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In this paper, the probability of the rainfall was expressed in the Markofrs model, and the 

probability distribution was simulated by the Monte Carlo method, and the rainfall was gen-

erated simulatively. Using the rainfall in optional return period within generated rairifall, water 

demand was predicted. As the result, the relation between water demand and planting area in 

the dry season became clear. This fact becomes infonnation which will be very precious in the 

water management in this area in future. 

INTRODUCTION 
The prediction of planting pattern, consumptive water use and rainfall is indispens-

able to the prediction of water demand. I replaced the planting pattern with the simple 

trapezoid in the previous report (T. Fukuda, 2005), and the basic factor which consti-

tuted the trapezoid was clarified. Then, the method for simply calculating planting area 

from the basic factor was developed. As the result, the prediction of future planting area 

became also possible. 

And, evapotranspiration data for the past of 9 years was analyzed, and it was clarified 

that the annual range was very small. Therefore, there is no problem in using the monthly 

mean value for the evapotranspiration. 

In this paper, the prediction of the rainfall should be tried. Usually, the rainfall is 

characterized by probability of the rainfall phenomenon and probability distribution of the 

rainfall. Then, it is possible to generate the rainfall simulatively, if the probability of the 

rainfall is expressed in the Markofrs model, and the probability distribution can be simu-

lated by the Monte Carlo method. 

It is possible to quantitatively reproduce the rainfall phenomenon with the uncer-

tainty by the technique of the superscription including the phenomenon which can rarely 

generate in long duration, if features of transition probability of the rainfall generation 

and probability distribution of the rainfall are obtained from the rainfall series data in a 

past in the object area. 

PROBABILITY OF THE RAINFALL PHENOMENON 
The probability of the rainfall is expressed by the Markoff's process. The Markoff's 
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process is time series stochastic process without the memory, and it is the process in 

which the system changes to next condition only by present condition wlth some transi-

tion probability in spite of the phenomenon in a past. We try to express the probability of 

fine or rain by the application of the Markoff 's process. 

To begin with, the day in which for example, there is the rairLfall over I nun is consid-

ered rainy weather day (W), and the day under I mm is considered sunny day (D). Next, 

the period is divided at the unit in a few days, and probability P*(DID) in which the previ-

ous day is fine even in the day fine in the i'" period is calculated according to the following 

equation . 

P,(DLO) =N,(D ~))/Np, 

Where N*(DID) is the days in which the previous day is fme even in the day fme, ND* is the 

days in which the previous day is fine regardless of the weather in the day. 

In the same way, probability P*(WIW) in which the previous day is rain even in the 

day rain is calculated. 

P,(WI W) =N*(WI W)/ND* 

Where N*(WIV~~ is the days in which the previous day is rain even in the day rain, ND* 

is the days in which the previous day is rain regardless of the weather in the day. 

Table I (a) and Table I (b) are examples of monthly transition probability of suuny 

day or rainy day, using daily raiinfall data of the past 30~0 years in Sam Chnk and Ban 

Phraek respectively. 

In this table, AV is expectation in each month, and SD is standard deviation in the 

month. 

Table l. (a) Example of transition probability 

in Sam Chuk 

Table 1. (b) Example of transition probability 

in Ban Phraek 

~ (DID) P(WIW) AV SD ~ (DID) P (WIW) AV SD 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.996 

0.975 

0.974 

0.928 

0.822 

0.803 
O . 762 

0.755 

0.638 

0.817 

0.962 

0.990 

0.200 

0.136 

0.167 

0.115 

0.364 

0.363 

0.377 

0.458 

0.593 

0.448 

0.373 

0.000 

17.6 

18,4 

22,8 

18,2 

17.6 

14,l 

13,0 

15.6 

19,6 

20.5 

15.7 

7,7 

18.72 

22.56 

23.18 

22.29 

18.85 

14.90 

15.78 

16.75 

20.18 

20.15 
1 7.50 

5.08 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.988 

0.972 

0.947 

0.882 

0.742 

0.726 

0.728 

0.699 

0.643 

0.830 

0.941 

0.986 

0.235 

0.275 

0.129 

0.351 

0.440 

0.408 

0.419 

0.454 

0.593 

0.486 

0.337 

0,250 

18.2 

10.5 

13.9 

14.2 

17.5 

14.5 

13.6 

12.8 

18.9 

18.3 

12.3 

9.2 

23.82 
1 1 .63 

18.22 

17.24 

19.48 

16.32 

14.36 

14.34 

20,13 
2 1 ,94 

12.08 

9.42 
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PROBABILITY DISTRIBUTION OF RAlNFALL 

As a probability distribution of the rainfall, various statistical distribution are 

considered. In this paper, Iogarithmic normal distribution is adopted, and the distribution 

in proportion to every month is used. Table I shows expectation and standard deviation 

of the daily rainfall of monthly in Sam Chuk and Ban Phraek. The probability density 

function of logarithmic normal distribution is defined in following equation. 

f..(X) = j~~;~. exp(- 2 ) l (in(x)- ~) 
2 ~2 ' 

(0<x< *) 

Where x is a random variable, ~ is monthly logarithnvic mean value of the observation 

rainfall, ~ is monthly logarithm standard deviation of the observation rainfall. 

In addition, it is possible to calculate ~ and ~ from monthly expectation value a 

and monthly standard deviation pb of above-mentioned rainfall each according to the 

following equation. 

~ = In(1+ (T2 ) 
L pt2 

1 
~ In(~h)- 2 ~2 

SIMULATED GENERATION OF THE RAlNFALL 

There are two processes in the simulated generation of the rainfall. In the first 

process, the persistence of the rainfall is expressed by the Markoifs process, and to begin 

with, sunny day or rainy weather day are decided. Next, the probability distribution of 

rainfall is considered logarithmic normal distribution, and the rainfall is generated with 

this logarithmic normal distribution in case of the rainy weather day simulatively. The 

concrete calculation method is as follows. 

(1) The random nuniber between O- I is generated. 

(2) Rain or fine are decided according to the random numbers and the transition 

probability matrix (refer to Table 1) of the rainfall beforehand required. In this 

case, the probability of rain or fine in the day is different by rain or rme in the 

previous day. 

(3) When the day is rain, rainfall is generated according to the logarithmic normal 

distribution beforehand required. 

It is based for next procedure for obtairring the normal random number by the com-

puter. Mean value m of the uniform random number of the (0,1) interval is 1/2, and vari-

ance s2 is 1/12. u becomes a random number of standard normal distribution (0,1) by the 

theorem of central limit value, if u is calculated according to following equation, by adding 

random number xi in order in the each N piece_ 
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u:= 

~ xi - N/2 

~ Using this u, random number y of the random variable with normal distribution (m, s2) is 

obtained as ~/ =m+s 'u. In case of the logarithmic normal distribution, random number is 

obtained by z = exp(~/) , because it is lrl(z) = y. 

I made the prograrn which can generate the daily rainfall for 100 years simulatively. 

The year has be made to be expedient 2001-2100. ~y trying the simulation of water 
demand quantity using the rainfall of various probabihty year obtained by this program, it 

is possible to estimate water demand pattern in proportion to various rainj:alls patterns. 

Fig . 1 (a) 

PROBABILITY DISTRIBUTION OF ANNUAL RAINFALL 

shows non-excess probability distribution of annual rainfall for 30 years 
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Fig. 1. (a) Non-excess probability distribution Fig. l. (b) 

of annual rainfall observed in Sam 

Chuk 

Non-excess probability distribution 

of annual rainfall generated in Sam 

Chuk 
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observed in Sam Chuk. The probability distribution of the observed rainfall shows the 

reverse S-shape curve a little. We analyzed water shortage years in recent years using 

Fig. I (a). The probability of water shortage in 1991 was a return period of 50 years; in 

1986 it was 20 years; in 1992 it was 12 years; and in 1985 it was 8 years.. 

Fig. I (b) shows non-excess probability distribution of annual rainfall by the simu-

lated generation in Sarn Chuk. Though it becomes a distribution of which the gradient is 

bigger than observation data a little, it is a considerably beautiful distribution. According 

to Fig. I (b), the aunual rainfall in ordinary year (return period of 2 years) is 1000nun/y; 

10 years is 798 nun/y; and 30 years is 724 mm/y. 

Fig. 2(a) shows non-excess probability distribution of annual rainfall for 40 years 

observed in Ban Phraek. The probability distribution of the observed rainfall shows the 

tendency in which the data of dry year and wet year separate from the curve a little. We 

analyzed water shortage years in recent years using Fig. 2(a). The probabiLity of water 

shortage in 1991 was a return period of 100 years; in 1986 it was 25 years; in 1992 it was 

15 years and inl985 it was 10 years. The rainfall in Ban Phraek is more frequent a little 
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Fig. 2. (a) Non-excess probability distribution 

of annual rainfall observed in Ban 

Phraek 
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than the rainfall in Sam Chuk. 

Fig. 2(b) shows non-excess probability distribution of annual rainfall by the simu-

lated generation in Ban Phraek. As well as Sam Chuk, though it becomes a distribution of 

which the gradient is bigger than observation data a little, it is a considerably beautiful 

distribution. According to Fig. 2(b), the annual rainfall in ordinary year (return period of 

2 years) is I 100 nu~/y; 10 years is 879 mm/y; and 30 years is 798 mm/y. 

WATER DEMAND PREDICTION BY GENERATED RAINFALL 

Chainat-Pasak Canal area 
We tried to predict water demand using generated rajinfall data of a return period of 2 

years and 30 years in the 21R canai area. The results area shown in Fig. 3(a) , Fig. 3(b), 
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Fig. 3. (a) Water demand prediction by the simulated generation rainfall 

(21R in Chainat-Pasak canal, Return period 2 years, Sample 1) 
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(21R in 

Table 2. Annual water demand prediction by generated 
rainfall (2 IR in Chainat-Pasak Canal) 

Return Period 
(ye ar) 

Annual water demand 
( I 06m3/year) 

2 (Sample l) 

2 (Sample 2) 

30 (Sample 1) 

30 (Sample 2) 

69.62 

64.58 

72.91 

72.62 
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Fig. 4(a) and Fig. 4(b). Annual water demand in each case shows in Table 2. According 

to Table 2, there is no the great difference in prdinary year and drought year, and water 

demand is expected to be about 70 million m3 even in either year in this area. In this area 

the rice pa~dy in rainy season is main crop, and there is a little planting area in dry sea-

son. 

Still, it becomes about 440mm/y, when a water demand,of 70 million m3 in a year is 

converted into water depth, as irrigation area of this area (cornmand area of 21R) is 

15,824 ha. Since water requirement rate of the paddy rice is 1 1 nun/d, this is equivalent to 

40 days' water demand. Therefore, about 1/2 to 2/3 of the irrigation water is shared by 

effective rainfall, when irrigation period of paddy field is 90 to 120 days. 

Saln Chuk area 
Planting area in the dry season was made to fluctuate at the 700/0 ~300/0 of planting 

area in the rainy season in Sam Chuk area, and prediction of water demand was tried 

~' 
¥ A f~~ 

f:: 

,~ 

1:, 

¥ ~ 
,::, 

o C' 
a!'bo 

J::~ 

A 

o 

30 

60 

90 

lOOO 

800 

600 

400 

200 

Fig. 5. 

o 

J an Feb Mar Apr May Jun Jul Aug Sep Oc t Nov Dec 

Water demand prediction with planting area change in the dry season (1R in 

Sam Chuk Project, Return period 2 yeas, Sample 1) 

Table 3. Annual water demand prediction with planting area changing in 

the dry season (Return period 2 years, Sample 1) 

Lines 

Planted rate Annual water demand. . 
in dry season 

(olo ) (1 06m3/year) 

Water demand 
in dr~ ~eason 

( I 06m3/season) 

lR70 
1R60 
1R50 
1R40 
1R30 

70 

60 

50 

40 

30 

133.85 

123.59 
1 1 3.32 

103.06 
92 . 79 

76.07 

65.81 

55.54 

45.28 

35.02 
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Water demand prediction wlth planting area change in the dry season (1R in 

Sam Chuk Project, Return period 2 yeas, Sample 2) 

Table 4. Altnual water demand prediction with planting area changing in 

the dry season (Return period 2 years, Sample 2) 

Lines 

Planted rate 

in dry season 
(olo ) 

Annual water demand 

( I 06m3/year) 

Water demand 
in dry season 

(10sm3/season) 

1R70 
1R60 
1R50 
1 R40 

1R30 

70 

60 

50 

40 

30 

129.12 

118.61 

108.02 

97.44 

86.85 

78.36 

67.78 
57. 1 9 

46.61 

36.02 

using the generated rainfall for return period 2 years on each case. Still, the object area is 

command area of 1R canal. 

The results are shown in Fig. 5 and Fig. 6. Annual water demand is shown in Table 3 

and Table 4 on each case. In this area, according to these tables, water demand of about 

50million m3 is expected in rainy season of ordinary year. And, in case where dry paddy 

is planted in 300/0 of the planting area in rainy season, simulated water demand is about 

40 million m3. In the case of 700/0 , it is about 80million m3. 

Still, it becomes about 360 mm/y, when a water demand of 50 million m3 in a year is 

converted into water depth, as irrigation area of this area (conunand area of 1R) is 14,192 

ha. Since water requirement rate of the paddy rice is 1 1 mm/d, this is equivalent to 33 

days' water demand. Therefore, about 2/3 to 3/4 of the irrigation water is shared by 

effective rainfall, when irrigation period of paddy field is 90 to 120 days. 

Since 40 million m3 is about 940lrm/y in the water depth conversion at 300/0 planting 

area in the dry season, we realize that effective rainfall can not be almost expected in the 

dry season. 
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CONCLUSION 
By the simulated generation rainfall, water demand prediction of various probability 

years was c~rried out. The result showed that most of water requirement was covered by 

rainfall in rainy season, but effective rainfall could not expect in the dry season almost. 

And it was clarified that there was seldom a difference in water demand by return period. 
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