal variate.
t

c. Then the synthetic daily rainfall ís found by

transforming back the result of the generation.

d. The synthetic monthly rainfall is calculated as the total

of the sYnthetic dailY rainfalls.

L
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CHÀPTER

THE ÀDEQUACY OF THE MODEL

The adeguacy of the modet has tested by comparing the

rainfall- occurrence and parameters of observed data with the

rainfall occurrence and parameters of synthetic data.

5.].. THE COMPÀRISON OF DAILY RÀINFALL OCCURRENCE

The comparison between the synthetic and observed

rainfall occurrence is used to prove the adeguacy of the

model. In the Table V.l can be seen that the synthetic daily

rainfall occurrence for station Procot is very close as the

observed rainfatl occurrences. Thus, the Markov Chain Order

One appears to be an adeguate model for the Pemali Comal

Irrigation area.

5.2. THE COMPARISON BETWEEN SYNTHETIC AND OBSERVED RAINFALL

DEPTH.

50 seçßrences of generation were done for each station,

thus lJe have 50 data of the means and the standard

deviations. The mean of the mean, the mean of the standard

deviation and also the standard deviation of the mean, the

standard deviation of the standard deviation are calculated

based on these data. Then the confidence interval of the

mean and the standard deviation can be calculated using

37
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the chi-square test and Student t test. But, these tests can

be approximated by the normal distribution test, because vte

have 50 data. And the following formula is used for

calculation the confidence interval. (Sa]as et al-. l-985)

;+
syn. syn.

Where

c

U
syn.

S
syn

The confidence intervals for station Procot are shown in

Table Y.2, and the confidence interval for the others station

are l-isted in the Appendix E. The rnean and the standard

deviation are sti1l in logarithnic va]ue, because the

distributj-on of rainfall depth is lognormal distribution'

Às mentioned before, the rnonthly rainfall- is cal-culated

from the total of daily rainfall depth for each month. Thus,

we have (25 or 27 :t 50) of rnonthly rainfall data. Frorn

these data, the mean and standard deviations of synthetic

data r.tas calculated using sinilar procedure as the daily

rainfall . The comparison for station Procot is listed in

Table V.3 and for the other stations are listed in the

Àppendix E. ft can be seen from Table V.3 and Appendix E that

all parameters lie within the confidence linit, thus the

rnodel can be used for extending monthly rainfall data.

: an" standard normal variate of a given significant

leve1 (952 level : L.96)

: the mean of the synthetic parameters.

: the standard deviation of the synthetic parameters.
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Tab1e V. L

COMPARISON OF DAILY

FOR STATION :

RÀINFALL OCCURRENCE

PROCOT.

! WET/WET
!

oNrHt-*ll-*-I
! wET/DRY
!

262!l-54 lr57
l_39 ! l-40254!139!140

L74!r-sl !t52
t0L ! 130 ! ]-28
6r-!r_ls!r-r"3
l-9! 75! 78

I

I

I

I

2rl 54 ! 56
28 ! 39! 37

90!I24!1-3b
183!l-30 lI27

DRY/WET

-I-

! DRY/DRY
!
l---]----

2!1!2
tl
t-t-

January
February
March
Àpril
May
June
July
Àugust
September
October
November
December

l1
I

253
247
L70
10L

6t_
L9
2L
30
23
32
81

1,82

23 ! 45! 46
31! 76! 73

155
140
L49
L30
113

73
54
39
45
78

t26
131

t_51-
L37
t46
L29
r1-2

73
54
40
45
79

t34
t_3 1

2t7
t82
3 1-0
393
49L
587
65r.
672
64L
594
422
307

2to
r78
308
396
494
584
649
675
640
597
452
309

*) L.

2.

Number

Number

of
of

days (Synthetic data)

days (observed data).
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;.
i r,t,t r st.DBJ. ! t'tt ût : sf .w. : nfi$l : 5I'0€\'' I

rl

,-,-,-!:::
i*¡.n¡r : l.¡30Á I t.otút I ?'d2¡2 ! 1.08ó8 ! 0'0535 |

l¡òlr V.2.

surfl[Y 0t Dl¡tY PÁttÍått foR srâlto{ ¡R0cfi

SNí|{T¡C

t.0093 : 2.á137 r.0t(3:0.0(5{Ú{

t.il09 ! ?.5t55 t.0r{( : 0.0ó13

t.08(8: 2.224 ¡ .0æ3 : 0.0t3

0.19r6 : 2.¡7'23 t .0æ9 ! 0.0¡96
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CHÀPTER VI

MODEL FOR UNGAGED SITES

This chapter wiII explain the second activity of the

study, that is point rainfall generation for ungaged site'

From the previous activity, wê have a model for synthetic

point daily rainfaLl generation, this model only can be used

for a gaged site, because the parameters of the model v/ere

calculated from recorded data. The parameters are :

a. The transition matrices of probabilities used in the

Markov Chain Order l- model.

b. The mean and the standard deviation from the

transformed record of rainfall depths'

These parameters al-so will be reguired for ungaged site

model. A regression analysis was used to estimate the model

parameters at an ungaged site. station Pagongan is chosen as

ungaged site in this study, and the recorded data from this

station were used for comparison only. The location of

Pagongan Station and the other surrounding stations is shown

in Figure 5.

l-. Dependent variables.
Dependent variables are the values in the transition

matrices, the mean and the standard deviation of the

42
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rainfall depths for l-2 month in the stations used in the

analysis.

2. Independent variables.
The type of precipitation in the study area is the

tropical monsoon which is influenced by the mountainous,

(orographic precipitation). Therefore the factors that

may affect the rainfall occurrence and depth are :

The elevation of the rainfall stations.
The distance from the sea, this is reflected in the

location of the station.
The location of the stations which respect to the

windward side of the dominating mountain e.g. North

side.

The distance from the sea rltas omj-tÈed because it is highly

correlated with the elevation of stations. Therefore, only

two independent variables are considered, that are elevation

of the surrounding stations and location of the stations

(azimuth). Tab1e VI.L is the list of elevations and azinuth

of stations which have been used in the analysis.

There are two steps in the generation of point daily

rainfalt for the ungaged site. The first step is parameter

estimation using a regression model. The second step is the

rainfall generation using Markov Chain Model.

a.

b.

c.
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This step has been fulty explained in the first section of

the study. Now we only deal with parameters estimation.

Table VI. l-

RÀIN GAUGE AZIMUTH ÀND ELEVATIONS

I

! NO.
I

I

STATION (above sea level)
(m)

IMUTH
Degree )

AZ
(

ELEVATÏON

0l_

o2

o3

o4

05

06

o7

08

09

l-o

LOSARI

I,ÀRÀNGAN

BREBES

TEGÀL

PANGKAH

PROCOT

BTMIJAWA

BUMIAYU

PETUGURAN

PAGONGAN

+3
+23
+3
+25
+ 36

+ 40

+ 946

+ L52

+ 243

+ 4.5

315

3L2

335

348

35L

344

308

t52

345

348

6.1-. ESTII.ÍÀTION OF THE PROBÀBILITY RÀINFALL.

Because of the few data and the magnitude of the

scatter, a linear model was chosen for the regression

analysis.
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The general formula of the model is :

Y :1, + B X +B X
0LL22

Where :

Y are dePendent variabels
The conditional probability of rainfall
occurrence.

The mean of transforned rainfall depth.

The standard deviation of transformed rainfall

depth.

X I X are indePendent variables
12

X is the elevation of station.
1

x is the azimuth of station.
2

The result of the entire analysis is shown in the

Appendix F.l-. An example calculation as follow :

month : JÀNUÀRY

The appropriate model for the prob. (wetlwet) is

Y : 0.59698862 + 0-000289 X
11

a. If independent variables X and X
L2

2

coefficient of nultiple determination (R ) = 0.91-96

*
F (fron calculation)

F (0.95 ì 2,6)

= 1-6.439

: 2.6
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5.06874

t
2

t (0.05 ; 6)

F test is used to test whether or not there is a

relationship between the dependent variable and independent

variables. From the test, it is found that the relationship

between variabÌes are significant. But, from the result of t

test is known that there is no statistically significant

relatíonships between azimuth with the other variables.

b. If independent variable X
L2

t

Coefficient of determination (R )

*
(from calculation)
(0.95 î L, 7)

L

r (0.05 ì 7)

MONTH : JANUARY

I

I

I

Prob.wetlwet 0.91-40 35.523 ! 5.96OLZ !b0=
! bl-=
!

5.961-53 ! b0=
! b1=
!

5 .577 56 ! b0:

F

F

t

: -Q.63249

= 2.447

= 0.91-40

35.523

3.590

5.960L2

l-.895

b0 and bl-

Prob. wetldrY

Prob.dry/weL

35.51-0

3l-. 509

3l, . l-09

I

I

! Prob .dry/drY
I

I

0.9140

0.9035

0.9035
I

I

b1:

5.57756 !b0:
b1=

0.59 6988620
0.000289

0.403055313
-0.000289

o.446398886
0.000238

0.55360
-0.000238

t (7)
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The regression eguations are :

l-. Y = 0.59 698862 + 0.000289 X
l_1

2. Y : 0.403055313 0.000289 X
2l

or Y =L-Y
2L

3. Y : O.446398886 + 0.000238 X

4. Y : 0.55360000 0.000238 X
4I

or Y : l--Y
43

Where : X, : the elevation of station.
ty. : prob. (wetlwet).

y1 : prob. (wetldry) .
z

Y = prob. (dry/wet) .
3

" o 
: prob. (dry/dry) .

From these equati-ons, the estimated values of the

probabilities of rainfal-I together with the 95 Z confidence

limits, are shown in lable VI.z. The results are good because

all estimated and observed values are close and they lie

within the linits.

6.2. ESTTMATION OF MEÀN RAINFÀLL ÀT STÀTTON PAGONGÀN.

The regression formulation was also used for estinating

the mean of the rainfall depth. The summary of best fit

regression eguation is attached in the Àppendix F.2,. But'

from May up to December the relationship between elevation,

azirnuth and the mean of rainfall is very small.
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Thus, the mean

the average of
of rainfall for these month are estimated from

the mean values from surrounding stations.

Tab1e VT.2

COMPARISON BETWEEN ESTTMATED VALUES ÀND OBSERVED

PROBÀBILITY OF RÀIN FOR STATION PÀGONGAN

PROB. OBSERVED PREDICTION !UPPER
!

LIMIT!LOWER LIMIT
!

! ApriI
!May
! June
! July
!August

! WET/WET
!
!January
! February
!March

I

I

I

I

I

I seþtenber!
!October !
November
December

wET/DRY

0.5667506
0. 6302083
0.5545L7L
o.364077 6
0.3390800
o.2626262
o.3297872
o.3529 LL
0. 3055555
o.2444400
o.3783783
o.4964028

0.4332493
o.36979L7
o .4454829
0 . 63 59224
0. 66091-96
o.7373738
o.6702)-28
0. 6470589
o .6944445
0.7555556
o .62t62)-7
0.5035972

0.598289L
0 . 59863 0
o.544L97
0.451089
o.364272
0.303963
0.305680
o.28463:l-
o.252240
o.240906
0.381-401
0 . 58 5693

0.401-8549
0.398659
0.455802
0.54891-0
0. 6388r-4
0 . 69603 0
0.694319
o.7L5367
o.7 47856
0.759093
0. 618598
0.41-4305

o.7 05669
0.7060L1_
0. 651,578
o.702920
0. s34056
o.5L8724
o.475464
0.558400
o.5]-0772
o.248701,
0.491639
0.693074

0.509L35
o . 50604 0
0 . 563 L82
0.800740
0.808598
0.910798
0.8641-03
0.989L36

1
0. 766888
o.728837
o.52L680

0.490908
o.49t249
0.43 68L7
o.L99259
0. l_94488
o.089201-
0.l_35896
0.0L0863

0
o .23 3 L1-1
o.27L1-62
o . 47 B3L2

o.294373
o .29),27 8
o.34842L
o .297 07 9
0.469030
0.48L275
o.524535
o .44 t-599
o.489324
o.75L298
0.508360
0.306925

I

I

I

I

I

I

I

I

I

! January
! February
!March
! ApriI
!May
! June
!JuIy
!Àugust
! Septernber
! October
! November
! December
I

I

I

I

I
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PREDICTION IUPPER
I

LIMIT!LOWER LTMIT

!January
! February
!March
! Àpri1
!May
! June
!July
!Àugust
! September
! October
!November

DRY/WET

December

DRY/DRY

December

o.441,2532
o.446L538
0.3050180
o.23590L4
o.]-782178
0 . L1603 05
0 . 093 2944
0.0548696
o.070381-2
o.L202898
0.2038664
o.3044397

o.5587 467
o. 553 8462
o .6949892
o.7 645986
o.82L7822
0.8839695
0.9067056
o.9451_304
o.92961-88
o .879471,O
o . 7966L3 3
0.6955603

o.457L080
o.4216648
0.35445L
o.284s7L
0.205314
o. 196070
0.087075
o. 058060
0. 067584
o . L27 099
o.2L41-28
o.295727

0.543250
o .57 7 020
o.648284
o.7178L2
0.794683
0.880392
o.91,2924
o.94L1L3
0.931902
0.863086
o.783909
o .7 0427 2

o.523399
0 . 52 9029
0.485965
0.43643L
o.28L244
0. L43618
0.094668
o. 065653
0 . 07 5892
o. l_34894
0. 390392
o .42724L

o.37 L540
o.314267
o.222936
o . ]-327 L2
o . L29384
0.095596
o.079482
0.050467
0.060302
0.l-l-9304
0.04]-787
o.r642L3

o.466961
0.469639
o .51-67 7 0
0. 565953
0.7L8755
0.879633
0.90533L
0.335200
o.924rO7
0 . 8554 91-
0.609607
o.572758

! January
! February
!March
! Àpril
! May
! June
! July
!August
! Septernber
! October
! November

o . 6l-882 0
0.684401
o.779799
0.869672
0. 87 06L4
0.88L1-51-
o.920517
o .9487 06
0.939697
0.870880
o.9582L2
0.835787

I

I

I

I
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An exampte of the calculation for January is as follow

MONTH : JÀNUARY

The regression analysis for the mean rainfall'

Model : Y
0l-L22

Dependent variable (Y) = the mean of the transformed

rainfall dePth-

Independent variables ,*r) : the elevation of station.
(X ) : the azimuth of station'

2

a. If independent variables X and X
l-2

2

coefficient of nultiple determination (R ) = o.8234.
*

F (fron catculation) : 6'3L7

F (0.95 ì 2t 6) = 5'14

t : 3 '49963
1

t : 0'796L8
2

t (0.05 i 7) = 2'447

There is significant relationship between variables of the

model, it can be seen from the result of F test. But, it

is found from t test that there is no relation ships

between azimuth and the other variables'
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b. If independent variable X
l_2

Coefficient of deter¡nination (R
*

F ( frorn calculation) =

F (0.95 ì Lt 7) =

t=

) = 0.8025

L2.663

3.59

3 .55853
t-

t (0.05 ì 7) = L.895

Hence, the appropriate model is :

Y = 2.424423469 + 0.00479 X
t_

From this equations, the estimated values of probability

rainfall with confidence level 0.95' are shown in Table VI.3.

The result are good, because all estimated values and

observed are close and they lie within the confidence linit.

6.3. ESTTMATTON OF THE STANDÀRD DEVIATION OF RÀINFALL FOR

STATION PÀGONGAN.

The regression for¡nulations have been tried for

estinating the standard deviation of the rainfall depth.

However, it Ir¡as found no relationship between the standard

deviations, elevation of the stations and the azinuth.

Confirmed by Tab1e VI.4 which shown that the observed

standard deviation are within 95 Z confidence limit' if the

true value is assumed from the average of standard deviation

tranformed rainfall depth surrounding stations. The

predictions are shown in Table VI.4 and the statistical

test of the estination of the standard deviation is attached

in Appendix F.3.
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MONTH

Table VI.3

PREDICTION OF THE MEAN RÀÏNFALL

FOR STÀTION PAGONGAN

OBSERVED PREDICTION !UPPER LIMIT I.OWER LIMIT

!January
! February
!March
! April
! May
! June
! July
!August
September
october
November
December

2.64721,L
2 .60921-9
2 .638995
2.364087
2.2861-L5
2 .33 6055
2 . 18837 5
2.389680
2.LO3052
2.264422
2 .354212
2.598r_85

2 .42657 8
2.6045L3
2.358005
2.L79857
2.237840
2.2347 44
2. L38633
2.315230
2.LL9511,
2.244000
2.342980
2.451,530

2.738607
2.9t6541
2.670034
2.49_1886

2.1L4550
2.292484
2. O45977
1-.867 829

Table VI.4

PREDICTION OF THE STANDARD DEVIATION

FOR STATION PAGONGÀN

MONTH OBSERVED MEAN OF OBSERVED!
I

January
February
March
Àpri1
May
June
JuIy
August
Septernber
October
November
December

1. 0759960
t-.0696350
L. ol-05580
r.. 027551-0
l-.107841-0
1-.20L26l.0
1.0433780
t-.0987090
r. 026917 0
o.9295019
o.9486325
o.967 4738

L. r.398
l. Lo42
l.t2r7
1_ . r-4 59
l_. l-380
L.1-487
1-. L73L
L. 1-866
L. 0560
t-. 1l-89
l-. 1-0L7
r. L37 4
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Àfter the estimat j-on of the transition probabil-ity

matrices, mean and standard deviation are finished, tÌre next

step is the procedure of generation rainfall it self. It can

follow the procedure explained previously.
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CHÀPTER VII

CONCLUSION ÀND RECOMMENDATION

7.L. CONCLUSIONS OF THE STUDY.

In general, the conclusion of the study is that the

synthetic daily and nonthly rainfall have similar

characteristic aS the observed. In detail, several

conclusions can be drawn as follows :

The first order Markov Chain was applied in this study

and the result is good.

The first and the second order transition matrix of Markov

Chains vJere compared, that the second order rnatrix does

provide a significant improvement

The rainfall depths on rainy days are serially independent

and lognormallY distributed-
The synthetic daily and monthly rainfall have a similar

statistical characteristic as the observed rainfall'

Therefore, the sum of daily rainfall can also be used to

calculate the weekly rainfalls for irrigation nanagement

purposes.

Regression analysis can be used to estimate the model

parameters at an ungaged site. station Pagongan has used

as ungaged site and the prediction parameters for station

pagongan are reasonably close to the observed ones.

L.

2.

3.

4.

5.

55
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6. The last conclusion is that the rainfall generation is

very useful for planning a water resources management.

7.2. RECOMMENDATION

There are two recommendations for further study.

l-. To prove the validiÈy of resutt from this study it is

better to conduct similar study for other stations.

2. Further studies on the application of the result from the

study, such as :

the study on rainfall and runoff relationship'
the study on water management planning.
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FIG. A.1 FLOWCHART

NUMtsER OF

OF FIRST ORDER MARKOV CHAIN

DAYS RAINFALL OCCURRENCE

OPEN THE FILE

^ND 
READ fHÉ FILE

FÍRST DAY VET

ÍOTAL DRY/DRY DAYS

TOTAL VET./VET DAYS

TOTAL VET./DRY DAYS

SECOND DAY ìJET

TOTAL DRY/VET DAYS
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IO CLS
20 REI',|

30 REI',| r**Irr*r*rII*r*rrrrrr**tr***t*rrr*rrrrrtrr
40 REt'4 t *
50 REI',I * PROGRAT1 TRÉÚ'ISIT I CT.I MTRIX T

óO RE}l * FIRST ORDER I'ÉRKOV CHAIN *

70 REÌ{ r *

80 REll t*rr*t***rtrrrirtr*rr*****rtrt*r*rrrrr*I**
90 REl,l

t 00 DIl"l 0( 4000 )
ll0 S = 0

120 REÌ,|

I3O RE}{ TNPUTING DATA (OPEI'I FILE)
140 REÌ.1

150 ¡NPUT ' ENTER FILE ht4l"lE '; FT

IóO OPEN FS FOR ¡NPUT AS *1
t70 INPUT f l,X
180 S = S + I
190 e(S) = X

2O() IF EOF(I) THEN 250
2r0 G0T0 170
220 REÌ,|

230 RE},T DATA FOR EACH I''Ifr.{TH

240 REÌ,r

250 INPUT ' NI,}'IBER 0F DAYS lN THIS H0NTH ';t'lD
2ó0TÌ{=S/t'lD
?70 ùll'l P( 50 ,5o )
280FORJ=tT0Tt'l
290 FOR I = I T0t'lD
300 BT = ( J - t¡ * HD

310 P(J,I) = 0 (l + BT)
320 NÐfi I
330 NÐfi J
340M=0:AB=0
3504C=0:AD=0
3ó0 olt'{ A (30), B (30)' C (30), D (30)
370 REÌl
380 REI.,I THE CALCULAT I T.¡.
390 REÌ1

400FORJ=lT0Tr1
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4104(J)=0
420 I (J) = 0

430C(J)=0
4400(J)=0
450 D{'{ = l'lD - I
4ó0FORI=lT0Df{
470 REÌl
480 REt,t CHECK , THE FIRST DAY IJET 0R DRY

490 RE}I
500 IF P (J,l) = 0 THEN 590
510 RElr
520 RE}t CHECK , THE SECCT.ID mY UJET 0R DRY

530 REÌ'l

540 IF P (J, I r l) = 0 THEN 570
5504(J)=A(J)+l
5ó0 60T0 ó30
5708(J)=B(J)+1
590 G0T0 ó30
590 IF P (J, I+t) = 0 THEN ó20
ó00C(J)=C(J)+l
ót0 GgTo ó30
620A(J)=D(J)+l
ó30 NÐfi I
ó40S=Aâ14(J)
ó50A8=AB+8(J)
óó0 Ac = AC + C(J)
670AO=AD+D(J)
ó80 NÐ(T J
ó90 PRINT 'GRÆ{DT0TAL [JET4,JET'; M
700 PRINT 'GRÆ{DTOTAL [JET./DRY'; AB
710 PRINT 'GR#.IDT0TAL DRY4dET'; AC

720 PRINT 'GRAI¡DTOTAL DRY/DRY'; AD

730 END
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FIG. A 2. FLOWCHART OF

NUMBER OF

SECOND ORDER MARKOV CHAIN

DAYS RAINFALL OCCURRENCE

OPEN fHE FILE

AND READ THE FILE

flRsr D^Y rrff

fof 
^t- 

vEr./mYlvEr D^Ys

IT'TA- DRÍ/\'ETIVET DIYS

l}cRD D{Y VET

lgfât Dffil\rEfÆfrÍ D^rs

nlfåt v€T^'€Tl\r'ET DAYS

lUfA- vEÌ/vtf/UY DAYS

TOÍAL FY/.DRY/VET D^YS

TX¡RD D^Y VIT

rOfA- VIT/DRY/'DRY D^YS

ÏOTA- DRY/MYIDRY D^YS

PRtNf rl€ R€$rf
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t0 cLs
20 REÌ,|

30 REÌ,| r*r**r*rrrtrr*trrrrtr*rrrrrrr*rrrrrrrrrrr*rrrrrrr
40 REÌ4 * r
50 RE}{ r PRoGR#4 ,SECü.ID ORDER I'ßRKoV Cl'tâlN t
ó0 RE}{ t TRÉÛ.¡SITIü.I |4ATRIX *
70 REÌ'l r *
80 REÌ,| **rrlttrttt*rr*rltr*rrr***r*rrrt**rr*r*rltlrrr*r*
90 RE¡"I

t 00 DI!.,t 0( 4000 )
I l0 REt"l

T2O RE¡',t INPUTING DATA FRCI4 DATA FILE
t 30 REÌ.r

140 F0
150 INPUI 'ENTER FILE Ml'4E '; F$

IóO OPEN F9 FOR INPUT AS ËT

t70 INPUT fil,x
180 ÞS+ t
190 0(S)=X
2OO TF EOF (I) THEN 220
210 GgTo 170
220 INPUT ' NI-I'IBER 0F DAYS ¡N THIS Ì1S{TH =';l'lD
230 Tf't = Szl'lD
240 DI r,t P( 50 , 50 )
250 FOR J= I T0 Ti{
2ó0 FOR I= I T0 t'lD

270 Vf=( J-l ) fiD
280 P(J,I)= 0(l+BT)
290 NÐfi I
3OO NEXT J
3t 0 Ar+0 :AÞ0 :AC=0 :AD=O
320 AE=0 :AF=0 :AÈ0 :Al-tsO
330 DIf,t A(50),B(50),C(50),D(50),E(50),F(50),G(50),H(50)
340 FOR J= I T0 Tl{
350 A( J )=0
3ó0 B(J)=0
370 C(J)=0
380 D(J)=0
390 E(J)=0
400 F( J)=0
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4l 0 G( J)=0
420 H(J)=0
430 Dt'l = flD-2
440 REl,l

450 RE},I THE CALCULATICN
4ó0 REÌ4

470FORI=lT0Dl.'l
480 REÌ{
490 RE},I THE FIRST DAY I.JET OR DRY.
500 REÌ,|

510 IF P(J,l)=0 THEN ó?0
520 REÌ,|

530 REH THE SECü.{D DAY UJET OR DRY

540 REl{
550 IF P(J,l+l)=0 THEN ó40
5ó0 REÌ,|

570 THE THIRD DâY I.JET OR DRY.
580 RÊÌt
590 IF P(J,l+2)=0 THEN ó20
ó00 A(J)=A(J)+l
ót0 G0T0 7?0
620 B(J)=B(J)+1
ó30 G0T0 790
ó40 IF P(J,I+2)=0 THEN ó70
ó50 C(J)=C(J)+l
óó0 GgTo 790
é7A D(J)-D(J)+l
ó80 GûTo 790
é?0 IF P(J,I+l)=0 THEN 750
700 IF P(J,I+2)=0 THEN 730
710 E(J)=E(J)+ I
720 GúrO 790
730 F(J)=F(J)+l
740 GtTo 790
750 IF P(J,I+2)=0 THEN 780
7ó0 G(J)=6(J)+l
770 GOTO 7?A
780 H(J)=H(J)+l
790 NÐfi I
800 nrt=rS+A( J)
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8IO AFAB+B(J)
820 AC+C+C(J)
830 ACË40+D( J)
840 AE=AE{E(J)
850 AF=âF+F(J)
8ó0 AGÊAG+G(J)
870 AIFAH+H(J)
880 NÐfi J
890 FOR J= I T0 Tll
900 PRINT 'TOTAL UFÍ/IcIET/1¿|ET' ; J; '=' ;A( J)
910 PRINT 'TOTAL WEfAltf /ORY';J;'=';B(J)
920 PRINT'T0TAL VIET/ùRY/!r'IET' ;J¡'=' ;C( J)
930 PRItfT 'T0TAL WEI/OKí /ORY' ;J;'=';D(J)
940 PRINT'TOTAL DKI/UE1/1'IET' ; J ;'-' ¡E( J)
950 PRI}{Í'TOTAL DKYn¿tÍ/DRY' ;J;'=' ¡F(J)
:9ó0 PRINT 'T0TAL DRY/DRY .JET';J¡'='¡G(J)
970 PRINT'TûTAL DFí/DRY/ORY' ;J¡'=' ¡H(J)
980 NÐff J
990 PRINT :PRINT
t000 PRINT '6Rff{D TOTAL UlTn/r-f mET'¡Aâ
l0t0 PRINT 'GRAND TOTAL UEf/1/,Ef/DRl'¡AB
1020 PRINT 'GRff{D TOTAL UtT/DW&ET'¡AC
1030 PRINT '6RAND TOTAL WEI/ORY/Otrí'¡AD
t040 PRINT 'GRAND T0TAL DïfntElmET'¡AE
1050 PRINT 'GRAND TOTAL DKln/Ef/DFY'¡AF
l0ó0 PR¡NT 'GRAND T0TAL DKY/DKY&ET';AG
1070 PRINT 'GRAND TOTAL ORY/DRY/DFY'¡AH
TOEÍ) END
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FIG. A. 3. FLOVCHART PROGRAM OF THEORITICAL DISTRTBUTION

OPEN THE FILES

AND READ TI.iE FILES

LOG. TRANSFORMATION

DATA SOURTTNG

CALCULATE THE HEAN,
STAND. DEV, COEF. OF SKEV.

CALCULATE THE THEORITICAL DISTRIBUTIDN
OF LOG NORMAL

PRINT THE RESULT

AND STOP
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1O CLS
20 DIH D( I 000 )

30 RE}4

40 RE},f TTIITT*I*ITITTTTTTTTITTT*TTITITITTTTI*T
sCt REll * *
óO RE}'T * LOfr.IORII{AL D I STR I BLTT I ü.I TEST I
70 REf'l r *
80 REÌ{ rr*rtt**rr*rrrr**r*trrr****r*rrrrrrr***
90 REI-I

100 PI=3. l4¡593
I l0 REÌ1

I2O RE},T INPUTTNG DATAFILE
130 Ra'l
140 INPUT'EI'{TER FILE Ml"lE :';F$
I5O OPEN FE FOR INPUT AS ITI

1éo INPUT tl ,x
l?0 IF X=0 THEN 220
lg0 S = S +t
190 TP =0
200 D(S)=X
2t0 PRINT D(S),S,X
2?O IF EOF(I) THEN 240

230 G0T0 ló0
240 D¡ìr P( t 000 )
250 REÌ,f

2ó0 REI{ LOG. TRA'|SF0Ri{ATI0'¡.
270 REÌ'l
280 FOR I= I T0 S

290 P(I)=LOG(D(I))
300 Tp = Tp + P(I)
3IO NÐfi I
320FOR0=2T0S
330 REÌ{
340 REH SOURTING PROCES

350 Rt'l
3ó0 K=0
370 IF P(K))= P(K-l) THEN 430

380 C= P(K)
390 P(K) = P(K-l )

400 P(K-l) =C



68

410 K = K-l
4?0 lF K )=2 THEN 370
430 NÐfi O

440 REÈ1

450 REÌ4 CALCULATE THE HEAr{, STA.{DARD DEv. tr{D CQEF. CtF SKBJNESS

4óO REH

470 AP= fP/S
480FORI=lT0S
490 VP = VP +((P(l)-AP)'2)
500 NP = NP + ((P(l)-âP)'3)
5IO NÐfi I
520 SP = (VP/(S-I ) )' .5
530 GS = <S>/<(S-t)r(s-2))
540 CP = (NP*GS)./(SP'3)
550 DIH PP(t000)
5ó0FORI=lT0S
570 XP = (P(I)-'AP),/SP
5BO IF XP () O THEN ó10
590 L=0
ó00 G0T0 6é0
ó10 AJ = -(XP'Z)/?
6?0 ZP = Ð(P (AJ)
é90 Zp = Zp/(12rpl)'.5)
640 TF XP)O THEN ó80
ó50 L = l/(l-( ,33?67 *XP) )
óó0 ppil) = ZP r((.43ó183órL)-(.1201¿'*(L'?>>+<.9372?8*(L'3 )))
ó70 Ggro 700
ó80 L = t/(t+(,33267*XP))
ó90 PP(I) = I - (ZP*((.43ót83órL)'(.1201ór(L'2))+(,?37?98r(L'3))))
7OO NÐfi I
7l0FORI=lT0S
720 PP<I)= PP(I) rl00
730 PRINT I,PP(I)
740 NÐfi I
750 PRINT '*gP46g=';AP
7ó0 PRINT 'DR.'. STAI{DARD = ';SP
770 INPUT 'ENTER FILE l.tAl{E ';D¡t
780 OPEN D$ FOR OUTPUT ASfi2
790FORI=lT0S
800 PRINT *2rP< I ) ,PP( I )
8IO NÐfi I
820 PRINT *?,AP
830 PRINT lz,SP
840 PRINT fl2,CP
850 CLoSE (2)
8óO END
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FIG. A. 4. FLOVCHART OF RAINFALL GENERATTON.

RC^D D^r^
¡. STANDARD D€V. 

^ND 
I€A¡{

¿. PROB VET/ìJEÍ
3. PPO8. DRY/vEr
{. PROE FIRSI DAY RAtÀ¡
5. N0. or YEARS
6. r(1. ()F CENERATTDi|

G€NERATE RAIT|F^LL

TTCURRENCE IN T}€ FIRST DAY

GENÉR^TE TF€ D^TLY
RAlr¡F^r-L oc€tRRÐ.EÉ

CA-C[^TE HEAX T ST^Ì{II D€V.

. DAILY 
^ND 

HONTI'!,Y RATI{FALL

- rRANStflo¡¡ r{^TRIL

PRTNI fHE R€SULT

AilD SfOP.
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a a a a aaa a aaaaaaaaaa a a a aa a a a a t a..... a " " " " 
t tt t'

THIS PROGR H GENERATES SYNTHETIC RAINFALL SEOUENCES USING
I{ARKOV CHA¡NS 

^ND 
LOG-NORritaL DISTRIBUTION

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa.a

REAL P( 50. 50. sO) . Tr,l( so. 3s ) . rY ( so ) . r'.l€aN( so ) . sro ( so )

DIi!ENSION OAA( t2).DAB( t2 ).OÂc( 12 ).oaD( t2 ).oaE( t2 ) .OAF( l2 )

oIrirENStON OAG( f 2)
REAL RSO(sO).LSO(5s).RSro(so). Lsro(so).LMEAN(so)
oi¡rÈHsioñ opi so. so. so ) . rLM( so. 3s ) . TRY ( so ) . RMEAN( so ) . rLY ( so )

otriENs¡oN rso( åo) . avxi sol . srr,(( so) . TRft( so. 3s ) . sK€v( 50) . FHD( 50 )

REAL HOII.IITSO. LHOI'. LI{EA.IlLSO. LOSO.MRSD
oIÈl€NSION Trr( 50) . TYD( 50 ) . TOv( sO ) . TOD( sO )

OOUBLE PRECISION OS€EO.OS€ED2
OSEEO ' 234564.DO
oSEEO2 ' t3OOl3.DO
OO lO N' l.lt
nË¡ois. . )oai(N ) .oaB (N ) . oac( N ) . oaD( N ) . DAE ( N ) . oaF (N ) . DAG(N )

tO CONTINUE
DO 20 N ' l.ll
So . o^^(N)
Av - DAB(N)ye. DÂc(N)
on. oao(N)
t{D . oAE(N)
PFOR - DÂF(N)
ry _ OAG(N)
r¿RITE(6.. )SD. AV.YE. OR. ¡lO. PFOR. lY
NG.50

aaataaaaaaataaataaaaaaaaaaat""lt""""'t""""""""qt'

VARIASL€ DEV¡NITTON :

5D . STAiÐARO O€VIATION
AV . TEAN
YE. PROB. TOOAY YET ÂNO THE NEXT OAY IS YET

DR. PROB. TODAY ORY aNo THE NEXT oaY lS YET

P(K.I.i,,) - RAINFALL DEPTH ( IN HH)
HO . I/KINTH OAYS
IY . NUHAER OF Y€ARS YILL BE G€N€RATEO.
NG . tluHBER OF GENERATION
PFDR ' PROB. FIRST OAY RAIN

aaaaaaaaaaaaaa...aaaaaaaaa"t't"tt"l"'r"t""""tt""""

OOTOOK-f.NG
OO 600 I ' l.IY
OO 5OO rJ - t.HO
X'O

c^LLUNIFoRHRANoo|lNU|IBER(l'o)FRoHSUBRoUTINEFUNCTIoN

X. GGUBFS(oSEED)
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IF (.J.GT.r) GO TO rOO
C tF TH€ RAt{OOl{ NUf'l8ER GREATER THAN O.5 THE FIRST DAY IS YET

IF (X.GT.PFOR) GO fO 4OO
P(K,I..J) 'O
DP(K. ¡..J). O
GOTO 500

tOO R.O
R.rJ- t

C CHECK . IS THE DAY EEFORE UET ?
¡F (P(K.r.R).EO.O) Go rO 2Oo

C IF THE OAY BEFORE IS YET ANO fHE RNO <'wE THAN TooaY IS l,ET
rF (x.LE.YE) GO rO 4OO
P(K.I.rr) ' O
DP(K.l..J). O
co ro 500

C IF THE OAY BEFORE IS ORY ANO THE RND <'OR THEN TODAY IS vET
2OO IF (X.LE.OR) GO TO ¿¡OO

P(K. ¡..J) - O
oP(K.I.J) 'O
GO TO 500

C IF TO DAY IS YET THEN GO TO SUBROUT¡NE ANO G€NERÀTE A RAINFALL
4OO P(K.I..J) . O

DP(K.I.rr) - o
P(K.¡.ul) - av + (GGNQF(DSEEO2) ' SD)
oP(K.I.d) - P(x.I.d)
P(K.I..J) . ExP(P(K,I.J))

5OO CONTIMJE
600 CONT I MJE
7OO CONTINUE

aaaaaaaaaaaaaaaaaaaaatltalaaaaaaaaaaaaaaaaaa..aa.r.'r."

CALCULATE I4EAN ANÐ T4EAN OF TH€ T4EAN

'a a a a a a a a a a a a a a a a a a t a a a i a a a a a a a a a t a a a a a a l a a a a a 
' t a a t a 

" 
r

TAv.O
T^L.O
T^R .O
DOlOtOK.t.NG
TD-O
TLO.O
SUL24.O
SUL23.O
SUH2 . O
DOlo2o¡.l.IY
NO.O
LNO-O
SUM2I . O
SUH22 . O
SUHI . O
DO lO3O rJ . l.HO
SUI¡il.SUt¿tt+ P(K. I ..J )
NO'ND+t
TDP'P(K.I.rr)
tF (TOP.LE.O) GO rO tO30
suH22 , SU¡t22 + P(K.I.J)
SUf{2 I ' SUM2 I + OP(K.¡.\r)
LNO . LtlO +f
CONT I NUE
rH(K.l) . SuHt
TLH(K.T) . SUH2I
TRH(K.I) 'SUtl 22
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suM23 . sur,t23 + TLH(K.l)
suH2a . su¡t24 + TRrl(K.t)
TLD'TLO+LNO
SUr{2 . SUH2 + TL( K. t )
TD.TO+NO

IO2O CONT INUE
TY(K). SUH2
TLY(K). SUH23
TRY(K) . SUH24
RH€AN(K). TRY(K)/TLO
LHEAN(K)'TLY(K)/TLD
TAR-TAR+RMEAN(K)
TAL,TAL+LHEÂN(K)
HEAN(K). TY(K),/TO
TAv. TAV + f,tEAN(K )

IO TO CONT INUE
l¡totl .TAV/NG
LHOT.|.TAL/NG
RHOfr-TAR/NG

aaaaaaaaaaaaaaa...'a""""""""""1t""'e""1"""'t.'"'¡

cALCULATEsTANoARooEv¡AT¡oN^à¡o|{EANoFSTANDARooEv.

.aaaaaaaaaaaa.aaa.l"""""t""t"l"""""tt""r""""""

GTSo . O

SUt{35'O
GRSD . O

GLSD ' O
OO fO4O K ' t.NG
SUH3! 'O
SUH32 ' O
SUH33 - O
SUr{3 .O
OO IOSO I ' l. IY
OO lO€O rJ' t.ll0
suH3 . suH3 + ( P(K.I..J)-XEAN(K))"2
TOp . p(K.r.ü)
rF (ToP.LE.O) GO TO 1060
SUr{3f . suH3i + (P(K.l.J) - RLEAN(x) )"2
sur,t32 - sut 32 + (DP(K.I..J) - LITEAN(K))"2
SUrr33 . SUt{33 + (DP(K.l.J) - L|IEAN(K) )"3

IO€O CONTINUE
f O5O CONT IMJ€

lSD(K)'5Ur{3
RSO(K)'Sutil3 I
LSD(K)'SUH32
RSró(K) - soRr(Rso(K)/(rLo-t ) )
LSTD(K) . SQRT(LSO(K)/(TLO-t ) )
sKEU(K) . (riò)ÌiTùô:ii.iir-o:á) )'(sux33/( (LSro(K) )"3) ) )

sun35 . SUr{35 +SxEY(K)
cRso.GRSO+RSTO(K)
GLSO.GLSO+LSTD(K)
sro(K)' soRr(Tso(K)/(ro-t))
GTSD.GTSO+STO(K)

IO4O CONTINUE
asKEv ' SUI{35¿ING
HTSO . GTSO,/NG
rjtRsD ' GRSO/NG
HLSO . GLSO,/NG
vRITE(6. f04 | ) (Rl{EAN(K).K' t .NG)
rRIrE(6. l042) (LHEAN(K).x' t .NG)
YRIrE(6. r043 ) (RSIO(K).x' t .NG)
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vR r TE( 6. tO.r¡t ) ( LSTO(K) . K. r .r¿G )
YRtrE(6. lO45 ) (SKEy(K ) .K. l.|rG)

r04t FORHAT(,/.aX.'R^INFALL X€AN ".5(3X.FtO.5))r042 FORHAÍ (,/.aX.',LOG IIEAN .',. to(3x.F8.5) )
lO¡¡3 FOR|{Af ( /. ¡tX. 'RA INFALL STO. " .5( 3X. F tO.5 ) )
ro44 FOR!{AT(,/.aX.',LOG STO. .',. lO(3X.F8.5))
t04s FoRf.aT(/.ax.'coEF. SKEY..,. ro(3x.F8.s))

yRrr€ (6. roTo) (HE^N(K).K. t.t{G)
|OTO FORHAT (/,1x. 'H€AH ". tO(3x.F7. l))

YRIrE (6. IOEO)(Sro(K).K. t.l{c)
roEo FoRl{AT (/.1X. ',STO. .',. rO(3X.F7. t ) }

c
c
caaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa"t"tt""oo""""""""
c
ccALcuL^TEsT^}o^RooEvl^T¡oNoFTHEHE^N^NooFTH€sTo.
c
caaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa"'l"""""tt"t"tttt""'
c
c

SUHa . O
SUt{4 t . O
Sulrl42 .O
SUH5 . O
SUH5I - O
SUr.52 . O
OOtOgOK't.NG
sut{4 . suÍa + (HEIN(K) - þ¡)rr2
SU¡.S . SU¡S + (STO(K) - XTSO)..2
sura4t . sutaat + (RIE^N(K) -.RlþX)"2
Sulla2 . SUH42 + (LI€^N(K) - Lf€x)"2
suxst ¡ suHst. (RSTD(K) - HRSD)..2
sul52 . Sur52 + (LSTO(K) - XLSO)..2

to90 coNTl¡ruE
sH€Â . soRT( St fl./(¡æ- | ) t
RH€A . SORT(SUH4t/(l¡c-t ) )
LxEr . SQRT(Srrfl42l(No-t ) )
SoSor . SORT(St.flS/(No-r))
RosD . SeRr(Su¡Si/(Nc-r))
LOSD . SQRÍ(Srrfls2/(¡to-l))
rRITE(6. t IOO) H)r.sx€^
rRITE(6. r t tO) rrsD.sosol

rfoo roixri il,tx-,'rElN oF THE ¡EAN''.Fto-s.2x.'sro oF x€^N''.Fto's)
irió Fopr{^r (t'.ti-,'xÈAN oF THE sro".Flo.5.2x.'sro oF sro ".Flo's)

URITE(6. I t | | )LI(tx. LflE^
YRIrE(6. I t r2)RLolr.RXEA
uR¡fE(6. r I I3)LLSD.LOSD
rRITE(6. t f t.¡ )HRSO. ROSO
YRITE(6. t t t5)ASKET

r rrr FORHAT(,/.4X.',XE^N OF THE IrEAN(LOG)-',.FE.5.2x.
¡ 'STO OF IE^N(LoG)-'.F8.5)

t I f 2 FORr^T(/.¡3X.',rE^N OF THE ll€AN(RAINFALL)'', .F7.r.2X.
¡ 'sTo oF HEAN(RAIi€AYS)'', .F7 ' 1)

ttl3 FORTTAT(,/.¿lX.'I€^N OF STO (LOG)''.F8.5.2x.
t 'STO OF STO" . F6 .5 )

f tt. FORITAT(/.1X,',XEAN OF STO(RAII'¡OAYS)".F7 -r,2X.
3 'STD OF STO'' . F7 . 1 )

rrrS FORI{AT(/.aX.',rE^N oF coEFF. SKEY. .,'F8.5)
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CÂLCULAT€ HEAN & STD. OF I'IONTHLY RAIl'¡FALL

aaaa¡aaaaaaaaaaat.aaaaaaaaatt""tt"¿'

SUHS . O
SUMg ' O

DOrf25K'f.NG
SUHG ' O
OOlr3OI't.IY
5Util6. SUMG + Tf{(K.I)

I I30 CONTINUE
AvH(K) - SUH6,/IY
SU¡17 ' O
OO rt4O I ' t.IY
SUf{7 - SUHT + (T¡l(K.I) - Avt4(K))"2

I t40 CONTINU€
srM(K)' soRT(suf{7,/( tY- t ) )

SUM8.suH8+avr{(K)
SUMS ' SUt{g + STI{(K)

1 I25 CONTINUE
TAVH . SUHS/NG
TASO . SUI{9/NG
SUtlfO . O
SUHII ' O
OO ll35 K' l.NG
suHfo. surlfo + (AVl{(K)-TAvu)rr2
suf{ll - sur.f I + (sTH(K) - TASO)"2

I f35 CONTINUE
So¡r{ . SORr(SUr,ttOl(xc- | ) )
sosD - sQRr(suurf/(NG-l))
vntre(s. | 145) (avt{(K). x't.NG)
uRITE(6. I rs5) (SrH(K). K' t 'NG)
YR I TE ( 6. t '165 ) SOMf,t. soso
YRITE(6. I 175) TAVt{.TASO

rr4s iönxÃiti.qx.lrvenròe xonrxlv'"s(3x'Fto's))
iii; róax¡ri/.¡x.'sro. roNrHLY'"s(3x'Fto's)) --
f f 6s FORHAT(/.4X.',sTo. oF t{EAN'', ,2x'F ró's'zx.,sTg''"2x'Ff o'5)
rl75 FORHAT(/.4X.',raEAN OF H€aN" .2X'F lo'5'2X.,STO '"2X'Fto'5)

'aaaaaaaaataaaaaal"""""'1"""1""t"t"""""""'t""

THE CALCUL TION OF TRANSITION IlATR¡X.

aaaaaaaaaaaaaaaa"""t""t"""""""""'1"""""""t'

SUf{65.O
SUll66'O
SUM67'O
SUtl68'o

OO 2O2O K't.NG
SUI|G t.O
SUH62 -O
SUI'163'O
SUlt64.O
OO 2O3O l'l . I Y

NttO.f'to- t
OO 2O4O rJ' I .Nt{D
TF (P(K.I.J).LE.O) GO

LS-J+f
rF (P(K.I.LS).LE.O) GO

SUÈiGt 'SUHGf + I

GO TO 2040
sul¡t62.sUH62+l
co To 2040
LS . \, + f
IF (P(K.I.LS).LE.O) GO

TO 2060

TO 2050

TO 2070
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SUM63'SUM63 + t

GO TO 20¿O
2O7O SUHGa ' SUM64 + t

2O4O CONTfNUE
2O3O CONT TNUE

TUU(K) ' SUt{6t
TVO(K)'SUM62
TOY(K) - SUM63
TOO(K)'SUr'164
suH65.SUH65+TYY(K)
suH66.SUM66+TYO(K)
SUt{67 . SUH67 + TD'J(K)
sur{68.suH68+TOO(K)

2020 coNT It¡uE
¡9y . g¡Jf{Ç5lNG
ar{D r suM66¿/NG
ADY . SUI{67ING
Âoo ¡ suf468/Nc
rRI rE (6.23OO) ( rYv(K ) . K- f . NG )

vRITE(6. 23 fO)(TvD(K).Kr l'NG)
rRITE(6. 2320) ( ror(K ) .K' t'NG)
YRITE(6. 2330) (foo(K ) .K' t'NG)

23oo ionuri(/.4x.'No.oF oaYs I9I4!Erããió FoRHAT(/.4x.'No.oF oaYs !EI4PRYàázó rõn¡r¡r t / . ¡tx . 'No - oF oÂYs DRY/YEr
;ããõ iõnnili7.¿x.'xo. oF oaYs DRY'/DRY

¡ , .5( 3x. F8.2 ) )
.,.S(3x.F8.2))
.,.s(3x.F8.2))
.,.s(3x.F8.2))

2340
2350
2360
2370

20

YRITE (6.2340) ÂYlJ

vRITE (6.23so)aYt)
URITE(6.2360)ÂDr
YR¡TE(6.2370)aoD
FORT|AT( /,4X,', iIEAN oF M). oF

FOR|'iAT(/,ûX.',I|EAN OF NO. oF

FORHÂT(/.4X.' I{EÂN OF NO. OF

FORHAT(/.4X.' IIEAN OFONO. OF

CONT I NU€
STOP
€ND

oaYs vET,/rET
OAYS UET,/ORY
DAYS ORY/YET
DAYS ORY/ORY

.'.F8.2)

.'.F8.2)
,r,F8.2)
.'.F8.2)
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Table B.l-

COMPARISON OF DAILY RAINFÀLL OCCURRENCE

STATION : PROCOT

t!ll

M o N r H i-çrr-=ri-:-!-r-i-_ r ^ i! l-'t 2 | L l 2 ! l- ! 2 ! l- ! 2
rtllll!::
l-t-r-l-t-r-r-::a.

! WET/WET ! WETIDRY ! DRY/WET ! DRY/DRY !

tl

January
February
March
April
May
June
JuIy
August
September
october
November
December

253
247
l.70
1_01

6l_
l_9
2l
30
23
32
81

]-82

262
254
:l-74
t-01
6I
t-9
2I
28
23
31
90

183

1-54
L39
t_51_
l_3 0
1_1_5

75
54
39
45
76

L24
130

L57
1_4 0
r52
]-28
Ll_3

78
56
37
46
73

L36
t27

155
l_4 0
L49
l_3 0
t- t_3

73
54
39
45
78

t26
1_3 l-

l-51
L37
L46
]-29
IL2

73
54
40
45
79

1,3 4
t_3 1

217
1,82
3 l_0
393
491,
587
65l_
672
641,
594
422
307

2LO
L78
308
396
494
584
649
675
640
597
452
309

of
of

*) L.

2.

Number

Number

days (Synthetic data).

days (Observed data).
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Table B.2

COMPARISON OF DÀILY RAINFALL OCCURRENCE

STATION : T,OSARI

wET/DRY ! DRY/WET ! DRY/DRY
I

ll

!1-!21lt
I.

I

2L

JanuarY
FebruarY
March
April
May
June
JuIy
August
Septernber
October
November
December

223
2l-o
166

90
57
33
1-8
10

6
2t
7L

l-55

229
21-5
]-70

88
6l-
34
20

9
6

20
67

L54

166
1,38
t-59
]-34
:l-29

70
45
25
43
65

).o7
1_3 8

l_68
t37
L62
L37
LL4

69
46
23
43
62

r_05
t35

l-65
t_4 0
t-56
133
L29

68
45
23
43
67

t-L0
14L

L62
139
L54
L35
t-1"3

67
46
24
43
67

t_1_0
14L

256
22r
329
426
496
662
702
753
691,
627
495
346

25t
2j.o
324
423
522
613
698
754
69L
63l"
501
350

I

I

I

I

of
of

*) t_.

2.

Nurnber

Number

days (SYnthetic data).

days (Observed data).
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Table 8.3

COMPARISON OF DATLY RAINFALL OCCURRENCE

STATION : BREBES

wET/WET wET/DRY DRY/tsET
!!

MoNrH !--*JT---t!
!1!2!

_-----T----_-l

1!2
!

1ltÄ
I

t-

1l¿
I

-l
January
FebruarY
March
Àpril
May
June
JuIy
August
September
October
November
December

260
2t8
2L8

99
72
46
l-8
L2
22
38
83

224

!

-t
26r !
222 !
2L8 !
98!
70!

177
r49
157
L54
138

9l-
66
48
6L
87

L25
t49

L74
l_4 I
1_58
1_58
L37

87
65
46
62
80

1,23
t-48

L75
l_50
L56
L54
L39

90
65
47
60
90

L26
l-5L

]-75
t-4 I
t_55
L54
L37

88
66
47
61-
90

l-28
t_50

198
2L9
279
376
461,
557
66]-
702
639
596
449
286

200
2L8
279
373
466
564
66L
705
639
606
452
288

44
l_8
L2
2L
34
80

224

DRY/DRY

*) l-.

2.

Number

Number

of
of

days (Synthetic data).

days (Observed data).
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Table 8.4

COMPÀRISON OF DATLY RÀINFÀLL OCCURRENCE

STÀTION : BU}ÍIÀYU

WET/WET !
!

MONTH ¡-{-.r--[l
'rl)l
I.

ll
t-l

wET/DRY DRY/WET DRY/DRYI

I

I

I1l
I

-l

January
FebruarY
March
Àpril
May
June
July
August
September
October
November
December

322
L64
258
254
103

53
33
I2
65
97

r69
249

320
264
262
191
LO2

54
36
l- l_
66
93

L66
243

l_60
l-56
173
683
l-3 6

88
68
54
68

l_08
1-26
]-44

160
156
L73
1-69
L36

87
70
52
68

LO2
]-26
1_4 0

L60
156
1-7 2
t_7 0
L34

86
66
54
69

1t-1
L25
L42

16L
t_58
t_7 0
t-68
l-3 l-

84
67
54
68

1l_4
l.25
L45

l-68
164
207
1_9 t-
438
555
643
690
581
463
334
249

169
L67
205
255
44L
558
637
693
58l_
47r
337
252

I

I

I

I

I

I

*) L.

2.

Number

Number

of
of

days (Synthetic data).

days (Observed data).
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Table 8.5

COMPARISON OF DAILY R.AINFALL OCCURRENCE

STATION : PETUGURÀN

i *"t7*"t ! wnrTonv ¡
!l!

M o N r H i-¡1--¡r---T---t
DRY/WET DRY/DRY

!_--]_-
1l)
I

I
! 1-! 2 ! l- ! 2 !

JanuarY
FebruarY
March
Àpril
May
June
July
Àugust
September
October
November
December

377
290
375
L87
223
r42

93
75

l_59
278
357
368

379
299
369
342
2t6
l_3 I

90
73

L57
268
358
372

L52
L3I
t45
t27
l-40
l-l-0
100

73
83

105
L25
L45

:l-54
t-3 8
L46
t 3r_
L3I
109

95
69
80
98

L27
t42

ts2
L36
148
L3L
t_3 I
L08

98
73
82

1l-o
L27
145

]-49
L32
151
L24
1"3 6
L09

97
74
79

t-08
L27
L43

L29
L73
141
l-88
309
422
5l-8
589
460
3 r-8
L46
L23

t-28
L67
L44
L96
324
427
528
594
467
306
1-42
]-23

I

I

I

I

*) 1".

2.

Number

Number

of
of

days (Synthetic data).

days (Observed data).
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Table 8.6

COMPÀRISON OF DAILY RÀINFALL OCCURRENCE

STATION : TEGAL

I

I

L¡I
I

I

wEr/wET ! I{EÎIDRY I'tl
DRY/I^IET't!

.---7-l*)! *)l i _ i

DRY/DRY

MONT 2t-

JanuarY
FebruarY
March
April
May
June
July
August
September
October
November
December

L8l-!l-82 lL77!)-76
L7L!1-38tL64!l-30
L23 lL27 l1-47!LsL
48!L46!l-l-3!Ll-3

39 ! Ll"341- ! 39 ! Ll"3 ! Ll-3
22! 22! 721 7r
2Ll 22 ! 63! 66
71 71 37 ! 38

L78
164
L43
Ll2
]-l.2

70
62
37
45
7L

l-00
:j20

L78
L32
14l-
r1,2
t_l_L

69
64
37
45
70
99

L25

244
2l.3
368
482
51,4
590
633
698
650
62L
502
388

244
r73
3 61_
483
51_8
592
628
698
648
626
504
404

13t L4 ! 451 47
t-8 I 17! 7L167
53 sr-!L99!L00

L25!130lLtTlL2l

of
of

*) l_.

2.

Number

Number

days (SYnthetic data).

days (Observed data).
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Table 8.7

COMPARISON OF DAILY RÀINFALL OCCURRENCE

STATION : BANDAR

!
!
! MO

!
!

NTH!

WET/WET !
I

-r-lT--TI!
1!2!rla.

!-t

wET/DRY !
I

1l)
!

I

t

l_-]--- 2!
!

-!
52!

!l-!2!l-
!!!
!-!-!-

JanuarY
FebruarY
March
April
May
June
JuLy
August
Septernber
October
November
December

551"
487
473
288
205

93
95
50

l.23
j.67
257
398

547
490
480
295
208

95
94
49

L22
].66
258
397

89
87

1l_0
159
L47
L03
l_04

88
97

L24
159
L28

89
87

LL2
]-62
L45
LO2
103

87
93

L20
t-58
t-29

89
87

to7
l_58
L42
t_0 l-
L0L

86
98

1-25
L62
L30

92
85

t-0 3
t-5 3
1_4 1
l_01
]-o2

88
98

L25
r62
)-32

48
48
90

L49
285
456
498
556
437
334
]-47

93

47
85

L44
286
456
48r-
556
44L
339
l.47

92

I

I

I

I

I

DRY/DRY

of
of

*) L.

2.

Number

Number

days (Synthetic data).

days (Observed data).
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Table B.8

COMPARISON OF DAILY RÀINFÀLL OCCURRENCE

STATION : I,ÄRÄNGAN

i r't 2't t- ! 2 ! L ! 2 !

i - ! ! l-l- !-!
i-it-!-l-t

DRY/DRY

January
FebruarY
March
April
May
June
JuIy
August
Septernber
October
November
December

276
295
230
1_4 0
1_00

38
34
36
25

529
129
242

279
260
232
].37

97
37
35
36
23
59

t27
241:

L77
t62
166
t_5 3
L32

93
67
60
54

1t-3
145
t52

176
r-4 l_

t_69
L55
L29

89
66
58
52

1r_0
t-45
l_51-

L75
1-64
1-66
l-54
1-32

9L
66
60
53

l_l_o
L46
L52

L73
t-3 I
]-64
r_55
1_3 0

89
67
60
53

1t3
j.47
L52

L82
t-l-5
247
337
446
561
643
654
65L
559
363
263

L82
1-97
245
336
454
568
642
565
655
528
364
266

of
of

*) t_.

2.

Number

Number

days (Synthetic data).

days (observed data).
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Table 8.9

COMPARISON OF DATLY RÀTNFÀLL OCCURRENCE

STATION : PANGI(AH

WET/WET !
!

MONTH ! *)! *)!
!t_!2!

I

l)
I

I

11
L

I

-l

307
257
203
t l-9

82
34
37
L6
33
35

tL7
223

3L0
26L
207
l-l_5

8L
33
37
L5
34
34

t_l_4
2L2

t-59
t_51-
150
l_48
L26

82
56
35
56
98

]-44
L37

159
L50
L52
1"48
138

79
55
34
57
96

1,44
L29

-!
L60 !
L52 !
L47 !
L49 !
)-24

8t_
55
34
56
98

)-46
L40

158
150
t43
:j49
L23

79
56
34
56
97

L47
l_3 5

t_55
:l,49
280
339
448
557
632
694
609
550
347
280

l_5 3
t-48
278
342
448
563
632
697
607
553
349
274

I

I

I

I

I

-l
January
FebruarY
March
April
May
June
July
August
September
October
November
December

*) t_.

2.

of

of
Number

Number

days (Synthetic data).

days (Observed data).
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Table B.LO

COMPARISON OF DAILY RAINFÀLL OCCURRENCE

STATION : BUMIJAWA

wET/WET wET/DRY DRY/WET

MONTH t--l-]----.-l-t--I-r !
!21'! 2 t L ! 2 ! l-

I

January
FebruarY
March
ApriI
May
June
JuIy
August
Septernber
October
November
December

57]-
544
502
351
24r
L12

88
72

1-2L
372
204
42r

569
529
502
352
24r
TL2

90
7L

1,22
t99
373
399

93
79

tL7
L49
138
L29

88
75
78

L25
135
Ll-5

94
77

LL9
150
L36
t28

89
73
76

)-29
]-25
tL2

96
78

l_16
L47
r-3 3
L26

84
75
78

L26
l-3 I
l-l-5

98
7),

t_l_6
146
L33
L26

84
75
79

1_4 0
L26
t_09

49
32
73

t_3 5
300
4]-7
547
591-
506
342
L59
1-60

!!
!--_-]--!
!r-!2!

ll
r-l;.

50
35
75

136
297
4r6
550
588
505
1,60
332
L59

DRY/DRY

of
of

*) L.

2.

Nurnber

Number

days (Synthetic data).

days (Observed data).
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TRANSITION MATRIX OF

FOR FIRST

Table 8.11

PROBABILTTY RAINFALL OCCURRENCE

ORDER MARKOV CHÀINS.

r wET / wtt t wET / oav ! DRY / wer I DRY / nnv I
I

LOSARI

JanuarY
February
l"farch
April
May
June
JuIy
August
September
October
November
December

0.57683
0.61080
0.51205
0.39111
0.34857
0.33010
0.30303
0.28125
0 . L2245
0.24390
0.38953
0.53287

0 .423L7
0.38920
0 .487 95
0.60889
0.651-43
0.66990
n ÁoÁQ?w.wJvJt

0.71875
0.87755
0 .756 10
0.61047
0 .467 L3

0 .39225
0.39828
0 .322t8
0.24t94
0.r7795
0.09853
0.061-83
0.03085
0.058s8
0.09599
0.18003
0.287L7

0.60775
0.60L72
0.67782
0.75806
0 .82205
0.90147
0.93817
n qÁ915

0.94L42
0.90401
0.81997
0.71283

r wET / Wer t vÙET / Onv t DRY / wET I

I

DRY / Onv !

I

B R E B E S.

JanuarY
February
March
ApriI
Þ1ay
June
JuIy
August
September
October
November
December

0.60000
0.60000
0.57979
0.38281
0.33816
0.33588
0.21687
0.20690
0.25301
0.29825
0.39409
0.60215

0.40000
0.40000
0 .4202t
0.61719
0 . 6 61-84
0 .66412
0.78313
0.79310
0 .7 4699
0.70175
0.60s91
0.39785

0 .46667
0 .40437
0 .357 14
0.29222
0.22720
0.13497
0.09078
0.06250
0.087l-4
0.12931
0.22069
0 .34247

0.53333
0.59563
0 .64286
0.70778
0.77280
0.86503
0.90922
0.93750
0.91286
0.87069
0.77931
0.65753
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! wET / wnr t wET / onv ! DRY / wølr I DRY / onv

LARANGAN

January
February
March
April
l4ay
June
JuJ-Y
August
September
October
November
December

0.61319
0.64838
0.57855
0.46918
0 .42920
0.29365
0.34653
0.38298
0.30667
0.34911
0.46691
0.61480

0.38681
0 .35162
0 .42145
0.53082
0.57080
0.70635
0 .65347
0 .6L7 02
0.69333
0.65089
0. s3309
0.38520

0 .487 32
0.41194
0.40098
0.31s68
0.22260
0.13546
0.09450
0.08380
0.07486
0.r7629
0 .287 67
0.36364

0.51268
0.58806
0.59902
0 .68432
0 .7'7 -Ì 40
0.864s4
0.90550
0.91620
0.92514
0 .8237 r
0 .7 1233
0.63636

r wET / wet I wET / onv I DRY / Wnr t DRY / Onv

PANGKAH

January
February
March
April
May
June
JuJ-y
August
SepLember
October
November
December

0.66098
0.63504
0. s7660
0.43726
0.38756
0.29464
0 .40217
0.30612
0.37363
0.26154
0 . 44 r.86
0 .62L7 0

0.33902
0.36496
0 .42340
0 .5627 4
0 .6L244
0.70536
0.59783
0.69388
0 .62637
0.73846
0.55814
0.37830

0.50804
0. s0336
0.33967
0.30346
0.2r54L
0.12305
0.08140
0.04651
0.08446
0 . 14923
0.29637
0.33007

0.49196
0.49664
0.66033
0.69654
0.78459
0.87695
0.91860
0.95349
0.91554
0.85077
0.70363
0.66993
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r wET / wnr t wET / onv I DRY / wnr I DRY / onv

T E G A L.

January
February
l'larch
ApriI
May
June
JuIy
August
September
October
November
December

0.50838
0.51493
0.4s683
0.28931
0.25828
0.23656
0 .25000
0.15556
0.2295L
Q.20238
0.33775
0.51793

0 .49162
0.48507
0.54317
0.71069
0.74r72
0 .7 6344
0.75000
0 .84444
0.77049
0.79762
0 .66225
0 .48207

0.42180
0.43279
0.28088
0.18824
0.r7647
0.10439
0.09249
0.05034
0.06494
0.10057
0 . 1_6418
0.23629

0 .57 820
0.5672r
0 .7 19L2
0.81176
0.82353
0.89561
0.90751
0.94966
0.93s06
0.89943
0.83582
0.7637L

t wET / wer I wET / onv I DRY / Wnt t DRY / pnv

BANDAR

January
February
I,larch
April
I,fay
June
JuIy
August
September
October
November
December

0.86006
0.84922
0.81081
0.64551
0.58924
0 .48223
0.477L6
0.36029
0 .567 44
0.58042
0.62019
0.75475

0.13994
0.15078
0.18919
0.35449
0.41076
0.5L777
0.52284
0.63971
0 .43256
0.41958
0.37981
0.24525

0.63889
0.64394
0.54787
0.51515
0.33021
0.18133
0.17496
0.13665
0.181.82
0.26940
0.52427
0.58929

0.36111
0.35606
0 .452 13
0.48485
0 .6697 9

0.81867
0.82504
0.85335
0.81818
0.73060
0.47573
0.4107r
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! wET / wer t wET / nnv t DRY / wer I DRY / DRY

BUIVIIÀYU

January
February
March
ApriI
May
June
July
August
September
October
November
December

0 .66667
0 .62857
0.60230
0.53056
0 .42857
0.38298
0 .33962
0.17460
0 .49254
0 .47 692
0.56849
0.63446

0.33333
0.37143
0.39770
0.46944
0.57143
0 .6r7 02
0.66038
0.82540
0.50746
0. s2308
0.43151
0.36554

0.48788
0.48615
0.4s333
0.39716
0.22902
0.13084
0.09517
0.07229
0.10478
0.19487
0 .27 056
0 .36524

0.5L2t2
0 .5 1385
0.54667
0 .60284
0.77098
0.86916
0.90483
0 .9277 r
0.89522
0.80513
0.72944
0 .6347 6

I WET / Wet t wET / onv I DRY / Wnr I DRY / nnv

PETUGURÀN

January
February
March
ApriI
May
June
July
August
September
October
November
December

0 .7 1107
0.68421
0.71650
0.72304
0.61017
0.55870
0.48649
0.51408
0 .66245
0 .7 3224
0.73814
0.72374

0.28893
0.31579
0.28350
0.27696
0.38983
0.44r.30
0.51351
0.48592
0.33755
0.26776
0.26L86
0 .27 626

0.53791
0 .44L47
0.51186
0.38750
0.29565
0.20335
0.15s20
0.11078
0.14469
0.26087
0.472r2
0.537s9

o .46209
0.558s3
0.48814
0.612s0
0.70435
0.79664
0.84480
0.88922
0.85531
0.73913
0.52788
0 .4624L
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t wET / wnr t wET / onv t DRY / wnt ! DRY / onv

BUIV1IJAWA

January
February
l"larch
April
May
June
July
August
September
October
November
December

0.85822
0.87294
0.80837
0 .7 0L20
0 .63926
0 .46667
0 .5027 9
0.49306
0.61616
0.60671
0.74900
0.78082

0. 14178
0.L2706
0.19163
0.29880
0.36074
0. s3333
0.4972L
0.50694
0.38384
0.39329
0.25100
0.219r8

0 .66667
0.68932
0.61376
0.51957
0.30716
0.23204
0.13312
0.11261
0.13504
0.29046
0 .442Lr
0.40520

0.33333
0.31068
0 .38624
0.48043
0 .69284
0.76796
0.86688
0.88739
0.86496
0.70954
0.55789
0.59480
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Table B.I2

PARÀMETERS OF THE DAILY RAINFALL MODEL

STÀTION : PROCOT

MONTH
OBSERVED

MEAN *)
( Iog. nm )

STANDARD DEVIÀTION *)
( 1og. Ítm )

JÀNUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2.6306

2 .6523

2 .5258

2.237 4

2. L853

2.3840

2.2223

2.6L66

2.IO22

2.2034

2 .2877

2.4736

t-. 096L

L. 0093

t_. LL09

L.0848

0.9916

L.0348

l-. 0491

L. 0858

o.9795

1.0533

1- . 047l-

L. O4L2I

I

* The mean and

rainfall dePth

the standard deviation
data

from transforned

.-r41t:È?11r. 11 s--.i.
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Table 8.13

PAR.A,METERS OF THE DAILY RAINFALL MODEL

STÀTION : LOSARÏ

OBSERVED
MONTH

MEAN
( Iog. nm

*) STANDARD DEVIATION *)
( 1og. tnm )

JANUARY

FEBRUARY

MÀRCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2.4475

2.361]-

2 .4179

2.2329

2.2L24

2.t979
2.2682

2.0r_81_

2.2038

2 .].567

2.2638

2.437 4

l_.0351

l-. 0587

1. 0656

1. 1l_00

r.2353

t- . 053l_

t-.0535

l_. r-501-

o.9724

t-. 1094

0.1_032

L. 0926

*) the mean and the standard deviation

rainfall depth data.

from transformed
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PARÀMETERS

Tab1e B.14

OF THE DAILY RÀINFALL MODEL

STATION : BREBES

MONTH
OBSERVED

MEÀN *)
( 1og. mm )

SÎANDARD DEVIÀTION *)
( 1og. nm )

JANUARY

FEBRUÀRY

MARCH

APRTL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2.3L97

2 .3869

2.2049

2 . OLO3

l- . 9418

2 . 1322

t_.91_63

2 . 031_8

1.8082

L.8684

2.0858

2.2532

L.2668

l_.l-820

t_. l_875

l-.1-861-

1- .2057

t_. l_51-0

t_.2080

I .27 92

L. 1897

r.l.542

1. r.039

1. 1-837

The mean and

rainfall depth

the standard deviation
data

from transformed
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Tab1e B.15

PARAMETERS OF THE DÀILY RAINFALL

STATTON : BIIMIÀYU

OBSERVED
MONTH

MEAN *)
( 1og. nm )

STANDARD DEVIATION *)
( 1og. Ítm )

JANUARY

FEBRUÀRY

MÀRCH

APRIL

MÀY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2 .53L9

2 .67 56

2.61,L6

2.4078

2.3051

2 .37 25

2.O270

2 .3958

2.0911_

2.307 4

2.3694

2 .407 8

L. L221,

1.0908

t .l_235

1-.l.324

1".1869

L.2234

L.3946

1_.4066

1.0491-

L.6923

L.2L77

L.3243

*) The mean and

rainfall depth

the standard deviation
data.

from transformed
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Table 8.16

PARAMETERS OF THE DÀILY RÀTNFÀLL MODEL

STATION : PETUGURÀN

OBSERVED
MONTH

MEÀN*)
( 1og. mm )

STANDARD DEVIATION
( 1og. nm )

*)

JANUARY

FEBRUARY

MÄRCH

ÀPRTL

MÀY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2.5300

2.6080

2.5901

2.645r
2.6L58

2.4]-40

2.3000

2.3820

2 .67 60

2.9380

2.9382

2 .6322

l-.0780

1_.0700

l_. L010

I . IO44

I . t420

r.1,47 0

1,.2540

l-.2050

I.221,0

l_. 182 0

1.0558

1.09L9

The mean and

rainfall depth

the standard deviation
data.

from transformed
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Tab1e B.l-7

PÀRÄMETERS OF THE DATLY RÀINFALL MODEL

STATION : TEGÀL

OBSERVED
MONTH

MEAN *)
( 1og. mm )

STANDÀRD DEVIATTON *)
( Iog. nm )

JÀNUARY

FEBRUARY

MÀRCH

ÀPRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2 . 531-8

2.5606

2.89L3

2.3272

2.]-947

2.2831,

2 . OTOT

2.4559

L.9993

2.1,39r

2 .2995

2 .4852

t- . l-63 3

l-. l_288

l-. L678

L. 457 8

l_. t-966

t_. t_859

r.2235

t_. 1856

1-. 067 2

1. 0604

l_. 0493

L. O236

*) The mean and

rainfall depth

the standard deviation
data.

from transformed
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Table 8.18

PARÀMETERS OF THE DAILY RAINFALL MODEL

STATION : BANDÀR

MONTH
OBSERVED

MEAN *)
( 1og. nm )

SÎANDARD DEVIATION
( 1og. lnm )

*)

JANUÀRY

FEBRUARY

ì,fÄRcH

APRIL

MÀY

JUNE

JULY

AUGUST

SEPÎEMBER

OCTOBER

NOVEMBER

DECEMBER

3.0032

2.8024

2.5736

2.3437

2 .1,962

2 . L450

2. l_001-

2.0995

t_ . 9891

2 . 0642

2.2333

2.3877

),.9255

L.2247

r.2495

r.2399

L.2384

t-.3010

L.357 6

L.2205

L. L7 46

1-. 1802

L.2678

1. l-50r.

*) The mean and

rainfall depth

the standard deviation
data.

from transformed
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Table 8.19

PÀRÄMETERS OF THE DAILY RAINFALL MODEL

STATION : I,ARANGAN

OBSERVED
MONTH

MEAN *)
( log. tnm )

STANDARD DEVIÀTION *)
( Iog. nm )

JANUARY

FEBRUARY

MARCH

ÀPRIL

MAY

JUNE

JULY

ÀUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2 .4284

2.5003

2.3555

2.2482

2. t_500

t-.81_79

2 . 081_8

2.23]-2

2 .07 84

2.L554

2.392r

2.4347

r.2056
t_. l-320

r. j.47 0

l-. 0863

L. 0922

1-.2322

L.2414

l.r7 43

1_.083L

1. 0489

L. 0623

r.t4r2

The mean and

rainfall depth

the standard deviation
data.

from transformed
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Table 8.20

PARÀMETERS OF THE DAILY RÀINFALL MODEL

STÀTION : PANGI(AH

I

MONTH
OBSERVED

I

MEÀN *) ! STANDARDDEVIATION*)
(1og.mm) ! (1og.nm)

JANUARY

FEBRUÀRY

MARCH

APRÏL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

! OCTOBER

NOVEMBER

DECEMBER

2 .5953

2.6500

2.487r

2.3]-23

2 . L9L4

2.244L

2.3060

2.5266

2 .0589

2.302L

2 .1-97 0

2 .43L9

t- . 07 91_

1.O479

r.oL72

L. 0438

r. 0407

l_.0956

1-. 0652

L. 067 2

o.9202

t_.0023

L. 0846

t .0381

*) The mean and the standard deviation from transformed

rainfall depth data.
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Table B.2L

PARAMETERS OF THE DAILY RAINFALL MODEL

STATTON : BUMIJAWA

MONTH
OBSERVED

MEÀN *)
( 1og. mm )

STANDARD DEVI.ATTON *)
( 1og. nm )

JANUARY

FEBRUARY

MARCH

APRÏL

MAY

JUNE

JULY

ÀUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

2.8903

2.7343

2.7L88

2.3777

2.344L

2.267 0

2.11,54

2.L79L

2.O577

2.1255

2.2623

2 .507 8

L.2L20

l_.2L81

L.17 47

L .l-o7 7

l-.l-456

t_. 1 086

r. r1,7 2

t. Lo92

l_. 0609

o.9937

L. L550

L. 1997

The mean and

rainfall depth

the standard

data.

deviation from transformed



^àPPEI\ÍD I X C

SCA'TTEFI, D I .â'GR.AF4S



L02

THE FIRST THREE DAYS RAINFALL.
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FIG. C. 3. THE FIRST THREE DAYS RAINFALL.
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FIG C. 9. THE FIRST IHREE DAYS RAINFALL.
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FIG c. 11. THE FIRST THREE DAYS RATNFALL.
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FIG C. le. THE FIRST THREE DAYS RATNFALL.
VOXTH:J^¡UARY-PROCOT

E
q
I
ôa
I

ìt
o
ô
c

I
ts

L'

L2

2

1.6

t.6

l.¿

l.z

I

0¡

0.6

0_,4

0l

o

IHt SECOND D Y R ¡NfArL(too.mm)

FIG. C. 13. THE FIRST THREE DAYS RAINFALL.
ITOHTH : FEIRtAfrY - PROCOI

2-1

2

t.9 -

E

ç
o
?

4
(
o
o
t-

ts

l¡
t7

f.c

r.5

l.a
t.5

t.2

t.t
t-

0.9

0.8

0.ó -

0..

0.6 0.t I t2 l.a

TTt SEcoHo oAY R^tHÍLLL (þC.mm)

0.5



109

FIG C. 14. THE FIRST THREE DAYS RAINFALL.
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FIG. c. 18. THE FIRST THREE DAYS RAINFALL.
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FI6. C. ea, THE FIRST THREE DAYS RATNFALL.
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FIG. C. e4. THE FIRST TVO DAYS RAINFALL.
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F16. C. e6. THE FIRST TVI.J DAYS RAINFALL.
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FIG, C.e8.
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FIG. C.30, ÏHE FIRST TVO DAYS RATNFALL.
YOI{TH: ALX¡uST - PROCOf

2

l.o

1.7
E

ç r.c

Ë t.t
¡ t.4
J

Í r.¡
zir¿
d

> t.t
ot
z 0.9o
I o.a
u,

r" 0.7

F 0.t

05

0.a

0.!
1 12 1.1 l.ô

Tt{E Flf,sT D Y RAtxF rL (tosmm)

FIG. C 31. THE FIRST TVD DAYS RAINFALL.
YOl.lTH: S[?TE|F - Pf,OCOT

E
E
ó
-9

I

q

ô
o
ao
tÂ

IJ

1.7

t.t

t5

1.1

TJ

t¿

t.l

I

0.9

0.t

o.7

0.ô

0.5

0.a

0.5

0.5 0.7 0.9 t.t rJ t.5

IHf flRST DAY R txFA.lJ- (loe.mm)



118

FIG C.3e. THE FIRST TVI] DAYS RAINFALL.
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FIG. THE FIRST TVO DAYS RAINFALL,
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APPENDIX D

METHOD OF THE NORMALIÎY TEST

D.l-. The plotting of rainfall record.

usually, plotting the data in normal probability paper

is used to test the normality. fn this study the plotting

positj-on is not done in the normal probability paper, but

using graph lotus 1-23. Therefore, the theoretical probability

for each datum is required for plotting the theoritical value

of normal curve and it only can be calculated using

Polynomial and Rational Approximation. The polynomial formula

is taken from Hand Book of Statistic as follow :

P(x) =1-z(x) (a t + a t +a t +e(X)
l-l-2233

:le(x)1.1*10

where :

-5

L+px

1z(x) :
( 2 )^0.5

P = 0.33267

a = 0.4361836
L

2
Exp(-x/2)
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a = o.L20L676
2

a = o.9372980
3

The data are plotted in this graph using WeibuII formula

(Mc.Cuen I L986 ):

Pp=
n+1

where: - i =theranknumber.
Pp : the estimate plotting position.

n : the samP1e size-

The plotting data of station Procot shown in figure D. L to

D. L2.

D.2. The test of skewness.

The skewness test of norrnality is also used for

normal ízíng test, because the skewness coefficient for a

normal distribution is zero. An approxirnation unbiased

estimate of skewness coefficient (Cs) is detennined by

(Sa1as, Del1eur, Yevjevich and Lane. l-985).

Cs:

Nv/- (x-x)
t:1 t

N



1,22

rrhere :

Nzr-r2s = !_ (x-x)
(N-l-) t=l- t

N1r
v:lv

N t=1 t

Cs : Coefficient of skev¡ness.

X : Mean of the sample.
2

S : Variance of the sample.

Then if cs falls within the linit of
0.5

+ u * (6/N)
g- d¡z) '

the hypothesis of normality is accepted (snedecor

and Cochran).

Where :

N = Numbers of samPle.

U (1 d/z) : The guantite of the standard

normal distribution.
The result of skewness are shown in table D. L to

D.L0.

D.3. The Kolnogorov - Smirnov test.
Kolrnogorov - Smirnov is used to test this plotting data.

The objective of the Kolmogorov - Simirnov one sample test is

to test the nul1 hypothesis that the cumulative distribution
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of some specified probability function (Mc.Cuen, l-985) '

The computation of the Kolmogorov Smirnov test is a simple

calculation, the following general steps are required :

- The test statistic, D max., is the maximum

absolute difference between the cumulative

function of the sample and the cumulative

particular theoretical distribution.

The value of O.O5 and O-01 usually is used as

the level of significant.

-Thecriticalvalue,Dcritic,ofthetest
statistic should be obtained from table or

formulation.
Then if the computed value D max. is greater

than D critic, the nuIl hypothesis should be

rej ected.

The result of Kolmogorov Smirnov test are shown in tabl-e

D.l-l- to D.20.
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Tabìe 0.11

THE RESULT OF KOLMOGOROV - SMIRÍ\¡ß/ TEST

STATIO¡l : PROCOT

tl
:!
!!
! MONTH !

!:
!!

D.

cnitic
D. max imum

:

LOGNORII4AL !

!

!

SAUARE TRÉÚ{S. !

!

CUBE TRA.IS. !
I

:JANI.IARY !

!!
! FEBRUARY !

:!
:MARCH !

!!
IAPRIL !

!!
!l'4AY !

:!
lJthtE !

!!
! JULY !

!!
!AUGUST !

!!

6.374

é.775

7.447

8.834

t0.r37

t3. éé?

15.301

Lé.225

Ié.t40

12.?49

8.910

7.3?r

4.797

3.739

5. r42

4.93r

5.47?

t 0 .504

7.?37

7.80é

7.504

7,.734

6.636

6. t96

! SEPTEMBER !

: OCTOBER
:

:NovEMBER
!

! DECÊHBER
t

NCITE :

Squane TnanE = Square Transfonmation.

Cube Tnans = Cube Tnansfonmat i on.
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Tabìe D.Lz

THE RESULT OF KOLMOGOROV SI'IIRNß/ TEST

STATION : PAITIGKAH

::
!:
!:
! Mq\¡TH !

!!
tl

!!
1Jêú{t.tâRY !

!!
!FEBRI.JARY !

:!
IMARCH !

!!
IAPRIL !

!!
IMAY !

!:
lJlj.IE !

!!
IJULY !

!!
!AUGUST !

!!

D.

cn¡t¡c

D. max imum

:

LOGNOR}TAL !
I

!

SOUARE TRAI¡S. !

!

!

CUBE TRÉÚ!S. :
I

: SEPTE}4BER !

ó, 188

é.597

7.O?9

8.277

9.319

12.êe2

I 3. ?5é

I 9.004

14. 103

t I .705

a.292

7 .228

5.392

5.754

5.352

7.925

7.818

9.580

7 .29?

l I .878

7.383

ó. ó35

é.276

4.557

:

! OCTOBER
!

! NOVEHBER
!

: DECEMBER
I

NOTE :

Square Tnans = Squane Transfonmet i on.

Cube TnanE = Cube Tnansformat i on.
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Table D.13

THE RESULT OF KOLMOGORS'' SI-4IRNC|!, TEST

STATION : LOSARI

!!
tl
tl

! MüVTH :
ll

ll

D.

critic

D. max imum

!

LOGNORMAL !
I

SAIJARE TRAI.{S. !

!

CUBE TRAhIS. !

:

t!
lJA{I.hRY !

!!
IFEBRThRY !

1!
:MARCH :

!!
IAPRIL !
tl

é.775

7.to?

7.430

8.89r

10 . 137

t3.272

16.372

22.?Ae

I 8.8é0

I 4.581

l0.ló5
7 .42é

4 .466

4.6?6

4.774

5. 189

ó.843

7.480

7.40?

7.463

r 0 .512

?.34é

é.?ar

5.438

! MAY

Jl,r.¡E

JULY

!AUGUST !
tl

! SEPTEHBER !

!!
! OCTOBER !

!!
!NOVEI.4BER !

!

DECEHBER !

NOTE :

Squane Tnans = Squane Transf or'mat ion.

Cube Tnans = Cube Tnansfonmat i on.
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Table D.l4

THE RESULT OF KOLMOGORßJ SMIRNOV TEST

STATION : TEGAL

!:
!:
ll

! MOÍ{TH !

!!
!:

D.

cn ¡ t ic

D. mex ¡mum

:

LOGNORI'IAL :
I

:

SOThRE TRAI{S. !

!

CUBE TRÉJTTS. !
I

7.O49

7. l58

8. 128

I 0 .588

10.924

I 3.880

t4.t7?

I 9.838

t7 . t34

t4.4?A

l 0 ,88?

8.434

é.e42

6.332

5.473

5.642

é.8?4

t 0 .8s9

8.034

7.727

7.9??

ó.405

5.870

7.474

NOTE :

Squane Tneng = Square Tnansformat i on.

Cube Tnans = Cube Tnansfonmat i on.
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Tabl e D.15

THE RESULT OF KOLMOGOROV SMIRñITV TEST

STATION : BREBES

i Mo.¡rH i critic :

!!!
rll

!!!
: JANUARY I 6.404 !

!!!
: FEBRUARY I é.?77 !

!!!
IMARCH ! 6.940 !

!!!
:APRIL : 8.418 !

!!
IHAY | ? .232
!!
!JINE ! 11.557
!!
!JULY ! 19.581
!:
fAUGUST | 17.4t3
tl

:SEPTEMBER! 18.839

!ocToBER | 12.t64

!No(/EHBER I ?.313

OECEHBER I é.913

D. max imum

!:!
LOGNORT'IAL ! SOLIARE TRAt'lS. ! CUBE TRA{S - !

tl¡

:!!
7. l l8 ! l0 .547 | 9.027 !

!!!
6.t?o!-!-l

:!!
5.993!-!-!

!!!
8.503 ! t1.2s0 ! 9.807 !

lll

7.578 ! - ! -
!!

ê.222 ! - ! -.!:
8.574 ! - ! -

!!
11.735 ! - : -

!!
to.204 ! - ! -

!:
?.5'37 ! - ! -

::
7.Ð82 ! - : -

:!
é.962 ! - : -

tl
lt\t.v
tl

NOTE :

Square Trans = Squane Tnansfocmat i on.

Cube Trans = Cube Tnansfonmat i on.
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Tabl e D.1ó

THE RESULT OF KOLMOGOR6./ - SMIR''¡OV TEST

STATI ON : Bl-Ì'IIAYU

ll

rfìl
tl

! critic t

ll
ll

D. max imum

f"l0l.tTH I

LOGNORilAL I,

I
sot.tâRE TRA\|S. !

!

CUBE TRAJIS. !
I

! JA¡ttl,ARY | é. I 13 |

!!!
!FEBRUARY I é.498 !

!!l
!['4ARCH | é.440 :

!!:
:APRIL I 7.042 !
tll

é.36r

5.740

5.é71

5.92?

5.927

é.é?5

7.917

l0 .318

ó.8r 0

7.878

5.578

5.92?

7.7é4 5.472

! l-lAY ! 8.707 :

!!
I lt.t7? !

!:
! l3 .o87 !

JI,r.{E

JULY

!AUGUST I Ió.740 !

!!
SEPTEMBER! I1.577 !

OCTOBER
!

?.407 |

!

7 .852 :

:

7.O42 !

! Nß/EMBER
!

! DECEMBER

NOTE :

Squane Trans = Squane Tnansfonmat i on.

Cube T¡ans = Cube Tnansfonmat i on.
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Tabl e D.l7

THE RESULT OF KOLMOGOROV - SI''IIRNW TEST

STATI O{ : TâRtr.IGÊÚrI

:

!

l
I

I

I

I

I

!

!

I

I

D.

cn i t ic

D. max imum

I

! LOGNORI4âL
I

:

SOI.hRE TRAñ¡S. !
I

I

CUBE TRA{S. !
I

!:
!JANUARY ! é.273

6. é20

6.708

7 .452

8,e72

tr.a82

t 3.33ó

I 3. ó00

15.301

10 ,310

8.070

é.73?

5.?O2

6.876

ó.508

é.o54

7.4é?

to.9ó2

9,6?é

4.777

9.3éé

5.007

ó.ltl

5. 195

1O.220

10 . 140

8.921

7.7e3

:!
!FEBRLhRY !

:

!l"lARcH
!

!APRIL
I

!T,TAY

Jtf\¡E

JULY

!AUGUST !

!!
! SEPTEHBER !

!!
! OCTOBER :

:!
:NOVEMBER !

!!
: DECEMBER :

I

NOTE :

Squane Trans =

Cutre Tnans =

Squane Tnansfonmet i on.

Cube Tnansformat i on.

>*-4rÌî:ì!?::'1i: i
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Tabì e D.18

THE RESULT OF KOLMOGOROV SMIRNß' TEST

STATION : PETUGURAN

:

:

!

: HOI.{TH
!
I

!

!JANThRY
!

!FEBRI.JARY
!

!t'4ARCH
!

:APRI L
!

! MAY
!

: Jt¡{E
!

! JULY
:

!AUGUST
!

!SEPTE},IBER
:

! OCTOBER
!

! NOVEMBER
:

!DECEI..1BER
I

D.

cnitic

D. max imum
:

:

:
I

:

LOGNORMAL !

I

sQttARE TRÊú{S. !
I

CUBE TRtr.IS. !
I

5.810

6.334

5.874

é. Té?

7.ll?
8.4é7

9.815

I t .0,68

8. ó53

é.?4?

é.o82

5.913

3,7t4

5.31ó

6.374

7.3A?

5.747

3.403

7 .198

7.ê5?

4.8é0

7.005

4.173

7.456

7.8é8

8.7ó5

7.gt?

e.248

ó. Bóó

7.304

é.21|

5. ó34

NOTE :

Squane Tnans

Cube Tnans

Squane Tnansfonmat i on.

Cube Trans{onmat i on.



l-3 6

Tabl e D. l9

THE RESULT OF KOLHOGORü/ - SMIRN6,' TEST

STATI Ch¡ : BAI.IDAR

ll

It

tl

: t',toNTH !

tl
tl

D.

cnitic

D. max imum

!

LOGI\¡OR!"|AL :
¡

!

SOIhRE TRA\¡S. !

!

CUBE TRÉT{S. !

!

!!
!JA'N¡LhRY !

l!
5.302

5.5óó

5.525

é.280

7.t44

?.478

9.522

I t .453

?.o47

7.874

ó.559

s.B2é

7.38r

6.377

7 .122

5.985

7.267

?.ro7

I 0 .000

9.091

8. ó3r

9.53?

7.384

4.7é3

8. 185

8.295

9.O92

I 4.578

| | .217

l | .599

5.488

6.473

é.2?6

1 1 .901

6.2t I

8.éló

! FEBRUARY !

!

! MARCH
!

!APRIL
!

! l-,lAY

Jt¡\¡E

JULY

!AUGUST !

SEPTEMBER !

OCTOBER

!NOVE¡TIBER

DECEMBER

NOTE :

Squane Tnens = Squane Tnansformat i on.

Cube Tnans = Cube Tnansfonmat i on.
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Tabl e D.2O

THE RESULT OF KOLMOGORB/ SMIRN6/ TEST

STAT I O..l : BIJÞ1I JAI.dA

::
!:
tl

! HOt{TH !
tt
!!

D.

cnitic

D. max imum

!

LOGNORI"IAL !

:

SEUARE TRA..¡S. !

I

CUBE TRA\¡S. :

:

!JAT{TNRY !

!:
!FEBRLhRY !

!!
lt'tARcH !

:!
IAPRIL 

'!!
! 1'4AY !

!!
IJI.NE !

!!
! JULY !

5. l9ó

5.338

5. 380

5.987

é.887

g.ó01

to.o2é

I I .0ó8

?.430

7 .322

5.?87

5.?19

5.20?

4.588

4.595

7.848

3.12?

5.01ó

é.322

é.?oe

6.O52

é.215/

é. é?o

3 .4t2

8.095

?.654

3.949

a.757

!

! AUGUST

SEPTEHBER !

I

OCTOBER !

!

!NWEI',IBER !

!

DECEMBER !

NOTE :

Squane Tnans =

Cube Tnans =

Square Tnansfonmat i on.

Cube Tnanefonmat i on.
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FIG D. 1. STATION ' PROC0T
YOXIH : J HUAFI - LræXoR¡AL
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FT6. D. 3. STATI0N ' PROCOT

IIOXTH ¡ llARÇtl - [oOrPftAL
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FI6. D. 7. SIAIION ' PROCOT
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FI6. D. 9. STAïION ' PROCOT
lþXTll ¡ SgIÐtn - LOctroÈ¡ L
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FIG. I. 1. MEAN OF DAILY RAIFALL .

:rr Iþt{ ¡ ?¡¡*rfl tE - l;õ

E
E

t
¿
Jf
z
3

2À

2.4

,J

22

2

tl
t.a

l/
t¿

t

0¡
0¡
o¡
o.2

0
I^Y ,ll ll ll¡ o æf

* 
t-lq E¡¡{ Jfnilrt
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FIG. E. J. MFAN DAILY RAII{FALL.
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FIG. E. 4. MEA¡{ DAILY RAINFALL
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FIG. E. 5. MEAT.I DAILY RAINFALL.
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FIG. E. 6. MEAN DAILY RAINFALL
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FIG. E. 7. MTAN DAILY RAINFALL.
STÀTþX¡L6Ff9s9-teas.
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FIG. E. 9. MEAI.I DAILY RAINFALL.
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FIG. E. 1 1. h/ONTHLY RAINFALL.
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FIG. E. IJ. MONTHLY RAINFALL.
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FIG. E. 15. I,4OI'ITHLY RAINFALL.
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FIG. E. 17. MONTHLY RAINFALL.
STAÍþN : t-64ñ lgse - l9E5
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FIG. E. 19. I'4OI{TIlLY RAII.IFALL
SfÀlìQ+l ¡ 8 XD^n t95e - tgtlt

tðt{Tl{. ñ\ rrx svxngtt

FIG. E. 20. MONTHLY RAINFALL.
Sr IþH ¡ f.ilUr.l lGlg - tGt
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ÀPPENDTX F

SUMMÀRY OF REGRESSTON ÀNALYSIS FOR THE MATRIX

OF PROBÀBILITY R.A'INFÀLL OCCURRENCE

F. L.

Dependent Variable (Y)

Independent Varíable X

x

= Probability of rainfall occurrence

= Elevation of station.

= Azinuth of the station.1

2

Regression Eguation :

Y =l +
0

BX
Ll_

MONTH : FEBRUARY

+B X
22

I

I

I

b0 and bLr (7)

Prob.wetlwet! 0.9233
!
!

Prob.weE/drY ! 0.9L57
!
!

Prob.drylwet! 0.8971-
!
!

Prob.dry/drY ! 0.8993
!

6.36].42 b0=
! b1:
!
! b0:
! b1=
!
! b0=
! bl-=
!
! b0=
! b1=

0.596988620
0.000281-

.0.399932922
-0.000283

o .42046067 L
0 . 0002 64

o . 578l-99651
-0.000262

40. 168

36.340

28.87 4

29.592

6 . 02825

5.37344

5.43981-
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MONÎH : MÀRCH

b0 and bl-

I

! Prob.wetlwet ! 0.901-6
ll

!
Prob .weE/dry ! 0.901-6

!
!

!Prob.drylwet! 0.8857
!
!

Prob .dry/drY ! 0.88s7
!

30 .4L2

30 .4L2

25.484

25.484

5.51,473

5.0481-6

5.04816

5.5L47 3 ! b0=
! b1=
!

o.542807 433
o . 0003 09

o.457L92552
-0.000309

0.353083082
0 . 0003 04

o . 64 69l-69 31
-0 . 0003 04

b0=
bl-=

b0:
! bl-=
!
! b0:
! br-:

r (7)

MONTH : ÀPRIL

Prob.wetlwetl O.7277
!
!
! Prob. wetldry
!
!
! Prob. drylwet
I

Prob.dry/dry 0.8260

7.88L ! 2.80732
!
!

7.881- ! - 2.80372
!
!

L5. 037 ! 3. 8777

l_5.037 3.8777

o.44959L466
0.000333

0.55048544
-0.000333

0.283379498
0.000265

o.7L6620495
-0.000265

R F*
I

-l

r(7) bO and bl

o.7277

0.8260

!
! b0=
! bl-=
!
! b0=
! bl-=

b0:
b1:

b0=
br_:
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MONTH : MAY

F* r (7)

l-t
! Prob. wetlwet !

Prob. wetldrY

Prob.drY/weE

Prob.dry/drY

-!

0.8468 I L7 .7 4L
!
!

0.8468 I L7.74L
!
!

I

4.2L205 !b0:
! bl-:
!

4.2L205 !b0:
! b1:

3.9566 !b0=
bl-=

3.9566 !b0=
! bl-=

o.362729042
o. 000343

0.637270966
-0. 000343

o .2047 47 67 5
0. 0001"26

o.79525233L
-0.000126

! 0 . 831-3
I

0 . 831_3

L5.655

1,5. 655

I

I

I

I

I

t-
I

MONTH : JUNE

b0 and bl-

Prob.wetlwet 0.6686 5.659

Prob. wetldrY

Prob. drylwet

Prob.dry/dry

0.6686

0.9041

0.904L

I

2.37896

2.37896

5.5985

5. 5985

o.302878572
0.00024L

0 .697 L2L439
-0.00024L

0. LL9 0L3522
0. 0001-32

0. 88098 6477
-0.000L32

! b0=
! bl-=

5.656

3t_.343

3L.343

b0=
! bL=
!
! b0=
! bL=
!
! b0=
! br_:

r(7)



MONTH : JULY

F*

-l

Prob. wetlwet I O .77 01' t-0.200
!
!

Prob.wetldrY! 0.7701
!
!

Prob.drYlwetl O.7O94
!
!

Prob.drY/drY ! 0.7094
I

L67

b0 and bL

I

3 . l-9381 ! b0= 0. 304564
!b1: 0.000248
!

3.19381 !b0= 0.6954356
! bl-= -0 . 000248
!

2.6633I !b0= 0. 08678335
! bl-: 0. 000065
!

2.6633L !b0= 0.91-32L6641-
! bl: -0. 000065

t-0.200

7.O93

7 .O93

r(7)

MONTH : AUGUST

F*
tl
ll

R t(7) b0 and bl- I

I

I

Prob.wet/wet o.5946

Prob. wetldrY ! o.5946
!
!

Prob.drYlwetl O.761-34
!
!

Prob. dryrzdry I o .7 6)'34
!

3.829 ! l-.95668 0.283475915
o. 000257

o.7L652409r
-0. 000257

o . o577 4998L
0.000069

o.94L423590
-0. 000068

3.829

9.775

9.650

b0:
br_:

! b0=
! bL=
!
! b0=
! bl-=
!
! b0=
! bL=

1-.9568

3.]-2645

3.1-0644
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MONTH : SEPTEMBER

F*!
!

-!

t_5. 005

b0, b1&b2

Prob. t¡et/wet 0.8621

Prob.wetldry! 0.8621-
!
!
!

Prob .dry/weL! O.9L29

Prob.dry/drY o.9]-29

8.692 ! 2.51-860
!- 2.O3775

8.682 2.5l.7
2.03630

L5. 005 3 . L7081
2.82569

b0:
! bl-=
!b2:
!
! b0:
! bL=
!b2=

b0:
b1=
b2:

!
3 . L7 081- ! b0=
2 .82568 ! bl-:

!b2:

L. 02227 590
0. 000329

-0 . 002 21,7 8

-0 . 02 2l.7 87 3r
-0.000329

o . oo22r7

0.21-6088896
0. 000057
0.000426

0.78391LL5
-0.000057

0.000426

r(7)

MONTH : OCTOBER

F* b0' bt- & b2R!
!

-!

o.9448 !

-t

24.948

24.948

l_6.438

L2.498

3.27724
4 .4238L

.27724

.4238L

4.0409L
2.Llr43

3.68L93
L.62665

l-.327503806
0. 000278

-0 . 003l-2 6

-0 . 3 27 5037 47
-0. 000278

0.0031-26

0.3584L4647
0. 00157

-0.0"00685

o.6723529t
-0.000L54

0. 000568

I

!Prob.drylwet! 0.9L96
!!

! Prob. r.¡et/wet !
!
I

I

Prob.wetldry! 0.9448
I

I

I

!
!

Prob.dry/drY ! 0.8980
!
I

3
4

! b0:
! bl-=
!b2:
!
! b0=
! bl-=
!b2=
!
! b0=
! bl-=
!b2:
!
! b0:
! bl-=
!b2=

t(7)
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MONTH : NOVEMBER

-!

Prob.wet/wet!

!
!
! Prob. wet/drY
!
!
!
! Prob. drylwet
!

Prob.dry/dry

I

t*
DIE

I

I

I

0.9599 35. l_64

0.9599 35. L64

o.842L 7 .3L5

o.8421- 7 .3l.5

t (7)
tl&E2 b0, br_ & b2

I

I

I

I

I

I

5.L7 436
3 .97 832

5.r7 436
3.97832

2 .63029
L.49265

2 .63029
r. 49265

t-. 087806730
0 . 0003l-7

-0. 002034

-0 . 087 80661,2
-0. 0003 17

0.002034

o .57 424507 4
0.00021-8

-0. o0l-032

o .42575490L
-0 . oo02l-8

0.001 032

! b0:
! bl-=
!b2=

b0:
b1:
b2=

! b0:
! bl,=
!b2=
!
! bO=
! br_:
!b2=

MONTH : DECEMBER

T--l

R F
r (7)

tr_ & t2 b0 and bl-

Prob.wetlwetl O.8707
!

Prob.wetldry o.87 07

Prob. drylwet ! o .77 80
!
!

Prob.dry/dry ! 0.7780
I

!
I

! L0.732
I

4.68342

4.68342

3 .27 603

3 .27 603

0. 584 64523
0.000233

-0.4L5354366
-0.000233

0.91-48L8232
-o . ooL779

0.0851-809L0
o.ooL779

2L.934

21.934

LO.7732

!
! b0:
! br-:
!
! b0=
! br-:
!
! b0=
b1:
b0=
bl-=
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F.2

}TONTH : FEBRUARY

Dependent Variable (Y) :

Independent Variables X(1) :

X=
(2)

Coefficient of Determination

F value from calculation
F (0.95rI,7')
t (7) from cal-culation

1
t (o.os,7)

REGRESSION EQUATION :

SIIMMARY OF REGRESSION ANÀLYSIS

FOR THE MEAN DAILY RAINFALL

:2.35127O38I 0.000470 x

MONTH : MARCH

Dependent Variable (Y) :

Independent variables (x1.) :

(x) =
2

Coefficíent of Determination

F (va1ue from calculation)
F (0.95 ì]-,7)

t (7) from calculation
2

Mean of rainfa1l.
Elevation of station.
Azinuth of station.

2
(R ) - 0.6686

: 5.658

: 3.590

= 2 -3787 4

: 1-.895

Mean of rainfall.
Elevation of stati.on.

Azinuth of station.
2

(R ) = 0'6123
: 4.:-.98

= 3.590

- -).04902



1-7 L

t (0.0s,7) = L.895

REGRBSSION EQUATION :

Y = 3-31-2859008 O'OO2729 X

MONTH : ÀPRIL

Dependent Variable (Y) : Mean of rainfall'

Independent variables ("r) Etevation of station.
(X )= Azinuth of station'

22
coefficient of Deternination (R ) = 0.81-06

F (value from calculati-on) : 13 ' 4I7

F (0.95 ìL,7) : 3'590

t (7) from calcuLation : -3 '66290
2

t (0.05,7) : 1'895

REGRESSION EQUATTON :

Y = 3.5895676L5 0'004135 X
2
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