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Application of Irrigation Management Model
to Agricultural Water Demand Planning
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ABSTRACT

Irrigation management model simulating the complicated on-farm * crop-soil-
climate” relationship is introduced to estimate the crop evapotranspiration and prepare the
irrigation schedules; furthermore, 1o plan the agricultural water requirements with
different cropping pattern for Trrigation Associations.

The field experiment data from HsuehChia Experiment Station of ChiaNan Irrigation
Association was collected and analyzed, then as input to the CROPWAT irrigation
management model that was developed by the FAO of UN. The results from
CROPWAT model show that the annual potential evapotranspiration and effective rainfall
in HsuehChia area are 1444 mm and 897 mm, respectively. Regarding the paddy fields,
the amount of crop water requirements and deep percolation are 962 mm and 295 mm for
the first period rice, also 1114 mm and 296 mm for the second period rice. Considering
the upland crops, the amount of crop water requirements for spring and autumn corn are
358 mm and 273 mm, 332 mm and 366 mm for sorghum, 350 and 264 mm for soybean,
respectively.

Five different irrigation methods were used to simulate the irrigation schedule for
spring and autumn corn. The optimal results happened in the “soil moisture simulation
method” with one time and 69.6 mm net irrigation depth for spring corn. Also, the
“manager defined method” with three times and 120 mm net irrigation depth has the
optimal results for autumn corn. Based on the single rice cropping pattern with 65%
planted area of paddy fields and irrigation management data of HsuehChia Working
Station in 1998, the CROPWAT model simulated results show that the annual agricultural
water demand are 507 mm , and the peak monthly scheme water requirements happened
on the October with 126 mm. For the double rice cropping pattern, the annual
agricultural water demand are 1019 mm , and the peak monthly scheme water
requirements happened on the January with 192 mm.

The research show that irrigation management model can effectively and efficiently
estimate the agricultural water requirements, yet it still needs more study to fit the
complicated situation of cropping pattern for upgrading the ability of irrigation

management of Irrigation Associations in Taiwan.

Keywords: Irrigation management model, Agricultural water requirements,

Evapotranspiration, Cropping pattern, Crop yield.
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K31 BFHEMICBRTRTIIRERRER(1964~1997)

At REHR AR R |RpgmAg | MHaE A% M RE
(°c) (°c) (hrs) £ (mm) (mm) (m/sec) (%)
1 21.82 12.24 5.23 3.03 19.36 3.57 79.18
2 22.23 13.39 5.20 3.44 31.98 3.65 78.98
3 25.15 15.45 5.25 4.17 42.53 3.52 75.40
4 28.32 19.18 5.36 4.84 65.14 2.92 74.66
5 30.63 22.46 5.43 5.24 19141 2.56 74.92
6 31.43 24.12 5.51 5.65 330.13 2.77 77.06
7 32.58 2494 6.70 5.86 290.74 2.71 77.23
8 32.04 24.59 5.91 5.08 325.74 2.82 78.70
9 31.87 23.46 6.08 5.01 132.24 2.72 73.38
10 30.00 20.62 6.14 447 15.92 3.02 76.34
Il 26.52 17.15 5.51 3.59 18.46 2.94 77.33
12 23.32 13.87 5.29 3.01 9.89 3.13 78.61
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(mm) (mm) (mm) (mm)
1986 40.0 0.58 122.6 0.94 169.5 1.02 92.2 0.75
1987 20.6 0.27 101.0 0.85 166.1 0.89 61.0 0.65
1988 214 0.36 61.1 0.54 130.7 0.77 87.3 0.74
F35 27.5 0.40 94.9 0.78 155.4 0.89 80.2 0.71
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e & R E B
a0tk D an (111) (IV)
ETa Kc Tea Kc Tea Ke Tea Kc
(mm) (mm) (mm) (mm)
1989 20.9 0.53 744 0.83 137.0 0.83 60.9 0.69
1991 8.2 0.25 374 0.47 145.0 0.93 71.1 0.61
1992 17.9 0.54 61.4 0.83 93.7 0.84 344 0.55
F35 15.7 0.44 57.8 0.71 125.2 0.87 55.5 0.62
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Eta Kc Tea Kc Tea Kc Tea Kc

(mm) (mm) (mm) (mm)

1993 17.3 0.44 75.6 0.91 124.0 1.05 374 0.52
1994 13.4 0.43 74.6 0.83 112.2 0.86 454 0.68
1995 14.6 0.48 57.5 0.93 108.2 0.85 319 0.55
F35 15.1 0.45 69.3 0.89 114.8 0.92 38.2 0.58

B E T AR ~ MM A 4 %
s
QEBHE : K RFAKE = ES S
(1986, 1992, 1995)T £2 R Emvb T ¥ £
KBV RIEE AR R AR 7T
HE R R B ~ R ~ AKERAFY)E &
HEZRE o KHFIRBZ BN
(2) BEEHIFTARS : 250EH 2 X3
KB AR BRET A0mm ;
(b) 1K ERERFEW - FELEER] 100%
K 50% 2 A 13 HR R St A Rk o
( Readily Available Moisture, RAM ) ;
(o) BEAXEH : KiBFYrRAERM
ER R - 2 LK E R HE
#wkE (FC.) ;
(d) WRAES « FHTWPEBEIR TR
BWEESL - RBIIEMERE DK
%
(¢) NEM : EXRH » BERFEAUTE -
G)EMETEI AR « KSR FHEHIE
sk H AR - S EMEE LR - o
A7 B 7B ER R (R T 2 A BB R K
B FREN THRESEMA T WTO 121
VHIEREEET  BERKEZHRE -

5 B4R i

ErEHAF eEEEERE R TGS
¥EBHUMIIABSR - LEFEBETA  RE
B AEGE THREREEER HEE
iR 5~ ALFISEERER - Auh HATHA 16 AR/

(=)

Mo GBS 7428 MUE KRB L - B - K
MEESH - FEEDRAKRE - HE - X &
G B wi o BRULIEUEEHA 16 fa LIE/VE -
# 41 frorEEREEEAR - & 42 BTN+ L
FEEBFEMIEE 1124.2884 AEH - =4
R E AT A 597.529 /A EH - &5 1721.8174
N

O EUEBEERFAEZHRE

2 4.3 53 B F B CROPWAT % S iR 5 52
AR KR 2 TIFuKE—HE (1 A 15
HAEME ) & _HA(E (6 H 15 HfEHE ) Z(EWAIAI
ERER  KEB AR EZFE o —EKBZ
ROTF « (IVMEVAEZERR 48" QB RE
205" s YEHWE 202™ ;s DWIEYEKE
962™" 5 (S)FEFTE KR 760.8™ o ZHAIEKIEZ #
BT (DIEMABERE 639™  QBRE
206™ 3 B)E W E 584" s WIEYMEAE
LI14™ )BT R R 541.4™ o LEBAEYI T K&
HBRERZE  BH—EZBRENLED

295
FKE 30.7% ( @XIOO%ZBOJ% ) s T RATE

296
15 26.7% ( mx100%226.5% ) o BB

B KBZBRENGFYTKEL 28.6% -
4.1 B 42 S RlFk B — e R ZEiE 2 A A
ABWE R AEPIREL -

% 4.4 F - H ) CROPWAT # U B A 1E R
IEER MR B E RERTKEER
43244 B A5 BRIRTEERER > BRIAE

—8—




T HEEZ AR R R E - & 4.5 H
FABHEFFAREGEIK AR KEF=
EfE# A A CROPWAT #HABEEE « KIFZ
EREYERBRHE  BANERERT KEFEE
TR o

() TR ARZ EBAE
IR R AT LR B AR R A EE DU &
EMCEBRYE FHEAESHRE S S
(1986,1992,1994) 28 A 3 B vl S 17 2 FH R 3
AR MHRABREERCER B
(DEP R : FEMER 35K > S0 K - BFREH
AEE 40™
Q=] : 25 K » 50 K » 80 K » FREH
AKEE 40™ ;
Q)EBMIMR « fEHE%R 2550075, 80K >
KEEFE 40™" ;
(4 KBRS - B EAR S EE IR
R B Bk 73 R BRIE (10096 RAM ) %A
TR - MEEE LA ER RS K

=
H

G) IS EHEE ¢ KSR
HOE R B K 5 — P KR (S0%RAM)# 1T
B WEME LEASEIHBAK
H

O)VBEER : Wt RIEY) 3 R BRETH
P 25 K 5 PR R AR A R B R
B 10K ;

(FRAKER, + ERERE 10% DA ;

)T EW : HERH -

FRIE R K B /T N EF R (ERT =
F GG HE R AR R R 5

(DFEB—R : THEMERE SOK » BEREWAGE
40™" ;

QEBM =K :
7K E 40™ ;

CEB=R : THEMHEE 25,5080 K » HX
FEPL AR 40™" o
# 4.6 =4 B F|FH CROPWAT g &£ K

FRIE EARPBAEERE 20T 2 AR o

TREMER 50 80 K » FREB

£ 41 LS2HTIRGEREENRENE
AR .
I 5 FEOAR) (o) KR
LNl 12169 1414 Bl 5A
% 5 5 R 5064 308 FNTE
®42 B2RT{RESN+TTCEEENGE
B DE
ZHHER

B4 | = &3t
x4 - 130.2324 130.2324
R H# -- 125.3302 125.3302
B 81.9921 25.5581 107.5502
Tk 118.4385 118.4385
P M - 89.5266 89.5266
& M - 108.4432 108.4432
¥* 108.5850 108.5850
#ah R 74.4647 - 74.4647
7 & 118.8823 - 118.8823
=& 61.5981 61.5981
KRR 131.1072 131.1072
RS 144.0392 144.0392
P&t 96.0644 - 96.0644
s 77.3987 - 77.3987
%5 3 113.7377 - 113.7377
Bk 116.4190 - 116.4190
&t 1124.2884 597.5290 | 1721.8174

4.5 CROPWAT EAMEFMRENERER

FKE

Y4 3] xR 2R X&
A FAR | B | KAE | RAE | Ak | BRE
BAKF
A a | 217 | 923 | 228 | 6/4 | 37 | 9120
P
BERE 1001|2720 332.1 | 3662 | 350 | 2648
(mm)

e
AHBE 00| 746 (2038|5179 3231 | 73.9
(mm)
‘%‘%’”* 69.51203.6] 753 | 0 | 38.4 |198.2
¥ (mm)




x43 KEZDWEMEEHERERTNKE (—HIE

RICE EVAPOTRANSPIRATION AND IRRIGATION REQUIREMENTS

Rain climate station: HsuehChia Crop: Rice
Eto climate station:  HsuehChia Transplanting date: 15 January
Month Dec  Stage Area  Coet ETcrop Perc LPrep RiceRg EffR IrReq IrReq
Y% Kc mm/day mm/day mm/dec  mm/day mm/dec
Dec 2 Nurs 8 1.20 0.24 0.2 0.9 1.3 0.1 1.31 6.5
Dec 3  Nu/lLa 21 1.17 0.66 0.5 5.6 6.8 0.9 6.69 73.6
Jan 1 Land 60 1.09 1.74 1.5 8.1 11.3 3.1 11.02 110.2
Jan 2  La/ln 91 1.02 2.51 23 32 8.0 5.6 7.46 74.6
Jan 3 Init 100 1.00 2.80 2.5 - 53 8.2 4.62 50.8
Feb 1 In/De 100 1.01 2.92 2.5 - 54 8.9 4.53 453
Feb 2 Deve 100 1.02 3.06 2.5 - 5.6 10.2 4.54 45.4
Feb 3 Deve 100 1.03 3.40 2.5 - 59 8.9 4.50 36.0
Mar 1 De/Mi 100 1.05 3.73 2.5 - 6.2 11.9 5.04 50.4
Mar 2 Mid 100 1.05 4.04 2.5 - 6.5 12.8 5.26 52.6
Mar 3 Mid 100 1.05 4.21 2.5 - 6.7 16.5 5.35 58.8
Apr 1 Mid 100 1.05 4.38 2.5 - 6.9 15.6 5.32 532
Apr 2 Mi/Lt 100 1.04 4.50 22 - 6.8 16.8 5.07 50.7
Apr 3  Late 100 1.01 4.48 1.7 - 6.2 26.0 3.59 359
May 1 Late 100 0.98 441 1.0 - 54 37.5 1.68 16.8
May 2 Late 100 0.95 4.35 0.3 - 4.6 18.6 0.00 0.0
Total 488 295 179 962 202 760.8
CROPWAT 7.0
‘ (B £43 KEZORWEDEEHNERBEHEFTNKE (ZHE
RICE EVAPOTRANSPIRATION AND IRRIGATION REQUIREMENTS
Rain climate station:  HsuehChia Crop: Rice
Eto climate station:  HsuehChia Transplanting date: 15 January
Month Dec  Stage Area Coef ETcrop Perc LPrep RiceRg EffR IrReg IrReg
% Kec mm/day mm/day mm/dec mm/day  mm/dec
May 2 Nurs 8 1.20 0.41 0.2 0.9 1.5 1.9 L.15 5.8
May 3 Nu/La 21 1.17 1.14 0.5 5.6 7.2 11.2 6.31 69.4
Jun 1 Land 60 1.09 3.02 1.5 8.1 12.6 30.5 9.59 95.9
Jun 2 La/In 91 1.02 4.35 23 32 9.9 49.2 4.95 49.5
Jun 3 Init 100 1.00 4.82 2.5 - 7.3 53.1 2.00 20.0
Jul 1 In/De 100 1.01 4.97 2.5 - 1.5 51.6 2.31 23.1
Jul 2 Deve 100 1.02 5.16 2.5 - 7.7 51.1 2.56 25.6
Jul 3 Deve 100 1.04 5.11 2.5 - 7.6 56.7 292 32.1
Aug 1 De/Mi 100 1.05 5.02 25 - 15 53.9 2.13 21.3
Aug 2 Mid 100 1.05 4.88 2.5 - 7.4 55.2 1.87 18.7
Aug 3 Mid 100 1.05 4.90 2.5 - 74 532 3.00 33.0
Sep i Mid 100 1.05 4.92 2.5 - 74 41.8 3.24 324
Sep 2 Mi/Lt 100 1.04 4.87 2.2 - 7.0 36.4 3.40 340
Sep 3 Late 100 1.01 4.51 1.6 - 6.1 26.0 3.49 349
Oct 1 Late 100 0.97 4.15 0.9 - 5.0 12.2 3.81 38.1
Oct 2 Late 100 0.94 3.80 0.1 - 39 0.2 3.82 7.6
Total 639 296 179 1114 584 541.4
CROPWAT 7.0
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Crop Evapotranspiration and Irrigation Requirements

Climate File : Tainan Climate Station : Hsuehchai
Crop Corn Planting date 17 February
Coeff ETcrop ETcrop  Eff.Rain  IRReq.  IRReq.
Month Dec Stage
Kc mm/day mm/dec mm/dec mm/day mm/dec
Feb 2 init 0.40 1.20 3.6 3.0 0.19 0.6
Feb 3 init 0.40 1.31 13.1 11.1 0.19 1.9
Mar 1 in/de 0.41 1.46 14.6 12.2 0.24 24
Mar 2 deve 0.50 1.89 18.9 13.2 0.57 5.7
Mar 3 deve 0.64 2.51 25.1 153 0.98 9.8
Apr 1 deve 0.78 3.16 31.6 16.0 1.56 15.6
Arp 2 de/mi 0.87 3.65 36.5 17.5 1.90 19.0
Apr 3 mid 0.89 3.83 383 364 1.19 11.9
May 1 mid 0.89 392 39.2 36.7 0.25 25
May 2 mid 0.89 4.01 40.1 46.3 0.00 0.0
May 3 mi/lt 0.87 3.97 39.7 484 0.00 0.0
Jun 1 late 0.80 373 373 50.5 0.00 0.0
Jun 2 late 0.72 3.38 20.3 31.6 0.00 0.0
TOTAL 358.1 328.2 69.5
() £44 EXCORIFDEZBEREEFRTKE (R
Crop Evapotranspiration and Irrigation Requirements
Climate File : Tainan Climate Station : Hsuehchai
Crop Corn Planting date 23 September
Coeff ETcrop ETcrop Eff. Rain IRReq. IRReq.
Month Dec Stage
Ke mm/day mm/dec mm/dec mm/day mm/dec
Sep 3 init 0.40 1.80 12.6 17.9 0.00 0.0
Oct 1 init 0.40 1.72 17.2 12.7 0.45 4.5
Oct 2 in/de 0.44 1.81 18.1 1.2 1.70 17.0
Oct 3 deve 0.55 2.12 21.2 2.8 1.85 18.5
Nov 1 deve 0.69 248 24.8 44 2.04 204
Nov 2 de/mi 0.83 2.73 27.3 6.0 2.13 21.3
Nov 3 mid 0.89 2.79 279 5.1 2.28 22.8
Dec 1 mid 0.89 2.64 26.4 4.2 2.22 222
Dec 2 mid 0.89 249 249 32 2.17 21.7
Dec 3 mid 0.89 246 24.6 4.2 2.04 204
Jan 1 mi/lt 0.87 2.33 233 53 1.80 18.0
Jan 2 late 0.77 2.08 20.8 6.3 1.45 14.5
Jan 3 late 0.68 1.92 3.8 1.5 1.16 2.3
TOTAL 272.9 74.6 203.6
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#® 4.6 CROPWAT EIVEEEIEERERHA

R 3R | P bE WHER | AARE (R ET
Higky X 4 H & AKEF(mm) | K F(mm) | F 45 (%)| S(%)
% 2% B ir:Run 1) 2 3722, 417 80 114.3 63.2 0
& 3 # B 7% (Run 2) 3 3/12,4/7,5/7 120 171.4 43 0
% 2% B 477% (Run 3) 4 3/12, 417,512, 5/7 160 228.6 37 0
RS HK
(Run 4) 1 3/23 66.9 95.5 66 0
ER: £/ O 5 $r
okt 6 2/18, 3/2, 3/23, 4/16 115.2 164.6 32 0
(Run 5)
3/12, 4/7,4/17,4/27
59 Bk (R o e : .
K # % % (Run 6) 8 5/7.5/17.5/27.6/7 206.4 2949 9 0
#:K 3 BE sk (Run 7) 1 4/26 114.4 163.4 335 9.3
R # #(Run 8) 0 - - - 85.5 16.1
(#8) 7 4.6 CROPWAT BIVGERIERAKERELTE
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G
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Bk 438 B
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(Run 4)
ER: & R 9/217, 10/12,10/25,
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(Run 5) 11/10,11/29, 12/20
10/18, 11/13,11/23
B ’ ; ’ 5.9 365.5 86.3 0
3% # ik (Run 6) 8 12/3,12/13, 12/23,1/3, 1/13 %
Kk (Run 7) 1 11720 122.7 175.3 100 7.3
F# ¥.(Run 8) 0 - 0 0 100 79.6
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2 140 150
2 120 ] 2 J
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F47 FEFKFSBRITIRENTTCEREIFEDHIE

CROPPING PATTERN
Name : HSUEHCHIA
Nr. Crop file Crop name Planting date Harvest Date Area
dd/mm dd/mm %
1 TW-CORN Corn 15/02 14/06 45
2 TW-SORGH Sorghum 15/02 31/05 45
3 TW-RICE Rice 15/02 12/11 65
4 TW-SORGH Sorghum 01/07 14/10 25
CROPWAT 7.0 Crop pattern file: CACROP70\CRO\TAINAN1.PAT
#* 4.8 CROPWAT RSB TIFISN\+TCEESEHRIHEIRIEZ BRIRFERAKE
SCHEME ITTIGATION REQUIREMENTS
Rain station : HsuehChia Cropping pattern: HSUEHCHIA
ETo station : HsuehChia
Crop Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec
Nr Crop IrReq (mm/day)
1 - 0.1 0.8 1.8 0.1 0.0 - - - - - -
2 - 0.1 1.3 1.8 0.0 - - - - - - -
3 - - - - - 2.5 6.0 22 39 5.7 20 -
4 - - - - - - 0.0 0.0 0.5 1.4 - -
SQ! 0.0 0.1 0.9 1.6 0.1 1.6 39 14 2.6 4.1 13 00
SQ2 0 2 28 48 2 49 121 44 79 126 38 0
SQ3  0.00 0.0t 0.11 0.19 0.01 0.19 0.45 0.17 031 047 015 0.00
AR 0.0 60.0 90.0  90.0 90.0 73.3 90.0 90.0 90.0 81.7 433 00
AQ 0.00 0.02 0.12 0.21 0.01 0.26 0.50 0.18 034 057 034 0.00
SQI, SQ2, SQ3=Netscheme irr. requirements in mm/day, mm/month and Is/h

AR = Irrigated area as percentage of total scheme area

AQ = Irrigation requirements in I/s for actually irrigated area

CROPWAT 7.0
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CROPPING PATTERN
Name: HSUEHCHIA
Nr. Crop file Crop name Planting date (dd/mm)  Harvest Date (dd/mm) Area (%)
1 RICE Rice 15/01 15/05 90
2 RICE Rice 01/07 29/10 90
CROPWAT 7.0 Crop pattern file: CACROP7OM\CRO\TAINANS3. PAT

F}4.10 CROPWAT REZ2BTIRSNTCEEEBMIFEITIEC BRIRFEHRMAKE

SCHEME ITTIGATION REQUIREMENTS

Rain station : HsuehChia Cropping pattern: HSUEHCHIA
ETo station : HsuehChia

Crop Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov  Dec

Nr Crop IrReq (mm/day)

1 6.9 3.5 42 3.7 0.3 - - - - - - 2.6
2 - -1 - - - 6.6 1.5 1.3 2.9 39 - -
SQ1 6.2 32 3.8 33 0.2 5.7 1.4 1.2 2.6 35 00 23
SQ2 192 89 118 100 7 177 42 36 77 109 0 72

SQ3 0.72 0.37 0.44 0.38 0.03 068 016 0.13 030 0.41 0.00 0.27

AQ 90.0 90.0 90.0 90.0 60.0 90.0 90.0 90.0 90.0 90.0 0.0 60.0
AQ 0.79 0.41 0.49 0.43 0.05 076 018 0.15 0.33 045 0.00 045

SQ!1, SQ2, SQ3=Netscheme irr. Requirements in mm/day, mm/month and ls/h
AR = Irrigated area as percentage of total scheme area
AQ = Irrigation requirements in Vs for actually irrigated area

CROPWAT 7.0
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