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8.85 

F(2) 
6.50 

G(2) 
5.00 

H(2) 
2.52    

       A(1) 
1.55 

B(1) 
2.48 

C(1) 
4.92 

D(1) 
5.33 

E(1) 
6.63 

F(1) 
6.12 

G(1) 
6.10 

H(1) 
4.27 

A(2) 
5.49 

B(2) 
9.00 

C(2) 
11.25 

D(2) 
10.24 

E(2) 
9.00 

F(2) 
7.41 

G(2) 
5.70 

H(2) 
3.12    

       A(1) 
1.30 

B(1) 
2.08 

C(1) 
3.96 

D(1) 
4.29 

E(1) 
5.46 

F(1) 
5.04 

G(1) 
4.70 

H(1) 
3.27 

A(2) 
4.23 

B(2) 
7.20 

C(2) 
9.00 

D(2) 
7.84 

E(2) 
7.35 

F(2) 
6.11 

G(2) 
4.70 

H(2) 
2.82    

      A(1) 
1.40 

B(1) 
2.88 

C(1) 
4.32 

D(1) 
5.85 

E(1) 
5.85 

F(1) 
6.00 

G(1) 
5.00 

H(1) 
3.78  A(2) 

5.85 
B(2) 
7.80 

C(2) 
9.15 

D(2) 
9.86 

E(2) 
8.55 

F(2) 
7.41 

G(2) 
5.30 

H(2) 
3.18   

      A(1) 
1.60 

B(1) 
2.72 

C(1) 
4.08 

D(1) 
5.20 

E(1) 
5.20 

F(1) 
6.00 

G(1) 
5.00 

H(1) 
3.50  A(2) 

5.22 
B(2) 
6.96 

C(2) 
7.80 

D(2) 
8.32 

E(2) 
0.90 

F(2) 
5.98 

G(2) 
4.60 

H(2) 
2.76   

      A(1) 
1.20 

B(1) 
2.08 

C(1) 
3.12 

D(1) 
3.38 

E(1) 
3.38 

F(1) 
3.72 

G(1) 
3.10 

H(1) 
2.03  A(2) 

2.88 
B(2) 
3.84 

C(2) 
4.80 

D(2) 
5.12 

E(2) 
3.90 

F(2) 
3.38 

G(2) 
2.70 

H(2) 
1.62   

      A(1) 
1.45 

B(1) 
2.64 

C(1) 
3.96 

D(1) 
5.33 

E(1) 
5.33 

F(1) 
5.88 

G(1) 
4.60 

H(1) 
3.50  A(2) 

5.31 
B(2) 
7.08 

C(2) 
8.40 

D(2) 
8.96 

E(2) 
6.90 

F(2) 
5.98 

G(2) 
4.60 

H(2) 
2.76   

   A(1) 
1.10 

B(1) 
1.76 

C(1) 
2.76 

D(1) 
2.99 

E(1) 
4.42 

F(1) 
4.08 

G(1) 
3.90 

H(1) 
2.73    A(2) 

3.96 
B(2) 
5.64 

C(2) 
7.05 

D(2) 
6.88 

E(2) 
6.45 

F(2) 
4.68 

G(2) 
3.60 

H(2) 
2.10    

   A(1) 
1.35 

B(1) 
2.16 

C(1) 
3.84 

D(1) 
4.16 

E(1) 
5.07 

F(1) 
4.68 

G(1) 
4.60 

H(1) 
3.22    A(2) 

4.41 
B(2) 
6.12 

C(2) 
7.65 

D(2) 
6.72 

E(2) 
6.30 

F(2) 
5.33 

G(2) 
4.10 

H(2) 
2.40    

   A(1) 
1.10 

B(1) 
1.76 

C(1) 
3.36 

D(1) 
3.64 

E(1) 
4.68 

F(1) 
4.32 

G(1) 
4.20 

H(1) 
2.94    A(2) 

4.23 
B(2) 
6.00 

C(2) 
7.50 

D(2) 
6.56 

E(2) 
6.15 

F(2) 
5.07 

G(2) 
3.90 

H(2) 
2.34    

  A(1) 
1.10 

B(1) 
1.68 

C(1) 
2.52 

D(1) 
3.25 

E(1) 
3.25 

F(1) 
3.72 

G(1) 
3.10 

H(1) 
2.59    A(2) 

3.06 
B(2) 
4.08 

C(2) 
5.52 

D(2) 
5.60 

E(2) 
4.50 

F(2) 
3.90 

G(2) 
3.00 

H(2) 
1.80     

  A(1) 
1.05 

B(1) 
1.84 

C(1) 
2.76 

D(1) 
3.51 

E(1) 
3.51 

F(1) 
4.20 

G(1) 
3.50 

H(1) 
2.73    A(2) 

3.51 
B(2) 
4.68 

C(2) 
6.30 

D(2) 
6.72 

E(2) 
6.00 

F(2) 
5.20 

G(2) 
3.70 

H(2) 
2.22     

  A(1) 
1.40 

B(1) 
2.08 

C(1) 
3.12 

D(1) 
4.68 

E(1) 
4.68 

F(1) 
4.80 

G(1) 
4.00 

H(1) 
3.15    A(2) 

3.60 
B(2) 
4.80 

C(2) 
6.30 

D(2) 
6.72 

E(2) 
5.25 

F(2) 
4.55 

G(2) 
3.50 

H(2) 
2.10     

       A(1) 
1.40 

B(1) 
2.24 

C(1) 
4.08 

D(1) 
4.42 

E(1) 
5.07 

F(1) 
4.68 

G(1) 
5.15 

H(1) 
3.57  A(2) 

6.39 
B(2) 
7.56 

C(2) 
9.45 

D(2) 
8.32 

E(2) 
7.80 

F(2) 
5.33 

G(2) 
4.10 

H(2) 
1.92  

      A(1) 
1.15 

B(1) 
2.16 

C(1) 
3.24 

D(1) 
4.29 

E(1) 
4.29 

F(1) 
4.36 

G(1) 
3.80 

H(1) 
3.36  A(2) 

5.67 
B(2) 
7.56 

C(2) 
8.55 

D(2) 
9.12 

E(2) 
6.75 

F(2) 
5.85 

G(2) 
2.80 

H(2) 
1.60   

      A(1) 
1.50 

B(1) 
2.80 

C(1) 
4.20 

D(1) 
5.20 

E(1) 
5.20 

F(1) 
5.76 

G(1) 
4.80 

H(1) 
3.92   A(2) 

5.85 
B(2) 
7.20 

C(2) 
9.00 

D(2) 
8.80 

E(2) 
8.25 

F(2) 
8.85 

G(2) 
4.50 

H(2) 
1.98  

      A(1) 
1.45 

B(1) 
2.72 

C(1) 
4.08 

D(1) 
4.94 

E(1) 
4.94 

F(1) 
5.28 

G(1) 
4.40 

H(1) 
3.22  A(2) 

4.41 
B(2) 
5.88 

C(2) 
6.60 

D(2) 
7.04 

E(2) 
6.30 

F(2) 
5.46 

G(2) 
3.90 

H(2) 
2.34   

      A(1) 
1.55 

B(1) 
2.56 

C(1) 
3.84 

D(1) 
4.55 

E(1) 
4.55 

F(1) 
4.80 

G(1) 
4.00 

H(1) 
3.22  A(2) 

4.59 
B(2) 
6.12 

C(2) 
7.35 

D(2) 
7.81 

E(2) 
7.05 

F(2) 
6.11 

G(2) 
4.50 

H(2) 
2.70   

      A(1) 
1.75 

B(1) 
3.04 

C(1) 
4.56 

D(1) 
5.85 

E(1) 
5.85 

F(1) 
6.00 

G(1) 
5.00 

H(1) 
3.71  A(2) 

4.59 
B(2) 
6.12 

C(2) 
7.20 

D(2) 
7.68 

E(2) 
6.60 

F(2) 
5.72 

G(2) 
4.80 

H(2) 
2.88   

  A(1) 
1.05 

B(1) 
1.76 

C(1) 
2.64 

D(1) 
3.51 

E(1) 
3.51 

F(1) 
4.08 

G(1) 
3.40 

H(1) 
2.73    A(2) 

3.60 
B(2) 
4.80 

C(2) 
6.30 

D(2) 
6.72 

E(2) 
5.55 

F(2) 
4.81 

G(2) 
3.70 

H(2) 
2.22     

  A(1) 
1.10 

B(1) 
1.76 

C(1) 
2.64 

D(1) 
3.38 

E(1) 
3.38 

F(1) 
3.96 

G(1) 
3.30 

H(1) 
2.66    A(2) 

2.33 
B(2) 
1.76 

C(2) 
5.85 

D(2) 
6.24 

E(2) 
5.10 

F(2) 
4.42 

G(2) 
3.40 

H(2) 
2.04     

  A(1) 
1.10 

B(1) 
1.76 

C(1) 
2.64 

D(1) 
3.38 

E(1) 
3.38 

F(1) 
3.96 

G(1) 
3.30 

H(1) 
2.66    A(2) 

3.42 
B(2) 
1.76 

C(2) 
6.00 

D(2) 
6.40 

E(2) 
5.25 

F(2) 
4.55 

G(2) 
3.50 

H(2) 
2.10     

      A(1) 
1.05 

B(1) 
2.16 

C(1) 
3.24 

D(1) 
4.42 

E(1) 
4.42 

F(1) 
4.80 

G(1) 
4.00 

H(1) 
3.22   A(2) 

5.04 
B(2) 
5.88 

C(2) 
7.35 

D(2) 
6.88 

E(2) 
6.45 

F(2) 
4.29 

G(2) 
3.30 

H(2) 
1.50  

      A(1) 
1.50 

B(1) 
2.96 

C(1) 
4.44 

D(1) 
5.59 

E(1) 
5.59 

F(1) 
5.88 

G(1) 
4.90 

H(1) 
3.71  A(2) 

5.40 
B(2) 
7.20 

C(2) 
7.80 

D(2) 
8.32 

E(2) 
7.20 

F(2) 
6.24 

G(2) 
4.20 

H(2) 
2.52   

      A(1) 
1.00 

B(1) 
2.16 

C(1) 
3.24 

D(1) 
4.42 

E(1) 
4.42 

F(1) 
4.68 

G(1) 
3.90 

H(1) 
3.15   A(2) 

4.86 
B(2) 
5.52 

C(2) 
6.90 

D(2) 
6.40 

E(2) 
6.00 

F(2) 
4.16 

G(2) 
3.20 

H(2) 
1.50  

1993  
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2-3  
mm 

 
 

     

 270-410 160-350 170-290 220-290 180-250 
 180-380 160-350 170-290  230-330 
 150-400 160-350 170-290 190-280 188-300 

1996  

( ) (P) 

 

1.

( ) 2-3  

 
2-3  

( )  

 E3 E4 

E4 

( ) (  

) 

 E2 E3 

(  

) 

 E1 E2 



31 

E1  

E2  

E3  

E4  

2.
 

3.

( )
2-4  

2-4  
 (mm/day) 

     25.00 
     8.80 

 6.85 
     4.04 

( ) (ER) 

 

1. (ER)  

2.

 

3.
(ET) (P)

(ET+P)  

4.
(%)KER

2-5  

ER KER×(ET P) 
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2-5

 

2-5  
mm/day 

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

 1.0 1.2 2.0 4.2 4.2 4.2 4.3 4.2 4.0 3.8 1.3 0.7 
 1.0 1.2 2.0 4.2 4.2 4.3 4.3 4.2 4.0 3.8 1.3 0.7 
 1.0 1.2 2.0 4.5 4.5 4.6 4.6 4.5 4.3 3.8 1.3 0.7 
 1.0 1.2 2.0 4.6 4.7 4.8 4.8 4.7 4.5 3.8 1.3 0.7 
 1.0 1.2 2.0 4.6 4.9 4.9 5.0 4.8 4.6 3.8 1.3 0.7 
 1.0 1.2 2.0 4.6 4.8 4.8 4.9 4.7 4.5 3.8 1.3 0.7 
 1.0 1.2 2.0 4.6 4.6 4.6 4.7 4.6 4.3 3.8 1.3 0.7 
 1.0 1.2 2.0 4.4 4.4 4.4 4.5 4.4 4.2 3.8 1.3 0.7 
 1.0 1.2 2.0 4.1 4.1 4.1 4.2 4.1 3.9 3.7 1.3 0.7 

( ) (S) 

 

1.

 

2. (Leakage)

 

3.

2  

(1)  %100
Q

QQS
in

outin
1  
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(2)  %100
Q

QQS
out

outin
2  

Qin Qout

(1) (2) (1) (2)
(1)

(2)
S2 S1

S2 (3) S1 S2  

(3)  
1

1
2 S100

S100S  

S1 (3) S2  

 

8 mm/day 8 
mm 8 mm

24 mm 5 40 
mm 8 mm

 

( )  

( )

1. 2. 3.  

1.

 

2.
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3.

(
)  

4. WS  

WS= (Ma-Mb)/100 As d/E+d2 

WS

1 1/4 1/2 3/4

Ma ( )
(FC)

Mb ( )
MC Mb=WP( )

As

d

E

d2

 

( )  

 

2-4

2-4 5
9 13  

 

( )  
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2-4  

( )  

2-6  

2-6  
 
 

 

 
(T.R.A.M. 60mm) 

 
(T.R.A.M. 40mm) 

 
(T.R.A.M. 20mm) 

 
 
 

(mm) 

 
 
 

(mm) 

 
 

(mm) 
 

(mm) 

 
 

(mm) 
 

( ) 

 
 

(mm) 
 

(mm) 

 
 

(mm) 
 

( ) 

 
 

(mm) 
 

(mm) 

 
 

(mm) 
 

( ) 
(

) 
     

 
0.8 
cu 269 112 25 1 269 104 34 1 269 70 68 4 

530 575 1.0 
cu 336 130 43 1 336 116 56 2 336 96 76 4 

1.2 
cu 403 147 60 1 403 128 78 2 403 122 85 4 

(
) 

     
 

0.8 
cu 280 129 14 0 280 125 19 1 280 107 36 2 

520 890 1.0 
cu 350 151 29 1 350 141 38 1 350 120 60 3 

1.2 
cu 420 172 43 1 420 157 58 2 420 132 83 4 

(
) 

0.8 
cu 185 33 62 1 185 30 65 2 185 24 70 4 

290 69 1.0 
cu 232 35 84 2 232 32 87 2 232 26 93 5 

1.2 
cu 278 36 107 2 278 34 109 3 278 27 116 6 

* 1. 51.6%  
2. 20  
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2.2.4  

 

5
 

1. 

 

2. 

 

3. 

 

4. 

 

5. 
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2.3  

 

2.3.1  

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

2.3.2  

(WR)= (ET) (P) 

1.

2.3.3
 

2.

 
 

 

1.
 200 mm( ) 15 

mm (4 60 mm )
20
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200mm l5mm 20
21 0.6mm 1 22 3
1 (

1/25)  

=200mm 1/25 20 =0.4mm( 1 22 2
l0 0.4mm)  

 

1 =15mm 1/25 20 =0.03mm( 1 22 )  

2 =0.03mm 2=0.06mm( 1 23 ) 

3 =0.03mm 3=0.09mm( 1 24 ) 

2-7  

2-7 ( 1 ) 
 

 21 22 23 24 25 26 27 28 29 30 31 

 0 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

 0 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.3 

 4 mm 

 1.65 mm 

2.
100mm 200mm  

 

180mm 20 1 22
 

=180mm/20 =9mm/day( 3 2 3 2l )  

3.
(

)  

 

(1)  
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2-2  

1 =2.16mm 1/20 =0.108mm( 3 3 )  

2 =0.108mm 2=0.216mm( 3 4 ) 

3 =0.108mm 3=0.324mm( 3 5 ) 

2-8  

2-8 ( 3 ) 
 

 mm/day 1 2 3 4 5 6 7 8 9 10 

 2.16 0 0 0.108 0.216 0.324 0.432 0.54 0.648 0.756 0.864 

 4.32 0 0 0 0 0 0 0 0 0 0 

 4.68 0 0 0 0 0 0 0 0 0 0 

 5.2 0 0 0 0 0 0 0 0 0 0 

 4.8 0 0 0 0 0 0 0 0 0 0 

 5 0 0 0 0 0 0 0 0 0 0 

 3.5 0 0 0 0 0 0 0 0 0 0 

 6.85 0 0 0.343 0.685 1.028 1.37 1.713 2.055 2.398 2.74 

mm 3.9 mm 

mm 12 mm 

(2)  

2-
4 6.85mm/day  

1 =6.85mm 1/20=0.3425mm( 3 3 )  

2 =0.3425mm 2=0.685mm( 3 4 ) 

3 =0.3425mm 3=1.0275mm( 3 5 ) 

2-8  

= + 2-8  

4. 1 2 3
2-9  
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2-
9

 

  
1

 
2

 
3

 
4

 
5

 
6

 
7

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
4 

4 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

8 
 

 
 

 
1.

65
 

4.
65

 
6 

4.
8 

0.
6 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

17
.7

 
 

 
 

 
 

 
 

 
81

 
90

 
9 

 
 

 
 

 
 

 
 

 
 

 
 

18
0 

 

       

  
 

 
 

 
 

 
3.

88
8 

13
.9

3 
12

.9
6 

1.
62

 
 

 
 

 
 

 
 

 
 

 
 

32
.4

 
 

  
 

 
 

 
 

 
 

1.
94

4 
21

.3
8 

30
.2

4 
11

.8
8 

 
 

 
 

 
 

 
 

 
 

65
.4

48
 

 
  

 
 

 
 

 
 

 
 

 
10

.5
3 

31
.5

9 
24

.5
7 

3.
51

 
 

 
 

 
 

 
 

 
70

.2
 

 
  

 
 

 
 

 
 

 
 

 
 

2.
6 

24
.5

7 
36

.4
 

14
.3

 
 

 
 

 
 

 
 

77
.8

7 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
10

.8
 

32
.4

 
26

.4
 

2.
4 

 
 

 
 

 
72

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

2.
5 

27
.5

 3
3.

75
 1

1.
25

 
 

 
 

 
75

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

9.
62

5 
24

.5
 1

6.
63

 1
.7

5 
 

 
52

.5
 

 

 
 

 
 

 
 

 
12

.3
3 

46
.2

4 
75

.0
1 

68
.5

 
68

.5
 

68
.5

 
68

.5
 

68
.5

 7
5.

35
 6

8.
5 

63
.3

6 
32

.5
4 

3.
43

 
 

 
71

9.
25

 
 

  
 

 
 

5.
65

 
8.

65
 

6 
4.

8 
97

.8
2 

15
2.

1 
11

8.
4 

11
0.

9 
11

4.
6 

11
7.

6 
11

9.
2 

11
7.

7 
12

9.
3 

11
4.

3 
99

.1
1 

49
.1

6 
5.

17
5 

 
 

13
70

.3
7 

 

m
m
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2.3.3  

(FIR) (WR) (ER) 

(FIR) (mm) (m3 ) (cms
 /sec) (WR) (ER)  

 

 

1.  

2.  

3.
50  

4.  

5. 2-5 2-10  

2.3.4  

(TR) (FIR) (S) 

1. (TR) (cms  /sec)
(FIR) (S)  

2.

 

(1)

Moritz
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2-10 ( 50ha) 

 
 

 

 
 

WR 

 
ER 

 
FIR 

mm mm mm m3  /sec 

1  

      

      

 5.65  5.65 2,825 3.270 

2  

 8.65  8.65 4,325 5.006 

 6  6 3,000 3.472 

 4.8  4.8 2,400 2.778 

3  

 97.818 3.6 94.218 47,109 54.524 

 152.1135 14.28 137.8335 68,916.75 79.765 

 118.3515 34.77 83.5815 41,790.75 48.369 

4  

 110.89 44.05 66.84 33,420 38.681 

 114.57 46.05 68.52 34,260 39.653 

 117.64 46.475 71.165 35,582.5 41.183 

5  

 119.21 47.15 72.06 36,030 41.701 

 117.7 47.525 70.175 35,087.5 40.611 

 129.25 50.6 78.65 39,325 45.515 

6  

 114.275 44.2 70.075 35,037.5 40.553 

 99.1125 40.7 58.4125 29,206.25 33.804 

 49.1625 20.9 28.2625 14,131.25 16.536 

7  

 5.175 2.2 2.975 1,487.5 1.722 

      

      

 1,370.368 442.5 927.868 463,934  
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(2)

(
)

(cms)  

 

1.
( 50% )  

2.
S2=18%  

3.

8  /s 2-11  

2.3.5  

 

 

Qsupply Qdemand 

 

Qsupply(Qs)  

Qdemand(Qd)  
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2-11  

 
 

 

 
 

FIR S2(18%) 

 
 

FIR 
 

TR 
Qdemand 

(Qd) 

 /sec  /sec  /sec  /sec  /sec 

1  

      

      

 3.270 3.270 6.539 8 8.00 

2  

 5.006 5.006 10.012 8 10.01 

 3.472 3.472 6.944 8 8.00 

 2.778 2.778 5.556 8 8.00 

3  

 54.524 9.814 64.339 8 64.34 

 79.765 14.358 94.122 8 94.12 

 48.369 8.706 57.075 8 57.08 

4  

 38.681 6.963 45.643 8 45.64 

 39.653 7.138 46.790 8 46.79 

 41.183 7.413 48.596 8 48.60 

5  

 41.701 7.506 49.208 8 49.21 

 40.611 7.310 47.920 8 47.92 

 45.515 8.193 53.708 8 53.71 

6  

 40.553 7.299 47.852 8 47.85 

 33.804 6.085 39.888 8 39.89 

 16.356 2.944 19.300 8 19.30 

7  

 1.722 0.310 2.032 8 8.00 
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Qs Qd

Qs Qd

 

 

(Qdemand

Qd) (Qsupply Qs)
2-12  

(%) 100×(Qs Qd)/Qs 

-10% -20%
 

1.  

2.  

2.3.6  

 

1.

 

2.
7 10

( )

 

3.
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2-12  

 
 

 
Qdemand (Qd) Qsupply(Qs) Qs -Qd 

 
(Qs –Qd)/ Qs 

 /sec  /sec  /sec  

1  

     

     

 8.00 9 1.00 11.1 

2  

 10.01 9 -1.01 -11.2 

 8.00 9 1.00 11.1 

 8.00 9 1.00 11.1 

3  

 64.34 60 -4.34 -7.2 

 94.12 100 5.88 5.9 

 57.08 60 2.92 4.9 

4  

 45.64 45 -0.64 -1.4 

 46.79 45 -1.79 -4.0 

 48.60 45 -3.60 -8.0 

5  

 49.21 45 -4.21 -9.4 

 47.92 45 -2.92 -6.5 

 53.71 50 -3.71 -7.4 

6  

 47.85 45 -2.85 -6.3 

 39.89 40 0.11 0.3 

 19.30 20 0.70 3.5 

7  

 8.00 9 1.00 11.1 

     

     

     

     

 



47 

(1) (
)

 

(2) 
 

(3)

 

2.4  

2.4.1  

 

 
2-5  
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1. 2-5
16

2-13  

2.
2-14  

3. 23,815
2-15  

2-13  

    

 -

 

 
 

 

 

 

 

 

 

 

 

 

1.  

2.… 

3.4.5.… 

6.7.8-1… 

8…. 

9…. 

10.11…. 

12.12-1…
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2-14  

 
 

  

    

     2 1 2 25  25  7 9 7 28  20  

     2 15 3 11  25  7 12 7 31  20  

     2 28 3 24  25  7 23 8 11  20  

     3 1 3 25  25  7 24 8 12  20  

 3 1 7 23   
145  

7 24 11 30   
130       7 5 7 29  11 21 12 10  

 120 ( 105 ) 110 ( 95 ) 

     15 20
25  

2-15  
ha 

 
   

 
 

 
 
   

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

1  447 295 174 884 1,800  

2  244 1,874 129 452 2,699  

3  416    416  

4  724 29  230 983  

5   203  553 756  

6  117  431 14 562  

7    708  708  

8-1  155    155  

8  624 608  1,061 2,293  

9  567 102 308 150 1,127  

10.11   1,821  1,281 3,102  

12  360 624  681 1,665  

  784 401 132 1,317  

12-1    181  181  

  2,775 911 115 3,801  

 789 798 516 147 2,250  

 4,443 9,913 3,759 5,700 23,815  
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2.4.2  

 

4

2-16  

2-16  

 
  

        

 

 1/25 1/25 1/25 1/25 1/25 1/25 1/25 1/25 

(
)(mm) 200 200 200 200 200 200 200 200 

 

(mm) 
15 15 15 15 15 15 15 15 

(day) 4 4 4 4 4 4 4 4 

(day) 40 40 40 40 15 15 15 15 

(mm) 32 32 32 32 17 17 17 17 

 

(mm) 100 100 100 - 100 100 100 - 

(mm) 50 50 50 - 50 50 50 - 

(mm) 30 30 30 180 30 30 30 180 

 

(mm) 

30  7.2 7.6 8.1 10.1 7.6 8.1 8.4 10.8 

31  6 6.4 6.7 8.4 6.4 6.7 7 9 

(day) 
30  3 3 3 3 3 3 3 3 

31  6 6 6 6 6 6 6 6 

 
(mm) 756 804 846 1059 740 779 812 1044 

(mm) 968 1016 1058 1271 937 976 1009 1241 

 

10
2-17 2-18  
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( 50% )
2-19 2-20  

2-19  

 
  

  S1(%) S2(%) (mm) 

1  
50%

 
 

 
On Irrigation 
Efficiencies, 
1990 

 

6.7 
( 5.4) 7.2 98 

2  9.5 
( 7.8) 10.5 308 

3  14.4 
( 13.2) 16.8 70 

4  10.8 
( 9.8) 12.1 100 

5  11.1 
( 9.8) 12.5 100 

6  12.2 
( 12.4) 13.9 88 

7  14.2 
( 9.2) 16.6 80 

8-1  13 
( 8.8) 14.9 10 

8  13.8 
( 10.7) 16.0 398 

9  21.6 
( 9.1) 27.6 172 

10 11  13.7 
( 10.9) 15.9 568 

12  14.5 
( 12.9) 17.0 291 

 10.5 
( 9.1) 11.7 195 

12-1  12.7 
( 5.2) 14.5 13 

 14.6 
( 13.4) 17.1 722 

 12.5 
( 10.2) 14.3 3,213 

 9.6 
( 10.2) 10.6 3,213 
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2.4.3  

 

- ( )

 

1.  

2.  

3.  

( ) 16.7cms
285

346

 

1.
 

2.  

3.
(

)  

4.

 

5.

 

6.  

7.  
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2-21  

    
  

                 

 
 

  
  

1  720 
3,155 2,509.6 1,365.4 6.7 

( 5.4) 98  1,463.4 

2  192 
6,036 3,301 2,927 9.5 

( 7.8) 308  3,235 

3  118 
721 421.2 417.8 14.4 

( 13.2) 70  478.8 

4  47 
1,854 1,076.7 824.3 10.8 

( 9.8) 100  924.3 

5  277 
1,654 1,123.4 798.6 11.1 

( 9.8) 100  898.6 

6  357 
1,037 763.1 630.9 12.2 

( 12.4) 88  718.9 

7  129 
1,275 919.2 484.8 14.2 

( 9.2) 80  564.8 

8-1  194 
263 390 67 13 

( 8.8) 10  77 

8  39 
4,832 2,393.5 2,477.5 13.8 

( 10.7) 398  2,875.5 

9  410 
2,057 1,843.1 623.9 21.6 

( 9.1) 172  795.9 

10 11  566 
6,438 3,412.7 3,591.3 13.7 

( 10.9) 568  4,159.3 

12  241 
3,399 1,928.4 1,711.6 14.5 

( 12.9) 291  2,002.6 

 2,804 1,150.4 1,150.4 10.5 
( 9.1) 195  1,848.6 

12-1  113 
334 357.3 89.7 12.7 

( 5.2) 13  102.7 

 8,161 3,953.5 4,207.5 14.6 
( 13.4) 722  4,929.5 

 778 187.5 590.5    590.5 

 48,192 25,730.6 22,461.4 12.5 
( 10.2) 3,213  25,674.4 

 - - - - - 5,235 5,235 

 48,192 25,730.6 22,461.4 9.6 
( 10.2) 3,213 5,235 30,909.4 
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2-22  
 

 
  

 
 

1 

 1.987 

7 

 14.385 

 1.987  14.500 

 1.987  14.500 

2 

 12.443 

8 

 14.500 

 12.258  14.500 

 14.241  14.500 

3 

 14.000 

9 

 13.490 

 14.000  13.294 

 14.000  13.294 

4 

 13.477 

10 

 13.580 

 13.477  13.580 

 13.069  13.560 

5 

 12.476 

11 

 13.582 

 12.476  13.177 

 12.476  13.603 

6 

 13.202 

12 

 1.987 

 13.202  1.987 

 13.202  1.987 
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2.5  

1. 1999
 

2. 1998
 

3. 1998  

4. 1994
6  

5. 1993 10  

6. 1993  

7.M..G.Bos, J. Nugteren ,1990, On Irrigation Efficiencies, ILRI(19). 
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3.1  

3.1.1  

3-1  

 
3-1  

(Canal)

 

3.1.2  

(Irrigation) 3  

1. ( )  
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2.

 

3.  

 

( )

50%
50%

 

( )  

 

( )  

( )

25%
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(
)

 

 

(Main Canal)
( )

 

3.1.3  
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3.2  

3.2.1  

 

( )  

 

1.
( )

 

2.
( )

 

( )  

 

1.
 

2.
 

 

3-2  

 

3-3  

 

1.  

2. ( )
 

3.  

4. 1 3
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5. 1 4  

 

 

 

 
1.  
2.  

3-2  

5
 

1.  

2. ( ) ( )  

3.  

         

 

 

 

A 

 

 

         

A 
B 

C 

 

 

B 

 

1.

 
2.

 

 

 

 

 
C 

 

 

 

 



64 

4. ( ) ( ) ( )

 

5.

 

 

 

3-3  

3.2.2  

 

( )  

 

( )  

 

1.  
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2.
 

3.

 

4.  

5.
 

6.  

( )  

1.
 

2.
 

3.  

4.
 

 

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  
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1.
 

2.

 

3. (
)

 

 

 

1.  

2.  

3.  

4.  

5.  

 

 

 

 

 

 

7  

1. (1/2,400 1/2,500 1/4,800 1/5,000 
)  
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2.  

3.  

4.  

5.  

6.  

7. ( )  

3.3  

3.3.1  

 

( )  

 

( )  

 

( )  

1.  

2.  

3.  

A.  

B.  

C.  

D.  
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4.  

5.  

 
” ” ( )

( ) ( )
17% 50%

30% 10%

 

( )  50 
( )

10 

 

 

 

 

25 30m 100 150m  
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( )  

 

1.
70%

 

2.

 

( )  

 

1.  50 
10 

 

2.

 

( )  

 

1.
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2.

 

3.3.2  

 

( )  

1.  

2.  

3.
 

( )  

1.  

2.  

3.  

( )  

1.  

2.  

3.
 

4.  

 

1.
2. 3.

85%
 

( )  

1.  

2.  

3.  

(1)  

(2)  
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( )  

1.  

2.
 

3.  

(1)  

(2)  

(3)  

(4)  

(5)  

(6)  

( )  

1.
 

2.
 

3.  

(1)  

(2)  

(3)  

(4)  

3.3.3  

(Demand)
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(
)

 

 

1.  

(1) A ×D Q ×T
 

A  

D  

Q  

T  

(2)  

(3)  

(4)  

(5)  

2.  

(1)  
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(2)

 

(3)  

 

3-1  

 
 

(ha) 
 

(%) (day) 
 

1 A1 Rs1 T1 

 
2 A2 Rs2 T2 

3 A3 Rs3 T3 

4 A4 Rs4 T4 

 A    
 

……………………………………………………..……..(3-1) 

…………………………………..……..(3-2) 

(day) 

(ha) 

A(i) (ha) 

 

(day) 

(day) 

n  

62.02
50% 40% 20% 10%

50% 60% 80% 90%
7.5 3-2  
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3-2 ( )  
   

( ) 
 

(ha) (%) (day) 
 

1 14.06 50 2.29 7.5  

2 16.24 60 2.20  

3 11.85 80 1.21  

4 19.87 90 1.80  
 

( 50ha) ( 7.5 )
7.5

 

( ) ( )

( )
3-2 ( )

3-3  

3-3 ( )  

 
 

(ha) 
 

(%) (day) 

1 4.74 40 0.941 

2 4.33 50 0.688 

3 4.99 60 0.661 

 14.06 90 2.290 
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3~5 
 

 

(Run-of-the-River 
Systems)

 

 

(Qt) (Qs)

Qj

Qj Qsj (Qj-Qsj)
 

 ……………………………..……….…..(3-3) 

(cms) 

(cms) 

(cms) 

Q (cms) 
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A (ha) 

i (index of tertiary) 

j (index of growth stage) 

 

 

3.3.4  

( )
(

)

 

 

1.  

30mm (
)

 

(1)  

(mm) (%) ( )  
40 20 2~3 

 50 50 2~3 
60   3  

A 30  
B 30

 



77 

(2) ( )  

 
(mm) 

 
 

C.M.S ( ) 

31~40 1/3Q 3 
1.Q

31~40mm
1/3

3  
2.

 

41~50 1/2Q 5 

51    

2.  

(1)  

20 ( )  

A. 5mm (
5mm )  

B. 5mm ( 100mm)

5mm 30mm
30mm
6mm 36mm  

C. 6  

D. (
) 30mm 30mm

30mm ( 6mm)
 

(2)  

A. 5mm ( 2
5mm 2 )  

B. 5mm 6mm 1  

C. 10mm 15mm 2  

D. 16mm 21mm 3  

E. 22mm 27mm 4  

F. 28mm 33mm 5  
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G. 2 ( 1
) B H 

( 6mm)  

H.  

I.  

3.4  

790,680 ( 107
) 50%

 

(Soil Moisture) 120
200mm 1.5 2.5

 

( )

 

 

 

 

20 25%  
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( ) 75%

 

( ) 75%

 

1. ( ) 

2. ( ) 

3. ( ) 

( )
50%

 

( )  

( )  

3.4.1  

 

 

( )
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( )

70%

70%

 

( )

 

 

 

( )  

1. (
)

1.0 0.5
 

2.

 

3.

 

4.
 

5.
50%  
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( )
 

( )  

1.  

2.  

3. ( )
 

2.

 

3.4.2  

 250mm
250 500mm 25%  

23 
10% 50 

(small scale drought) 100 (large scale 
drought)  

(Agriculture drought) J.W Smith ”Agriculture 
Meteorology”

 

 500mm

( )
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( )

 

11 3  

 

 

 

” ”  

 

1.  

2.  

3.  

( )
 

1. ( ) 
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 12mm/ 5 30%
8.4 mm 5  

2.  

 

3.  

 

 

(1)
 

(2)  

(3)  

(4)  

4.  

2
 

(1)
 

(2)

 

5.  
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(1)
 

(2)  

(3)
 

(4)

 

(5)

 

(K ) 

(Reservoir Supply Systems)

 

 

 

( ) (Factor of Loss) 

( )  

………………………………..……………………………(3-4) 

S  

( ) 

( ) 
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 ……………………….…..……………………………(3-5) 

S 0 1
 

Qin=(1+S')Qout………………………..………………………..……(3-6) 

S' S  

S'=S/(1-S) ………………………..…………………………………(3-7) 

S' (L=1+S')
Factor of Loss)

1 S'=0 Qin=Qout

20%(S=20%) S'=25% 1.25
1 20%

1.25  

50
1.15~1.25

(Lti)  

Lti 1 SiF………………………..………………………………..……(3-8) 

Lt  

S (%)  

F  

i (index of tertiary)  

Si 
50 

15% 25%

 

Si AiS0………………………..…………………………………………(3-9) 

S (%)  

S0 (% / ha)  

A (ha)  
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i (index of tertiary)  

(F)  

 ……………………..…………………….………(3-10) 

( )  

(Demand)

 

(factor of loss)

 

Qtij FIRj Ai Lti……………………..…………………….………..…(3-11) 

FIRj CWRj + P ARj……………..…………………….……..…..…(3-12) 

Qtij i j (l/s)  

FIR (l/s/ha)  

CWR (l/s/ha)  

A (ha)  

Lt  

P (l/s/ha)  

AR (l/s/ha)  

i (index of tertiary)  

j (index of growth stage)  

 

(Ls)  

 ……..………………………….……..…….……...….…(3-13) 

 ……..…………………..………….……..…….……...….…(3-14) 
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 ……..………………………….……..…….……...….…(3-15) 

 

C  

G  

L (m) 

 

I (index of tertiary) 

 

Qsij FIRij Ai Lti Lpi Lli……..………………………….……....….…(3-16) 

Qs (l/s) 

FIR (l/s/ha) 

A (ha) 

Lt  

Lp  

Ll  

i (index of tertiary) 

j (index of growth stage) 

( )  
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( ) (Flexible Water Distribution Model) 

 

 

 

3-4  

 
3-4  

No 

  
 

 

K 

 

 

K>1 

No 
Yes 

Yes 

 

STOP 

Irr. finished 

Yes 

No 
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1.  

 

(Qt)
(Qs)  

  …..………………………...…………….……....….…(3-17) 

  

 …..………………………...……………....….…(3-18) 

( )  

  

 ………..……………...……………...........….…(3-19) 

  

 ………..……………...……………...........….…(3-20) 

Qs (cms) 

Qt (cms) 

Ls  

Qsl (cms) 

i (index of tertiary) 

n  

Qj Qj

Qsj (Qj-Qsj)
 

 ………..……………...……...….…(3-21) 

(cms) 

(cms) 

(cms) 

(cms) 
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A (ha) 

i (index of tertiary) 

j (index of growth stage) 

K (K factor)
K

K  

( )
( )  

 ………..…………………..…………..……...……...….…(3-22) 

Q (cms) 

Qs (cms) 

Qsl (cms) 

Qj-Qslj j (cms) 

Qsj-Qslj j (cms) 

j (index of growth stage) 

K

(K 1) (Q'tij)  

Q'tij K Qtij…..…………………..…………..……...…………....….…(3-23) 

K

 

2.  

( )
( ) ( )  

K
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K
K

 

(1)  

 

K
K 1  

(2)  

 

 

T.R.A.M.(Total Readily Available Moisture
) T.R.A.M.

 

 K (K factor)
K 80%(K 0.8)

K 80%(K 0.8) 4 
K K ( 3-4)  
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3-4 K  
K    

1.00 1/1  
0.75 3/4  
0.66 2/3  
0.50 1/2  
0.33 1/3  
0.25 1/4  

3.4.3  

 

 

( ) 10%  

1.
 

2.  

3.  

4.  

5.  

( ) 20%  

 

1.
 

2.
 

3.  

4.  

5.  

( ) 30%  
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1.  

2.  

3.  

4.  

5.  

6.  

7.  

( ) 40%  

 

1.  

2.  

3.  

(1)  

(2)  

4.
 

5.  

~  

 

1.  

87
84% 16%

10% 1%
67 79 146

3-5  

2.  

87
26 87 46,076

42,699 424 2,953
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85% 3-6
65% 35%

 

3-5  
cms 

 

                              

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

 64.89 72.55 89.44 90.57 96.50 104.4 114.3 113.7 105.3 83.82 73.35 72.15 

 5.15 5.15 5.15 5.15 5.15 5.15 5.15 5.15 5.15 5.15 5.15 5.15 

 

3-6  
( 80 84 )  

 
 

 

 

       

80 52,855 17,349 70,204 44,438 8,417 17,349 25,766 37% 

81 52,139 16,972 69,111 44,548 7,519 16,972 24,563 36% 

82 51,642 16,800 68,442 45,834 5,808 16,800 22,608 33% 

83 51,327 16,561 67,888 44,411 6,916 16,561 23,477 35% 

84 51,153 16,380 67,533 44,399 6,754 16,380 23,134 34% 

 51,823 16,812 68,636 44,726 7,097 16,812 23,910 35% 

 

3.  

5~10 11 ~ 4
20% , ,

 

4.  

3-5  



95 

(1) 7,094
 

(2) 34,984 31,609
423 2,959

34
 

(3) 4,095

 

 
3-5  

5.  
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3-7  

3-7  
             (ha)  (c.m.s)    

 
 
 

    79 0.169    
    261 0.558    
    47 0.100    
        387 0.827  

 
 

 

    1,326 2.833    
    868 1.855      

        2,194 4.688  

 
 

 

    1,919 4.100      
    1,596 3.410      
        3,515 7.510  
     1,000 2.184    

        7,094 15.209  
 
 
 

    767 1.639    
    993 2.122    
        1,760 3.761  

 
 
 
 

( )  2,601 4.631    
( )  4,216 7.507    
( )  4,184 7.450    

        11,001 19.588  
 
 
 
 

( )  1,448 2.579    
( )  2,949 5.251    
( )  2,884 5.135    

        7,281 12.965  

 
 
 
 
 

    2,964 5.290    
    2,123 3.780    
    4,399 7.833    
    2,670 4.754    
    2,786 4.961    
        14,942 26.618  

         34,984 62.932  
     2,150 3.819  
     751 1.347  
     1,194 2.126  
       4,095 7.292  
       46,173 85.433  
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80
84 18 8 3

12 4 7 6 3-8
80 84

23,910 4 2 3
1 8 6 3-9 80

84  

3-8 80-84  

 
( )  

( ) 
 

( )    

80 52,855 17,349 70,204 2,050.11 1,276.98 

81 52,139 16,972 69,111 2,088.34 1,094.02 

82 51,643 16,800 68,442 1,705.41 1,182.70 

83 51,327 16,561 67,888 1,841.76 1,273.12 

84 51,153 16,380 67,533 1,727.50 1,410.00 

 51,823 16,812 68,636 1,882.62 1,247.36 

 

3-9 80-84  

 

 
( ) 

(mm) 
 

( ) 
 

( ) 
   

80 8,417 17,349 25,766 3505 492.76 203.75 

81 7,591 16,972 24,563 3634 469.36 162.10 

82 5,808 16,800 22,608 2932 361.78 164.50 

83 6,916 16,561 23,477 3220 411.52 187.43 

84 6,754 16,380 23,134 3012 390.17 210.05 

 7,097 16,812 23,910 3261 423.07 185.57 
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91,573
15 2 6 11

3 4 10 4 8
6 6 1 3

3-10

3-11 3-12  

3-10 80-84  

 ( ) 

                             

( ) ( ) ( ) 
   ( ) 

      

80 46198 92095.00 1626.48 92095.00 1060.39 71.83 6.79   1139.01 

81 46240 92424.00 1696.92 92424.00 962.01 44.08 4.78   1010.87 

82 46220 91579.00 1400.67 91579.00 1013.50 63.27 12.01   1088.78 

83 46562 91575.00 1500.76 92335.00 1061.52 76.96 15.41   1153.89 

84 46550 90191.00 1406.19 90191.00 1143.61 71.89 13.24 13.25 33.34 1275.32 

 46219 91572.80 1526.20 91724.80 1048.21 65.61 10.44 2.65 6.67 1133.57 

(1) : : : :
:  

(2)  

3-11 80-84  

  
( ) 

                             

( ) ( ) ( ) 
   ( ) 

      

80 46198 46356.00 847.29 46356.00 558.35 36.97 6.77   602.09 

81 46240 46220.00 873.40 46220.00 506.81 17.12 1.56   525.49 

82 46220 46173.00 634.44 46173.00 496.68 28.00 4.14   528.81 

83 46562 45407.00 802.71 46167.00 546.44 40.40 9.85   596.69 

84 46550 45103.00 768.34 45103.00 610.74 37.79 7.95   656.48 

 46219 45851.80 785.24 46003.80 543.80 32.05 6.05   581.91 

(1) : : : :
:  

(2)  
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3-12 80-84  

  
( ) 

                             

( ) ( ) ( ) 

( ) 

      

80 46198 45739.00 779.64 45739.00 505.03 34.87 0.02   539.92 

81 46240 46204.00 831.19 46204.00 456.33 26.96 3.23   486.51 

82 46220 45406.00 761.97 45406.00 518.27 35.27 7.87   561.41 

83 46562 46168.00 703.07 46168.00 514.58 36.56 5.56   556.71 

84 46550 45088.00 637.85 45088.00 533.63 34.11 5.28 13.25 33.34 619.60 

 46219 45721.00 742.75 45721.00 505.57 33.55 4.39 2.65 6.67 552.83 

(1) : : : :
:  

(2)  

6.  

(1)  

A.
 

B. 10 20 30 40
 

 

(2)  

 

A.  

a.  

(a)  

(b)  



100 

(c)  

(d)  

b.  

c.  

d.  

e.  

f.  

g.  

h.  

i.
 

j.  

B.  

a.  

b.  

c.  

d.  

e.  

(3) 3-13 3-17  

A. 10%  

a.
 

b.  

c.  

d.  

e.  

B. 20%  

a.
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b.

 

c.  

d.  

C. 30%  

a.  

b.  

c.  

d.  

e.  

f.  

g.
 

D. 40%  

a.  

b.  

c.
 

d.
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3-13  

   

        % 

   

10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 

1.
                

2.                 

3.                 

4.                 

5.                 

6.                 

7.                 

8.                 

9.                 

10.
                

11.                 

12.
 

    ( ) 
               

13.                 

14.                 

15.                 

16.
                

17.                 

18.                 

19.                 
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3-14  
            (0.7Q) 

               
1 2 3 4 5 6 7 8 

 

 
 0.118cms  

 
  0.118cms 

 
 0.391cms  

   0.391cms 

 
 

 0.070cms  
 

  0.070cms 

 

I 
 
 

 

 1.818cms  
734ha

592ha  1.464cms  

II 
 
 

 

  1.834cms 
485ha

383ha   1.448cms 

 

I 
 
 
 

 

 1.845cms  

673ha
668ha 

 1.830cms  

 0.605cms  

 
 

0.978cms   

II 
 
 
 

 

  1.977cms 
650ha

748ha   2.629cms 

 
( ) 

 0.373cms  

 
( ) 

 0.279cms  
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3-15  

 
 

           (0.7Q) 
               

1 2 3 4 5 6 7 8 9 10 

 
 
 

 2.633   

  2.633   

 
 
 
 
 

 7.421  
596ha 

 5.289   

  11.983   

 6.665   

  7.592   

 

 

  5.816   

  9.425   

  11.784   

  3.457   

 

  
4.42

4 
  

  
9.01

3 
 

 ~
~  

  6.072 
 

  7.365 
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3-16  

 

              (0.5Q) 

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

 

 
 0.085 cms  

  0.085 cms 

 
 0.279 cms  

  0.279 cms 

 
 

 0.050 cms  

  0.050 cms 

 

I 
 
  

 1.411 cms  

  1.423 cms 

II 
 
  

 0.933 cms  

  0.921 cms 

 

I 
 
 
 

 

 1.318 cms  

 1.307 cms  

 0.432 cms  

 
 

0.699 cms  

II 
 
 
 

 

  1.412 cms 

  1.878 cms 

( )  0.267 cms 

( )  0.199 cms 
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3-17  

 

              (0.5Q) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

 
 
 

 
1.881 
cms 

 

  
1.881 
cms 

 

 
 
 
 
 

 
7.291 
cms 

 

  
5.983 
cms 

 

  
13.309 
cms 

 

 
6.550 
cms 

 

  
7.859 
cms 

 

 

 

  
4.153 
cms 

 

  
6.734 
cms 

 

  
8.419 
cms 

 

  
2.468 
cms 

 

 

  
3.161 
cms 

 

  
6.438 
cms 

 

  
4.336 
cms 

  
5.263 
cms 
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( )

 

( ) 10  

10 5
10

 

1. (6.2 ) (1)
(2) (3)

 

2. (3.5 6.2 )  

(1) 6.2
1.  

(2) 3.5 4.5  

A.  

B. 
 

C. 
 

D. 
 

E. 
 

3. (2.6 3.5 )
 

A.  

B.  

C. 
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D.  

4. (2.6 )  

A.  

B.  

C. 
(

) 

( ) 5  

1.  

(1) (1 )  

A. 2
 

B. 1.5 1.5
 

(2)7 25 4000 1.5
10000 /

 

A. 1.5 1 1.5
 

B. 4000 1 4000 1
 

(3)7 25 4000  

2.  

(1)(2)
 

~  
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120 200 mm
15 25

( )

 

 

1.  

68cms 89.8cms 3-6
 

(Effective Rainfall)
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3-6  

 A=195 

D=0+674 Q=0.300 

 

  

 A=737 

D=0+674 Q=1.127 Q

 A=423 

D=1+576 Q=0.602 Q

 A=3055 

D=3+657 Q=4.499 Q

 A=384 

D=6+989 Q=0.396 

 A=1674 

D=8+598 Q=1.726 Q

 A=193 

D=9+582 Q=0.341 Q

 A=383 

D=11+248 Q=0.661 Q

 A=4743 

D=17+164 Q=4.890 

 A=895 

D=19+128 Q=1.395 Q

 A=135 

D=20+100 Q=0.243 Q

 A=1217 

D=21+202 Q=1.454 Q

 A=140 

D=22+049 Q=0.173 

 A=331 

D=24+432 Q=0.341 Q

 A=12250 

D=29+257 Q=10.387 Q

 A=4266 

D=29+273 Q=3.595 Q

 A=360 

D=36+173 Q=0.086 

 A=525 

D=36+173 Q=0.630 Q

 A=3575 

D=38+154 Q=4.233 Q

 A=223 

D=40+427 Q=0.266 Q

 A=638 

D=42+983 Q=0.764 

 A=2425 

D=46+738 Q=2.298 Q

 A=191 

D=47+251 Q=0.229 

 A=240 

D=7+849 Q=0.386 

 A=139 

D=5+472 Q=0.222 

 A=274 

D=3+502 Q=0.309 

 A=480 

D=11+247 Q=0.770 

 A=112 

D=7+999 Q=0.069 

 A=592 

D=8+592 Q=0.463 

 A=693 

D=38+137 Q=0.798 

 A=704 

D=42+992 Q=0.844 

 A=207 

D=17+148 Q=0.213 

 A=4 

D=25+397 Q=0.004 

 A=174 

D=19+124 Q=0.277 

 A=33 

D=23+511 Q=0.053 

 A=82 

D=28+430 Q=0.073 

 A=132 

D=21+197 Q=0.212 

 A=612 

D=42+998 Q=1.189 

 A=360 

D=29+663 Q=0.431 

 A=208 

D=17+148 Q=0.160 

 A=12372 

D=3+520 Q=12.354 

 A=361 

D=8+952 Q=0.238 

 A=3148 

D=10+073 Q=2.811 

 A=6199 

D=10+073 Q=6.935 

24.637 40.727 
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FAO
3-18 FAO

ET0

1996
modify Penman method

modify Penman method
 

3-19 3-18 modify Penman method
Kc

Field Irrigation Requirement, FIR
1.54 l/s/ha

0.77 l/s/ha 1.01 l/s/ha 1.03 
l/s/ha 1.11 l/s/ha 1.01 l/s/ha 0.82 l/s/ha

0.61 l/s/ha  

66,084
181.8cms 89.8cms

3-20

181.8cms 72cms

 

3-21

69.46cms
12372

12250 4
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3-18  
 B-C radiation Penman A-pan

1  2.9 2.4 2.2 2.4
1  2.9 2.4 2.2 2.4
1  2.9 2.3 2.1 2.4
2  3.1 2.5 2.4 2.4
2  3.3 2.6 2.5 2.5
2  3.4 2.7 2.5 2.7
3  3.7 3.3 3.1 3.0
3  3.8 3.3 3.1 3.1
3  3.9 3.4 3.2 3.2
4  4.2 3.8 3.7 3.4
4  4.2 3.9 3.8 3.5
4  4.2 4.0 3.9 3.7
5  4.4 4.3 4.2 4.0
5  4.5 4.4 4.4 4.1
5  4.6 4.5 4.5 4.2
6  5.2 4.6 4.7 4.4
6  5.3 4.8 4.9 4.5
6  5.3 4.9 5.1 4.7
7  5.6 5.3 5.4 4.9
7  5.3 5.2 5.3 4.8
7  4.9 5.1 5.1 4.6
8  4.5 4.7 4.7 4.2
8  4.4 4.7 4.7 4.2
8  4.3 4.7 4.6 4.1
9  4.2 4.4 4.2 3.9
9  4.1 4.2 4.1 3.8
9  4.0 4.1 4.1 3.8

10  3.7 3.5 3.4 3.6
10  3.7 3.4 3.3 3.4
10  3.7 3.4 3.2 3.2
11  3.5 2.7 2.6 2.9
11  3.5 2.7 2.5 2.8
11  3.5 2.7 2.5 2.7
12  3.1 2.4 2.2 2.6
12  3.0 2.4 2.2 2.6
12  3.0 2.3 2.1 2.5
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3-19  

   
( mm ) 

 
( mm ) 

 
(mm) 

FIR 
(mm) 

FIR 
(l/sec/ha) 

1~15  86.31 37.5 0.00 123.81 1.54 

16~30  111.96 37.5 49.73 99.73 0.77 

31~45  131.85 37.5 38.40 130.95 1.01 

46~60  139.04 37.5 43.15 133.39 1.03 

61~75  123.53 37.5 16.71 144.32 1.11 

76~90  102.90 37.5 9.01 131.39 1.01 

91~105  70.10 37.5 0.71 106.89 0.82 

106~120  42.10 37.5 0.00 79.60 0.61 

 

100%

90% 62.51cms
90%

80% 55.57cms
80%  

90%
90%

80%
 

12,372
1.429 1.302 9.491cms

9.491cms

9.491cms 9.27cms 90%
8.541cms  
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4 

3-
20

 
(

l/s
) 

 
 

(h
a)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
27

4 
1.

42
9 

1.
15

3 
60

3 
45

4 
30

1 
39

5 
39

9 
40

3 
43

4 
41

5 
39

5 
32

1 
28

2 
23

9 
 

12
37

2 
1.

42
9 

1.
30

2 
27

21
8 

20
50

2 
13

60
9 

17
85

1 
18

02
8 

18
20

5 
19

61
8 

18
73

5 
17

85
1 

14
49

3 
12

72
5 

10
78

1 
 

11
2 

1.
42

9 
1.

19
0 

24
6 

18
6 

12
3 

16
2 

16
3 

16
5 

17
8 

17
0 

16
2 

13
1 

11
5 

98
 

 
36

1 
1.

42
9 

1.
11

2 
79

4 
59

8 
39

7 
52

1 
52

6 
53

1 
57

2 
54

7 
52

1 
42

3 
37

1 
31

5 
 

59
2 

1.
42

9 
1.

47
5 

13
02

 
98

1 
65

1 
85

4 
86

3 
87

1 
93

9 
89

6 
85

4 
69

3 
60

9 
51

6 
 

61
99

 1
.4

29
 1

.4
67

 
13

63
8 

10
27

3 
68

19
 

89
44

 
90

33
 

91
21

 
98

30
 

93
87

 
89

44
 

72
62

 
63

76
 

54
02

 
 

31
48

 1
.4

29
 1

.2
38

 
69

26
 

52
17

 
34

63
 

45
42

 
45

87
 

46
32

 
49

92
 

47
67

 
45

42
 

36
88

 
32

38
 

27
43

 
 

19
5 

1.
42

9 
1.

11
1 

42
9 

32
3 

21
5 

28
1 

28
4 

28
7 

30
9 

29
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3-21  

   
(ha) 

  
  100% 90% 80%  

 274 1.429 1.153 268 268 241 214  
 12372 1.429 1.302 9491 9491 8541 7593  
 112 1.429 1.190 58 58 52 46  
 361 1.429 1.112 214 214 193 171  

 592 1.429 1.475 314 314 283 251  
 6199 1.429 1.467 4728 4728 4255 3783  
 3148 1.429 1.238 2271 2271 2044 1817  
 195 1.429 1.111 270 270 243 216  

 737 1.429 1.069 1054 1054 949 843  
 423 1.429 1.111 542 542 488 434  

 3055 1.429 1.186 3795 3795 3415 3036  
 139 1.429 1.227 181 181 163 145  

 240 1.429 1.149 336 336 302 269  
 384 1.429 1.073 369 369 332 295  
 1674 1.429 1.108 1558 1558 1402 1246  
 193 1.429 1.086 314 314 283 251  
 480 1.429 1.141 675 675 607 540  
 383 1.429 1.066 620 620 558 496  
 207 1.429 1.139 187 187 168 150  

 208 1.429 1.143 140 140 126 112  
 4743 1.429 1.211 4037 4037 3633 3230  

 895 1.429 1.109 1258 1258 1132 1006  
 135 1.429 1.125 216 216 194 173  

 174 1.429 1.135 244 244 220 195  
 132 1.429 1.134 187 187 168 150  

 1217 1.429 1.244 1169 1169 1052 935  
 33 1.429 1.233 43 43 39 34  
 140 1.429 1.081 160 160 144 128  

 331 1.429 1.616 211 211 190 169  
 4 1.429 1.214 14 14 13 11  

 82 1.429 1.141 64 64 58 51  
 12250 1.429 1.230 8442 8442 7597 6754  

 4266 1.429 1.117 3219 3219 2897 2575  
 360 1.429 2.677 161 161 145 129  

 360 1.429 1.593 54 54 49  43  
 525 1.429 1.119 563 563 507  450  
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(ha) 

  
  100% 90% 80%  

 3575 1.429 1.096 3861 3861 3475  3089  
 693 1.429 1.135 703 703 633  562  
 223 1.429 1.127 236 236 212  189  

 638 1.429 1.331 574 574 517  459  
 704 1.429 1.150 734 734 661  587  

 612 1.429 1.726 689 689 620  551  
 2425 1.429 1.204 1908 1908 1717  1526  
 191 1.429 1.157 198 198 178  158  

   66084   56330 56330 50694 45066  
        69460 69460 62510 55570  

       1.00 0.9 0.8  

(1)  

70%

7
24

13
3-22 70% 48.62cms

1.11
1.05

0.99  

10.557cms

9.431cms  

(2)  

50% 50% 34.73cms

20
24
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1.00
3-23  

9.532cms
9.491cms 0  

3-22 ~  

  
(ha) 

  
( /sec) 

( /sec) 
  70% 

 274 1.429 1.153 268 298  266 
 12372 1.429 1.302 9491 10557  9431 
 112 1.429 1.190 58 65  58 
 361 1.429 1.112 214 238  213 

 592 1.429 1.475 314 349  312 
 6199 1.429 1.467 4728 5259  4698 
 3148 1.429 1.238 2271 2526  2257 
 195 1.429 1.111 270 300 284  

 737 1.429 1.069 1054 1172 1107  
 423 1.429 1.111 542 603 569  

 3055 1.429 1.186 3795 4221 3987  
 139 1.429 1.227 181 201 190  

 240 1.429 1.149 336 374 353  
 384 1.429 1.073 369 410 388  
 1674 1.429 1.108 1558 1733 1637  
 193 1.429 1.086 314 349 330  
 480 1.429 1.141 675 751 709  
 383 1.429 1.066 620 690 651  
 207 1.429 1.139 187 208 196  

 208 1.429 1.143 140 156 147  
 4743 1.429 1.211 4037 4490 4241  

 895 1.429 1.109 1258 1399 1322  
 135 1.429 1.125 216 240 227  

 174 1.429 1.135 244 271 256  
 132 1.429 1.134 187 208 196  

 1217 1.429 1.244 1169 1300 1228  
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(ha) 

  
( /sec) 

( /sec) 
  70% 

 33 1.429 1.233 43 48 45  
 140 1.429 1.081 160 178 168  

 331 1.429 1.616 211 235 222  
 4 1.429 1.214 14 16 15  

 82 1.429 1.141 64 71 67  
 12250 1.429 1.230 8442  8869 8389 

 4266 1.429 1.117 3219  3382 3199 
 360 1.429 2.677 161  169 160 

 360 1.429 1.593 54  57 54 
 525 1.429 1.119 563  591 559 
 3575 1.429 1.096 3861  4056 3837 

 693 1.429 1.135 703  739 699 
 223 1.429 1.127 236  248 235 

 638 1.429 1.331 574  603 570 
 704 1.429 1.150 734  771 729 

 612 1.429 1.726 689  724 685 
 2425 1.429 1.204 1908  2004 1896 
 191 1.429 1.157 198  208 197 

   66084   56330 38918 40956 38442 
        69460 48620 48620 48620 

       1.11 1.05 0.99 

3-23 ~  

   
(ha) 

  
( /sec) 

( /sec) 
  50% 

 274 1.429 1.153 268 269  
 12372 1.429 1.302 9491 9532  
 112 1.429 1.190 58 58  
 361 1.429 1.112 214 215  

 592 1.429 1.475 314 315  
 6199 1.429 1.467 4728 4748  
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(ha) 

  
( /sec) 

( /sec) 
  50% 

 3148 1.429 1.238 2271 2281  
 195 1.429 1.111 270 271  

 737 1.429 1.069 1054 1059  
 423 1.429 1.111 542 544  

 3055 1.429 1.186 3795 3811  
 139 1.429 1.227 181 182  

 240 1.429 1.149 336 337  
 384 1.429 1.073 369 371  
 1674 1.429 1.108 1558 1565  
 193 1.429 1.086 314 315  
 480 1.429 1.141 675 678  
 383 1.429 1.066 620 623  
 207 1.429 1.139 187 188  

 208 1.429 1.143 140 141  
 4743 1.429 1.211 4037  4020 

 895 1.429 1.109 1258  1253 
 135 1.429 1.125 216  215 

 174 1.429 1.135 244  243 
 132 1.429 1.134 187  186 

 1217 1.429 1.244 1169  1164 
 33 1.429 1.233 43  43 
 140 1.429 1.081 160  159 

 331 1.429 1.616 211  210 
 4 1.429 1.214 14  14 

 82 1.429 1.141 64  64 
 12250 1.429 1.230 8442  8406 

 4266 1.429 1.117 3219  3205 
 360 1.429 2.677 161  160 

 360 1.429 1.593 54  54 
 525 1.429 1.119 563  561 
 3575 1.429 1.096 3861  3845 
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(ha) 

  
( /sec) 

( /sec) 
  50% 

 693 1.429 1.135 703  700 
 223 1.429 1.127 236  235 

 638 1.429 1.331 574  572 
 704 1.429 1.150 734  731 

 612 1.429 1.726 689  686 
 2425 1.429 1.204 1908  1900 
 191 1.429 1.157 198  197 

   66084   56330 27502 28822 
        69460 34730 34730 

       1.00 1.00 

2.  

2%

3-7
 

3-23 24
3707.99 1719.61

1.92
0  

3-24

9.305cms
0  

6.707cms 3-25
80%



122 

80%
80%  

75%

1 14 15 23

1.37 1.13 0.98
3-26  

1.00

 

3-26
1 1

71 l/s 98 l/s
27 l/s 80 l/s

9 l/s
 

55% 45%
1 22 23 24

55%
1.03 1.22 45%

0.85 1.00 3-27 3-28 55% 45%
 

35%
1.10 1.58 0.80 3-29

35%
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3-7  

 

 746.12 
158.4 

D=1+058 Q=1.247 

1 1.92 
0 

D=1+842.5 Q=0.028 

 0 
15.13 

D=1+850.5 Q=0.026 

2 19.17 
0 

D=2+655 Q=0.051 

3 21.45 
0 

D=2+732.5 Q=0.054 

4 5.24 
0 

D=3+288.1 Q=0.033 

 43.4 
0 

D=3+638.2 Q=0.083 

 71.54 
49.26 

D=3+651 Q=0.142 

1 
0 
39.67 

D=4+97.7 Q=0.026 

 0 
20.03 

D=6+301 Q=0.026 

2 
0 
6.18 

D=7+77 Q=0.026 

 39.58 
0 

D=7+78.3 Q=0.078 

1 0 
46.83 

D=7+730 Q=0.026 

2 34.25 
0 

D=8+447 Q=0.071 

1 26.3 
0 

D=10+240 Q=0.061 

2 5.28 
0 

D=10+645 Q=0.033 

 38.64 
0 

D=10+893 Q=0.389 

 97.12 
23.52 

D=3+651 Q=0.197 

 53.31 
10.16 

D=5+50 Q=0.110 

 116.84 
0 

D=6+10 Q=0.236 

 44.81 
49.18 

D=7+730 Q=0.095 

 41.3 
8.9 

D=8+417 Q=0.080 

 582.11 
501.58 

D=10+893 Q=1.029 

 1719.61 
672.51 

D=10+893 Q=2.953 
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3-25  

 
 

  
(ha) 

  
(8 ) 

( /sec) 

( /sec) 

    80% 100% 

1  746.12 158.4 1.429 1.15 1183 947 1183 

2 1 1.92 0 1.429 1.24 3 2 3 

3  0 15.13 1.429 1.27 0 0 0 

4 2 19.17 0 1.429 1.20 30 24 30 

5 3 21.45 0 1.429 1.20 34 27 34 

6 4 5.24 0 1.429 1.20 8 7 8 

7  71.54 49.26 1.429 1.25 113 91 113 

8  97.12 23.52 1.429 1.19 154 123 154 

9  43.4 0 1.429 1.20 69 55 69 

10 1 0 39.67 1.429 1.22 0 0 0 

11  53.31 10.16 1.429 1.21 85 68 85 

12  116.84 0 1.429 1.20 185 148 185 

13  0 20.3 1.429 1.22 0 0 0 

14 2 0 6.18 1.429 1.27 0 0 0 

15  39.58 0 1.429 1.20 63 50 63 

16 1 0 46.83 1.429 1.23 0 0 0 

17  44.81 49.18 1.429 1.25 71 57 71 

18 2 34.25 0 1.429 1.20 54 43 54 

19  41.3 8.9 1.429 1.21 65 52 65 

20 1 26.3 0 1.429 1.20 42 33 42 

21 2 5.28 0 1.429 1.24 8 7 8 

22  582.11 501.58 1.429 1.17 923 739 923 

23  38.64 0 1.429 1.22 61 49 61 

24  1719.61 672.51 1.429 1.10 2727 2183 2727 
 3707.99 1601.62   5880 4708 5880 

        6707 5370 6707 

       0.8 1.0 
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3-26 ~  

  
  

(ha) 
  

(8 ) 
( /sec) 

( /sec) 

    75% 

1  746.12 158.4 1.429 1.15 1183 1624  1162 
2 1 1.92 0 1.429 1.24 3 4  3 
3  0 15.13 1.429 1.27 0 0  0 
4 2 19.17 0 1.429 1.20 30 42  30 
5 3 21.45 0 1.429 1.20 34 47  33 
6 4 5.24 0 1.429 1.20 8 11  8 
7  71.54 49.26 1.429 1.25 113 156  111 
8  97.12 23.52 1.429 1.19 154 211  151 
9  43.4 0 1.429 1.20 69 94  68 
10 1 0 39.67 1.429 1.22 0 0  0 
11  53.31 10.16 1.429 1.21 85 116  83 
12  116.84 0 1.429 1.20 185 254  182 
13  0 20.3 1.429 1.22 0 0  0 
14 2 0 6.18 1.429 1.27 0 0  0 
15  39.58 0 1.429 1.20 63 86 71  
16 1 0 46.83 1.429 1.23 0 0 0  
17  44.81 49.18 1.429 1.25 71 98 80  
18 2 34.25 0 1.429 1.20 54 75 61  
19  41.3 8.9 1.429 1.21 65 90 74  
20 1 26.3 0 1.429 1.20 42 57 47  
21 2 5.28 0 1.429 1.24 8 11 9  
22  582.11 501.58 1.429 1.17 923 1267 1039  
23  38.64 0 1.429 1.22 61 84 69  
24  1719.61 672.51 1.429 1.10 2727  3069 2678 

 3707.99 1601.62   5880 4329 4518 4509 
        6707 5097 5097 5097 

       1.37 1.13 0.98 
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3-27 ~  

  
  

(ha) 
  

(8 ) 
( /sec) 

( /sec) 
    55% 

1  746.12 158.4 1.429 1.15 1183 1221  
2 1 1.92 0 1.429 1.24 3 3  
3  0 15.13 1.429 1.27 0 0  
4 2 19.17 0 1.429 1.20 30 31  
5 3 21.45 0 1.429 1.20 34 35  
6 4 5.24 0 1.429 1.20 8 9  
7  71.54 49.26 1.429 1.25 113 117  
8  97.12 23.52 1.429 1.19 154 159  
9  43.4 0 1.429 1.20 69 71  

10 1 0 39.67 1.429 1.22 0 0  
11  53.31 10.16 1.429 1.21 85 87  
12  116.84 0 1.429 1.20 185 191  
13  0 20.3 1.429 1.22 0 0  
14 2 0 6.18 1.429 1.27 0 0  
15  39.58 0 1.429 1.20 63 65  
16 1 0 46.83 1.429 1.23 0 0  
17  44.81 49.18 1.429 1.25 71 73  
18 2 34.25 0 1.429 1.20 54 56  
19  41.3 8.9 1.429 1.21 65 68  
20 1 26.3 0 1.429 1.20 42 43  
21 2 5.28 0 1.429 1.24 8 9  
22  582.11 501.58 1.429 1.17 923 953  
23  38.64 0 1.429 1.22 61  75 
24  1719.61 672.51 1.429 1.10 2727  3326 

 3707.99 1601.62   5880 3192 3401 
        6707 3690 3690 

       1.03 1.22 
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3-28 ~  

  
  

(ha) 
  

(8 ) 
( /sec) 

( /sec) 

    45% 

1  746.12 158.4 1.429 1.15 1183 1000  
2 1 1.92 0 1.429 1.24 3 3  
3  0 15.13 1.429 1.27 0 0  
4 2 19.17 0 1.429 1.20 30 26  
5 3 21.45 0 1.429 1.20 34 29  
6 4 5.24 0 1.429 1.20 8 7  
7  71.54 49.26 1.429 1.25 113 96  
8  97.12 23.52 1.429 1.19 154 130  
9  43.4 0 1.429 1.20 69 58  
10 1 0 39.67 1.429 1.22 0 0  
11  53.31 10.16 1.429 1.21 85 71  
12  116.84 0 1.429 1.20 185 157  
13  0 20.3 1.429 1.22 0 0  
14 2 0 6.18 1.429 1.27 0 0  
15  39.58 0 1.429 1.20 63 53  
16 1 0 46.83 1.429 1.23 0 0  
17  44.81 49.18 1.429 1.25 71 60  
18 2 34.25 0 1.429 1.20 54 46  
19  41.3 8.9 1.429 1.21 65 55  
20 1 26.3 0 1.429 1.20 42 35  
21 2 5.28 0 1.429 1.24 8 7  
22  582.11 501.58 1.429 1.17 923 780  
23  38.64 0 1.429 1.22 61  61 
24  1719.61 672.51 1.429 1.10 2727  2723 

 3707.99 1601.62   5880 2613 2784 
        6707 3020 3020 

       0.85 1.00 
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3-29 ~  

  
  

(ha) 
  

(8 ) 
( /sec) 

( /sec) 
    35% 

1  746.12 158.4 1.429 1.15 1183 1300   
2 1 1.92 0 1.429 1.24 3 3   
3  0 15.13 1.429 1.27 0 0   
4 2 19.17 0 1.429 1.20 30 33   
5 3 21.45 0 1.429 1.20 34 37   
6 4 5.24 0 1.429 1.20 8 9   
7  71.54 49.26 1.429 1.25 113 125   
8  97.12 23.52 1.429 1.19 154 169   
9  43.4 0 1.429 1.20 69 76   
10 1 0 39.67 1.429 1.22 0 0   
11  53.31 10.16 1.429 1.21 85 93   
12  116.84 0 1.429 1.20 185 204   
13  0 20.3 1.429 1.22 0 0   
14 2 0 6.18 1.429 1.27 0 0   
15  39.58 0 1.429 1.20 63  99  
16 1 0 46.83 1.429 1.23 0  0  
17  44.81 49.18 1.429 1.25 71  112  
18 2 34.25 0 1.429 1.20 54  86  
19  41.3 8.9 1.429 1.21 65  103  
20 1 26.3 0 1.429 1.20 42  66  
21 2 5.28 0 1.429 1.24 8  13  
22  582.11 501.58 1.429 1.17 923  1454  
23  38.64 0 1.429 1.22 61  97  
24  1719.61 672.51 1.429 1.10 2727   2182 

 3707.99 1601.62   5880 2050 2029 2182 
        6707 2345 2345 2345 

       1.10 1.58 0.80 
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2.
 

3. 75%
 

4. 75%

 

(1)  

(2)  

(3)  

5.

 

 

( )  

1.

 

(1) 10%
 

(2) 20%
 

(3) 30% (1) (2)

 

(4) 40% (3)

 

2.  

(1)  

(2)  
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(3)  

( )  

1. 80%  

(1)  

(2) 80%

 

2. 60%  

(1) 60%  

(2) 80% 1.  

(3)

 

3. 40%  

(1) 40%  

(2) 60% 80% 2.
 

4.  

(1) 20%  

(2) 40% 60% 2.  

( )  

 

3.5  

2,515 905

( )
78 ( ) 22

62 90
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10 1 8 2
 

 

 

3.5.1  

3-8  

 
3-8  
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3-30
203

 

3-30  

 
 

 
 

( )  

1  2  
Ⅰ 

(cms) 
Ⅱ 

(cms) 
Ⅲ 

(cms) 
Ⅰ 

(cms) 
Ⅱ 

(cms) 
Ⅲ 

(cms) 
201 25 1 0.016 0.016 0.051 0.020 0.020 0.018 

202 29 1 0.019 0.019 0.059 0.024 0.023 0.021 

 402 1 0.261 0.261 0.824 0.327 0.318 0.291 

204 67 1 0.044 0.044 0.137 0.055 0.053 0.048 

205 30 1 0.019 0.019 0.061 0.024 0.024 0.022 

 

226 54 3 0.035 0.035 0.035 0.035 0.099 0.044 

227 14 3 0.009 0.009 0.009 0.009 0.026 0.012 

228 14 3 0.009 0.009 0.009 0.009 0.026 0.012 

229 12 3 0.008 0.008 0.008 0.008 0.022 0.010 

230 27 3 0.018 0.018 0.018 0.018 0.049 0.022 

231 74 3 0.048 0.048 0.048 0.048 0.135 0.061 

 

 1537 — 1.184 1.184 2.101 2.200 1.871 1.414 

3-9  

 
3-9  
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39 52

25
33 50%

20
3-10  

 
3-10  

3-11
 

80% 80%
50%

50% 30%
30%
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3-11  

3-12  

 
3-12  
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20

3-13 75%
40 30

10 66% 50%
33% 25%

 

 
3-13  

3-14

0.043cms
3-31

0.043 cms
0.029 cms 2/3

1/3  
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3-14  

3-31  
0.029 cms 

  

 

(mm)  
(ha) (m) 

(%) 
 

(%) 
(cms) ( ) 

  
  

 
  

      

1 345 718 436 60 0.22 120 70 68 2 49 6 49 3 58 33 0.017 295 

2 343 718 424 60 0.31 120 75 73 3 25 10 13 6 49 28 0.021 652 

3 316 718 424 60 0.12 120 70 68 1 24 11 34 10 13 25 0.022 794 

4 312 718 402 60 0.28 120 75 73 2 53 14 27 11 34 23 0.022 1095 

5 317 718 394 60 0.38 120 75 73 3 50 18 17 14 27 21 0.023 1497 

6 341 718 368 60 0.31 120 75 73 3 3 21 20 18 17 20 0.023 1815 

 

138 34 350 120 60 0.36 120 60 58 3 49 228 20 224 33 6 0.027 22851 

139 33 350 90 60 0.36 120 75 73 2 31 230 51 228 20 6 0.027 23115 

140 32 350 63 60 0.36 120 75 73 3 1 233 51 230 51 5 0.027 13430 

141 31 350 42 60 0.24 120 75 73 1 60 235 51 233 51 5 0.027 23639 

142 30 350 14 60 0.31 120 75 73 2 35 238 26 235 51 5 0.028 23908 

143 29 350 0 60 0.12 120 75 73 0 60 239 26 238 26 5 0.028 24012 
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Jatiluhur
3-15 3-32  

 
3-15  

3-32 Jatiluhur ( ) 
133  158   =15days  Q=0.270  CMS 

 
 

   

(l/sec) (l/sec) 
(%) 

( ) (M) (ha) Hr. Mn Day Hr. Mn Day Hr. Mn 

1 13301 0 4 0 8 53 0 8 58 267.1 4.2 1.0 8636 100 6.0 

2 13302 0 22 0 19 20 1 4 41 255.8 8.7 5.2 27426 520 12.5 

3 13303 0 0 0 20 22 2 1 4 242.7 8.7 5.2 47223 520 12.5 

4 13304 0 15 0 21 51 2 23 10 226.4 8.7 8.2 68447 820 12.5 

5 13305 0 0 1 2 23 4 1 33 217.5 10.1 8.2 94076 820 14.5 

6 13306 0 9 0 22 27 5 0 11 202.6 8.0 10.2 115893 1020 11.5 

7 13307 0 22 0 21 21 5 21 55 185.4 6.9 14.4 136635 1440 10.0 

8 13308 0 9 0 20 28 6 18 33 174.1 6.2 16.4 156514 1640 9.0 

9 13309 0 9 0 18 38 7 13 21 169.9 5.6 18.4 174618 1840 8.0 

10 13310 0 52 0 20 16 8 10 30 175.7 6.2 9.2 194310 920 9.0 

11 13311 0 21 0 22 0 9 8 52 161.8 6.2 13.2 215690 1320 9.0 

12 13312 0 24 1 6 53 10 16 9 147.4 8.0 17.7 245693 1770 11.5 

13 13313 0 17 1 17 29 12 9 56 133.6 9.7 21.0 285987 2100 14.0 

14 13314 0 9 1 13 49 13 23 53 120.5 8.0 23.0 322691 2300 11.5 

15 13315 0 15 0 23 51 14 23 59 107.9 4.5 26.0 345856 2600 6.5 
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3-16
 

 
3-16  

3.5.2  

 

( ) (
) ( )

17 50

 

( )  

1.  

2.  

3.  

4. 
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5. 
 

6.  

7.  

8. 
 

9. 
 

10.  

11.  

12.  

13.  

( )  

1.  

2.  

3.  

4.  
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( )  

12 30 8
 

( )  

 



143 

( )  

 

1.
 

2.

 

 

( )  

1.  

2.  

3.  

4.  

( )  

1.  

2.  

3.  

 

( )  
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3.6  

3.6.1  

 2,515 905 
970 2.7 

 

1949 1990
2,934mm 2,081mm

2,501mm 2,715mm
5 9 10 4  

1949-1990 
62%

90% 78% 79% 3-17  

 
3-17 (1949~1990) 
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905 

170 193 
22% ( 3-33)

 

3-33  

    
(mm/yr) 

 
( / / ) 

   
(mm/yr) 

 
( / / ) 

   460 264,930    660 7,651 

 522 228,099    1,170 6,581 

   502 44,110    1,749 5,529 

   760 33,313  1,000 5,393 

 100 24,130  1,064 4,579 

 2,360 16,868    803 3,220 

   750 7,811    2,515 4,184 

    973 33,875 

 

( )
...

74 106
74 184.02 104

160.25 106 166.45
31 4,714 18.91% 16

5,414 9.94% 118.43 71.15%
109.12 92.14%

8.65 0.66 7.3% 0.56%
3-18 106 3-19  
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3-18  

 
3-19 ( 106 ) 

 

80%
(Gross Domestic Product, GDP)

32% 3.5% 7 
79 ha 39  

2002
(World Trade Organization, WTO)

16 ha  



147 

 

 

( )  

106 79.3 ha 105 79.4 ha
976ha 38.63 ha ( 36.78 ha
1.85 ha) 105 38.44 ha 1,902ha 106

48.71%  

106 79.3 ha
28.8 ha 28.58 ha 14.97 ha 9.29 

ha 0.77 ha
14.97% 36.31% 36.04% 11.71% 0.96%  

106 ( ) 3.13 ha
2.29 ha 0.61 ha 0.17 ha 0.06 

ha 55ha 105  202ha
350ha 221ha 195ha 176ha

40ha  

106 16,617 128,302
5,364,137 98,228 44,946 94,370
7,910 105 7,162 1,473

5,751 9,878 1,792 1,946
541  

( )  

106 118.43
109.12 92.14% 8.65
0.66 7.30% 0.56%  

49.55 26.18
24.78 17.91 47.33

24.40 19.69 17.71  
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60  137.37 
72  159.32  21.95 

74 184.02
106 118.43 74 

 65.59  

 

106 93.91%
105 0.20 97.17%
92.39% 90.63% 84.14% 94.11%

106 ( ) 278
( ) 298 ( ) 256

( ) 266
( ) 276 ( ) 176  

20%

0.5%
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86 
 

( )  

 86 27.46 
14.86 6.35 5.76 

0.49 54.12%
23.12% 20.98%  1.78%  

 86 88.8%
93.1% 86.7% 85.7%

 76.0%  86 85 
0.59 0.27 

0.17 0.15 0.12  

( )  

106 
 1.39 105  1.42  0.03  

( )  

 106 ( ) 31.47
 30.08 95.6%

1.39 4.4% 15.34 
48.76% 7.47 23.74% 7.70 

24.46% 0.77 2 .44% 0.19 0.60%  

106 105 106 0.3627
0.3554  0.0155  

0.0074 0.0101 0.0054

 

 

1:1

 

( )  
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22  

106 28,356
35.36% 34.14% 28.28%

2.02% 0.19%  

( )  

106 16 5,414
8 3,903 8 1,511 106 

50.72% 49.28% 5 
9,809 5 3,875 4 6,192 

5,220 318  

,
106

8.39 50.72% 8.15
49.28%  

3.6.2  

 

 

 

( ) 

 

( ) 
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( ) 19

 

( ) 20 1
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( )  

1.  

 

a.  

( ) ( ) 

 

b. 
 

 

c. 
 

2.  
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( )  

1.  

 

a. 
 

 

b. 
 

 

c. 
 

d. 

 

2.  

 

" "

2.
( ) (

)
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(
)

 

3.7  

1. 106 2019  

2. 106 2019  

3. (2/2) 2001  

4. 2000  

5. 2000  

6. 1999 6  

7. (II) 1999  

8. 1999  

9. (I) 1998  

10. 1998  

11. 1998 6  

12. (III)
1997  

13. 1997
 

14. 1997  

15. 1997 3  

16. ( ) 1997  

17. ( ) 1997  

18. (II) 1996  

19. 1996
 

20. (I) 1995  

21. ( ) 1992  
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22. 1988  

23. 1982  

24. Chun-E. Kan, Kune-yao Chen, and Sun F. Shih 1997. Irrigation Water 
Distribution Scheme for Rice Production in Taiwan. Transactions of the ASAE 
and Applied Engineering in Agriculture, Vol.13(5):601-608 

25. Sun F. Shih, Kune-yao Chen, Chun-E. Kan, and G. H. Synder 1996. Water 
Management Schemes for Rice Production. Soil and Crop Science Society of 
Florida Proceedings - Volume 55 

26. Chun-E. Kan, Kune-yao Chen, and Sun F. Shih 1997. A Procedure for Rotation 
Irrigation in Lowland Rice. Agricultural Water Management, Vol.35:109-121. 
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4-1
4 4-2  

 
4-1  

 
4-2  
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4.2.2  

4
 

4.2.2.1  

 

 

 

1.  

 

2.  

 

3.  
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1.  

 

2.  

 

3.  
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2.  
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4.2.2.2  
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( ) 

1.  

 

2.  
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4.  

 

5.  

 

6.  

 

7.  

 

 

 

4.2.2.3  

 

 

 

 

 

1.  

 

2.  

 

 

1.  
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2.  

 

3.  

 

4.2.2.4  

 

(
)  

 

1.  

 

2.  

 

3.  

 

4.  

 

5.  

 

4.2.3  

 

1.  

2.  

3.  

4.  

5.  
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6.  

7.  

8.  

 

4.2.3.1  

 

(seepage ) 

” ”

4-3  

 

1.  

2. RC  

  

 
4-3  

(leakage) 

 

1.  

2.  

3.  

4.  

5.  
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6.  

7.  

 

4-4  

 
4-4  

4-5
 

 
4-5  
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4.2.3.2 (overflow) 

 

1.  

2.  

3.  

4.  

5.  

 

4.2.3.3 (erosion) 

 

 

 

 

 

 

 

 

U  

” ”  

4.2.4  
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107.11.12 1070460606  

108.2.23 10804600790
 

92.12.3 09204614050
 

107.1.31 10700010301
 

106.12.18
1060083468  

107.8.23
1070082954  

4.3  

4.3.1  

4-6
 

 
4-6  
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4.3.1.1  

19 1

 

 

1. ( )  

2.  

3.  

4.  

5.  

6.  

7.  
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2.
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12.  

13.  
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12.  

13.  

14.  
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1.  

2. 51 150
2

 

3. 10 12  

( )  
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2.  

3.  

4.  

2 3 4

 

( )  

 

1.  

2.  

( )  

 

1.  

2.  

3.  

4.  

 

1.  

2.  

3.  

4. 6

 

4.3.1.2  

 

 

1.  
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2.  

A.

 

B.
 

C.  

 

1.
 

2.  

3. A. B.  
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ls 3 lfs cosl sl 

fsl 4 vfs lvfs 
vfsl 5 si sil 6 l 
7 scl 8 cl sicl 
9 sic 10 c 11 grv  

t30_60 

1 cos  s  2 fs lcos 
ls 3 lfs cosl sl 

fsl 4 vfs lvfs 
vfsl 5 si sil 6 l 
7 scl 8 cl sicl 
9 sic 10 c 11 grv  

t60_90 

1 cos  s  2 fs lcos 
ls 3 lfs cosl sl 

fsl 4 vfs lvfs 
vfsl 5 si sil 6 l 
7 scl 8 cl sicl 
9 sic 10 c 11 grv  

t90_120 

1 cos  s  2 fs lcos 
ls 3 lfs cosl sl 

fsl 4 vfs lvfs 
vfsl 5 si sil 6 l 
7 scl 8 cl sicl 
9 sic 10 c 11 grv  

 

 



242 

     

Section 6 Text   

Sec_cns 20 Text   

Land_no 9 Text   

Desc_area 10 Number 2 (m2) 

Maparea 10 Number 2 (m2) 

L_type 1 Text   

Ltype_cns 2 Text   

Town 2 Text   

Class 2 Text   

Class_cns 20 Text   

Use_dir 2 Text   

Use_dircns 20 Text   

 

 1/4800 

4  

1.  
2.  
3.  
4.  

    

 

 

 
 



243 

    

 
 

  

GIS
  

 
 

 55  

 
(

)  

 

Arc/Info TM
 

(
)

( )  

( ) Database 3,614  

     

x numeric 11 4 x (tm2,m) 

y numeric 12 4 y (tm2,m 

sample_id  character  6   

depth_s    numeric 3  (cm) 

depth_e   numeric   3  (cm) 

sand   numeric   5 1 (%) 

clay   numeric   5 1 (%) 

silt   numeric   5 1 (%) 



244 

     

texture   character  16   

wpoint  numeric   6 2 
(pwp%) 

fcapacity   numeric   6 2 (fc%) 

pwater    numeric   3  (pv%) 

conduc character 10  (cm/sec) 

( )  Database 
501  

     

x numeric 1 4 x (tm2.m) 

y numeric 12 4 y (tm2 

sample_id character 6   

depth_s numeric 2  (cm)   

depth_e numeric 2  (cm)   

texture character 4   

wpoint numeric 4 1 (pwp%) 

fcapacity numeric 5 1 (fc%) 

pwater numeric 4 1 (pv%) 

k numeric 10 5 k (mm/hr) 

n numeric 8 5 n (mm/hr) 

irate numeric 7 4 (mm/hr) 

gwt numeric 4 1 (m) 

 



245 

( )  Database 
4,675  

     

x numeric 11 4 x (tm2,m) 

y numeric 12 4 y (tm2,m) 

id numeric 5   

type numeric 1   

sample_id character 6   

depth_s numeric 3  (cm) 

depth_e numeric 3  (cm) 

sand numeric 5 1 (%) 

clay numeric 5 1 (%) 

silt numeric 5 1 (%) 

texture character 16   

wpoint numeric 6 2 (pwp%) 

fcapacity numeric 6 2 (fc%) 

pwater numeric 4 1 (pv%) 

swater numeric 5 2 (%) 

k numeric 13 8 k  

n numeric 10 7 n  

iratecmmin numeric 6 4 (cm/min) 

iratemmhr numeric 9 4 (mm/hr) 

gwt numeric 4 1 (m) 

conduc character 10  (cm/sec) 
 type  1--  

2--  
3--  

 id  type type 4
20015  

 kn  type 2 cm/min  
type 3 mm/hr  
type 1 kn  



246 

 

1. 1473  

2.
280
280  

3. 167
 

( )  

   type1 type2 type3 

1 x x (tm2 , ) ○ ○ ○ 
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5-12  

5.  

 

 
5-13  
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6.  

 

 
5-14  

7.  

TWD97(EPSG3857)
.txt

TWD97(EPSG3857)  

 
5-15  
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8.MIS  

MIS MIS
GIS

MIS API MIS
 

 
5-16 MIS  

9.  

API  

 
5-17  
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( )  

WMS 5  

1. 
ArcGIS Server

 

2. 
ArcGIS Server WMTS ( )

(
)  

3. WMS TWD97(EPSG3857) WMS
 

 
5-18 -  
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( )  

 

 
5-19  

( )  

 

 
5-20  
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( )  

(identify)
 

 
5-21 1 

5-22 2 
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( )  

1.  

CCTV  

 
5-23  

2.  

(Cons)

 

 
5-24  
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3.  

Google API
Google  

 
5-25 Google  

( )  

1.  

 

 
5-26  
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2.  

(1) KML KMZ KML KMZ
 

 
5-27 - kml kmz  

(2) SHP shp GIS
 

 
5-28 - SHP  
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3.  

 

 
5-29  

4.  

5-30  

 
5-30  
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5.  

GIS APP GIS
5-31  

 
5-31  

iGIS 2.0  

( ) GIS  

GIS
 

GIS APP APP
Android APP
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5-32 GIS  

 

GIS
iGIS APP
 

GIS
GIS
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5.3  

5.3.1   

? Remote Sensing Remote
Sensing

 

1870

 

5.3.2  

(electromagnetic 
radiation)

x
 

c  f ×λ 

c  

f  
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λ  

5-33  

 
5-33  

(electromagnetic spectrum)
5-34 5-5

(reflected infrared IR)
(thermal infrared) (microwave)  

 
5-34  

(Photons) (quanta)  

E = h × f 

E ( J )  

h 6.626×l0-34 J/sec  
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λ
 

( )
( )  

5-5  
  

 < 0.03 nm 
X-  0.03-300 nm 

 0.30-0.38 μm 
 0.38-0.72μm 
 0.72-1.30μm 
 1.30-3.00μm 
 7.0-15.0μm 

 0.3-30 cm 
  30 cm 

(0K
-273°C)

(Stefan-Boltzmann Law)  

W σT4 

W w m-2  

σ 5.667×10-8wm-2K-4  

T (absolute temperature) K  

T

5-35 300°k 700°k

(Wein's 
displacement law)  

λ  
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λm  

A 2898μm K  

T K  

(
) 300K(27℃)

9.7μm  

 
5-35  

5.3.3  

(absorption) (scattering)

(Rayleigh scatter) (Mie 
scatter)

(nonselective scatter)

(atmospheric windows) 5-36
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5-36 ( ) 

5.3.4  

0.75 2.5μm
(reflected infrared)

(false color 
photograph)

( )

 

3μm

(kinetic 
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temperature)
(thermal infrared)

( ) 3 5 μm 8 14 μm  

300 K 6000 K
(0.7-1.3μm)
9.66μm 8-14 μm

 

(Path)

 

(sensor)
(image)

(channel)

( )
 

;

 

5.3.5  

5-37 (
)
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( )
1.4 1.9 2.7 μm

 

 
5-37  

( )

 

 

5.3.6  

(
)

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

(micrometer)

80

70

60

50

40

30

20

10
0
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/
 

 
5-38  

 

(panchromatic)
(IFOV)

 

 
( 35,000km) 

 
( 1,000km) 

 
( 40~20km) 

 
( 10~5km) 

 
( 2~0.2km) 
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( )  

1/5000
( 5-39)  

 
5-39 ( ) 

( )  

5-40 88 921
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5-40  

 

(1) (2) (3)
(4)

Landsat SPOT
(ERS-1)  

( ) Landsat  

Landsat (NASA)
ERT-l 1972

7 23

ERTS ERTS
Landsat 3

1.5 4 815
880 940 900

103 14
6.46 / Landsat

(Thematic Mapper; TM)

7  
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1. ( 0.45 0.52 μm)
 

2. ( 0.52 0.60 μm)

 

3. ( 0.63 0.69 μm)

 

4. ( 0.76 0.90 μm)
 

5. ( 1.55 1.75 μm)
 

6. ( 10.4 12.5 μm)
 

7. ( 2.08 2.35 μm)  

( )SPOT  

SPOT SPOT 822
26 SPOT

10
20

SPOT (HRV)
HRV 3

:0,49-0.59 μm( ) 0.61-0.7lμm( ) 0.80-0.91 μm(
) SPOT

( 5-41) ( 5-42) ( 5-43)

 

SPOT
( 5-44)
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SPOT

 

( ) (ERS-1) 

(European Space Agency ESA)
785km  98.5°  168 

ERS-1 (SAR)  23°
 100km

 294km
 

( )  

 

1960 TIROS-1

 

 
5-41 (SPOT ) 
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5-42 (SPOT ) 

5-43 (SPOT ) 
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5-44 (SPOT ) 

GMS GMS
3.6 km GMS

NOAA 820km
101 NOAA

 

5.3.7  

82
300

Meta-Data Quick-Look
(http://www.csrsr.ncu.edu.tw)

( 5-45)  

1.  

2.  

3.  

4.  

5.  
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5-45  

5.3.8  

(Digital Terrain Model, DTM)
(X,Y) (Z)

DTM
40 x 40

DTM 1/5000 4800 DTM
5441

(121 ) 4627  

DTM
DTM DTM

 

 

1.   

2.   

3.   

4.  
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1.   

2.   

 

1. ( )   

2.   

3.   

4.   

5.   

 

1.   

2.   

 

1.   

2.   

3.   

4.   

 

1.   

2.   

 

1. ( )   

2. ( )  

5.3.9  

(Electromagnetic spectrum)
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(palisade cells)
(chloroplasts)

20%
(sponge 

mesophyll)
5-46

50%

 

 
5-46  

5-47
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5-47  

(stress)

 

 

1. ( 20%)
( 10%) ( 70%)  

2.
( 10%) "

"(pre-visual)

 

3.

2 5%  

0.4 0.5 0.6 0.7 0.8 0.9
0

10

20

30

40

50

60

70

Wavelength, m

R
eflectance %
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4. :
0.7um

 

2 1
3 1

 

5.3.10  

(Vegetation Index)

(1)

(2) (Ratio)
(Normalize)

 

 
5-48 4  

0.4 0.5 0.6 0.7 0.8 0.9
0

20

40

60

80

Wavelength 
0.4 0.5 0.6 0.7 0.8 0.9
0

20

40

60

80

Wavelength

%
Reflectance

0.4 0.5 0.6 0.7 0.8 0.9
0

20

40

60

80

Wavelength

%
Reflectance

0.4 0.5 0.6 0.7 0.8 0.9
0

20

40

60

80

 Wavelength
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(leaf area index) (biomass)
(percentage ground cover) (absorbed photosynthetic 
active radiation)

5-6  

5-6  

                             

 
Simple ratio vegetation 
index 

IR
R  

 
Red green ratio  

R
G  

Normalized difference 
vegetation index (NDVI) 

IR R
IR R  

Transformed normalized 
difference vegetation index 
(TNDVI) 

IR R
IR R

05.
 

Perpendicular vegetation 
index (PVI), s=soil 
v=vegetation 

R R IR IRv s v s
2 2

 

 
soil adjusted vegetation 
index (SAVI) 

IR R
IR R L

L1
 

 
Tasseled Cap 
transformation 
 

 0332 0603 0676 02634 5 6 7. . . .MSS MSS MSS MSS

0283 0660 0577 03884 5 6 7. . . .MSS MSS MSS MSS

0899 0428 0076 00414 5 6 7. . . .MSS MSS MSS MSS  

R=red band, G=green band, IR=near infrared band 

5.3.11  

(spatial resolution)
10
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( LANDSAT SPOT IRS )
10 80

( NOAA GOES GMS )

NOAA
 

LANDSAT 16
SPOT 26

1 5
NOAA 2

(Geostationary)
15

 

(spectral resolution)
(radiometric resolution)

LANDSAT TM 7
(0.45-0.52 m, 0.52-0.60 m, 0.63-0.69 m, 0.76-0.90 m, 1.55-

1.75 m, 10.4-12.5 m, 2.08-2.35 m) NOAA AVHRR 5
(0.58-0.68 m, 0.72-1.1 m, 3.55-3.92 m, 10.3-11.3 m, 11.5-12.5 m)

(Thermal infrared)
8-bit

256 10-bit 1024

  

5.3.12  

 

(production efficiency)
(accumulated biomass)
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P I S dtt tt

n

0  

P (g/m2/time)  

(g/MJ)  

I  

S (MJ/m2)  

t  

(NDVI)
 

P NDVI S dtt tt

n

0  

NDVI

( ) 5-
49 NDVI NDVI=0 0.05

NDVI NDVI
NDVI

 

 
5-49 NDVI ( ) 

 

-0.1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

NDVI 

RICE 
WHEAT 

GROWING 
SEASON 

SOIL LINE 

To Tm Th 

M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F 
M

1982 1983 1984 

NDVI dt  
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NOAA AVHRR 5
( )

(pasture) (marsh) (forest) (swamp)
NOAA AVHRR 1 2

NOAA AVHRR (emissivity)
(NDVI) (Ts)  

(thermal inertia)
 

NDVI
(pixel) (ground truthing)

(GPS)
(Error analysis)

NDVI-

 

NDVI-
(principle components) (standard deviation) (

5-50)
NDVI

NDVI
NDVI-Ts

NDVI Ts
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NDVI-Ts

 

 
5-50 NDVI-Ts ( ) 

NDVI-Ts

NDVI

 

 

( )  

0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24

35

33

31

29

27

25

23

agriculture

pasture
forestmarsh

urban

swamp

NDVI
0.08 0.26

Tem
perature
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RS GIS Formosat

( ) ( )

 

( )  

1. (RS)  

(Shape) (Size) (Pattern) (Shadow) (Tone or Color)
(Texture) (Association)

 

5-51 5-52
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5-51  5-52
 

 

2.  

 

9622-4-015 ( 5-53)

 

5-54
5-59  
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5-53 (

) 

 
5-54

 

 

5-55
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5-56
 

5-57
 

  

5-58
 

5-59
 

( )  
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1.  

Formosat Formosat
8 2

Formosat 2
2  

2.  

5-60  

 
5-60  

(1)  

( 5-61)
 

 

Imagine

 

AOI
 

GIS (Shape file ) 

 

 

 
 

 
1. (Region Grow) 

 
1. (Region Grow) 
2. (Easy Tracing) 

 
1.

 
2. (Image 

Mosaic Module)
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5-61  

a. ERDAS Imagine Viewer 1/5000
 

b. AOI AOI
(region grow)

5-62 ERDAS Imagine AOI

 

c.
(Region Growing)

(Easy Tracing)
5-63

ERDAS Imagine AOI (Easy Tracing)
 

d. AOI (Supervised 
Classification)  

e.
(Shape file)  
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f.
(Image Mosaic Module)  

g.
 

 
5-62 ERDAS Imagine AOI  

 
5-63 ERDAS Imagine AOI  
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(2)  

(RS)
(Land Cover)

(site)

(NDVI)
 

a. (NDVI)  

NDVI Normalized Difference Vegetation Index, 
NDVI NDVI

 NDVI
  

 

NDVI  

IR   

R ( )  

(IR – R)
(IR + R)

 +1  -1 NDVI
-1~1

 

5-64 (Formosat )
5-65

(NDVI)
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5-64 (Formosat ) ( ) 

 
5-65 (Formosat ) NDVI ( ) 

b.  

Image Classification
DN

Supervised Classification
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Supervised Classification

Spectral Pattern Recognition

Training Area

 

FORMOSAT 16
10

(water) (construction zone) (bare_soil) (industrial)
(plant) (bare_paddy) (ponding_paddy)

(grass_paddy) (fish_ponds) (salt) 5-66

 

 

5-66 ( ) 

(3)  

 

GIS Shape file (SHP)
DBF EXCEL
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GIS

 

Google Earth Google Map

Google Earth
5-67  

5-67 GOOGLE EARTH  

( )  

RS GIS
Formosat

 

1.  

2011 2,851 2,599.73
5-68 2,851 , 510

14
0.1 1,945

0.3 1,056 5-7
5 151

 

 

,
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5-68  

5-7  
 

  
 0.1ha 0.1~0.3ha 0.3~1ha 1~5ha 

5ha
 

 243 104 58 50 31 - 
 182 41 61 28 29 23 
 255 102 86 46 20 1 
 226 51 53 40 61 21 
 241 76 82 60 23 - 
 57 15 26 8 5 3 
 14 9 5 - - - 
 203 32 54 37 38 42 
 510 120 154 140 92 4 
 145 80 48 13 4 - 
 319 152 88 47 18 14 
 155 13 33 32 35 42 
 301 111 141 37 11 1 

 2,851 906 889 538 367 151 



306 

2.  

2014
19 ( 5-69) 7,497 7 1,741
102 ( ) 19

4,081.99 ( 5-8) 19
1,589 1,289.68

278 1 ( ) ( :
) 860 19

961 19 686  

19
0.1

35% 2,623 0.3 4,944
66%( 0.1 0.1 ~0.3

); 0.3 2,553 ( 0.3~1
1~5 5 ) 44%(

5-9)  

 
5-69 (2014 19 ) 
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5-8  
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 1,589 278 1 8 1,289.68 0.1179 0.72 0.31 
 86 22 0 0 40.72 0.0257 9.45 0.47 
 332 3 0 0 46.64 0.0006 1.92 0.14 
 199 109 0 3 165.77 0.0087 0.003 0.83 
 71 3 0 0 11.68 0.0117 2.19 0.16 
 375 6 0 0 72.36 0.0049 13.28 0.19 
 293 21 0 5 118.77 0.0047 25.52 0.41 
 372 28 2 0 507.71 0.0084 445.08 1.36 
 278 11 0 0 32.74 0.007 1.67 0.12 
 274 6 0 0 32.76 0.0102 2.1 0.12 
 961 686 0 57 524.74 0.0061 5.9 0.54 
 303 62 0 16 139.39 0.0107 12.28 0.46 
 96 3 0 0 8.77 0.0089 0.68 0.09 
 111 31 0 2 43.17 0.0088 7.03 0.39 
 151 12 0 5 68.65 0.0034 27.05 0.45 
 208 10 1 0 44.06 0.0089 8.41 0.21 
 732 13 2 5 369.25 0.0037 136.67 0.5 
 318 88 1 0 261.08 0.0054 96.23 0.82 
 748 349 0 1 304.07 0.0018 14.47 0.41 

   7,497 1,741 7 102 4,081.99 -- -- -- 

 

( )  

1.  

(1)
Land Cover
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5-9 19  
 

 
 
 0.1ha 0.1~0.3ha 0.3~1ha 

 
1~5ha 

5ha
 

 1,589 304 681 543 59 2 
 86 38 19 20 8 1 
 332 221 71 34 6 0 
 199 22 44 115 13 5 
 71 51 11 7 2 0 
 375 248 98 21 6 2 
 293 158 69 46 17 3 
 372 222 125 17 6 2 
 278 185 77 13 3 0 
 274 197 52 22 3 0 
 961 115 167 568 110 1 
 303 94 82 112 11 4 
 96 69 25 2 0 0 
 111 25 37 44 4 1 
 151 74 33 40 2 2 
 208 123 64 13 7 1 
 732 125 401 187 15 4 
 318 121 84 96 13 4 
 748 231 181 294 39 3 

 7,497 2,623 2,321 2,194 324 35 

(2) 2,851 2003 3345
2009 2836

 

(3)2014 19
293 118.77

2011 349 2012
40 2013 16 16.05%

10 6  

(4)
2,851 2,599.73 19
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7,497 4,081.99
 

2.  

 

5.4  

5.4.1  

(Global Positioning System GPS) 1980

GPS
( )  

GPS 24

GPS

 

GPS GPS
GPS GPS

GPS  

5.4.2  

GPS 24
( 5-70)

4
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5-70  

GPS

S/A (Selective Availability)
GPS 95% 100

5% 300 ,
,

(Differential GPS,DGPS) 2~10 

A 17,000
( 5-71)

17,000
B 18,000

A 17,000 B 18,000
( 5-72)

C
19,000 19,000
17,000 18,000 ( 5-73)
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GPS

5-71  

5-72  
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5-73  

5.4.3 GPS  

GPS  

1.
50~100 (DGPS)

1  

2.

)()()( tcttR i
j

i
jj

i …………………………...………………..(5-1) 

Rji(t) i j (pseudorange) )(tj
i

c )(tj
i

)(tj
i  

222 ))(())(())(()( i
j

i
j

i
jj

i ztzytyxtxt ...…………………(5-2) 

xj(t) yj(t) zj(t) j t xi yi zi

4
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to

 
2

21 )()()( ooo
j ttattaat …………………...…………………..(5-3) 

)()()( ttt i
j

i
j (1)  

)()()()( tctcttR i
j

i
jj

i …………………………….……………..(5-4) 

(5-4) )(ti

 

(a)
GIS/GPS

 (b)

(c)

 

(Selective Availability, SA) 100

 

0.35ppm 3.5ppm

( )

GPS
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5.4.4  

10-15
(Differential 

Positioning)

( )
 

5.4.5  

WGS84

TWD67
WGS84 TWD67

TWD67

GPS

 

5.4.6 GPS GPS GIS  

GPS GIS

GPS

 

1964

GIS

 

 

1. DBASE
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2. GIS

 

3. GIS

 

E

 

1. 
2

3
5

9002
66 5

60 1.2
600m 3

7  

2. 
1.5

GIS

10 10
GIS 1  

3. ( )

4,000
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GIS

GIS
2,000

GIS 2
 

4. ( )

GIS

100 GIS 200
 

5. 

GIS

GIS
 

6. 

( )
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(
)  

5.5  

1. 1992  

2. 1989  

3. 1996  

4. 1994  

5.  

6. 1994 DGPS 13
 

7. Baret, F., and Guyot, G., 1991.  Potentials and limits of vegetation indices for 
LAI and APAR assessment, Remote Sensing of Environment, 35:161-174. 

8. Campbell, J. B., 1987. Introduction to Remote Sensing. The Guilford Press, 
pp.551. 

9. Choudhury, B. J., 1987. Relationships between vegetation indices, radiation 
absorption and net photosynthesis evaluated by a sensitivity analysis, Remote 
Sensing of  Environment, 22:209-233. 

10. Environmental Systems Research Institute, 1990. Understanding GIS-the 
Arc/Info Method, ESRI. 

11. Goward, S. N., B. Markham, D. G. Dye, W. Dulaney, and J. Yang, 1991.  
Normalized difference vegetation index measurements from the Advanced 
Very High Resolution Radiometer, Remote Sensing of Environment, 35:257-
277. 

12. Lillesand, T.M., and R.W. Kiefer, 1987. Remote Sensing and Image 
Interpretation, second edition, John Wiley & Sons, pp. 721. 

13. Malingreau, Jean-Paul, 1986. Global vegetation dynamics: satellite 
observations over Asia. International Journal of Remote Sensing, vol.7, no.9, 
1121-1146. 

14. Price, J. C., 1992. Estimating vegetation amount from visible and near infrared 
reflectances, Remote Sensing of Environment, 41:29-34. 

15. Seller, P.J., 1985. Canopy reflectance, photosynthesis, and transpiratin, 
International Journal of Remote Sensing, 6:1335-1371. 
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16. Tan, C. H., S. F. Shih and J. D. Jordan, 1994. Spatial dependence of NOAA-
AVHRR observations and ground measured meteorological parameters in an 
agricultural area (abstract). EOS transaction/supp., vol.75, no. 16, 174. 

17. Tucker, C. J., Vanpraet, C. L., Boerwinkle, E., and Easton, A., 1984.  Satellite 
remote sensing of total dry matter accumulation in the Senegalese Sahel, 
Remote Sensing of Environment, 13:461-469. 
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-  

6.1  

6.1.1  

( ) 74

5%~10%

100

 

2
5 6-1

 
6-1  
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1. (94 ~97 )  

2. (98 ~99 )  

3. (100 ~102 )  

4. (103 ~104 )  

5. (107 ~109 )  

107 — -

5
(Internet of Things, IoT)

PaaS
IoT  

6-2

( ) ( ) ( ) ( )
 

 
6-2  

6.1.2  

( )
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6-3  

AI
Spark Zeepelin

(Application Programming Interface, 
API API) API

 

IoT ( )
( ) ( )

( )

 

1. 
Modbus SensTalk ( )

3G/4G
LoRa NB-IoT SigFox TCP/IP UDP/IP LPWAN

 

2. 

(Availability)
(Partition) Karios DB  
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3. 

Facebook Google

 

ID

 

4. (Web Service API)
…

OGC Sensor 
Things Web Service API

Web Service API
API  

6.1.3  

API

 

1. ( )
( )

 

,  

API

10
 

  

 /  
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2. -
( )  

 
 

3.

 

1 3
6 12  

 ( )
 

 ( )
12

 

 ( )
 

 ( )
 

4.

 

C N

 

1:00 30
30 1:00 30

1:00 99.75%
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5. API

LINE  

 

6.2  

6.2.1 API  

Web Service API RESTFul
SSL GET

POST  

6.2.2  

Web Service API OAuth 2.0 https://oauth.net/2/ 
OAuth2.0 Active 

Directory (Single sign on,SSO)
 

(Physical Quantity) IoT
(ID) Physical 

Quantity ID (PQID)
(Remote Data Acquisition Device, RD)

( 0 PQ M3)  

IoT Web Service
WRA-IoT

IoT Web Service
(Station)

IoT  

6-4 ST1 M1, M2 ST2
M3 ST3 M3, M4, M5 ST4

M6 IoT
OAuth 2.0 (https://oauth.net/2/)  OAuth 2.0
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Client Credentials Authorization Code Web Service
https://iapi.wra.gov.tw/v3/api/swagger/ui/index

 

 M1
PQ M1

 M2
PQ M2

 M3
PQ M3

 M4
PQ M4

 M5
PQ M5

 M6
PQ M6

 RD1

 RD2

 ST1
Station ST1

 ST2
Station ST2

 ST3
Station ST3

 ST4
Station ST4

Ch00

Ch01

Ch02

Ch00

Ch01

 
6-4 PQ M3 

 

1.Authorization Code

OAuth 2.0
OAuth 2.0

Web Service

 

2.Client Credentials Web 
Service

(Token)
Web Service  

6.3  

6.3.1  
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1.

( )

( 6-5)  

 
6-5  

2.

: 

A.  0~70 ºC  

B.  IP68 ( )  

C. 
 

D. 
 

E. 1m

10 15cm
30cm( 30%)  

3.
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4.
( Flash ) 10

20 ( 10
2 )

 

 

5.

A. 10

RSSI SNR( LoRa )  

B. NB-IoT/4G
 

6. 06.3.2

20Ah
30W 2A  

7.
NB-IoT/LoRa LPWAN

4G NB-IoT/LoRa
 

8.  

A.  

B.  

9.  

A. (NCC)
 

B. 
 

C. (Taiwan Accreditation 
Foundation, TAF)  
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D. 

 

6.3.2  

 

1. (2 ) 57.8
0.96  

2.  

A. 1.0W ( )
0.001W  

B. 4G 0.96W  

C. NB-IoT 0.24W  

D. 0.3W  

3.  

A. 10  

B. 4G 120  

C. NB-IoT 60  

D. LoRa 40  

4. 20Ah~30Ah
(LiFe(1-X)MXP(1-X)O2(2-X))

/ …  

A.  

B. 2000  

C. 2C  
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D. 30C  

E. -20~75 C  

5.  

A. 4G  

A  (A) 0.080
B  (V) 12.000
C A*B  (W) 0.960
D (W) 0.001
E (W) ( ) 1.300

F (s) 120.0
G C*F (J) 115.2
H (s) 120.0
I E*H (J) 156.0
J ( ) 10.0
K 1440/J 144.0
L K*(G+I) (J) 39052.8

M (s) 20.0
N E*M (J) 26.0
O ( ) 10.0
Q 0.0
R (J) 0.0

S (s) 72000.0
T S*D (J) 72.0
U R+T (J) 72.0
V L+U  (J) 39124.8

W (Ah)@12V 25.00
X (12*3600*W)/V ( ) 27.60

-

-

-

 

28  
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B. NB-IoT  

A  (A) 0.050
B  (V) 12.000
C A*B  (W) 0.600
D (W) 0.001
E (W) ( ) 1.300

F (s) 60.0
G C*F (J) 36.0
H (s) 60.0
I E*H (J) 78.0
J ( ) 10.0
K 1440/J 144.0
L K*(G+I) (J) 16416.0

M (s) 20.0
N E*M (J) 26.0
O ( ) 10.0
Q 0.0
R (J) 0.0

S (s) 80640.0
T S*D (J) 80.6
U R+T (J) 80.6
V L+U  (J) 16496.6

W (Ah)@12V 25.00
X (12*3600*W)/V ( ) 65.47

-

-

-

 

65  
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C. : LoRa  

A  (A) 0.013
B  (V) 12.000
C A*B  (W) 0.156
D (W) 0.001
E (W) ( ) 1.300

F (s) 40.0
G C*F (J) 6.2
H (s) 40.0
I E*H (J) 52.0
J ( ) 10.0
K 1440/J 144.0
L K*(G+I) (J) 8386.6

M (s) 20.0
N E*M (J) 26.0
O ( ) 10.0
Q 0.0
R (J) 0.0

S (s) 83520.0
T S*D (J) 83.5
U R+T (J) 83.5
V L+U  (J) 8470.1

W (Ah)@12V 25.00
X (12*3600*W)/V ( ) 127.51

-

-

-

 
127  

6.
28~127

7 4G 39,124J
0.452W  

P( )  
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(decay) 1% 10 90%

90%

50%
 

30W NB-IoT LoRa
18V

30/18 = 1.6A 2A
6-6  

 
6-6  

6.3.3  

LPWAN(Low Power 
Wide Area Network ) NB-IoT LoRa

 

LPWAN LoRa (Long Range)
NB-IoT

4G  

LoRa NB-IoT LPWAN 4G  

1.LoRa

LoRa
Semtech 2013
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LPWAN LoRa

 

LoRa
LoRa

 

LoRa
 

2.NB-IoT

LoRa ISM

NB-IoT
 

3.4G

LPWAN
LPWAN 4G

LPWAN LPWAN  

6.4  

 

1.

(Application Programming Interface, API)
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- 6-7

6-8
 

 
6-7 -  

 
6-8  

2. APP

APP
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APP
APP

APP
APP APP

 

3.
( 6-9 6-10)

APP

(
)  

  
6-9

APP  
6-10

APP  

4.
APP
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APP
6-11  

 
6-11 APP  

5.
APP

( 6-12) APP

APP
 

6.
APP

( )
6-13  

7.
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6-12 APP  

    
6-13 APP  

8.
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6.5  

6.5.1  

2,500 80%

 

6.5.2  

 

(Water Balance)

Eq.(6-1)  

 
6-14  

 …………………………………………….……(6-1) 
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(Inflow)

(Outflow)

t (Storage change of control volume 
within time t)  

(Field 
storage)

6-15  

 
6-15  

Eq.(6-2)  

……………….…(6-2) 

(Field storage depth) (Rainfall)
(Applied channel irrigation water) (Pumped 

Groundwater) (Evapotranspiration)
(Surface runoff/overflow from field) (Vertical 
percolation) (Lateral seepage inflow) (Time)

Eq.(6-3)~(6-4)  
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 ……………………….……….….(6-3) 

 ……………………………..…….(6-4) 

( ) ( )
(Required irrigation water)

Eq.(6-5)~(6-8)  

 ………………… ………….…….……..(6-5) 

 ….……………..…..………………….….(6-6) 

………………...…….……………...(6-7) 

 ….…………………………………..………..…...(6-8) 

 …………………………………………..……….……(6-9) 

 ……………………………………………...…...(6-10) 

 ……………….….…..…….(6-11) 

(Soil Moisture Content) (Porosity)
(Field Capacity, FC) (Wilting 
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Point, WP) (Hydraulic Conductivity, K)
6-1

 

6-1  

  
(%) 

 
(%) 

 
(%) 

 
(m/day) 

 53 35 17 0.0100499 

 47 22 10 0.0112591 

 38 9 4 0.0141543 

 43 14 6 0.0115808 

  

6.5.3  

1/3 1/2
(Soil Water Balance)

Eq.(6-12)  

……………(6-12) 

 

 

 

 

 

 

 

( + )  

6-16  
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2
 

30 40
40

6-17  

 
6-16  

 
6-17  

6.6  

6.6.1  

5 ( 2007)  
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1.  

A.  

B. 
 

2. 
 

3. 
 

4. 
 

5. 

 

Vensim

 

1. (Level)
 

2. (Rate)
 

3. (Auxiliary)

 

4. (Arrow)  

6-18
6-2  

6.6.2  

6-19  
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6-2  
    

 

 
  

  
 

 

  
 

( ) 

  
  

  
  

 
6-18  

 
6-19  
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1-1-1 Irrigation area
1-1-2 Irrigation area  

( )

 

6.7  

6.7.1  

 

1. 

 

2. 

  

3. 

( 6-20 ) 

4. 

 

6.7.2  

 

1. 4~20mA
400m
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6-20  

2.

60cm

0 0  

 

 

 

 

No 

 

1.  2.  3.  

 

1.  2.  3.  

   
NN
 

No 

Yes Yes 

 

 

  

Yes 

No 
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6-3  

 

6-21
6-22

 
6-21  

 
 

 

  

  

 0.3m ~ 8.0m +100kPa ~ -85kPa 

 <1mm±0.5% ±0.5kPa 

 -20 ~+70  -30 ~+70  

 4-20mA 4-20mA 
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6-22  

PID  

1.PID PID ( Proportional-Integral-Derivative )
(Programmable Logic Controller, PLC)

PID  

A. ( )  

B. (PLC)  

C. (Digital Output, DO) (
)  

PLC

PID

PLC

 

2. PID
(

) 6-23
(Coefficient of Proportionality) (Coefficient of 
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Integral) (Coefficient of Differential)
 

 
6-23 PID  

A. (
)

10°C
20°C 10°C 100% 15°C

50% 19°C 10 0
 

B. (
)

PID  

C. 

PID

 

3.
PID

6-24  
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6-24  

6.8  

 

 

6.9  

1. 
1996  
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2. 
64 1

60-90 2018  

3. 
1982  

4. 
1999  

5. Allen R. G., Pereira L.S., Raes D., Smith M., “Crop evapotranspiration- 
Guidelines for computing crop water requirements”, FAO Irrigation and 
Drainage Paper 56, Food and Agriculture Organization of United Nations, 
Rome, Italy, pp.104-126, 1998. 

6. Bhadra A., Bandyopadhyay A., Singh R. and Raghuwanshi N. S., 
“Development of a user friendly water balance model for paddy”, Paddy and 
Water Environment, Vol.11, Issue 1-4, pp.331-341, 2013. 

7. Wu R. S., Liu J. S., Chang S.Y. and Hussain F.,” Modeling of mixed crop field 
water demand and a smart irrigation system”, Water, Vol.9, Issue 11, 885, 2017. 
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7.1  

7.1.1  

 

38~104 2,497mm(
- )

78%

 

72%( 95~104
)

(WTO)

 

 

 

2.6
104 (5 10 ) 1,868mm

74.81 (11 4 )
629mm 25.19

6
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7 3 5 2 4
 

38 104
645.7 m3 (5 10 ) 495.6 m3

76.8 (11 4 ) 150 m3 23.2
6 9

6 ( 104 - )

22 78  

11 4

 

7.1.2  

 

40 87 90 (
24%) 66 922,778

100 808,293 106
79,3027 47,509

 

41 78 ( )
51 79

83 37 92 30
106 27.28 41 34

83 41 106 40.9  

41 3 81 5.4
83

4.6 ( ) 106
3.1  

 

95~104 127 m3
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(
)  

7.1.3  

 

 

58%
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80

( )
 

106 27.28 25

-
5 6

 

7.2  

7.2.1  

104  

104

7-1 118 109
( 71 37

) 92 8.8
7 0.6 0.5  

104 165 118
71 108

65  

108
95 ( ) 87
95 7-1
78 82 10 10

4 4 3 3

14
104 118

7-2  
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7-1 ( ) 

  

 
(100%) 

 
109  
(92%) 

 
8.8  
(7%) 

 
0.67  
(0.5%) 

 
14  
(13%) 

 
 

95  
(87%) 

 
71  
(65%) 

 
32  
(29%) 

 
5  
(5%) 

 

 
 

 

104

 
 

( %) 

 
4  
(4%) 

 
78  
(82%) 

 
10  
(10%) 

 
3  
(3%) 
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7-1 104  

 
 

 
 

 
 

 
 

  

 
 

7,771,504 
(81.90) 

978,774 
(10.31) 

416,170 
(4.39) 

322,400 
(3.40) 

9,488,849 
(100.00) 

 
 

1,396,083 
(84.00) 

181,940 
(10.95) 

8,663 
(0.52) 

75,404 
(4.54) 

1,662,091 
(100.00) 

 
 

4,158,425 
(82.79) 

553,465 
(11.02) 

74,554 
(1.48) 

236,529 
(4.71) 

5,022,974 
(100.00) 

 
 

1,152,115 
(66.35) 

243,369 
(14.02) 

331,266 
(19.08) 

9,656 
 (0.56) 

1,736,406 
(100.00) 

 
 

1,064,882 

(99.77) 

0 

(0.00) 

1,687 

(0.16) 
809 

(0.08) 

1,067,378 

(100.00) 

 
104  

7-2 104  

 
 

 
 
 

 
 

 

 
 
 

 

 77.71 0 77.71 0 -- 77.71 

 9.87 0.15 10.05 1.74 -- 21.81 

 4.15 0.19 4.34 7.07 -- 15.75 

 3.22 0 3.22 0 -- 3.22 

 94.88 0.34 95.32 8.81 0.7 118.49 

 1.  
2.

 
3.  
4.  
5. 104  



359 

95~104  

95~104 127 m3

176 m3 72% 113 m3(
89%) 12 m3( 10%) 1 m3(

1%) 77 m3( 67%)
11 m3(10%) 22 m3(20%) 4 m3(4%)
89~106 7-3 104~106

120 m3

7-3  

     

89 10,607 1,584 118 12,309 

90 11,479 1,419 114 13,012 

91 11,764 1,536 110 13,410 

92 10,781 1,545 109 12,434 

93 10,795 1,701 108 12,604 

94 11,037 1,633 111 12,782 

95 10,549 1,578 111 12,238 

96 11,666 1,588 79 13,333 

97 11,212 1,647 77 12,935 

98 11,782 1,315 73 13,170 

99 11,088 1,077 74 12,239 

100 11,310 1,050 75 12,435 

101 11,403 1,039 72 12,514 

102 11,384 1,013 70 12,468 

103 10,982 982 67 12,031 

104 10,335 880 67 11,282 

105 10,792 876 66 11,734 

106 10,912 865 66 11,843 

106  



360 

7.2.2  

78 21 29
79 129 98

( ) 24
2 92 118 7-2

 

 
7-2  

( ) 
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17 350

1,337 44,346km
25,814km 70,160km(106 ) 7-3

 

 
7-3 (FAO, 1992) 

 

7-3

( 7-4)  
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7-4 (FAO, 1992) 

 

 

 
7-5 (FAO, 1992) 

7-3 ○2
7-5

 

 

7-3 ○3
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7.2.3 ( )  

( ) ( )
( )

( ) ( )
( ) 7-6

( )  

 
7-6 ( ) (FAO, 1992) 

 

 

 

( 30
40 ) 2  

( )
 

( )
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90
25,933 6.7 3.31

( 50 ) 202 256

20 km
26 cms 16.7 cms

800 ha/cms 1,450 ha /cms

 

 

 

40 ( 95 40
90% ) 20 19

106 40
42

71 59% 40
5 2

11  

 

( )  

 

1. ( )
 

2. ( )
 

3.
 

( )  
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1.
 

2.
 

3.

 

 

( )  

 

( )
( )

 

 

7.2.4  

7.2.4.1  

 

(SINgross)
 

 

1. (SINgross)
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2. 
(SINgross)

 

3. 
(SINgross)

 

4. 

 

5. 

 

 

( )  

 

1.  

 

2.  

 

3.  
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(Manning)  

2/13/2 SR
n
1V …………………………………………….……..………(7-1) 

V (m/sec)

n

R

S  

( )  

 

R C P …………………………………………….……………….….(7-2) 

R

C

P  

(Iszkowski)
 

7-4  

 
 
 

 
 

   
 

 
 

 
 

 
 
 

 

 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.70 

 

7.2.4.2  

( )  

1. ( )

( )  
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2. ( )
( )

 

3. ( ) ( )
( )

 

 

 

( ) 
 

1. ( ) 

2. ( ) 

3. ( ) 

( ) 

( )  

( ) 

 

( )  

1.  

5 15  

2.  

7
5

20
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3.  

 

( )  

10
20 5mm

 

‧ ………………..………………..…….……….……….(7-3) 

Q (m3)

q (m3)

d ( )

L (m3)  

7.3  

7.3.1  

7-7
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7-7  

7.3.2  

 

(Subsurface water)
(Groundwater)

 

1.
 

2.  

3.
 

7-8
 

 

( )  

( )  
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1.
 

2.  

 
7-8  

( )
 

cos
r
2hc  ……………………..……………………..………...(7-4) 

hc  

π  

γ  

r  

λ 7-9  
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7-9  

 

1.  

2.  

3.  

 

( ) ( ) 7-10
 

1.

 

2.
(recharge 

area)
 

 

1. (perched aquifer)

 

2. (leaky aquifer)
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7-10 ( ) ( )  

7.3.3  

 

10 (
)

 ( ) 
9 10

( + ) 4

 680  45 

( 7-5)  

 

40
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81 990 
517

 

21

 

7-5  

 
   

(
) 

 
 

( ) 

 
 

( ) 
  

   
( ) 

% 

 7,347 
 

2140 32.8 650 524 
 

 10,507 

 

3340 31.79 1,518 2,098 

 

 10,004 
 

3650 36.59 1,247 1,870 
 

 8,144  930 11.42 471 292  

 36,002 9  10,330 28.69 3,886 4,784  
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7-11 ( ) 

7.3.4  

 

 

( )

1

 



376 

( )  

7-12 A
B

 

 
7-12  

 

( )  

( )

 

(Specific yield)

Linsley Franzini Elements of Hydraulic Engineering
7-6  
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(Coefficient of Storage)
(Specific storativity)

 

7-6  

 ( ) ( ) (m/day) 

 
 
 

 
 

 
 

45 
35 
25 
20 
15 
5 
1 

3 
25 
22 
16 
8 
2 

0.5 

0.04075 
32.6 

203.75 
81.5 

28.525 
0.04075 

0.004075 

( )  

1. (Darcy)  

Δh L
 

V=Ki……………………………………………………….……….……(7-5) 

Q=KiA……………………………………...……….….…………..…(7-6) 

Q (L3/T)  

V (apparent velocity, L/T)  

K (Hydraulic conductivity, L/T)

7-7 ( )  

i L (= h2-h1/L=-Δh/L, Hydraulic gradient, 
Dimensionless)  

A (L2)  

2.  
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7-7  

 
 

(mm) 
 

(m/sec) 
       

 
 
 
 

0.1 0.5 
0.1 0.8 
2.0 4.0 
4.0 7.0 

0.0025 
0.0088 
0.0300 
0.0351 

Munster 
    
Welitschkowsky 

3. ( )  

(Cone of depression)
(Influence radius) Q

(Steady-state)
( 7-13)  

 
7-13 (Linsley et al., 1992) 

H Z
h = H – Z r

: 

π …………………………………………………....……….(7-7) 
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2πrh r  
dh/dr r1 r2 h1 h2

(7-7) r h  
π ………………………………………………………….…(7-8) 

4.  

( 7-14)
(Piezometric head)

 

 
7-14 (Linsley et al., 1992) 

H A 2 rH
r  

π ……………………….……………………………….…..(7-9) 

r1 r2 h1 h2 (7-
9) r h  

π …………………………………...………………….....(7-10) 

T(Transmissivety)
 

π ……………………………………………………….….(7-11) 
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(Thiem’s Method)

Theis (Theis type-curve method) (
Cooper-Jacob Straight-Line Method)

(Pumping test)

 

 

( )  

(Safe yield)

 

1915 Lee
(Perennial yield)

(Mining yield) (Basin yield) (Aquifer 
yield) (Economic safety yield) (Legal safety 
yield) (Optimal yield)  

( 1999)
/

 

(1989)

(Hydrological safety yield)
(Economic safety yield)
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(1989) 7
(Hill) (Harding) (Simpson)

( 1998)

 

( )  

1.  

Linsley(1949)  
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G P Qs Et Qg Sg Ss ……….…………….……………..(7-12) 

G P Qs Et Qg
Sg Ss

 

Ss
(1998) 0.734

1.62 /  

2.  

(1998)
MODFLOW

8.97 / (1999) MODFLOW
8.2 /

(1998) 
MODFLOW 5

4.58 / (1997) MODFLOW
3.6 /  

7.4  

7.4.1  

7  

7.4.2  

 

 

( )  

( )
 

(  

1.  

2.  
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3.  

4.  

( )  

( )  

( )  

1.
5 10

 

2.
 

3.  

 

7-15 7-16
( -- )  
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7-15  



385 

 

7-16  
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(WTO)

 

7.4.3  

 

(FAO, 1992)  

 

( )  

1.  

2. ( ) 

3.  

( )  

 

1. 4 15 9 15 1  

2. 10 15 2 15 1/2
 

3. 7 10 1 20 1.5  

( )  

7-17  
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7-17  

1. 
4 9 1

2

7 1  

2. 

0.5

 

3. 7-18 1.5 7 10
1 20 1 4 9 0.5

10 2  

4. 

 

A. 
 

B.  

C. 
 

 

1   2   3    4   5    6   7    8   9    10   11  12  
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7-18  

( )  

 

4 1
4

1
7-19  

 
7-19  

7-19
 

7-20  

 

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

1ha 
 
0.5ha 
 
 

1ha 

 

 
 

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

6 

5 

4 

3 

2 

1 
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7-20  

 

 

150 ( 7-21) 60
5 4 1 1

4 30 10 1
1 190 75

7 45  

 
7-21 150  

7-21
3 5 6 60

150 90
75 7 45

8 9 135
15

15 75 10 30  

 

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

 

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

( )  150 

120 

90 

60 

30 

0 

75ha  

60ha  
  30ha  
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7.4.4  

 

(SINgross) (SINop)

 

FAO(1992)  

7.4.4.1  

150 60
1 4 1

4 30  

4 98
3.3 (3.3 / ) 30 4

15 4
15 ×3.3 49

4 4
 

( ) INe

INl  
ℓ ……….……………………….(7-13) 

(INav)

(
)

INav

SINnet  

 (l/sec)……….…….(7-14) 

   (l/sec)……………….(7-15) 
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( )  

 
 4 1  
60ha 4 30  

 (Kc) 
  15  0.5 
  25  0.75 
  70  1.05 
  40  0.85 

(ET0)  

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

ET0(mm/day) 4.7 5.1 5.2 5.6 5.7 6.1 5.8 5.5 5.6 5.2 4.3 4.6 

(Pe)  

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

Pe(mm/month) 1 3 7 10 12 13 72 82 16 7 1 0 

 

1  

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

             

 

  

60 

40 

20 
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2 INe IS, DS, 
Mid, Late

 

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

ET0(mm/day)    5.6 5.7 6.1 5.8 5.5     

      
IS DS Mid Late 

    
15 15 10 20 30 20 10 30 

Kc    0.5 0.75 1.05 0.85     
Kc  *1    0.65 0.95 1.05 1.0 0.85     

ETcr(mm/month)*2    108 162 192 174 141     
Pe(mm/month)*3    10 12 13 72 82     
INe(mm/month)*4    98 150 179 102 59     

30  
*1 Kc 5 Kc 0.75×(10/30)

1.05× (20/30) 0.95 
*2 ETcr(mm/month) ETo(mm/day)× × Kc  
*3 Pe(mm/month)  
*4 INe INl(mm/month) ETcr(mm/month) Pe(mm/month)( e

l ) 

 

3 INl( 2 ) 

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

ET0(mm/day)     5.7 6.1 5.8 5.5 5.6    

       
I S DS Mid Late 

   
15 15 10 20 30 20 10 30 

Kc     0.5 0.75 1.05 0.85    
Kc*1     0.65 0.95 1.05 1.0 0.85    

ETcr(mm/month)*2     111 174 183 165 143    
Pe(mm/month)*3     12 13 72 82 16    
INl(mm/month)*4     99 161 111 83 127    

INl *4  
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4 INav 

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

INe (mm/month)    98 150 179 102 59     
INl(mm/month)     99 161 111 83 127    

INav (mm/month)    49 125 170 107 71 64    

5 SINnet   

260
)ha(Area)month/mm(INSIN av

net  l/s 

4 INav 49 mm SINnet 49 mm 60
260  

11
260

ha60mm49
 l/s 

5 6 7 8 9  

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

SINnet (l/s)    11 29 39 25 16 15    

SINnet INnet

1 / / 60 60 l/s
(6 39 l/s) 50%  

Ⅳ 1  

7.4.4.2  

3 Ⅳ 2
 

1 7.4.3  

2 Ⅳ 1
7.4.3  

3 (l/s)
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 1.  

 2. 150ha( 7-21 ) 

 3.  

      
1 

   
2 

   
3 

 
 

 
 

   

60ha 
4/1 4/30 

150  

75ha 
7/1 8/15 

190  

30ha 
10/1 10/30 

120  

 

1 Ⅳ. 2 7-
21
150  

2 Ⅳ. 1
Ⅳ.

2  

3  

 

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

  

SINcrop1 * /s    11 29 39 25 16 15    

SINcrop2 * /s 22 14     1 6 30 41 42 38 
SINcrop3 * /s 17 8        4 16 15 
SINcrop4 * /s             
SINcrop5 * /s             

SINnet * l/s 39 22  11 29 39 26 22 45 45 58 53 
* 7.4.4  

 

150 
120 

90 
60 
30 

 

 
 
 
 1 60ha  

 2 75ha  

3 30ha  30ha 
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7.4.4.3  

 

(ponded water)
(muddy layer) (

plow sole) (non-puddled subsoil)( 7-22)
ETrice Pe

PERC( )

SAT 200
WL

60mm  

………….(7-16) 

 
7-22 (Woperreis et al., 1994) 

7.4.4

 

150
SAT WL PERC  

 
6 16
8 1

130
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150ha 

SAT 

WL 

                     Kc 
0 60 1.1 

(40 ) 1.15 
(30 ) 1.0 

SAT 200mm
5 16 -6 15
7 1 -7 31  

PERC 6mm/day=180mm/month 
WL 100mm

6 16 -7 15
8 1 -8 30  

 
3( Ⅳ .3 )  

 1 SAT WL ETo  

    1 2 3 4 5 6 7 8 9 10 11 12  
     150 

    (ha) 
     
    

             

 ETo(mm/day)    8.1 7.6 6.5 4.1 4.2 4.5 4.6 5.1 5.3  
               

 

 2 4.4 INe(mm/month) 

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

   (  
 

)  
Day 0-60 Mid Last 

   
 

 15 30 15 15 25 5 25  
 K c .       1.1 1.15 1.0     
 K c .      1.1 1.1 1.13 1.13 1.0    
 ETcr mm/month      107* 135 142 152 115**    
 SAT mm/month     100 100*        
 PERC mm/month      90* 180 180 180 150**    
 WL mm/month      50* 50       
 Pe mm/month     2 50 137 166 78 6    
 INe mm/month     98 297 228 156 254 259    
 *15 **25  
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3 2 INl(mm/month) 

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

 
    (  

 
) Day 0-60 Mid Last   

 30 30 30 10 20 10 

 K c .        1.1 1.15 1.0   
 K c .        1.1 1.1 1.15 1.13 1.0  
 ETcr mm/month        139 149 159 161 53*  
 SAT mm/month       200       
 PERC mm/month        180 180 180 180 60*  
 WL mm/month        100      
 Pe mm/month       137 166 178 6 0 0  
 INl mm/month       63 253 151 333 341 113  
  *10  

 4 INav(mm/month) 

      1 2 3 4 5 6 7 8 9 10 11 12  
 INavmm/month     49 149 146 205 203 296 171 57  

 5 SINnet(l/s) 

260
)ha(Area)month/mm(INSIN av

net   (l/s) 

      1 2 3 4 5 6 7 8 9 10 11 12  
 SINnet l/s     28 86 84 118 117 171 99 33  
 

 

300mm
300

600 700mm 100 6
7mm

1998
 

( )  

)m()m(000,10
)cms((sec))ha(A 2  
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D000,10
QTA ………………………………………….……..………(7-17) 

)ha()m(000,10
(sec))cms()m(D 2  

A000,10
TQD ……………………………………………….…......…(7-18) 

(sec)
)m()ha()m(000,10)cms(Q

2

 

T
DA000,10)cms(Q …………………….……………….…..……(7-19) 

)cms(
)m()ha()m(000,10(sec)T

2

 

Q
DA000,10)cms(T ……………….…………..…..……..…..……(7-20) 

)mm(
640,8)cms/ha(E ……………………………..…...……(7-21) 

( )  

1.  

(1) 1/25( ) 1/30( )
25 30  

(2) 40 20  

(3) 150 200 ( )
15 20  

(4) 20 ( )  

(5)  

(6) 0.008cms  

(7)  

2.  

( )
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…………………..……………………………..…(7-22) 

50 20
350

40  

)mm(14540
100

350)2050(
 

3.  

(1) 110 120 90 100  

(2)  

A.
 

B.  

C.  

D.  

E. 36 60  

4.  

 

                        …………………………………….….(7-23) 

 

                        …………………………….………….(7-24) 

7.5  

7.5.1  
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7.5.2  

 

1. CA

 

2.
250l/sec

1.8l/sec/ha
250 l/sec 1.8 l/sec/ha

250/1.8 139 ha
SWS INgross  

ℎ …………………………………….…………(7-25) 

3.
7-8

( )
INnet

INnet 7.4  

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

SINop l/s  290 420 510 560 650 400 320 280 250 230 200 220 

INnet l/s  0.5 0.5 0.7 1.0 1.1 1.2 1.1 1.0 0.7 0.6 0.5 0.5 

4. 50% INgross

7-9  

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

SWS l/s  290 420 510 560 650 400 320 280 250 230 200 220 
INgross
l/s/ha  

1.0 1.0 1.4 2.0 2.2 2.4 2.2 2.0 1.4 1.2 1.0 1.0 

CA ha  290 420 364 280 295 167 145 140 179 192 200 220 
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5. 7-9 8 140
2 420  

 

 

1. 420 12
1 2

140

7-9 140
 

2.
4 4 7

INgross 7-10
( 7-9 ) 7-10  

7-10 (FAO,1992) 
   1 2 3 4 5 6 7 8 9 10 11 12 

SWS l/s  290 420 510 560 650 400 320 280 250 230 200 220 
INgross
l/s/ha  

2.0 2.0 2.0 2.0 2.4 2.6 2.4 2.2 2.0    

CA ha     280 271 154 133      

3. 7 133
4 133

 

 

 

9 11  

INnet 6 5 4 mm/day 

   50% 

SWS 9 250 l/s 

10 230 l/s 

11 200 l/s 

 

1 mm/day l/s/ha  
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6 5 4 mm/day  l/s/ha 0.69
0.58 0.46  

2 INgross  

INgross INnet×100/e  

 INgross( /s) 
9 
10 
11 

1.4 
1.2 
0.9 

3  

CA SWS / INgross  

 CA 
9 
10 
11 

250/1.4=179 ha 
230/1.2=192 ha 
200/0.9=222 ha 

4  

CA 179ha  

7.5.3  

7.5.3.1  

l/sec/ha 
SINgross  

SINgross(l/s) = INgross(l/s/ha)×Area(ha)……………………….….………(7-26) 

SINgross

5
SINgross  

7.5.3.2  
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SINop 

SINop  

 

 

315 l/s 100 l/s
8 5

Top  

SINop SINgross / Top 

100 / [(8/24)×(5/7)] 

420 l/s 

420 l/s
8 9 5

6 SINop 100/[(9/24)×(6/7)] 311 l/s
 

 

 

 

150
INgross 7-11 4 4
7-11 CA

 
7-11  

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

SWS(l/s) 290 420 510 560 650 400 320 280 250 230 200 220 

INgross(l/s/ha)  2.0 2.0 2.0 2.4 2.6 2.4      

CA(ha)  210 255 280 271 154 133      



404 

7-11 4 5 6 150
7 133 4 3

6 154
2 210  

 

3
4

 

 

SWS INgross 7-12 7-13
2 8 4 250  

 

7-12  

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

SWS(l/s) 290 420 510 560 650 400 320 280 250 230 200 220 

INgross(l/s/ha)  2.0 2.0 2.0 2.4 2.6 2.4 2.2     

CA(ha)  210 255 280 271 154 133 127     
 

7-12 4 250
2 5

210 2 3 4 5
6 7  8

CA 210
7-13

40  

7-13  
   1 2 3 4 5 6 7 8 9 10 11 12 

SWS(l/s) 290 420 510 560 650 400 320 280 250 230 200 220 

INgross(l/s/ha)  2.0 2.0 2.0 2.4 2.6 2.4 2.2     

CA(ha)  210 255 280 271 154 133 127     
(ha)  210 210 210 210        

(ha)  0 45 70 61 154 133 127     
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e
 

( ) SINgross
SWS  

1.  
2.  
3.  

( )
10 20%

 

7.5.4  

 

 

7-23  

 
7-23  
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1.
 

2.
 

3.
 

4.
 

5.
 

 

 

1.

 

2. 334
285

 

3.

 

7.5.5  

 

20 25%
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75

84

4.3  

 

( )  

1.
129.61

114.02 93.79
77.46 75

 

2. 745
6,200

 

3.
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( )  

1.  

2.
 

3. (WTO)

 

4.

 

( )  

 

( )  

1.
 

2. 10
 

3.
22

 

4.
 

( )
 

1.
 

2.
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3. (WTO)

 

( )  

1.

 

2.

 

 

( )

 

( )

 

( )

 

( )

 

( )
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7.6  

7.6.1 I  

 

1.  

(1) INnet 

(2) INgross 

(3) SINnet 

(4) SINgross 

(5) SINop 

(6) SWS 

(7) INav 

(8) INe 

(9) INl 

(10)  SAT 

(11)  PERC 

(12)  WL 

(13)  Top 

2.  

(1) INnet (mm/day mm/month /sec/ha) 

(INnet)

( ) /sec/ha(8.6mm/day
1.0 /sec/ha) 7.6.3 mm/day /sec/ha

(INnet)  

(2) INgross (mm/day mm/month /sec/ha) 

(e)
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mm/day mm/month /sec/ha
 

  

(3) SINnet ( /sec) 

mm/day ( ) /sec
 

  

A ( ) 

(4) SINgross ( /sec) 

 

  

( /sec)  

(5) SINop ( /sec) 

(SINgross)
(SINop)

SINop SINgross

( ) ( )
(SINop)

(Top)  

(6) SWS ( /sec m3/s) 

( ) ( /sec)
( ) (m3/s)
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7.6.2 II  

1.SINgross  

INnet (mm/day mm/month /s/ha) 

 

8.6mm

 

 

8.6 mm/day 1 /s/ha 

 

(ha) 

SINnet ( /s) 
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100% 15% 35% 50% 

 

SINgross ( /s) 

2.  

SINgross ( /s) 

(Top) 

     

d 5 /                   h 14 /  

 

247 hdTop  

SINop ( /s) 
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( ) ( ) 

  

ETcrop  

Top    

   ( ) 

    

 

SWS ( /s m3/s) 
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7.6.3 III mm/day l/sec/ha  

 

mm/day /s/ha /s/ha mm/day 

2 0.23 0.2 1.7 

3 0.35 0.3 2.6 

4 0.46 0.4 3.5 

5 0.58 0.5 4.3 

6 0.69 0.6 5.2 

7 0.87 0.7 6.0 

8 0.93 0.8 6.9 

9 1.04 0.9 7.8 

10 1.16 1.0 8.6 

12 1.39 1.2 10.4 

14 1.62 1.4 12.1 

16 1.85 1.6 13.8 

18 2.08 1.8 15.6 

20 2.31 2.0 17.3 
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7.6.4 IV  

1 

 

 

 

 

 (Kc) 
       Kc  

   Kc  
       Kc  
       Kc  

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

 
 
 
 

 
             

ha 
             

ETo  (mm/day)             
Pe   (mm/day)             

             
 Kc             

   Kc     *1             
ETcropmm/mon   *2             
INe  mm/mon   *3             

             
Kc             

   Kc     *1             
ETcropmm/mon   *2             
INe  mm/mon   *3             
INav  (mm/day)             
SINnet   l/s     *4             

*1 average of Kc per month 
*2 ETcr(mm/mon) ETo(mm/day)× ×Kc(per month) 
*3 INe or IN  (mm/mon) ETcr (mm/mon) Pe (mm/mon) 
*4 SINnet  (INav×Area)/260 
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2 

 

 

 

1  2 3  

4  5  

 

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

 
 
 
 

 
             

ha 
             

SINcrop1 /s             

SINcrop2 /s             

SINcrop3 /s             

SINcrop4 /s             

SINcrop5 /s             

SINnet /s             

1.SINcrop  

2. SINnet  
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3 
 

 
Kc 

Day  0-60 
Mid season 
Last 30 days 

SAT mm Early 
PERC mm/day mm/month 
WL mm Early 

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

             
ha             

ETo  (mm/day)             
Pe     (mm/day)             

             
 Kc             

   Kc  1             
ETcr mm/mon2             
SAT mm/mon             

PERC mm/mon             
WL mm/mon             
INe mm/mon3             

             
 Kc             

   Kc  1             
ETcr mm/mon2             
SAT mm/mon             

PERC mm/mon             
WL mm/mon             
INe mm/mon3             
INav mm/day             
SINnet    l/s 4             

1 average of Kc per month 
2 ETcr(mm/mon) ETo(mm/day)× ×Kc(per month) 
3 INe or IN  (mm/mon) ETcr (mm/mon) Pe (mm/mon) 
4 SINnet  (INav×Area)/260 
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7.7  

1. 2019
https://agrstat.coa.gov.tw/sdweb/public/book/Book.aspx  

2. 104  

3. http://wuss.wra.gov.tw/annuals.aspx 

4. 
https://scidm.nchc.org.tw/dataset/waterresourcesagencywaterconsumptionstati
sticsforagriculturalusage  

5. 95~104  

6. 106 106.6.30  

7. - /
https://doie.coa.gov.tw/story_detail.php?id=24  

8. 106
http://wuss.wra.gov.tw/annuals.aspx  

9. —
https://www.wrap.gov.tw/pro12.aspx?type=0201000000  

10. 2015
2/2  

11. 2002 —
 

12. 1999
 

13. 1994  

14. 1994 1995  

15. 1998
 

16. 1989  

17. 1989
11-31  

18. 1963  

19. 1970  
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20. 1973  

21. 1992 45  

22. 1996  

23. 1996
 

24. 1996
181-206

 

25. 1997
181-206  

26. 1997
116  

27. 1997
65  

28. 
1997  

29. 1997a --
86 --

 

30. 1997b --
 

31. 1998
 

32. 1998

223  

33. 1999
 

34. 1960 8 2  

35. 1986 34
8  

36. 1998
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37. 1986  

38. 1993  

39. 1994  

40. 1999  

41. 2007
-  

42. 2008
1/2  

43. 2009
2/2  

44. FAO Surface Irrigation 1974 , Land and Water Development Series No.3 
LJ. Booher. Rome. 

45. FAO Agro-meteorological Field Stations 1976 , Irrigation and Drainage Paper 
27 J. Doorenbos. Rome. 

46. FAO 1977 ,Crop Water Requirements Revised . Irrigation and Drainage 
Paper 24. J. Doorenbos and W. O. Pruitt. Rome. 

47. FAO 1979 ,Yield Response to Water. Irrigation and Drainage Paper 33. J. 
Doorenbos and A. H. Kassam. Rome. 

48. FAO 1989 ,NGO Case Book on Small Scale Irrigation in Africa. Agl 
Miscellaneous Paper 15. R. Carter. Rome. 

49. FAO 1992 ,Irrigation Water Management Training manual no6 “Scheme 
Irrigation Water Needs and Supply”, International Institute for Land 
Reclamation and Improvement & FAO Land and Water Development Division. 

50. Kay M. 1986 ,Surface Irrigation: System and Practice. Cranfield Press. 
Bedford, UK. 

51. Stern P. 1979 , Small Scale Irrigation: Intermediate Technology Publications, 
London and International Irrigation Information Contre, Bet Dagan. 

52. Withers B. and Vipond s. 1974 , Irrigation Design and Practice. Batsford. 
London. 

53. Wopereis, M.C.S. et al. 1994 , “Water use efficiency of flooded rice fields. 
I  Validation of the soil water balance model SAWAH.” Agricultural Water 

Management, 26: pp277-289. 
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54. Linsley R.K., Franzini J.B. 1955 , Elements of Hydraulic Engineering, 
McGraw-Hill, New York. 

55. Linsley R.K., Franzini J.B.,  Freyberg D.L. 1992 , Water resources 
engineering, 4th edition, McGraw-Hill, New York. 
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K  K factor 90,91 

 
   

 small scale drought 81 
 large scale drought 81 

 atmospheric windows 273 
 soil moisture 78 

 soil moisture content 340 
 soil adjusted vegetation index 289 

 
   

 porosity 340 
 specific yield 376 

 specific storativity 377 
 reflected infrared 271,274 
 basin yield 380 

 simple ratio vegetation index 289 
 hydraulic conductivity 341,377 
 water balance 338 
 reservoir supply systems 84 

/  plow sole 395 
 hydrological safety yield 380 

 delivery requirement 27 

 
   

 normalize 288 
 non-puddled subsoil 395 
 principle components 292 
 biomass 289 

 thematic mapper 279 
 field capacity 340 

 perpendicular vegetation index 289 
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 perennial yield 380 

 programmable logic controller 348 
-  Stefan-Boltzmann law 272 

   

   
 column 236 
 row 237 

 photons 271 
 panchromatic 277 
 groundwater 370 

 subsurface water 370 
 effective rainfall 27,109 
 Mie scatter 273 

 safe yield 380 
 spectral resolution 290 

 common gateway interface 250 
 pumped groundwater 339 
 apparent velocity 377 
 recharge area 372 
 geographic information system 233 

 percentage ground cover 289 

 
   

 erosion 165 
 absorption 273 

 topological relation 235 
 consumptive use 27,28 

 evapotranspiration 27,339 
 aquifer yield 380 

 absorbed photosynthetic active 
radiation 

289 

 diversion requirement 28 
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 geostationary 290 

 marsh 292 
 muddy layer 395 
 pasture 292 
 internet of things, Iot  320 

 pumping test 380 
 nonselective scatter 273 
 run-of-the-river systems 75 

 legal safety yield 380 
/  spatial resolution 289 

 
   

 leakage 32,163 
 red green ratio 289 

 palisade cells 286 
 transmissivety 379 

 vertical percolation 339 

 
   

 rake 225 
 record 237 

 wilting point 340,341 
 differential positioning 314 

 Theis type-curve method 380 
 sponge mesophyll 286 

 
   

 Manning equation 367 
 ground truthing 292 
 production efficiency 290 
 false color photograph 274 

 lateral seepage inflow 339 
 accumulated biomass 290 

  gross domestic product 146 
 participatory irrigation management 14 
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 canal 59 
ponded water 395 

 quanta 271 
 forest 292 
 pre-visual 287 

 single sign on 324 
 vegetation index 288 
 absolute temperature 272 
 coefficient of storage 377 

 applied channel irrigation water 339 
 mining yield 380 

 hierarchical database system 236 

 
   

 microwave 271 
 overflow 165 

 sensor 275 
 chloroplasts 286 
 table 236 

  factor of loss 84-86 
  agriculture drought 81 
 kinetic temperature 274,275 
 Rayleigh scatter 273 
 electromagnetic spectrum 271,285 
 electromagnetic radiation 270 
 pseudorange 312 

 leaf area index 289 
 Darcy equation 377 

 economic safety yield 380 

 
   

 pixel 292 
 demand 71,86 
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 evapotranspiration 27,339 
 precision agriculture 234 
 web service 250,324,325 
 error analysis 292 
 remote sensing 233,270 

/  seepage 163 
 leaky aquifer 372 

 Wein's displacement law 272 
 network database system 236 

 raster GIS 236 
 web service api 322,324 

 
   

 image 275 
 tertiary 76,85-87,89,90 

 thermal inertia 292 
 standard deviation 292 

 thermal infrared 271,275,290 
 influence radius 378 

 turnout requirement 27 
 digital terrain model 284 
 global positioning system 234,309 

 normalized difference vegetation 
index 

289,301 

 
   

 channel 275 
 emissivity 292 

 piezometric head 379 
 radiometric resolution 290 
 selective availability 310,313 

 flexible water distribution model 88 

 
   

 stress 287 
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 swamp 292 

 optimal yield 380 
 application programming interface 250,321,333 

  total readily available moisture 91 

 
   

 transformed normalized difference 
vegetation index 

289 

 
   

 steady-state 378 
 relational database system 236 

 
   

 field 236 

 
   

 tasseled cap transformation 289 
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Irrigation Management 

 
 

 

    

    

 
 

 37  

  37  

  (03)452-1314 
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