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ABSTRACT 

Effective is a potential source of water resource for irrigation, the estimation and 

utilization of effective rainfall are predominantly based on the irrigation area of reservoir 

systems in Taiwan. The effective rainfall is always previous estimated and listed in the 

annual irrigation scheduling of each Irrigation Associations in Taiwan, It is used to 

forecast the potential available rainfall for irrigation and conducted to deduct the 

irrigation water in the next year. But the irrigation area of non-reservoir is de-emphasis on 

the utilization of the natural rainfall. Whereas the water resources are increasingly 

difficult to develop and deploy in Taiwan, the appropriate usage of effective rainfall will 

be helpful to improve the whole water resource problems which of the effective rainfall is 

regarded as one source of irrigation water. In this study, Taoyuan, Taichung, Kaohsiung 

and Taitung irrigation areas are selected as the research region. Water gate operation 

method and the continuous probability distribution methods are conducted to evaluate the 

effective rainfall and planned effective rainfall, respectively. The 20-year long daily 

rainfall data in the period of 1981-2000 are used to estimate the rainfall characteristics, 

utilization rate and use efficiency of effective rainfall in the northern, middle, southern, 

and eastern of Taiwan. 

The result shows that the average of annual effective rainfall is 1,005 mm/yr, 802 

mm/yr, 809 mm/yr, and 827 mm/yr respectively in Taoyuan, Taichung, Kaohsiung, and 

Taitung irrigation areas. The corresponding utilization rate of annual effective rainfall is 

54.9%, 53.6%, 41.0%, and 49.6%, respectively. Further, the continuous probability 

distribution method was conducted to estimate the monthly planned effective rainfall of 

53 workstations from January to December. According to the result of 636 times of 

mathematical calculation, it shows that the optimal distribution of monthly effective 

rainfall is primary characterized by Gama distribution, the subsequent models are the 

normal distribution, and the fifth least value of the monthly effective rainfall for the past 

20 years. 

Keywords: Irrigation water, Effective rainfall, Planned effective rainfall, Water gate 

operation method, Continuous probability distributions. 
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2.1  

(1970)

(1973) (Effective rainfall)

(Available rainfall)

Krul and Liefrinck (1946)
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Hayes 

and Buell (1955)

Ogrosky 

and Mockus (1964) Hayes and Buell (1955)

Suzuki 

(1984); Odhiambo and Murty (1996)

Yonts and Klocke (1985)

0.3 inch 

(7.62 mm) Jackson 

(1992)

(1962)

(1965)
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USDA (1967); Obreza and Pitts (2002); Rahman et 

al. (2008)

(2007)
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(1970) (1979)

Miller and Thompson (1970)

(Effectiveness of Rainfall)

(1977)

(1966) Dastane (1978)

(1989)
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1966 1972 1977 Dastane, 1978 Yonts 

and Klocke, 1985 2004) Al-Taher 

(1995) Abha An-Nemas

 

 

2.2  

Dakshinamurti et 

al. (1961)

1942-1944 (7 -12 )

42-51%

 

2.2.1  

1949

20-60 mm ( 1965)

1962-1963

2

30-60 mm/day 70%

60%

5 

mm 24

(

1977 1979) (1966)

 (1969

1970)

Herdhfield (1964)

SMD

 (Ratna et al., 1998) USDA 

(1967) SCS (1970 TR-21)

(Dastane, 1978; Patwardhan et al., 1990)

USDA-SCS Al-Taher (1995)

Assir
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Obreza and Pitts (2002)

TR-21 

(USDA-SCS) 673 

mm/yr 744 mm/yr

TR-21

10.5% Gislain 

(2008) Nyagatare

USDA-SCS

Yomota and Ndegwa (1995)

5 mm/day

30 mm/day

5-30 mm/day Van der Gulik (2004)

5 mm 75% (2007)

Du Plessis 

(2001) Estosha

1994-1995

35.5-57.6%

(1991)

(2009)

2004-2006

 

2.2.2  

52%

3-36 mm

5-33 mm ( 1965) (1963)

50 mm

(1977)

81 (1979)

(1980)

(1988)

(2000)  

USDA (1967)

USDA-SCS

(Cuenca, 1989; Jensen et al., 1990; Patwardhan 

et al., 1990) MOAF (2000)

USDA-SCS Kuo et 

al. (2006) USDA-SCS

Chung et al. (2011)

25-53%

2-8%

Dastane (1978) FAO

-1 -2

- -1

50-80% -2

6.25-75 mm/day 125 mm/10-day

5-50 

mm/day -

(IRRI, 1981) Dhandapani (1980)

1962-1975

65%

5 
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mm 50-80 mm

70-80% (Shih, 

1991) (1982)

 

Mohan et al. (1996) Dastane (1978)

4 USDA-SCS

-2 -

(Potential Evapotranspiration/Precipitation Ratio 

method) USDA-SCS

5

Rahman et al. (2008) Renfro Equation Method, 

R-E (Chow, 1964) (U.S. Bureau 

of Reclamation method, USBR) USDA-SCS

- 4

( 7-10

12-3 )

USDA-SCS 63.30-76.79% 3

(100%) USBR 3

Adnan and Khan (2009)

58 4

R-E

USBR

USDA-SCS

-  

2.2.3  

Shih 

(1991)

Rahman et al. (2008); 

Adnan and Khan (2009)

( ) (1) 5

(2) (3) 20

4 (4) (5)

(6) 5

5 30 mm/day

5

( 1995

2005) 5

60% 180 mm

(2004)

GIS

20 4 20

4

20 4

(Tsai et al., 2005)

(1975)

10 1

1927-1963 1934

618 mm/yr

(2001) 10

5-80 mm 80%

 

(Probability of Exceedance)

80% 70% (Smith, 

1992) Panigrahi et al. (1992)

(Modified Weibul's Plotting 

Position) Tekwa and Bwade 

(2011) 10
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(Gamble approach)

Maiduguri

8 (3.91 mm/day)

6 (1.09 mm/day)  

(1996) 90%

80% 75% 67% 10%

10%

(90%) (1999) Tsai et al. 

(2005) 20 4

(2002)

5

20 4 20 5

5

20 5 20

4

(2003)

1,907 Kar et al. (2004) 30

 

 

1  

 

24,650 ha

27,658 ha

20,274 ha

14,318 ha

 

 

3.1  

17 ( 瑠

) (

) (

) ( )

1

(2011) 2010  

TW97

1

(

)

(mm/day)

19

1955-2003 13

1976-2006 14

1981-2004

7 1975-2005
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1  

    
 

 E N W  E N W E N W  E N W 

1  278901 2765072 0.039  230035 2679400 0.025 177406 2509360 0.075  255450 2513301 0.128

2  278972 2775488 0.017  232925 2682495 0.013 180958 2514674 0.042  281051 2540836 0.186

3  276335 2768347 0.036  232920 2689458 0.021 183517 2505530 0.055  288957 2555456 0.164

4  270182 2773263 0.106  224891 2691022 0.022 183927 2503265 0.049  296335 2579311 0.257

5  268255 2764473 0.063  214889 2704216 0.065 185376 2497464 0.134  261930 2535583 0.096

6  264541 2771312 0.073  217962 2689988 0.043 187838 2500895 0.137  266521 2549650 0.089

7  263792 2767178 0.069  214993 2691924 0.040 177640 2522100 0.062  272009 2557812 0.080

8  258381 2769478 0.075  215012 2697246 0.080 180988 2530753 0.054     

9  260243 2764911 0.076  211781 2693821 0.085 207282 2529874 0.057     

10  254652 2764520 0.088  206763 2684744 0.106 196860 2531144 0.083     

11  254349 2765157 0.045  221166 2683199 0.121 201092 2531973 0.116     

12  254512 2755500 0.123  215702 2683583 0.163 202138 2526519 0.006     

13  258808 2759162 0.042  203629 2672182 0.217 167721 2534618 0.060     

14  278929 2751837 0.016     204353 2542393 0.071     

15  295076 2769113 0.031             

16  296336 2767004 0.009             

17  289336 2760982 0.034             

18  274083 2764205 0.036             

19  279104 2755212 0.023             

W  
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20

1981-2000

20

( )

1980-2000

1975-2005 1978 2003

( )

2 ( )

2 2

4

Optimization Model  

 

3.2  

2  
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(1)

20 (2)

(mm/day)

(mm/month) (3)

(mm/month)

(Normal Distribution) (Gamma 

Distribution) 20 5 3 (4)

20

3

(Goodness of Fit)

(mm/month)

Chi-Square

Kolmogorov-Smirnov

(Walpole and Myers, 1972; Hahn 

and Shapiro, 1994)

Chi-Square

(Significance level α = 0.05)

75%

(α = 0.05) 20 5

(5)

Thiessen polygon method ( )

 

 

3.3  

(

)

( 3.4

)

(mm/day)

( 1982 Horikawa and 

Hayase, 2006) (1989)

(1989)
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 R (mm) Y ( ) ER (mm) 

R ≤ 5  0 

5 < R ≤ 9 1 6 

9 < R ≤ 30 1+ (R ‒ 9)/6 [1+ (R ‒ 9)/6]·d R 
1  

30 < R 1+ (30 ‒ 9)/6 [1+ (30 ‒ 9)/6]·d R 

ƩR ≤ 5  0 

5 < ƩR ≤ 9 1 6 

9 < ƩR ≤ 30 1+ (ƩR ‒ 9)/6 {[1+ (ƩR ‒ 9)/6]·d}/N R 
N  

30 < ƩR 1+ [(30 ‒ 9)/6] + N {[1+ [(30 ‒ 9)/6] + N]·d}/N R 

(1982) (1989) Tsai et al. (2005). 
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ER Y
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dYERi  R ....................................(1) 
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(
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3.4.2  

(Gamma Distribution)

(4)  > 0  > 0 (4)

(5)  > 0 (Integrating by 

Parts) Γ(α) (6) α = n

(7) (Tsokos,1972; Walpole and Myers, 1972; 

Hahn and Shapiro, 1994)
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(Hajare et al., 
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Thiessen Polygon

Arc GIS AutoCAD

Thiessen Polygon 3

(12) 1

1.0  

 

4.1  

53

3- 6

1981-2000 20 53

75%  

53 1981-2000

1-12

ERa Ra

ERr (13)  

%
R

ER
ER

a

a
r 100  ................................. (13) 

7 4

4 20

(1,983 mm/yr)

(1,830 mm/yr) (1,543 mm/yr)

(1,505 mm/yr)

20

(1,005 mm/yr) (809 mm/yr) (802 

mm/yr) (827 mm/yr)

(54.9%) (53.6%)

(49.6%) (41.0%)

50% 50%

Yomota and Ndegwa (1995)

(1972) 52.29%

1950-1954

68.3% 64.6% ( 1962)

Annamalainaga

-2 -

77.3-80.9% 72.2-82.6% (Mohan et al., 1996)

(R-E

USBR - 3 100%  



3 ( ) 

  1 2  3  4 5 6 7 8 9 10  11  12

* 72.2 111.3 142.2 120.2 127.3 124.3 86.4 111.4 96.3 52.9 52.1 54.6
1  

** 39.6 76.1 115.5 82.0 93.1 81.8 58.6 88.7 61.9 27.2 28.8 35.0

* 84.5 115.0 135.9 118.6 118.7 100.9 58.7 73.9 89.0 57.8 63.8 71.0
2  

** 55.2 79.5 102.9 83.1 89.8 65.0 31.6 42.7 55.5 33.1 37.9 44.0

* 72.8 109.6 139.0 119.2 122.6 104.2 74.1 89.3 84.7 47.8 50.1 55.4
3  

** 46.2 73.1 114.8 83.4 100.5 67.4 45.1 61.1 51.5 23.5 28.2 34.5

* 71.9 114.7 130.3 116.4 120.9 100.4 61.5 76.8 77.5 41.9 55.1 55.4
4  

** 42.0 74.4 102.4 85.9 88.6 68.8 36.5 45.5 49.1 22.5 29.3 35.0

* 65.9 112.0 135.2 116.7 122.2 100.5 67.9 86.8 83.1 49.1 53.1 59.7
5  

** 42.7 78.2 110.6 84.9 91.9 64.3 43.9 57.2 49.5 25.1 30.7 40.4

* 67.1 107.7 133.9 118.2 126.4 100.4 56.9 81.1 75.5 39.4 53.6 51.1
6  

** 33.8 69.0 105.2 83.2 90.2 69.2 32.2 46.0 41.9 20.9 22.1 31.5

* 74.2 108.9 140.1 120.0 123.7 96.4 60.7 81.3 79.8 45.6 55.3 60.0
7  

** 49.7 70.4 109.2 86.5 90.0 65.2 33.9 48.7 50.1 23.8 28.9 40.5

* 65.0 105.5 130.2 113.6 125.8 99.3 51.1 77.0 73.0 38.4 45.5 47.2
8  

** 37.8 64.9 101.5 79.2 94.1 69.1 28.1 46.0 40.5 19.4 24.6 34.0

* 69.9 106.1 137.0 117.3 120.5 103.1 61.1 88.7 80.2 44.0 51.3 55.7
9  

** 43.7 61.7 110.0 84.5 84.6 68.6 35.8 56.7 50.1 20.3 23.1 35.4

* 64.9 100.2 130.4 115.9 115.1 100.1 54.1 84.9 78.1 40.2 47.4 50.0
10  

** 34.8 57.9 102.5 85.6 80.9 69.8 31.3 57.1 48.6 16.6 24.1 29.9

* 58.6 97.4 131.6 112.5 118.8 96.8 54.5 84.2 78.1 36.4 45.8 45.1
11  

** 28.5 53.9 103.1 81.7 85.4 65.5 31.8 57.3 47.6 13.7 23.4 25.2

* 46.7 45.5 69.8 60.1 77.1 80.3 51.6 64.6 50.2 32.8 22.1 30.2
12  

** 33.6 65.1 101.8 75.8 90.2 70.2 36.7 45.8 52.1 13.0 15.8 29.5

* 69.0 108.3 137.5 117.2 120.2 98.9 59.7 85.5 79.8 43.4 44.3 50.3
13  

** 43.2 69.8 110.4 84.8 85.6 70.1 35.7 52.1 53.5 20.7 17.3 33.4

* 83.4 114.0 139.1 115.1 143.0 144.5 122.5 137.6 100.3 64.2 54.9 67.2
14  

** 49.7 74.7 110.0 70.4 112.1 101.9 96.1 107.8 68.7 38.8 26.0 44.1

* 64.6 115.2 131.7 123.1 131.9 135.3 117.7 127.8 108.0 60.4 59.8 56.0
15  

** 32.6 77.0 107.8 87.1 101.6 102.4 100.8 92.4 70.5 33.6 37.6 36.5

* 69.0 111.7 129.5 117.0 131.9 146.4 120.7 136.1 106.9 56.4 60.8 55.0
16  

** 39.8 74.7 101.1 82.7 101.1 97.0 97.6 105.7 69.2 27.6 37.6 34.5

* 68.8 112.3 132.8 116.9 130.8 144.9 119.8 141.7 105.0 65.8 63.1 56.6
17  

** 37.8 74.2 106.6 60.3 98.8 113.6 94.2 107.9 68.5 39.1 35.9 36.1

* 79.3 113.6 140.8 118.0 127.6 113.1 80.6 93.4 89.9 46.8 56.1 56.0
18  

** 49.3 77.9 111.0 82.1 96.3 73.1 51.7 62.9 54.0 25.5 28.4 36.0

* 84.3 121.1 146.9 128.5 136.9 138.8 113.8 130.8 99.1 69.9 59.9 64.4
19  

** 55.9 86.4 120.6 74.4 101.8 99.3 82.0 100.5 67.6 44.4 30.0 42.9

w,ER  66.9 101.1 126.9 110.4 117.9 103.6 66.9 87.7 79.2 44.5 48.7 51.5

f,ER  40.1 69.2 106.5 81.8 90.8 73.1 43.2 58.4 51.6 22.3 25.7 34.4
1 * (1981-2000 ) **  
2

w,ER f,ER mm/month  

15 



4 ( ) 

  1 2  3  4 5 6 7 8 9 10  11  12

* 29.5 84.5 94.5 105.1 124.2 156.6 143.2 160.2 72.7 14.1 13.1 22.6
1  

** 13.9 37.0 67.9 67.7 86.6 126.9 115.5 134.4 43.2 1.2 0.0 9.7 

* 31.8 88.8 101.3 108.2 124.0 160.9 140.8 163.7 82.4 16.1 16.4 24.0
2  

** 17.0 45.6 76.3 59.2 90.3 132.0 110.6 134.7 53.3 0.0 0.0 7.0 

* 31.6 86.2 98.5 104.6 121.6 145.6 123.6 155.7 73.8 13.8 14.1 22.2
3  

** 15.7 43.5 77.6 67.4 86.8 116.9 81.3 130.0 46.5 0.0 0.0 6.9 

* 25.5 72.8 91.3 99.3 118.0 124.8 110.7 130.0 51.0 9.5 13.2 20.6
4  

** 12.0 30.8 61.1 68.0 86.7 90.5 76.0 79.0 27.6 0.0 0.0 6.4 

* 20.5 72.5 84.6 97.6 112.9 105.9 71.0 87.5 44.8 9.2 14.0 26.2
5  

** 5.9 33.8 60.5 64.6 79.2 75.5 43.7 53.1 20.6 0.0 0.0 11.2

* 25.1 77.7 86.3 106.1 114.6 118.2 101.4 110.5 54.5 9.6 13.6 21.4
6  

** 13.5 32.2 60.6 73.7 80.3 83.7 64.5 83.1 27.2 0.0 0.0 8.6 

* 27.7 78.8 88.2 102.5 117.8 120.5 83.9 102.9 49.6 9.7 14.8 20.1
7  

** 13.6 24.8 60.2 70.3 81.6 93.3 49.8 72.9 26.2 0.0 0.0 7.7 

* 24.3 74.5 84.0 96.7 113.3 110.6 73.0 90.1 47.1 10.8 14.5 22.2
8  

** 6.6 31.0 56.7 62.3 77.5 79.4 42.6 56.2 22.6 0.0 0.0 6.8 

* 22.9 71.0 84.9 103.5 121.0 106.3 76.4 96.5 46.0 10.4 11.3 22.2
9  

** 8.5 28.6 58.0 65.9 87.1 77.8 48.5 67.9 22.0 0.0 0.0 6.5 

* 20.5 66.6 78.5 93.8 114.1 104.9 80.9 91.8 48.7 7.6 12.0 16.7
10  

** 0.0 23.9 50.4 58.6 81.8 79.4 47.5 68.3 20.5 0.0 0.0 3.9 

* 29.8 84.0 94.9 101.6 121.7 126.7 115.9 129.3 66.0 10.9 18.4 23.5
11  

** 17.2 44.2 66.6 62.8 86.1 92.7 76.7 101.1 33.4 0.0 3.1 8.8 

* 22.4 75.9 82.4 93.4 111.8 117.2 98.3 111.8 46.5 9.7 11.6 18.3
12  

** 11.4 35.5 55.2 60.7 80.0 80.1 69.3 82.9 13.3 0.0 0.0 3.6 

* 19.4 66.4 71.0 90.4 102.7 112.5 93.4 95.3 46.0 7.5 12.8 18.3
13  

** 10.0 24.4 45.8 53.6 71.6 85.2 58.3 63.0 18.9 0.0 0.0 5.2 

w,ER  23.4 73.8 83.0 96.9 113.4 116.3 93.9 106.4 51.1 9.5 13.5 20.4

f,ER  10.0 31.5 56.4 61.4 80.1 85.6 61.0 76.4 23.0 0.0 0.4 6.3 
1 * (1981-2000 ) **  
2

w,ER f,ER mm/month  

 

5 ( ) 

  1 2  3  4 5 6 7 8 9 10  11  12

* 10.0 24.1 32.2 54.4 102.2 118.4 122.7 146.3 73.4 20.0 10.7 10.9
1  

** 0.0 4.1 7.3 21.2 73.4 86.6 87.4 116.4 43.9 2.1 0.0 3.1 

* 8.5 24.6 29.3 59.1 101.4 123.2 120.7 145.1 88.1 16.8 11.3 8.3 
2  

** 0.0 5.4 6.4 27.2 73.3 88.5 88.0 114.9 55.2 0.0 0.0 0.0 

* 10.1 21.9 32.5 59.0 100.4 126.1 119.6 156.8 107.3 22.1 10.4 9.4 
3  

** 0.8 3.7 7.9 26.0 74.2 95.9 87.3 124.4 70.4 0.0 0.0 0.0 

* 12.1 19.8 32.5 57.3 97.1 128.1 126.1 163.9 101.2 22.4 9.8 8.5 
4  

** 0.0 2.7 4.2 27.5 75.5 99.5 92.5 135.4 61.1 3.9 0.0 0.0 

* 9.8 18.1 30.1 47.9 88.8 120.6 119.2 142.1 90.5 22.9 9.8 9.3 
5  

** 0.0 0.0 5.2 19.2 63.0 94.9 89.0 107.5 58.5 0.0 0.0 0.0 

16 



5 ( ) ( ) 

  1 2  3  4 5 6 7 8 9 10  11  12

* 12.5 22.9 30.2 53.8 92.2 128.2 116.4 156.6 107.7 25.3 10.1 11.5
6  

** 0.0 0.0 5.0 23.0 64.3 98.3 82.0 130.1 72.8 0.0 0.0 0.0 

* 11.5 24.6 34.5 60.0 98.4 113.8 115.8 137.2 76.1 17.2 11.1 9.6 
7  

** 0.0 5.7 11.6 15.4 64.7 82.8 81.2 106.3 44.9 0.0 0.0 0.0 

* 10.8 27.8 34.7 67.8 104.7 124.9 125.8 156.6 91.0 18.1 9.3 10.5
8  

** 0.0 7.1 9.3 31.4 73.7 89.7 89.3 109.7 59.9 0.0 0.0 0.0 

* 16.5 32.8 31.3 68.0 127.7 132.8 165.8 189.4 148.8 50.9 9.7 10.5
9 

 ** 3.8 9.6 8.1 37.3 101.0 103.4 135.9 169.2 110.2 24.6 0.0 3.1 

* 11.0 29.7 36.3 62.9 118.6 135.2 143.1 168.1 120.2 33.4 9.6 10.1
10  

** 0.0 7.3 9.0 30.3 88.3 103.9 115.3 138.1 89.4 7.6 0.0 3.1 

* 12.7 31.1 36.1 65.2 132.1 143.5 168.2 180.2 140.5 48.6 9.1 12.6
11  

** 0.0 7.0 9.0 31.1 98.5 114.7 141.0 158.2 109.9 24.3 0.0 3.4 

* 14.5 33.2 34.2 71.4 125.3 141.4 163.1 184.4 137.9 48.8 13.7 13.4
12  

** 0.0 9.3 9.3 40.7 94.3 111.2 132.8 155.8 99.1 19.4 0.0 3.6 

* 9.8 28.6 26.6 60.3 93.7 105.4 103.7 137.1 74.0 17.7 10.9 7.6 
13  

** 0.0 6.7 5.2 27.7 64.0 75.4 72.8 107.8 46.3 0.0 0.0 0.0 

* 13.8 31.4 36.6 65.8 130.2 138.8 153.9 187.4 137.8 38.5 10.1 10.8
14  

** 0.0 7.7 11.1 37.3 98.7 102.3 124.4 166.5 104.5 10.4 0.0 2.1 

w,ER  11.5 25.7 32.6 59.1 106.4 127.1 131.7 159.3 106.3 28.5 10.1 10.3

f,ER  0.3 4.6 7.5 26.7 77.4 96.7 100.2 130.3 73.5 6.0 0.0 1.2 
1 * (1981-2000 ) **  
2

w,ER f,ER mm/month  

 

6 ( ) 

  1 2  3  4 5 6 7 8 9 10  11  12

* 23.6 36.6 38.6 54.5 107.0 95.2 76.1 102.8 113.2 64.2 40.4 25.2
1  

** 8.5 12.4 11.3 20.3 66.7 48.8 50.1 63.9 76.6 23.8 15.9 8.2

* 87.0 83.2 87.0 103.6 100.4 73.0 45.9 50.2 37.4 42.8 35.2 56.4
2  

** 12.6 21.2 18.2 26.6 59.4 66.5 37.5 65.5 75.0 43.7 27.3 16.8

* 62.5 58.1 57.6 65.6 102.3 103.4 77.1 93.5 122.7 110.0 75.2 60.7
3  

** 41.5 38.8 23.8 35.3 69.0 61.8 51.9 60.9 85.5 78.8 45.0 32.3

* 77.6 54.7 48.4 60.8 108.7 90.4 66.6 88.1 133.0 109.1 88.0 73.1
4  

** 43.1 30.5 17.3 39.0 71.9 58.4 44.6 68.0 93.7 68.2 55.2 46.3

* 32.3 45.4 45.9 59.4 105.0 103.9 81.4 122.1 123.0 79.9 48.7 33.9
5  

** 16.6 20.9 18.6 32.9 69.7 55.7 52.4 92.0 79.0 41.1 23.5 14.7

* 26.7 45.3 39.7 45.6 106.1 109.0 84.1 126.4 121.6 76.3 42.1 23.2
6  

** 10.9 18.6 15.8 21.2 69.9 66.0 50.6 100.4 79.7 37.0 18.0 7.4

* 22.6 42.4 38.4 40.3 101.4 102.6 94.6 122.4 128.4 71.5 38.6 17.8
7  

** 11.0 30.5 17.3 39.0 71.9 58.4 44.6 68.0 93.7 68.2 55.2 46.3

w,ER  44.2 44.3 43.8 53.4 82.0 74.1 55.0 72.4 82.4 63.8 44.4 38.3

f,ER  19.8 22.2 15.6 26.6 58.6 51.7 40.7 61.8 71.7 46.2 30.2 21.5
1 * (1981-2000 ) *  
2

w,ER f,ER mm/month  
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7  

     
 Ra ERa ERr Ra ERa ERr Ra ERa ERr Ra ERa ERr 

1 1,994 1,151 57.7 2,153 1,020 47.4 1,734 725 41.8 1,553 777 50.1 

2 1,783 1,088 61.0 2,154 1,058 49.1 1,838 736 40.1 1,726 802 46.5 

3 1,854 1,069 57.6 1,970 991 50.3 1,791 776 43.3 1,845 989 53.6 

4 1,753 1,023 58.3 1,723 867 50.3 1,847 779 42.2 1,921 999 52.0 

5 1,853 1,052 56.8 1,317 747 56.7 1,651 709 42.9 1,921 881 45.9 

6 1,704 1,011 59.3 1,613 839 52.0 1,878 767 40.9 1,762 846 48.0 

7 1,784 1,046 58.6 1,583 816 51.6 1,780 710 39.9 1,755 821 46.8 

8 1,662 972 58.5 1,406 761 54.1 1,882 782 41.6    

9 1,829 1,035 56.6 1,488 772 51.9 2,570 984 38.3    

10 1,716 981 57.2 1,335 736 55.1 2,199 878 39.9    

11 1,693 960 56.7 1,809 923 51.0 2,480 980 39.5    

12 1,727 631 36.5 1,508 799 53.0 2,527 981 38.8    

13 1,776 1,014 57.1 1,299 736 56.7 1,614 675 41.8    

14 2,439 1,286 52.7    2,395 955 39.9    

15 2,268 1,232 54.3          

16 2,218 1,241 56.0          

17 2,285 1,259 55.1          

18 1,924 1,115 58.0          

19 2,318 1,295 55.8          

 1,830 1,005 54.89 1,505 802 53.6 1,983 809 41.0 1,797 827 49.6 

Ra ERa (mm/yr) ERr (%)  

 

 

4  
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8  

   
 1  2  3  4  5 6 7 8 9 10 11  12   

* 10 12 2 6 7 3 8 4 5 7 9 16 89 39.0

** 9 7 17 10 10 15 11 15 13 11 10 2 130 57.0 

*** 0 0 0 3 2 1 0 0 1 1 0 1 9 3.9

* 8 5 3 4 6 4 3 6 5 0 1 7 52 33.3

** 4 7 10 8 7 9 9 6 7 1 0 4 72 46.2 

*** 1 1 0 1 0 0 1 1 1 12 12 2 32 20.5

* 0 5 3 7 5 3 1 3 3 2 0 6 38 22.6

** 2 7 10 6 9 11 12 8 11 5 0 0 81 48.2 

*** 12 2 1 1 0 0 1 3 0 7 14 8 49 29.2

* 5 5 3 2 2 3 3 2 0 1 7 3 36 42.9

** 2 2 4 5 5 4 3 5 7 6 0 4 47 56.0 

*** 0 0 0 0 0 0 1 0 0 0 0 0 1 1.2

* ** *** 20 5 %  

 

USDA-SCS 63.30-76.79%) (R-E

13.94-47.27% USBR 18.79-46.33%

- 52.94-100% USDA-SCS

22.58-64.14%)

 (Rahman et al., 2008)

76-81%

(10 1 ) 82% (

1999) Nyagatare

600.3 mm/yr 707 

mm/yr 84.9% (Gislain, 2008)

(2004-2006)

90.07% ( 2009)

 

 

4.2  

20 5

20

8 5 3

19 13 14 7 1-12

228 156 168 84

( )

(57.0%) (46.2%)

(48.2%) (56.0%)

42.9% 39.0%

1.2% 3.9%

20 5

29.2% 20.5%

20 5  

8 5 3

(3 -11 )

(2 -9 ) (3 -10 )

20 5

12 1 -2

10 -12

( 5) 2 20

5  



 

5  

 

20

 

 

4.3  

1

3- 6

6

2-5

3-8

10-11

10-11

5-9 10-3

5-6 8-9  

1-7 8-12

66.2% 33.8%  

20 



 

6  

 

66.0% 34.0%

40.6% 59.4%

41.6% ( ) 58.4% ( )  

(5 -10 )

(11 - 4 )

(51.3%) (48.7%)

66.3%

33.7% 70.1% 29.9%

92.3% 7.7%

 

7 (1,005 mm/yr) (809 

mm/yr) (802 mm/yr) (827 mm/yr)

( )

17
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9  

     

 ERf Ev Er ERf Ev Er ERf Ev Er ERf Ev Er 

1 788 91 13.1 704 212 43.1 446 -79 -15.0 407 -141 -25.7

2 720 23 3.3 726 234 47.5 459 -65 -12.5 470 -77 -14.1

3 729 32 4.6 673 180 36.7 490 -34 -6.5 625 77 14.1 

4 680 -17 -2.4 538 46 9.3 502 -22 -4.2 636 89 16.2 

5 720 23 3.2 448 -44 -9.0 437 -87 -16.6 517 -30 -5.5 

6 645 -52 -7.4 527 35 7.2 475 -49 -9.3 495 -52 -9.5 

7 697 0 0.0 500 8 1.6 412 -112 -21.3 604 57 10.4 

8 639 -58 -8.3 442 -51 -10.3 470 -54 -10.4    

9 675 -23 -3.2 471 -22 -4.4 706 182 34.7    

10 639 -58 -8.3 434 -58 -11.8 592 68 12.9    

11 617 -80 -11.5 593 101 20.4 697 173 33.0    

12 630 -67 -9.7 492 0 -0.1 676 151 28.9    

13 677 -20 -2.9 436 -56 -11.4 406 -118 -22.6    

14 900 203 29.1    665 141 26.9    

15 880 183 26.2          

16 869 172 24.6          

17 873 176 25.2          

18 748 51 7.3          

19 906 209 29.9          

ERf Ev (mm/yr) Er (%)  

 

 

 

4.4  

ERf

697.0 mm/yr 492.2 mm/yr 524.3 mm/yr 547.3 

mm/yr

9 7

9

Ev

Ev

 

Er

(%)

Er = ±10% 19

6 Er > 10%

Er 20~30%

200 mm/yr

200 

mm/yr

200 mm/yr  



 

7  

 

1 Er > -10% ( -11.5% 

4 Er = +10%

Er 47.5%

43.1% 36.7% 3 Er = +10%

170-200 mm/yr

170-200 mm/yr 3

170-200 mm/yr

5

Er = +10%

120-180 

mm/yr 120-180 

mm/yr 6 Er = -10%

Er -21.3% -22.6%

120-130 

mm/yr

3 Er = +10% 2 Er = 

-10% Er

-25.7%  

Er (> ±10%)

 

  

1. 

(1981-2000 )

(1,005 mm/yr) (809 mm/yr)

(802 mm/yr) (827 mm/yr)

23 
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3-6 3-8 5-9

5-9

(51.3%) (48.7%)

6.6 3.4 7 3 9

1

 

2. (54.9%)

(53.6%) (49.6%)

(41.0%)

6:4

4:6  

3. 20 5

3

3 -11 12 - 2

20 5

 

4. 

4

10-40%

 

5. 
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