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Abstract

Under the impact of climate change, the frequency of extreme precipitation and
drought events has been increasing. Flexible water resources management should be
considered by policy makers to increase adaptive capacity. In Taiwan, the government
usually guides agricultural fallows to transfer water to meet the needs of domestic and
industrial water demands during droughts. However, this situation causes that the
cultivation rights of farmers are not guaranteed even though the priority of agricultural
water demand is higher than that of industry by law.

Water market mechanism may be potential to solve this fairness dispute of water
reallocation. To assess the feasibility of water market as an adaptation method of water
reallocation, simulation gaming is an appropriate approach. It can help policy makers
assess a hypothetical policy scenario and figure out the relationship and interaction
between stakeholders. In this study, Taoyuan region is chosen as the study area and a
water market simulation game (WMSG) is developed. WMSG integrates water supply
system dynamics model and paddy field water balance model to reflect the water resource
transmission and the hydrological mechanisms of the real world. The subjects are invited
to play the game as an agricultural or industrial stakeholder and carry on the round-
designed water trading.

Results show that Shimen Reservoir water supply system dynamics model can be
applied to estimate the variation of reservoir water level under different hydrological
scenarios. The rational agricultural planned allocation is calculated via paddy field water
balance model. Total amount of the modified agricultural planned allocation is close to
the practical method but more reasonably present the characteristics of irrigation water
demand at different growing stages. The settlement of WMSG indicates that industrial

players are willing to pay more costs on water purchase to prevent severe loss of

I

doi:10.6342/NTU201900536



production line shutdown caused by water shortage. Agricultural players have the right to
decide whether to sell water or to keep farming. The amount of effective storage of
Shimen reservoir has slightly increased when compared to the non-trading scenario. The
key factor that determines whether the reservoir will be empty or not is the amount of
agricultural planned allocation. The author argues that how to formulate a rational
agricultural planned allocation is the most important issue for policy makers while
considering water reallocation adaptation in Taiwan. Besides transparency and
accessibility, interpretability of market information affects player’s decision-making
significantly. This study provides practical application tools and models to assess the
feasibility of water market mechanism despite still having room to improve. Further
research is needed. To enhance the link between simulation game and policy applications,
more games should be conducted to discuss the transaction strategies of players and the

benefits of water reallocation under different simulation scenarios.

Keywords: water market, simulation gaming, system dynamic model, water reallocation
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Hydrology Existing institutional,
considerations and planning and property
system type right arrangements

Example 1:
Diamond
| Valley, USA

Step 2: Market
evaluation,

Potential benefits from trade?
development and

Basic assessment of costs and benefits:
- externalities
- governance/institution costs

implementation

sectoral activity

Example 2:
Market scale: o
TR T T e Maintain status quo: - Guadalquivir
com ni.nﬁ'l;rate :fithl with enablers for trade Basin, Spain
S Hrads and further monitoring if
potential 11.tn :tttk Et rading future demand or context
activities changes

Market initiating change I - Market initiating change IT -
water market policy changes (e.g. water market mstitution changes
legislation, plans) (e-g. trade rules, registers)

o Example 3:
Step 3: Monitoring Tasmanian
and continuous Tra_l:le _enahhng m_et_'.hamsms: Irrigation,
iew/ assessment Monitoring externalities and new Australia
review: market developments. Change as
required

Bl 2-1 ~ WMRA =% (Wheeler et al., 2017)
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i{ 34 17 Check Model p¥ % € B 1 & % » T egs 3857 Level ;% #c 2 7 # » (INTEG)
238 ¥ 8 ¥ 47 40 8 (Initial Value) » if & 175 K E e 88 3] 5 T Lookup | % #c 3
M Auxiliary | % #iceh+ %2 3] (Sub-Type) » ¥ 4P — B B % Bcenie - (7 & % (Table)
HE @ * > p PR REE* RRFHK > L E KRR RS EHBRE K
o ff 2. % #cK 3+ o T Shadow Variable | ¥ 4R 5 T Variable | & £~ it » fi558 ¢ 333
MEEd s dom 0 P05 (BBH G RHEAE (Slhed B P S AR
¢ ‘J’Jfﬁﬁtﬁ* & f§ 7% o Shadow Variable ; & it i Hi Pt 2 ivi #4p
w ¥ oo 0 BB 6 -2 i T Variable ) B o T Arrow | & 12 7 i i R
b & A NP B B > R Tl o W > Rl R 5 o T Rate
iR 3 T Arrow | &~ 2 s “,ZTT”J BEREM G AL E RN VR TES

\\47%3_‘\4\2‘ ’}fv"\zﬂ’.\/‘,'

f

HHMmRra~E R T2 R Ao
FEBHGCPA F &2 2w B4R Bl (view) | System Model ~ Allocation Rule ~ WPP

Allocation Proportion ~ Transfer Ratio » 1 T 4 Bhéxif o
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% ehpeok E o U SRR AR AR BSHARE Y o ke R LRI 3-30
FNBMERELEIARE §HE DR FE IR PR R RS N A KR
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S g pleamtEpk BT AR E ey b RIS O (7 PR RE Y £ 8)
oK RR R F BRI TS AR o T R SN e B hE ok R E S oK
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Flo Pl ap kB a Ry - MR A Y (50 G vl ).

At BT i e R EE KR F B Y 7 kAT 4 S
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Shibien AgriChanne |

a0Yuan AgriCh

TargetYear
——DomesticWatesDemand.

T TagetYear
TadustryWaterDemand

B 3-3~ KRk Sud 4 58 -System Model View

Allocation Rule

Allocation Rule S HALB ® (LB 3-4)> L R4ER &P -KEFfe-kaft g
FE R ARG (P F) A B R 0 R~ B R AR R
LA KR s FATE KR s ~pE kR Y L PEEA TR (7 ) FEEY B
MR (P )e kB dcE S AN Y @ % TConstant ) ¥k 25 F (SR
Lod ohmmon B o B cnTORA B AR 105 £ R OREEEE Lok AR
R (1048 117 20 p 30%) FAL - & REFFHpk B st Ay @

£ AR
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Water Right e ///' ”
PingZhen WPP1 Allocation o
ngZhen wrm Sum AgriWater i T
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e Ratio ShiMenR eservoir
A lomlmnDaNan/ il
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To HouChiWeir

< ShiMenReseverior
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‘a0 YuanDaHanRiver AgriWh i
Water Right TaoYuan
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Base Stream Flow=>

B 3-4~ & P-RE % sud 4 H3%-Allocation Rule View
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LongTan WPP> &=
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% \ <Allocation Ratio PingZhenWPP:
At HouChi Weir
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Ratio BanXinWPP At

<Allocation
HouChiWeir

Mﬁ?ﬂﬁ';"m l?;:}};gr;cn<——/ < anXin WPP=

Total Allocation Proportio
<Allocation Ratio DaNanWPP1

AtZhongZhuangWeir - A
DaNanWPP1 Nan WPP1> At HouChiWeir
Allocation Proportiong— “Allocation DaNan, Ratio DaNanWPP2
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B 3-5~ 7 KRk 5ed 4 $#58-WPP Allocation Proportion View
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Transfer Ratio

Transfer Ratio 5 HAL K] ¢ (L K] 3-6) » ¥ B System Model Al ¢ A B K £

RS Bk A et bl 0 RRA B

SR FORE (5 F s B AR
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Sum Allocation
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ShiMe rvoir T¢ ShiMenReservoir To
HouChiWeir ‘ l\ HouChiWeir
Sum AgriWater "‘\ Ratio AgriWater
ShiMenkK ir To 4 ShiMenReservoir To
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<Allocation TaoYuanDa
HanRiver AgriWater>

W

‘Allocation TaoYuan
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P
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3.2.1 P

:ﬁ-
;ﬁz

%4 3 35 E(Q018) k50 KT G K S o Meokm A 5 3 R 2Rk

fer dmm2 Bk (RRE ) A AINRBHEE (28K ) HEE KT R

SAMR b AL R L FH B R kR KT R L WA
IRt ERt
H ETit  ETat M
s [ = Output
o | KB | | ] e l ok
max l
HEE St Infi 400 s
- B
EERE
FEFH =
Put
W37~ K fen KT A A W)

B3-7¢ > Tt R P H (R8O IR AP EEEY LR SER 20 B 3ok
Ha R ET 53 KER2Z FEFIIE ER S 2 ER2Z 9 FEAF4E JInf 5
»FE CHEZe Bk 3R h 57 %0 83 A& Output 7 "% & ig 2 F i ¥k

P2k E 5 Simax 5 B * 2 ZKE (frzgk2):Sm 523z k€ JFC 5

o

v RFERE WP ZFEEEZRE PV EEZERIBE P RTRIAE  AEAE

i

R A0 o A TF S RN R (GEEE 0 1999) o

FEL AR ey Boke B RMH) L % F K ESmM) ) 4R 2 F KB

9

fio s AR KIR(DP) ~ e Bd(Ke) ~ § 260 A A ()3 fi #FT7

do

B 2ager kg (Sa) 2 * ok B LIF(ASa) et B E(P) e b d 2ok ¥~ F %

9

B vitEw B4t (ET) i&a 474 = ET1 & ETo 5 o 0 i #7{F % Sl ¥t
Fuo@ocsa B(ER) E @ ER G e s W@ £HFAT 53 #EF L E(IWR)
IWR -k g2 34 &3 fEs- B 258 5 5@ IWR i8> 419 Rk 2(IR) |+ %

W IWR > d FA4TE 48 IRV 85 » %

\F“b
\\\?{r
u

(Inf) 5 I & > 53 75 Bt &
B A u R R Boke B RMHE 2 G REGm) e 1T REL &

& ik gt S BB OB R o

i
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322 2 FRFHE

FeBl 2 3R 2 e A L 5 AR D 3 39% K B2 3 26% LS 18.6%
FiEAE2 164%; =< ¥ERRM S D ARED 60% 0 F-2 20% 0 FH3EL 20% ©
TR TS | $ U Tclayloam |5 TR 2 3 T HIE S | $E T Sandy
loam | Mddb 4 ~THb2 ) 8 Mclay 5 T/ P 4E4 ) ¥ MSandyclay | » 2 34
1+ %4 Saxton f= Rawls (2006) » & 2 3 7 -k & 3% % % gk (wilting point, WP) ¥ » &
IS VY Er C SO W P R SR P o
ik (saturated condition)PF » % B R-E o @ {5 2 KA T 9 B % K £ (field capacity,
FC); fe-km RIFIE 5 Gkl BREFR > Kefok 1o B F KE iR
FZRFI e Fpt¥ka a3 o o 2 3EF * K F (max total available water,
TAW) 2bo BF R kB A Egeni & f e ki 2 kB (it F Q) %
Z(WP)ehZ fE o 2 3EBAAR ¢ B TSI M et ko hin 4 - AT P A%
AEBRAP Y BEB I A FL P HE ke 2 A T KR e g
KE 0 FFRE~BZEEGfookd BERLER S ke 2 EHE (R 3-2)

A A 327 B 2T YR 2 Ak R 2 Al gt S

;\VA o
432~ ke 4 mBPL

g tqes | R | AEL | BA2EmT | Hfokd BE

TN L kRI%] | ok RI%] [%] * k(%] | A[mm/hour]

AR 4

ﬁ"%‘i U P 36 22 26 43
A 2

)RS OE

’?ﬁ) B s 18 8 37 50.3
P4
7?;: —.}

R/ 50 42 30 20 1.1
fod

)R Ak 2 44 36 25 19 1.4

AL kR ¢ Saxton and Rawls(2006) » i & # < 1 EF * K §
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I
|
(%
TR
H
= A
o
=
[
et

R wITLRE P EEfrI kT 8w BERE K

ZE AKX IEVH LR ook BER L HEEL 33 .

%33 PR Fokw L]

- wirg nRFE | FEER | B IRET | E{okd BER

T KE[%] | -k E[%] (%] * oK E [%) [mm/hour]
FFAFETR | 4694 32.44 20.34 26.60 15.19
FMAFER | 47.80 33.60 20.80 27.00 12.86

IHEREOD)EATT Y B L - TAE 0 H 40 24 TR0 A B
(2H A ) HP AR IEFRE > FEESIETFNE - NflaE - P 2R

AR ApRE > BB Acdk 34

% 34 FPEB Fokw 3 LD

g ffegok | W EEk | AER | BRIV | Hfokd BE

o £ [mm] £ [mm] [mm] | * kK&[mm] | & [mm/day]
FeF < FER | 187.74 129.74 81.36 106.38 364.54
FPAyETR | 191.20 134.40 83.20 108.00 308.64

SR S TR PR EEE T EC T AU SRRy
FoAeT
Sa; = max{ 0, Sm;— WP } (3-1)
Sa;: % t % 2_ 3 3| ¥ * -k & (available soil water content)[mm]
Sm¢: % t % 2. 4 3% 3 -k £ (soil moisture content)[mm]

P : % % 27 -k £ (Wilting point water content)[mm]

F 3SR E(Sm)L e B R kRO B % BE P(0 323 &);

F2 o 538k W ERoFEREFREL L F - 27 F8T* LER)
¥

3ot s BER) 00 B EE R EDPHRT 2 3 Lehich § Kk LHF

il

§ 3T LR SR BT HEE S - AR VKA G S BB 4 o
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LT ORBE A B A L ET KR R ASa £ 0 S AR AT

ASa, = TAW — Sa, (3-2)

ASa;: % t® 2. 3 VT * K 4 % [mm]

BEATIG L B K L kA R T I iAo AL kR T

LK BB ALY AR - TRl P 1IN o MR ehil 4 s B
GERR 0 2p o kB avkE o 2k B % ok E (readily available water, RAW)

FE2 o BF T 3 B kA 1 B T ii(water stress coefficient, Ks) » H 25 40T

RAW = max{ 0, Sm; — a; } (3-3)

RAW : % {#+v * -k & [mm]
Sme: % t % 2 3 3 7 -k £ (soil moisture content)[mm]

ait KA ERTRR ZokE[mm] o i=1 5Bk S i=2 5 2Rk

WA l(p)? 2 kBB L 2w o E K B < 2T K2 (TAW)
ARk Az Ko HERT Rl a 20 P LI T
%+ Allen & A (1998)F 7 2 f&5t ij 4= o dlic > &t Bk o & feo~ B 75 28 4%
(ET) 3+ p Smm PFopiEs 02 &
Pa = p; + 0.04 x (5 — ET,)
Da 3RS 45 Gl F1= ]
pi AR B[R FIR] ci=1 LRk S i=2 5 2R KpRYp

ETx ! & * (¥4 Z % 47 & [mm/day] » 382 3.2.4 /| &
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%< Allen & A (1998)F7 7 » R E-kr FRAfKRET2Z prEXE 020 2
FHakw HokpEd ks B8 GEEK)F R R 2RSSR 7k

FatTREERE
a3 = 0@ —py1 X TAW (3-5)
art K 2 R A BB TRA 70k £ [mm]
PAYHE o R &rfe g oK £ [mm]
Pog @ Rk pedp 4 Bt ) 42 [ | F]=1 ]
TAW © % 2 37 * -k £ [mm)]
R o LR RS S E pp Rt pi=022 08 MR EFAIE kAT AED
0 ORBFC) T4 KAGBER S BREGIGEER A K=1> 3473 @
EMFihe R ah2bB RpEY o seqr R0 FE AL Gl pr & 2 kA
el k& a0 #po 3K 5 0.5(Boonyathorobol and Walker, 1979) » a3+ & 4
(3-6)

a, = FC—p,, X (FC— WP)

DRk pES 2 Rk A B TR 2ok E [mm]

a
Pa2 ¢ 2R K PEH A RS 4L [ & F)=0 ]
FC : v B % -k £ (field capacity)[mm]

WP © % % 2 5 -k & (Wilting point water content)[mm]
kP E T ok B (IWR)PE

ot B A B2 pap VR 1S 32,6 3R

PRFA TIEZRE P 3te FEAKEFEC) ) Fre A EE ) iR e

g,l._';gﬁ;};/,;\ lﬁgg;(Ks)m R4 > ri @ 3-8 BEFHRP *ﬁ%}} 4 i§ f }\ﬂ(Sm)
G A ARR(KS) 0 A B R 2k A B e kR 2 G kR

Mt a B > Kofed 13 0 MARMVERITL 5 BR o

0 /AMIERITL BB ER 2Lkl 15k E
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s
t SRR, 7 J—

i oo RAW g1

vl TR i RAW s ot st
| . T Rk

w Vo N

0 2 WP d> FC . @ ' Sm

Bl 3-8 ~ (K AErk A i 8 T BB
Bt TR EE 91 X ETRPGEE T L MRS S e fok o %k £ (FO)

-5

Rk E o PR A PER S S8.0mm A A FER G 56.8mm o gt pF
FBHEP) P 4A0mmeFFF LR EE P2 HEZKESm) e FF-KEFC):-
PRz BFEFHEEDE I H L0 FEFHREET) > 74 FLRL D
FHEZRERE S FAEZREOCmM) M RS RS G TR 7k E(a)
P 3 EIEE S ML R TR ok A 4 oa FRIEIES Uk Bl

A FF o Fa BN 3250 &M o JBIEF RE A 32,6 /) & MGE o

3.2.3 /%A £ (percolation, P)

» % (infiltration) % -k 7nd 3= 5 F 55 d 3 3R o0 T 2R 0 FoRIRT BTk
B~ 2EARLS ZEARFY FRF REFAQFENAL2Z KA LFLES > od nde o gt
- T 9 L5 7% iR (percolation) (R R T A7 F Fa—+4 B L3FFRL > 2002) 0 » B8 %
B R B e P F G M R R fEe FIREE R E A EA (&
) engFM > @ » 32 RBTIRETL SR BRT LR ELIE T LE RS E
AR HERRRELS PRI KEFEE R A ERERR 2R

(5 5% ~ A3 oo 2001) 0 & & X ACEBBINA » ~ RIS G I 32.8 &4t o
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BEEP) RS KE(SmMEE 230 B LEFQ k% vimh £

i

BRPVE KT R EP) ) AT P o B E RAETE S T2 B SRS

%L/?ﬁtlﬁi’ﬁ-;/%%} BT J\ﬁ’z,— //)iZle J\J‘ﬁt/%( 7f]ﬂ—’}'§ ‘?’/7*1%) Lﬁﬁr L

|4
et

PPt E R kA R L wiTF A HRPEN KT SR e RS D R
PR R

dip oAk G RGPk SRR - (REER ) BREEP) LR
B (Py)fork T %58 (Pa) 2 N 4o

P, = min{ max{ 0, Sm; —FC }, Ppax }

(3-7)
PV,t =aX Pt (3_8)
Puye=(1—0a) xXP, (3-9)

Pii % t =2 /%kE[mm]
Pyi! % t %2 4% %A E [mm]
Pug: % t % 2 -k T % 5 [mm)]

o TE FR I[E FK]

S (1999) ~ BUE * 2 PR F (2013)¥>0 2 FHAET >

B 5 KT B G P E D N e

o = —0.003S% — 0.0154S + 0.9 (3-10)

o L B GI[E F]
St i T M B [%]

AN PR AR AR 0%~3.75%

A B ERMA L1100 Fs SRE T %S =1 [%]& x (3-10)RiF LD

FE 5 a=08816; KT BB 1-0=01184¢--ka ZBEEFF "I Fa LB

s ookw ifokag 4 e R iEfR &G (%5 9k % (Manon and Bernd, 2007) -

S AT R B H(2003) A Bl 4 2 E = L SUE R o R iR R R R 2

PREREE KA ET A0 X2 TIERKEE L E P 38 mm o ¥ 4] S TR
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HELE P 40mme AL o (1)t B4 B2 Bk £ 52 B K (Pyma) 2 5
%K 5B F (P max) 0 kA0 T 325 STEETE o

2035 IR Bokw Fik S

4T REE | %S (mm/day) | 28 %A (mm/day) | -k T % B (mm/day)

W 40 * 3.8 3.35 0.45
% 41 =% 28 4.0 3.53 0.47

TR T ] B 5(2003) > 55 ¥ K

=

3.2.4 v ¥ %% £ (paddy field evapotranspiration, ET)

ity e B A ATR(ET) > 7 & 48 B % 47 £ (potential evapotranspiration,
PET) £ 3k (T4 A#ic(Kc) M F P2 (T B LR o (T Bt e B0 S 5 e
FALI SR EFBRRTY WP R FFIECPEDFE 2 2 EH 3 gy
2 prFIR S F R F AR A 7 99§ % $¥cis Penman-Monteith = 42 5% (Allen
etal., 1998)i¢ * » fx:z$# Hamon Method(Hamon, 1961 ; Hamon, 1963)3* & i 7 %
#f > Hamon j* & F iy » p TIoE R ~ o frif B2 p RFESE (7735 2
HEEHEPRARERTH)

s

i it {s 2. Hamon = ;% (Shaw and Riha, 2011 ; Lee and Huang, 2014)4-™

PET = 29.8 X N X —>— (3-11)
Tavg+273.2

PET : #iv 7% 47 £ [mm/day]
N : p B P #ic[hour]
es 1 T ok fo i § & [kPa]

Tave : B T 3538 B [°C]
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PR P B o N 4T

N=() xo (3-12)
w = cos”}[—tan(§) tan(y)] (3-13)
§ = 0.409 x sin(0.0172 x ] — 1.39) (3-14)

N : P P& P #ic(daylight hours)[hour]

® : P % P & (sunset hour angle)[radian]

d * 7 4¥(declination)[radian]

o © S & (latitude)[radian] » 2 * A F25 & » Tk n "7 11 180 HEARAE -

J @ %% p (Julian Day of the year)[ 4 ** 1 (January 1) 365 & 366 (December 31)]

G F BT d B R TR ARG 0 Y Allen % 4 (1998) 4 fr 57 /B 82 T 35

-~

EfeZ TR (e s 238 > & BldeT A3 o

e(T) = 0.6108 X exp(-———) (3-15)
eg = (w) (3-16)

e(T) : 3§ & T°CP# 2 & fr % i+ /& [kPa]
T : g & [C]
Tax © P 3% 7 8 [°C]

Tmin * P §’~f'§;€]‘r ';E[OC]

£ & %% Doorenbos = Pruitt(1977) ~ Steduto % * (2012)%F3" 5+ T4 Z & 4%
£ (Maximum Crop Evapotraspiration, ETx)2. 5 & 2 5% » 3K 2 -k e v B8 IF

P Bk (T B EACE O N deT
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ET, = K. x ET,
0Bt (T4 %3 30 B [mm/day]

Ko (v 8K ¥

ETo :

TN

2

»

k3¢ 7 £ [mm/day]

(3-17)

M Rz. ETo & s * Penman-Monteith j2 318 » £ 930§ % $odch &> 257 %

efk Hamon 2 3 & - 8@ A  © & 3K 7 > Penman-Monteith i £t & &4 £
@ﬁ?‘]if@im T EREFEOEFFALE R LTS Hamon 2 Pl R B T

B K PIEQOOT)A Bl & 0 TIHoEF AR 2 A 43

=

T .

6 | | 1 1 | | 1

58

5
%~

J.,_': ‘J'%P"ﬁ’i"flf']fg]39”r

L

————=—— Penman
——=a—— Hamon

=
i ETEENEE AN AT A

3]
. |

Evapotranspiration (mm)
("]

L LA L T

*

TT T T[T

0 T T T T T T T
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d W EFREELDNIEFREIERE I E AL EN - TREPF EFF
FLRHR-€ X Fl4737 0 g Ao 2 — KA i B Tk Bi(water stress coefficient, Ko) 2 & (&
322018 ) B (S B T FFICE AT Arop

ET,, = K. x K, X ET, (3-18)
ETax  i2 & {4 3 54 Z % $7 & [mm/day]
Ke @ w4 e[ F]=]

R R s SE RN

ETo : %% i3 Z % 47 & [mm/day]

\3S

¥ v (T 5 % 47 E (Actural Crop Evapotraspiration, ET,) 2% #02 #zrip| £ -
N0 E p e BFEFICREEDEB T (85~ (T ZF IR (BT (715 kT
Bz *oRfafe o ® FIENRFIUp AP RE D i r e FEAFIE(EDE =

(mm/day) » 3 & (mm)2 8 F oML o

TERTHERGP I S H KR EREERE v R EFIEED A E D
FokiERzZ e BFEFHREET)I EE k20 FEFHREET) £ kTR %

PR BAFAERA] JEER A Bk R R AT
ET,: = min{ET,, Sa} (3-19)
ET,; = min{ET, — ET,,, H} (3-20)
ET¢: % t % 2.9 BF Z %478 [mm]

EToe: %t %2 2 &Rz v B #4478 [mm]
ETii: % t* 23 RiEk2 o B Z8 4% [mm]
Sa; ! % t X2 F3E¥ * L ¥ [mm]

He: % txz2v Fka dAmm]> 5t 2449 Fka 3 A
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FH B EREEL Y ETi A AL 5% 515 G i keanRT o #Ek

ERAfORE P EFA M REF AR EEL TR R A g kEE o £

&2 pd Bk e BFEFREET)  FokFhz 0 FEFILEEDRD R

Koo R KRB BSOS S E P FATEY R BT d AR
% 4

e P WA T A FEZFIEEDFFE kEREIEERE TEREXL

3.2.5 v F 3 %" & § (paddy field effective rainfall, ER)

PR TR RS LAL RO HGES kO B E PR R R F
BoWE G A e o mE Y EAQ03)FERE GG s £t w A
EIRRE Y 2N - Fa B EETIR ke i R gL AR P ER
A2 B ARER R BN OREE R 2k o F P u B ot A £ (ER) B S
BEe3%P 9 BFEFIREET)*FEPABEP)izp 2P * L4 5 (ASa) »
Bt pa VR E k3 £(h-H)o %0 B kpE> 23 5k B4 40 ASa &
F o5 2 okpEy o (he-HORI S R 5 3%p % aER))I A B a%a it i
PE o 9T PERIEAR G F A oon B A E D ARV e T

ER; = min{R; , ET; + P, + ASa; + (h; — Hy)} (3-21)
ER ! % t X 29 3 5" % £ [mm]

Ri: % t X2 ' & & [mm]

s
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M
(w
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3.2.6 #;%F -k € (irrigation water requirement, IWR)

GG RN AR EEDE A R EET 2R 5O EEY KR M AR
T3 EQ018)r BFF kB E 30 Aot o NP T E g F A RERT
Bl R S SR e E ke ok A iRl AR (FER 413 p ) B kBT
HRE P AREEZ R EFE N TR kEY > I RAEREIRE &2 FT R
BAT R 521V * LB FE(ASa) (F ABEkm @ 23 -ka B ALKk > B

ERERLEBA) TR FS 240 BEEEED  BBEP) - § o0 A

ek

(ER)> ¥ o B IBET K& iR ERKFER & F 0| & (DPmin) > Flit B ¥
E DPun e Bk BAM)ZRFLE; L2 rPRY (27 28K %) pFr ¢
HFERPEI o A T IED B K R BT KR B R kA
FRA %0 L8 BEFHREED BBEE(P) - FocEa EER)L 4 d 3 d g

FrORES)T Y FEFAREEDZABEEER)R Y T LR F IS

ko E B AR Y RAeH 4 BT Y K (Sa) B 2P ERY o Rl IRIEE K E -
B fAE I AT AE LT R B E N4 BT Ao
Mok (47 X #1~90 %)

IWR, = max{ 0, ET;+ P, + (DPpin — H¢) — ER{} (3-22)
LR RES (27 % #91~120 %)

IWR, = max{ 0, ET, + P, — ER; — (Sm; — a,)} (3-23)

IWR:: % t % 2_ /8% 7 k& [mm]

BTi: % t % 2z 9 B %% 478 [mm]

Pii % t =X 2 %&E[mm]

DPuint © % t * 23 RKFAR % F | E[mm]

Hi: % t=x2 9 B ke & E[mm]
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ayt FKEEY 2 KA # TR # Kk £ [mm]

3.2.7 § % E%7* -k £ (actual irrigation volume, IR)

Bostd BRARIEES Pk P Tl Ak - RRELRE T2 RuE Uk
AHRFER WA R Bk BRBES ) FRKFRSE I 2 SR RIEE
K B(R) )3 &5 ET K £ (IWR) » #5505 HRpeE » @& @ik 3 8% B
A EER b B RIRR I STA R LTI E MG KR Y hiT
P58 ¢ 5 Bl4e @ AquaCrop ~ CropSyst ~ DDSAT ~ ORYZA2000 ~ CERES-Rice > #
PR RORA BT fsf 4 & £ (Steduto etal., 2009 ; Stockle etal., 2003 ; Jones et
al., 2003 ; Dias et al., 2016 ; Bouman et al., 2001 ; Akinbile, 2013) - % ¢ 2 7 p=#p »
AWK KGR TR RT I APR 2 “f TAERSERRFESEIDIES
FOEE GHE CEREIRBFFIELE I NAFTT A T A EG g o TR R
## 24 7 & #c2 (accumulated growing degree days):- & (Gao et al., 1992 ; Rani and
Maragatham, 2013) > @ £_f§ i* 5% > B A 7 2 &FH 2 (- ~Z HHEX 120 % )>
FTHAENANE Fa fFAE AT TIOET L LE FEREK o diptkaf it BRXK
Tl M R RN E AR R TR AR ] ek AR
B T e fER IR ED=099 Ry F LRk R B NP EAYAE
PR - R IAD (nES# 23 RER2Z THi) - #REBEL L FHE
PR et R 0 T Bk G B R R R ER T A LR AR
Sl YkEB > TEXFIORF LI BREIE (M TEFLE)RERREERE
AP G R Rk > T A K E MON I RS BT § 0k
B a RiHEHE KRGS o F IR E MR Z IR AL A pr TR
g

FLPL R AR e T % L 0N P R O B % 180 mm * R #
TR F G ke ok 4 “f TRHERE (LEE) S REEREE B kop
0O A P @ Rk LT BRI M2 AR R (k0 1999) -
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FARRKEAFIFPFEEERY LE DL BB UBETKEHR
FALET A R E DT Y ZARRE A AR EGED BT REP F
Tk 2 feok 32 o FEELEAR) AR 40T AT L

IR = min{IWR,, AW} (3-24)

IR¢: % t* 2 /%% K& [mm]

IWR:: % t % 28/ 7 k& [mm]

AWi D % t % 2 %7 * K [mm]

3.2.8 » ;% & (infiltration, Inf)

ACHEE 323 & dif oo VY /7‘;1&;%

e
Ji

BFARE IRV RE 2 4
TRk R Ao r BRG]0 2 T R Ed DB v B EF R (ET)-
BRBEP)ET KRB IE(ASa)AE-T S 2 T ERRREY v B kS B R H):
FuiEA K E(IR) 0 P4 »c% & $(ER)~ ik fhz v FF A8 4 (ET)A 25 %
FARGRBH e 2 BEF EE B 0 E D RS R RA ok P g PE
%% G for 3 5 (Infa) » T fook 4 BEAR 0 d 4 34 Favo BRI FEE S
364.54[mm/day]; 7 F* % #"# % 5 308.64[mm/day]e ittt 3K A 2l fr R R
rFid A e e d AN KAk 4 BER hlicE < ) o S RIRER S 0 PR
B A BVRLE Ve o S5 L BN R T T A R eRE o F
b o T o AL R T Y N A S Wb for B G H T
F o 3B 2o

Inf, = min{ ET,; + P+ ASa, , H;+IR;+ER; —ET; , Infg,} (3-25)

Infi: % t X 2. » /% & [mm]
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He: % txz2v Fka dAmm]> 5t 2449 Fka 3 A
IRi: % t=x2F%/gx* kg

ER ! % t %29 F3 5" % £ [mm]

ETi % t % 2.8 Kz v FF Z 2478 [mm]

Infiq : ’é!/?’f\f')‘ 73 —:‘ [mm] ’ [‘:'P’é!/?’f\?’ﬁ 4 & %fg

329 v Fig-ka kTg
Witw BE kg kTS AR5l /T kR 2ok T fFe £ T - pu FokG B

He)E* 4 p o Fka 3 ARAMH) S P o FjocsaER)VcT EEEY LF
(R) > F 2 P k2o FEFREET)ITHEL 2 » B E(nf)T F2 o4&
B rra B RM)2 kB#EERA N0 %o v [ H3 B0 Fgsiad
(ER)fr i@ * K E(IR)PF > = ¥ g8 -k £ AQE F >0 B & (h)PiR st e
AN 2 ZREAB G B F RM)ZUF] o gt By P A E R
RNAQIEIBEATE R G AT BT RERR Y P K ARFE AR kR KR
E 2 fe N e o

Hipy = max{ 0, H¢+ ER,+ IR, — ET; — Inf} (3-26)

Hip % t+1 220 Bk 3 EAmm] EF%5t2 &% Fka 3 A

Ho: %tXxz29 ke § BAlmm]> % txX2 4459 Fka 3R

ER : % t %z v FFj & & [mm] - iFwmp 332 325 &

IRe: & t X 2 /%% K& [mm] > Fwmp 5352 3.2.7 | &

ETi it %t 22 3 Kk B E#F45E [mm]  FHop 3552 324 ] &

Infi: % t22 »%F [mm]> ;Fap F3 2 328 )&
EARNE Y CHy A F PR B ke R TR B RS
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3210 235 kERTH
Rk ATt W2 KT £ TP IR KE

(Sme) &> F P AEZ KESCmY*e P pp LAt 52 »3%E(nf) 2§

PRrEERLZ FEFICEEL)EF P RAEPR) = 25407

Smt+1 = Smt + Inft - ETZ,t - Pt (3‘27)

[

Smeg P Ft+1 X2 42403 S KE[mm] > B St X AR I T K
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PHERAZN 12 Python 3% 3 458 o B A KR ok k side 4 BN ok Ane kT GRS o
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411 T3 ¥ 2EH

FEERFL AT RITIHSY F Rk flehER > FRKFTRLE A
ENFEEEDRLEL AP AEAROL E k> SF A L RERERET o 4o
Bl 429777 » Rt rde BY Bl %g T2 25 L2 ¢ T 28 RfTAE
Tefem A2 AR ) WP EAR S UAE 93 Efr 104 # - PASEHIEG R0 FiRk
SEE o A 2459 2 E 4,157 A0F o e d Ak FHREEY - AR 104
EXMEFTREZE AN R AR BERETAELF R Ao d 0 F
ER-PFRITILTF AR E U E F s AR T - &2 R RE R A

TR RARLKY FHEFERE BEFIR2E LG -

Bl 42~ X i k2T (FR &Rk (2015 Lo iE®s £ %))

PR 93 & ]ﬁ%q J“Ngzéi\f f’r—ﬂﬂyftaxrl'%,éw}'\%ﬂ %4k BY 93 &
P BLET 2 5t d @ A b d o
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4.1.2 -RihAp B K 2

KRS G0 A PURREEK A AR AT > B PRE AR L

\\\?{r
<l
o

PR E ~ 2007 » R 17 5 Bk R Bav R IEE D & Rk g TR B R

ba|
=3
=
AR

F1%(2014) o " A et BB £ RS A o A S0 Fete FA s o

?

S

FOPHEE A0 B orEA o Feh B 325 )& 5 e B A hins o P

Rubg

FA e SR R R A B SRR e SO PR e
KRB EGRREL e B R i R R BRI E B- H R
WH B RREREEY R pER F P o 2RI %R (2005Y)3F A 2 P FFIR B K
I RN 2ZIBETRE  FPKEFRKE L 549% 0 F 22 a £ § 17.6% 24
§FER L B R R RS A AR R A R KR
27.5% ¢ #-pt B R E v 27.5%F1 4 5 TR ok T Lk R T
e B EESR S TR TR w IR RGE - AT RR -
() i@mw ikt f4MmE 2 ~FlRFQ013) B Xw ik &k 5 TR T > ok
B RIEE AL 2 wiF kR f R JRIER KR fre B ans A ORGRIRD T
‘J’?%’-(ﬂg?"ﬁﬁ?’k) Bop FORF LRI T EEER t"l’*F‘]’ E"E“?"E?’K)J" ﬂg‘—?"ﬁﬂ?

K o IUA KRR PR A IR RE AR R e

[rh

M2 BB FAPT ORI LR TR I FRIERZS RS

@

g A o B AR

_g..

Qb

X ¥
% FE ol B kR B 0 5 SR FRITR
B ) BREALEEEIL o A AQEEE A MAQIBIER 0 Bk G B R Bk
B B A S 2 FRBTRTEERRY R AF T Y BT AR R BT 2
FPAET KRR KR AR R YRR KR > AR TR o &
Y AR SRR KR RG] W - R IR R h 2 o

i e
TG E L (2000) 0 B F 4 P 5 R R RR LY > B

L3 G o

\\\Xr

=

4
iR A0 EE e d A 6.41~131.88[mm/day]FE 0 T A 4 3.35%~89.14%:

okt bl o F BB BAE £ A BRI KR AREECS 0 0 E e
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BEFTE G AT FORF R R TR RAL > Y w F R bR S M
3.35% F 5 B3k -

Q)3 Fip METEIK T BAT R B LR BT G A R (a0
BORCEIEA o FUERE T X P FORE R BRSBTS
i oeragds o 2o BRT BRTE 2 RR o Y BE Y Rick £k Fa

Bk ® gR ! s W EZ KRR RGO E 20% -

e

Q) HBEGFHIAELRE BELIPF RLEEFRNEEES > EFicEFY
BE R B R 0 (ed N2 R HE RS e E KR A
(AR SEEE PRI R SIS T D TR AN C AN A
AR R # A 0 5T AR S B E S v Rl i e B
é2{ﬁﬁ%ﬁﬁ%¢%ﬂﬁyﬁ°%ﬁﬁ%$%%ﬁé?ﬁ$”’%éL

EA kSR B ALE SR 2 E s TR E RN R Q)Y ¢ L
el e B A RS T SRR S BRI A R E
FIBIEZ R B 415% A B LS g R 4 o

(4) 3 7ok D TR ORAET AR IR R B A 2R R B g2 kiR i

B BT REVGRTS R o ARG S R Y TR

413 RFEIPMR T

d A E e FHiRF FEEIEBFECERASEE T P AoRfEP 1 B ITOPEAR
KABE T A (T AH(K) S BEG KB E S R T AR o AP AITH Gk
(Ko)3ha o b pe4e3d ~ L j50(2005)38 5% o 4P & 4 -Rfs2 % ) 2 AR Kk
T R R A i B RARQ003)FEL F M L Lk 0§01
T SHENFENF o NET A BT ER  FBicd 41 H KRR
(depth of ponding, DP) 4 -k &4 4 EFFf > v ¢ o0 & ¥ k2 3k -kiE; § 20 8
% /& (effective ridge height, h) 5 v 34> v B B > RKIFATE S B R PFR-€ 5708~ 2
Rig R BB ke BARRVH 27 c FRIFREFEe F-ka 3 R |2 ERD
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\l«

O R R e WA EKER B - B (P4 30~50mm) 0 B Ew 7
KRR AR Y U R Ko R ER R R B RS R T (A
327 89 e fh 319 kit ) -

K hAEAT - B P FR A EE o - 4gFa % KR 43 100mm & 200
mm F o AR EHPEREFR oY BRI e TERFFIEREY- D £

THEE e Rl E BRI EE e kR 180mm (P RE EP FF R
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CHREF T EV R EH TR T R ks B RA ok
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PR A E R AT RL O ERE AL AR R TR TR

BoRAEA FEEH 0 3T HIE Al FeRl RS 0 ke g AT (KK

PHR) A FPH=2ITI AL L EAMFAIDNZX et F RREA T2 o K
B e F P OKIR A R R T o F AR BV R g0 e RN RS R R

kTR ke B e AT B B EE ok

gn\;,

R EY KRG TRk it R
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F4-1 - kFe B R

y | EgRTE | DRl ) . . "
A7 A ATREK K. & K. & #-ki®AE DP(mm)|F »cv 3 % & h(mm) RAEA T h R
N R 2 32F ] - - (150) 200 Fowd NEFRAIE o Bk BT v Y
ii SZE 0.92 1.01 30~50 60 WdF 35 o A RE IR
LB e
I gy 1 . 20~30 80 WL KRR KRR RS
B oY '
3143 B % g 0 0 FNSVEUES" ST SN TS IE-
46~60 YR SR A 50~100 100 ook R 2 4R S 0 AR FH X
SR SN 1.13 1.23 -
6175 3 0 0 FHF FAERE S ARG
3o fRH B 50~100 100 kfeg ok EE R
76~90 LR 20~30 60 AR E B R OKIFETD 2~3 28
91~105 # 32 0.89 0.93 0 0 7R R
106~120| & 3% 0 0 o Bk - g PR R
121~ £ %) 0.89 0.93 0 0
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BEhHE Y 0 R E S A 5 R F (005N EIE K A nEREF R H
Blo o TikpFEe Rl B M Ew K€ 2005 &4 F 2 2 L ARG
FERRZ REREY B EHFERETRERGH L (%) (TR E
fendpEo kR s iEE > T AL IR Fiok 422 o

242  LPE2LEETH
o o | , ¥ 1B AP AT
2 A By 1 + LG AE .»‘L_\ = F L % /
B | 1R | GEEG fF | PG (%) b (%) - et BT
F 1,686 0.199
, L+ 2,766 0.327 20T ¢ 7y
e 0.376 o -
e + 2,209 0.261 (27 21P) | (7% 1p)
Bl <& | 1797 0212
: ¥k 2,293 0.334
| e sTH 1,374 0.200 0.305 31 [
: e R ) .
# i * 4 (37 1p) [ (77 11p)
e 3 3,191 0.465
R 3,365 0.470 309 g 70T
THE — 0.319 , A , A
o 3,795 0.530 (37 11p) [ (7" 21p)
~6 | 2,385 0.367
ol ise | 1,818 0.280 0.533 21T T
D . ' | (27 219) | (77 10)
4 i A 2,297 0.353
3 H# | 1,898 0.333
B wase [ Gw | 2,708 0.475 0467 | S 7
% o ’ : ' (37 1p) | (7" 11p)
o 1,100 0.193
FAL KR R ER v k4] €(2005) ~ 7 R @ -k 41 ¢ (2005)

g ek B fEA b (G4 TR~ ek~ ffe FE - 4% ) BB M
*ANAES FALBE A HE SRR AERRFAEEL AN AL A
TR TE ARERAAVERLAET b &2 EH > 20 THF | fl2
PE P - Pt FARE 2 AR AR TR AT TEL gL ER
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*
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i
%
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—

L% 97.78% » T 3o b 2t g 'ﬁ ¢
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PR R 105 & 2 Heip T30 (F ¢ 4ot B 100 & ALK A SRS ) 0 B R deT o
£ 43~ foivd A& A

7 p = ST
A L s 526.25 514.08
B2 A2 % (A) 115,867.38 108,615.77
E OB 2 4 94,118.24 92,744.23
By ()7 8,348.90 7,983.31
7 R ¥ 27235 254.77
L%z duELy 8,800.08 9,864.00
S 9,738.17 10,255.31
a T 65,154.85 63,210.77
ook ¥ 1,804.06 1,176.38
F B 2 % 21,749.30 15,871.23
% @ BE 657.21 688.31
Rk '“”FE‘ 20,871.06 14,988.46

(D)
KEFEHL(E) 221.04 194.46
B A &t » (B) - 18.46
¥- 4 2% (F=A-D-E-B) 94,770.45 93,414.31
¥ 462 A% (SSA-B) 115,862.46 108,597.23
F A EfeA AR(27)(0) 6,845.45 5,252.15
EE DT A A

- L A& (F/Cx100) 1,385.00 1,806.62
"ﬁéﬁi»(WCMOO) 1,692.96 2,101.27
= —Pzﬁnmﬁa 1.42 1.37

liw.gzgg%afﬁﬁﬁﬁ LHER

BTSRRI g b 222% 5 HRES AT E A
PRAG o A3 A (F- AT ) WRT kap 5 o i F ML £ 7 28T

LBPERERME AT T - AR AL AR OFRA L R L
FAAXAREFIRLETRI A T3k c 2 435327 Ty (#)
o BD RN AR LN ER 00 TIT 0 4
G R R LS R S R AR OO BRI R R L R
ZHABERY s Ty s TRkd e TR

R
B (120 %) 285 - HiT2 @A S PIFIH B o ¥ for BRAR

E

B % o »
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WABGF > RS R P ITA S FE 2 P E R R o7 & 44 5500 kgt A
HEEFTY o

34454 T A Bt AL A

257 28| - PASIF[R/(DEXR)] | 2 BfSIF[/(2ExR))
1 41,104 39,774
2~119 177 185
120 32,755 31,791
oA A 94,776 93,433

BRERR - PfFEeaFAEL 11474 (/25 ) Eeaff 4+ 3
94,776 ( </ ) o R Figenf_ > - WASITHE =G fF A E 5 88,175 (R/2F )
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