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3.1.2

3.13

(Irrigation  Water

Demand)



@ H

1.1)

(Water Balance)

1.2)

36

(Effective Rainfall Model)

Daily Consumptive Use, Daily Weighted Rainfall

Wilting  Point

Field Capacity

Field Capacity
2

Wilting Point



@

(Irrigation Demand Model)

Return Flow

(Block)

(2.1) Crop Evapotranspiration (CRETP)

CRETP = WCRCF x PETP

WCRCF Weekly Weighted Crop Coefficient

PETP Weekly Potential Evapotranspiration,

CRETP Weekly Crop Evapotranspiration,
(2.2) Land Preparation Water (LPW)

LPW = LPW + ST

LPD = LPD + ST

TCRETP = CRETP + LPW

TCRETP - CRETP + LPD

37



LPW

LPD

TCRETP

ST

38

Wet Season Land Preparation Water, N,

Dry Season Land Preparation Water, A

Total Weekly Crop Water Requirement,
N

(2.3 Effective Rainfall (ERFL)

ERFL

ERFL

FUNC

WRFL

(
)
FUNCXxWRFL
Effective Rainfall, N
Effective Rainfall Function Effective
Rainfall Model

Weighted Rainfall, A

(2.9) Farm Water Requirement (FWR)

FEFF

TCREPT - ERFL

FEFF

Farm Water Requirement, N

Farm Efficiency, %



(2.5)

CWR

CWR

AREAC

(2.6)

DWR

DWR

CEFF

2.7)

3.1.4

80%

39

Crop Water Requirement (CWR)

FWR XAREAC X 1600

1,000 X 1,000,000

Crop Water Requirement, o

Area Of Any Crop,

Final Diversion Demand (DWR)

CWR

CEFF

Canal Efficiency, %

Return Flow (RF)

Flow duration



3.2 .

321

31
Ui fulind iy o
\ cihuthgagn ‘ E’““"
- I_' thuifuliund % _ariulang
A ET L
Uim1l¥nng "
xR URmAgn ! S

Uhrmagguin

(2541)
31
(Minimum pool level)
(Dead
Storage)
(Normal pool level)
(Normal operation) (Normal high

water level)

(Active Storage)

(Maximum water surface)

(Surcharge storage)

40



3.2.2

i) ’-1+‘1+R’-0!-L1-E’

t-1
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Rt Et

L —1+— x0.10
2x365
3.2.3
(Reservoir Operations)
Rule Curves
Curves Rule Curves

Rule Curves

(Rule Curves)

(Release Policy)

Salas Hall (1998)

42

Rule



@

Policy and Procedure)

Curve)

2

2.1)

Curve

(23)

43

(Operating

(Operating Policy / Operating Rule)

(Rule

Target Flow and stage

Target state Level or Volume (Rule Curve)

Guide Curve Rule



44

3.24

Probability based Rule Curves ( 2545)

(1) Upper Rule Curve

Upper Rule Curve

Upper Rule Curve (Normal
Pool) Flood Control Reserve
VFCt = Volume of Flood Control Reserve t
NRI, = t
(Net Reservoir Inflow Volume = Reservoir Inflow -
Reservoir Outflow)
NRI, = l, + (L-C)AXRt + AXE, - ,

R t ( )



= 0.80Epan

P (NRI, > VFC)) < Risk

(2) Lower Rule Curve

Lower Rule Curve

P(VBUF,+ ~ NRI,<0) <Risk ( A NRI,<0)
i=t i=l

P(-J NRIt>VBUF) < Risk
i

VBUF, (Lower Rule

Curves)
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33 (Artificial Neural Network)

(Processing Element)

(Output) (Synapses) (Input)
(Dendrites)
(Axon)
33.1
3-2
Input
Output Input (Weight)

Rumelhart (1986)

3-2 ANN
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X(X1,X2,X3) Input Y Output
(Non-Linearity) F(Net) (Non-Linearity
Function) ( 3-3)
F(Net) = X1 1+X2 2+Xx3 s
= ZXW
Input Output
Z WX = net f(net) =y
X Y

Rumelhart (1986)

3-3

(Weight)
Output

(Back

Propagation Neural Network, BPNN) (Input
Layer) (Hidden Layer) (Output Layer)

(Nodes) (Weight)

3.3.2 Back-propagation (BP)

ANN Multilayer
Perceptron Back-propagation (BP)
3 Input Layer, Hidden Layer Output Layer
Input Output Input

Input (Weight)



(Random)

(Activation Function )

3-4

Propagation

@

Inputs

3-4

48

(Weight)
Output

Output

MLFF Back-

BPNN

BPNN
(Network Pass)

(Backward Pass)

Hidden Layer

Outputs Target

e

Back-propagation errors

Rumelhart (1986)

MLFF Back-propagation
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(1.2)
(Normalization) 0.15-0.85
1.2)
1.3)
(Network Pass)
1.4) (input Layer) (Xili=112
N) Xi
(1.5) (Hidden Layer) (z.1j = 1,
2... N Xi
W.
Zin. = 1|
0] ]
W. [ ]
Zin.

Zj = f(zin.)



(1.5)

f(z 1

(1.6)

Yink —

w ok

wik

Yk =

1.7)

f0)

f'(Yink)

1+‘ exp(—x)

(Output Layer)

(Y, k=1,2 )

»+ 12, ]

Yink

f(Yink)

(Backward Pass)

(0Kk)

(Tk-y K)f(Yink)

f(Yink)x (1-f(Y ink))

50



(0k)
AWjk(n+ 1)

AWKN+D = 8K+ aAwk()

a 0 1
AWK( )
Kk
=1 0)
19 1
8, = 15 RAKiZin)
©)
Aw.(n+ ]
Aw (+1) = 0jZj+aAw. ()
Aw. ()
( =1 0)
(1.9) (Yk1lk = 112.....

+1

kin+ 1) = k( )+ Awijk(n+ 1

Wo

5l
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(Z'y ] - 11 21-'-1 )
+1

wn+e) = () Aw(+])

(1.10) (1.9)
(1.3)
(1.12) Yk
(Denormalization)
3-5
@) BPNN
(2.1)

Genetic Algorithm ( 2002)

(2.2) (Activation Function)

Sigmoid

Hyperbolic



Fun1sAnuan

wnsfeyaindn unzfeyneen
Weglupluuuinmsgiu(Normalization)

o ¥
auyRATuRueIAminuay
Amniimefinlulanatunni

- .
Reulareammmganisiuan

y

maAaanlUramin (network pass)
- uafnfanuuudInes

4
Reulynmuya
- , o
- AMUAANRTA < AMNIMUA

5 - X s s
-ATUUIBUMINNEY = AT MUA

R

'

maAutisundl(backward pass)
- uudrrminszwdnedu

wlnerundninIdanAan
Wieglugihind (denormalization)

A
( wgamshruany )

3-5

A

BPNN

BP

53

(2546)



(2.3)

(2.4)

0.9

(2.5)

3.3.3

etas)

(Learning, TJ)

0.05-0.90

(Momentum, oc)

0.5

54



Error, RMSE)

@)

2

3)

tl

SST

SSE

MAD

%

(Efficiency index, El)

X(Qi-Q)2-£(Qi-Fi)2

Z(Q'-Q)J
SST-SSE
SST
Q
Q F
Q i
Q Q= Qi
N «

(Root Mean Square

ANQ- 2

(Mean absolute deviation, MAD)

-f
N1:1Q )
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4 (Mean Square Error, MSE)
MSE
MSE = -X (Qi-Fi)
NH
(5) (Maximum Absolute Error)
Max. Absolute error Max. Q -
(Time
Series)
ANN
2
(Autocorrelation  Function)
(Cross Correlation Function)
2

(Partial Autocorrelation Function) ( 2545)



57

34.1
(Autocorrelation
Analysis)ul k
(Lag Time) 3-6
2 Xl
xt1 X, Xt 2
X, xt1 xt
Xtz  xt3
A
: \\J/\/W
™
Xk X
»
t-k t t
(2545)
3-6 Autocorrelation
Autocorrelation
X xtk Autocorrelation
Pk (Population) rk

(Sampling)

- c°v(x,.x 1)
Pk= Va)

S(xt-H)(xm - )



E (Xt-X)(Xt+k-X)

er<x,-§<)

k = 1,2..

(N<30) K

k = Cov(X,.X14K)
1 (var(X,)-Var(X1t))

E(X,-X,)(Xm - X t+k)

I 1—X,)! Z(X1H-)<uU)!

Cov(Xt,Xt+k) X, 1
(Covariance)
Var(Xt) (Variance)
N
Autocorrelation -1 +1
k
Xtk k k
xt Xtk k=0

Autocorrelation
k (Correlogram)

(Autocorrelation Function)

xt



3.4.2

(Partial Autocorrelation Analysis)

59

(Order)

! k ( 2545)

pk( k=1,2....N)

pk
pkl P1 = CPDP0

_ P2 = 912p0+9 20PL

pk =9 KPortp K2+ ... +9 KKk 1

bk pki

k Jk(K) (Salas et.al., 1980)

P = d&PM<bDPhst ...+ tKipH

(k(k) k
(Partial Correlogram)

(Partial Autocorrelation Function)

Correlogram Partial Correlogram

(Dependent Variables) K 4k(k) 1

(Independent Variables) 1k Pk(k) 0

o
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95% ( 2539)
k(95%) = +201
1
= %2 [-
N
Ok K (p k(k)
N
3.4.3
(Cross Correlation)
2 (Xt,Y1) (Yt)
(Xt)
(Xt IXHK)
2 Cross
Correlation Pxy Yy (Salas J.D. et al,

1980)

A (var(Xt)'Var(Yt))

E(X,-HX)("t-Hy)

=1

N N
PR A TR
=1 =

Z(Xt-X)(Yt-Y)

=1

2 =12 y 52
2 X =X 2(Y,—Y)

t=1 =1
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