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$Title Water Allocation Integrated Model (Kavar District,Medium Size Farm)
$Ontext

This model helps a farmer to determine irrigation strategies for different crops in a given crop
pattern by nonlinear programming.

$Offtext
sets ¢ crop types /wheat,barley,corn,onion,sugar,alfalfa/
cnf(c)  subset of ¢ /onion,sugar/
cf(c) /wheat,barley,corn/
cr(c) crops in current pattern /wheat,corn,onion,barley,sugar/
y year /1368 * 1393/
yi(y) /1385 * 1393/
se seasons /sel,se2,se31,5e32,se4/
t ten-day periods /t1*t40/
S growth stage periods  /s1,s2,53,54,s5/
sa(s) subset of s [s4]
ss(s) subset of s /s1,52,54,85/
tw(t) growth ten-day periods for wheat
/t1,12,13,t4,111*t24/
twl(tw) subset of tw(t) /12,13,t4,t11*t24/
tw2(t)  subset of (1) 1t25*t40/

twfirst(tw) subset of tw(t)
twlast(tw) subset of tw(t)
tb(t)  growth ten-day periods for barley

/t2,13,t4,t11*t23/
tb1(th) subset of th(t) /t3,14,t11*t23/
th2(t)  subset of (t) [t24* t40/

tbfirst(th) subset of th(t)
tblast(tb) subset of th(t)
te(t) growth ten-day periods for corn

/t25*t39/
tcl(tc) subset of tc(t) /t26*t39/
tgl(t) /t26*t39/
tc2(t)  subset of (t) /t40,11*t24/

tefirst(tc) subset of tc(t)
tclast(tc) subset of tc(t)
to(t)  growth ten-day periods for onion

1t12*t35/
tol(to) subset of to(t) /t13*t35/
to2(t)  subset of (t) /t36,t37,t38,t39,t40,t1*t12/

tofirst(to) subset of to(t)
tolast(to) subset of to(t)
ts(t)  growth ten-day periods for sugar

/t15*t35/
tsl(ts) subset of ts(t) /t16*t35/
ts2(t)  subset of (t) /t36,t37,t38,t39,t40,t1*t14/



tsfirst(ts) subset of ts(t)
tslast(ts) subset of ts(t)
ta(t)  growth ten-day periods for alfalfa

/t13*t39/
tal(ta) subset of ta(t) 1t14*t39/
ta2(t)  subset of (t) /t40,11*t12/
tafirst(ta) subset of ta(t)
talast(ta) subset of ta(t)
m1(t) subset of (t) /t1,t2,t3,t4,t5,t37,t38,t39/
m2(t)  subset of (t) /t11*t15/
m3(t)  subset of (t) /t16*t18/
m4(t)  subset of (t) /t19*t21/
m5(t)  subset of (t) /t22*t24/
m6(t)  subset of (t) /t25*t27/
m7(t)  subset of (t) /t28*t30/
m8(t)  subset of (t) /t31*t33/
m9(t)  subset of (t) /t34*t36/
per period Iperl*per9/;

table b(y,c) crop revenue in different years(1378 Rials)

wheat barley corn onion sugar alfalfa

1368 57810572.27 47605007.9 72367533.06 187089609.2 92489804.61 3867637.051
1369 48625759.47 34875765.24 83196535.91 283105980.6 172445865.3 3146323.041
1370 42217202.44 26750169.65 89970196.75 269393217.7 161958946.7 2228374.029
1371 41649620.09 25931702.09 88379699.66 217947541.2 142338391.2 2136523.028
1372 39499962.72 21374744.41 78438288.71 202613055.1 140792816.4 2855178.037
1373 44993944.51 25808461.62 89407063.99 278069131.6 147109273.5 2322684.03
1374 44317726.06 31979891.59 81087972.73 250134914.3 129083646.2 3225063.042
1375 53716354.85 41264346.91 71669192.29 468225300.5 118281027.6 2703539.035
1376 45112983.97 43658628.52 71190834.27 391265723.4 140287209.7 3067844.04
1377 33298934.5 31621662.29 70261448.63 282441159 104931352.5 3070207.04
1378 49232193.77 45148385.02 94448161.06 297925413.8 181028481.1 3841175.05
1379 44124907.85 30561550.23 90148802.89 285263268 139817031 3029913.04
1380 42768476.35 26642503.4 88831882.44 323019462.7 131117357 2540248.033
1381 38728134.09 37899516.11 84611338.78 223887358.9 152944499.5 3818413.05
1382 43975752.49 49493105.09 82653955.09 265449999.4 139275254.9 2818949.037
1383 43472292.36 30123031.59 64091703.55 40062731.65 122735028.2 2619384.034
1384 54814595.43 36193340.04 71976260.08 248659599 124532537.4 2983105.039
1385 52842385.71 27385584.62 69967632.91 166099336.7 141232502.6 3476105.046
1386 53292509.08 24925168.02 76139808.6 105494153.2 119304220.2 2075007.027
1387 57716212.57 40501431.85 124718095.1 334681895.2 108033392.3 2931466.038
1388 55929457.08 36199640.73 85093090.03 2522574245 177154534.5 3658185.048
1389 40319101.46 19774712.66 71562517.94 369103062.9 158679350.3 2013506.026
1390 40805992.64 29040689.67 94099331.6 343815986.4 125693178.3 2059201.027
1391 42599938.43 35992206.28 68909055.63 282447736.5 171001893.8 3432311.045
1392 44744645.95 34519998.52 56499286.19 324754850.3 156062411.2 3282009.043
1393 40326343.87 40278755.96 99982312.15 208492088.3 97944753.97 3086486.04 ;

table pet(t,c) potential evapotranspiration values at ten-day growth periods

wheat barley corn onion sugar alfalfa

t1 153 153
t2 141 141
t3 126 126
t4 11 11

t5 9 9

t6 72 7.2



tr 72 72

t8 74 7.4

9 72 7.2

t10 83 8.3

t11 9.3 9.3

t12 125 125 13.8

t13 195 195 12.8

tl4 279 27.9 18.8 18 30.3
t15 376 37.6 23.8 204 34
t16 44.4 444 33.8 22 407
t17 48 48 385 246 40
t18 51.6 51.6 457 30 43
t19 58 58 53.2 40.1 485
t20 64.4 64.4 59 521 544
t21 70.8 70.8 649 649 60.6
t22 756 75.6 76.2 748 722
t23 65.3 65.3 752 821 722
t24 339 33.9 80.3 86.9 782
t25 352 774 858 764
t26 335 737 843 735
t27 325 715 836 715
t28 417 778 818 77.8
t29 48.4 70 799 70
t30 58.1 68.3 77.4 69.3
t31 727 70 717 742
t32 69.4 59.1 66 66.6
t33 679 546 605 64.6
t34 59.8 453 539 56.2
t35 50.6 28.7 475 46.9
t36 41.9 41.3 38.9
t37 37.9 38.7

t38 25.7 31.9

t39 125 19.7

t40 ;

table root(t,c) the average root depths of different ten-day periods
wheat barley corn onion sugar alfalfa

t1 141 155
t2 4.06 4.63
t3 8.04 9.33
t4 13.3 1552
t5
t6
t7
t8
t9
t10
t1l 34.76 35.71



t12 45.05 46.78 51

t13 55.15 55.35 1.48

t14 65.87 66.72 3.16 1.92 180
t15 73.59 75.64 505 5.69 180
t16 85.03 83.37 7.74 127 180
t17 90.59 90.79 10.7 21.55 180
t18 95.12 94.72 13.98 32.25 180
t19 98.96 98.3 17.84 45.62 180
t20 100.94 100.8 21.49 58.85 180
t21 102.58 105 25.16 72.46 180
t22 104 106 29.12 87.3 180
t23 110 110 32.53 100.12 180
t24 110 110 35.67 111.79 180
t25 3.67 38.72 122.78 180
t26 12.92 41.04 130.66 180
t27 2749 4286 136.24 180
t28 48.46 44.23 139.46 180
t29 70.57 44.87 139.99 180
t30 94.03 45 140 180
t31 11945 45 140 180
t32 14048 45 140 180
t33 158.03 45 140 180
t34 17143 45 140 180
t35 178.41 45 140 180
t36 179.99 140 180
t37 180 180

t38 180 180

t39 180 180

t40 ;

parameter rain(t) the amount of rain in ten-day periods
/t1 4.06,t2 10.2,t3 15.3,t4 16.6,t5 17.8,t6 19,t7 20,t8 21.7,
t9 23,t10 20.6,t11 17.4,t12 14.7,t13 14.2,t14 13.8,t15 13.3,
t16 12.6,t17 11.8,t18 11,t19 8.3,t20 5.7,t21 3,t22 2,123 1,
t24 0,25 0,126 .3,t27 4,128 .3,t29 .1,t30 0,t31 0,t32 0,
t33 0,t34 .1,t35 0,t36 0,t37 2.1,t38 10.5,t39 10.8,t40 16.6/;
parameter area(c) crop acreage in current pattern
/wheat 7 ,barley 1 ,corn 8,onion 1.5,sugar 1.5,alfalfa 0/;

twfirst(tw)=yes $(ord(tw) eq 1);
twlast(tw)=yes $(ord(tw) eq card(tw));
tbfirst(tb)=yes $(ord(tb) eq 1);
tblast(th)=yes $(ord(tb) eq card(tb));
tefirst(tc)=yes $(ord(tc) eq 1);
tclast(tc)=yes $(ord(tc) eq card(tc));
tofirst(to)=yes $(ord(to) eq 1);
tolast(to)=yes $(ord(to) eq card(to));
tsfirst(ts)=yes $(ord(ts) eq 1);
tslast(ts)=yes $(ord(ts) eq card(ts));



tafirst(ta)=yes $(ord(ta) eq 1);
talast(ta)=yes $(ord(ta) eq card(ta));

table ky(c,s) water sensitivity factors of different stage periods
s1 s2 s3 s4 s5

wheat 01 2 6 5 .01

barley 01 2 6 5 .01

corn .01 .372 .558 .078 .09

onion .01 .45 8 3

sugar .12 1 36 .12

alfalla 9 9 9 9 9;

parameter tr(c) crop revenue in current year(1378 Rials)
/wheat 46036000

barley 33675000

corn 81527000

onion 265450000

sugar 138318260

alfalfa 42991860 /;

parameter yac(c) Potential yield(ton/hac)
/wheat 6

barley 4

corn 9

onion 45

sugar 70

alfalfa 16 /;

parameters sw(per)

[perl 1.65

per2 1.65

per3 1.65

perd 1.5

per5 1.5

per6 1.5

per7 1.4

per8 1.4

per9 1.4/

scalar effa application efficiency 1.6/

effc  conveyance efficiency 11/
fsize farmsize 111/
hday hours per day 122/
pw  water price 750/
fc  fild capacity 1.26/

pwp  permanent witting point  /.11/
smwO initial avilable soil water for wheat
111/



smbO initial avilable soil water for barley

1.11/

smcO initial avilable soil water for corn
1.11/

smoO initial avilable soil water for onion
1.26/

smsO initial avilable soil water for sugar
1.26/

sma0 initial avilable soil water for alfalfa
1.26/

a  implies variation in coefficient of absolute risk aversion

11/

rmin  minimum coefficient of absolute risk aversion
/.0000001/

rmax maximum coefficient of absolute risk aversion
/.00000035/;

parameters petg(c,s) potential evapotranspiration values at growth stage periods;
petg(‘wheat','s1")=pet('tl','wheat)+pet('t2','wheat")+0.00001;
petg(‘wheat','s2")=pet('t3','wheat)+pet(‘t4','wheat’)+pet('t11’','wheat')+pet('t12','wheat’)
+pet('t13’,'wheat’)+pet('t14’,'wheat")+pet('t15','wheat')+pet('t16','wheat')
+pet('t17','wheat")+0.00001;
petg(‘wheat','s3")=pet('t18','wheat")+pet('t19','wheat')+.00001;
petg(‘wheat','s4")=pet('t20','wheat")+pet('t21','wheat")+pet('t22','wheat’)+0.000001;
petg(‘wheat','s5")=pet('t23','wheat")+pet('t24','wheat')+0.000001;
petg(‘barley','s1")=pet('t2','barley’)+pet('t3','barley")+0.000001;
petg(‘barley','s2")=pet('t4",'barley’)+pet('t11','barley")+pet('t12','barley"’)
+pet('t13','barley’)+pet('t14’, ' barley’)+pet('t15','barley)+pet('t16', barley’)
+pet('t17','barley')+0.000001;
petg(‘barley’,'s3")=pet('t17','barley’)+pet('t18','barley’)+0.0000001;
petg(‘barley’,'s4")=pet('t19','barley’)+pet('t20','barley)+pet('t21','barley’)+0.0000001;
petg(‘barley’,'s5")=pet('t22','barley’)+pet('t23','barley’)+0.00001;
petg(‘corn’,'s1")=pet('t25','corn’)+pet('t26','corn’)+0.000001;
petg(‘corn','s2")=pet('t27','corn’)+pet('t28','corn)+pet('t29','corn’)+0.00001;
petg(‘corn’,'s3")=pet('t30','corn’)+pet('t31','corn’)+0.000001;

petg(‘corn’,'s4")=pet('t32','corn’)+pet('t33','corn’)+pet('t34','corn’)+pet('t35','corn’)+pet('t36','corn’)+0

.000001,;

petg(‘corn’,'s5")=pet('t37','corn’)+pet('t38','corn’)+pet('t39','corn’)+0.00001;
petg(‘onion','s1")=pet('t12','onion")+pet('t13','onion")+pet('t14','onion’)+0.000001;

petg(‘onion','s2")=pet('t15','onion")+pet('t16','onion")+pet('t17','onion’)+pet('t18','onion’)+0.000001;

petg(‘onion','s4")=pet('t19','onion")+pet('t20','onion")+pet('t21','onion")+pet('t22','onion’)+pet('t23','on
ion")+pet('t24','onion")+

pet('t25','onion")+pet('t26','onion")+pet('t27','onion’)+pet('t28','onion")+
pet('t29','onion")+pet('t30','onion")+0.000001;



petg(‘onion’,'s5")=pet('t31','onion")+pet('t32','onion")+pet('t33','onion’)+pet(‘t34','onion’)+pet('t35','on
ion")+0.0000001;
petg(‘'sugar','s1)=pet('t15','sugar’)+pet('t16','sugar’)+pet('t17','sugar’)+0.000001;
petg(‘'sugar','s2")=+pet('t18','sugar’)+pet('t19','sugar’)+pet('t20','sugar’)+
pet('t21','sugar’)+pet('t22','sugar’)+pet('t23','sugar’)+
pet('t24','sugar)+0.000001;

petg(‘sugar','s4")=pet('t25','sugar’)+pet('t26','sugar’)+pet(‘t27','sugar’)+
pet('t28','sugar)+pet('t29','sugar')+0.0000001;

petg(‘'sugar','s5")=pet('t30','sugar’)+pet(‘t31','sugar’)+ pet('t32','sugar")
+pet('t33','sugar’)+pet('t34','sugar’)+pet(‘t35','sugar’)+0.000001;

petg(‘alfalfa’,'s2")=pet('t13','alfalfa’)+pet(‘t14', 'alfalfa’)+pet('t15', 'alfalfa’)+

pet('t16' 'alfalfa)+pet('t17', alfalfa’)+pet('t18', 'alfalfa’)+
pet('t19','alfalfa)+pet('t20',alfalfa’)+pet('t21','alfalfa’)+
pet('t22' 'alfalfa)+pet('t23',alfalfa’) +pet('t24','alfalfa’)+
pet('t25','alfalfa’)+pet('t26','alfalfa’)+pet('t27','alfalfa’)+
pet('t28' 'alfalfa’)+pet('t29',alfalfa’)+pet('t30','alfalfa’)+
pet('t31','alfalfa’)+pet('t32','alfalfa’)+pet('t33','alfalfa’) +
pet('t34','alfalfa’)+pet('t35','alfalfa’)+pet('t36','alfalfa’) +
pet('t37','alfalfa’)+pet('t38','alfalfa’)+pet('t39','alfalfa’);

petg(‘alfalfa’,'s2")=sum(t$ts(t),pet(t,'sugar));

parameter p(c) soil water depletion factors
/wheat .738
barley .763
corn  .589
onion .590
sugar .579
alfalfa .580/;
parameter smdpl initial available soil water for wheat and barley
smdp2 initial available soil water for corn
smdp3 initial available soil water for sugar onion and alfalfa;
smdpl=pwp;
smdp2=pwp+.85*(fc-pwp);
smdp3=fc;

variables
smw(t) available soil water content at time interval t for wheat
smb(t) available soil water content at time interval t for barley
smc(t) available soil water content at time interval t for corn
smo(t) available soil water content at time interval t for onion
sms(t) available soil water content at time interval t for sugar
sma(t) available soil water content at time interval t for alfalfa
aetw(t) actual evapotranspiration value at time interval t for wheat
aetb(t) actual evapotranspiration value at time interval t for barley
aetc(t) actual evapotranspiration value at time interval t for corn



aeto(t) actual evapotranspiration value at time interval t for onion
aets(t) actual evapotranspiration value at time interval t for sugar
aeta(t) actual evapotranspiration value at time interval t for alfalfa
aetg(c,s) actual evapotranspiration values at growth stage periods
ir(c,t) irrigation water allocated to crop c at time interval t
dp(c,t) deep percolation for crop c at time interval t
gw(per) groundwater at time m
ycmax(c) maximum relative yield
z1(c,y) crop revenue at timey
z2(y) total crop revenue at time y
u(y) utility attimey
z11  crop revenue in profit maximization model
2z total net revenue in profit maximization model
watcostl1 water cost in profit maximization model
watcost1(y) water cost at time y
percol(y)
z3(y)  total net revenue at time 'y
wateru(c) crop water use
waterul2(c)
waterul(y) total crop water use
waterull
k total utility;
positive variables
smw,smb,smc,smo,sms,sma,aetw,aetb,aetc,aeto,aets,aeta,ir,dp,gw,aetg,ycmax,u,waterul,wateru,w
atcostl,watcost11,watrl,;
ir.up(c,t)= 120;
dp.up(c,t)=9;
gw.up(per)=.7;

equations
percolation(y)
percolat(c,t)
smri(tw) soil water content constraint 1 for wheat
smr2(tw) soil water content constraint 2 for wheat
smr3(th) soil water content constraint 1 for barley
smr4(th) soil water content constraint 2 for barley
smr5(tc) soil water content constraint 1 for corn
smré(tc) soil water content constraint 2 for corn
smr7(to) soil water content constraint 1 for onion
smrg(to) soil water content constraint 2 for onion
smro(ts) soil water content constraint 1 for sugar
smrl0(ts)  soil water content constraint 2 for sugar
smrll(ta)  soil water content constraint 1 for alfalfa
smrl2(ta)  soil water content constraint 2 for alfalfa
smwb(tw)  soil water balance for wheat
smbb(th)  soil water balance for barley
smch(tc) soil water balance for corn
smob(to) soil water balance for onion
smsh(ts) soil water balance for sugar
smab(ta) soil water balance for alfalfa



aetwb1(tw)
aetbb(th)
aetch(tc)
aetob(to)
aetsb(ts)
aetab(ta)
aetgll
aetgl2
aetgl3
aetgl4d
aetgls
aetg21
aetg22
aetg23
aetg24
aetg25
aetg3l
aetg32
aetg33
aetg34
aetg3s
aetg4l
aetg42
aetg44
aetg4s
aetg51
aetg52
aetgS4
aetgs5
aetg6
aetg7
irrigl(t)
irrig2(t)
irrig3(t)
irrig4(t)
irrigs(t)
irrig6(t)
rest1(c,s)
rest5(c,ss)
rest11(tw)
rest12(tb)
rest13(tc)
rest14(to)
rest15(ts)
rest16(ta)
rest2(c)
rest3(c)
yyl(c)
yy11(c)
waterball

actual evapotranspiration constraint for wheat 2
actual evapotranspiration constraint for barley
actual evapotranspiration constraint for corn
actual evapotranspiration constraint for onion
actual evapotranspiration constraint for sugar
actual evapotranspiration constraint for alfalfa
actual ET at growth stage s1 for wheat
actual ET at growth stage s2 for wheat
actual ET at growth stage s3 for wheat
actual ET at growth stage s4 for wheat
actual ET at growth stage s5 for wheat
actual ET at growth stage s1 for barley
actual ET at growth stage s2 for barley
actual ET at growth stage s2 for barley
actual ET at growth stage s4 for barley
actual ET at growth stage s5 for barley
actual ET at growth stage s1 for corn
actual ET at growth stage s2 for corn
actual ET at growth stage s3 for corn
actual ET at growth stage s4 for corn
actual ET at growth stage s5 for corn
actual ET at growth stage s1 for onion
actual ET at growth stage s2 for onion
actual ET at growth stage s4 for onion
actual ET at growth stage s5 for onion
actual ET at growth stage s1 for sugar
actual ET at growth stage s2 for sugar
actual ET at growth stage s4 for sugar
actual ET at growth stage s5 for sugar
actual ET at growth stage s1 for alfalfa formul 1
actual ET at growth stage s1 for alfalfa formul 2
irrigation restriction for wheat
irrigation restriction for barley
irrigation restriction for corn
irrigation restriction for onion
irrigation restriction for sugar
irrigation restriction for alfalfa
restriction about aetg-petg ratio 1
restriction about aetg-petg ratio 2
restriction about relation between aet and pet for wheat
restriction about relation between aet and pet for barley
restriction about relation between aet and pet for corn
restriction about relation between aet and pet for onion
restriction about relation between aet and pet for sugar
restriction about relation between aet and pet for alfalfa
restriction about maximum relative yield 1
restriction about maximum relative yield 2
maximum relative yield 1
maximum relative yield 2
water balance at period m1
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waterbal2 ~ water balance at period m2

waterbal3  water balance at period m3

waterbal4  water balance at period m4

waterbal5  water balance at period m5

waterbalé  water balance at period mé

waterbal7  water balance at period m7

waterbal8  water balance at period m8

waterbal9  water balance at period m9

yy2(c,y) total revenue obtained from crop c at time y
yy22 total revenue in profit maximization model
profit(y)  total revenue obtained from all crop at time y
profitl21l  total net revenue in profit maximization model
waterusel(c) total crop water use

wateruse2(y) total water use

wateruse22

waterusel1(c)

watercost(y) water cost

watercost121 water cost in profit maximization model
netprof(y)  total net revenue

utility(y)  utility

rest110

totu total utility

rest10

rest50

rest100

rest500;
percolat(c,t).. dp(c,t) =g= (1- effa)*ir(c,t);
smri(tw).. smw(tw) =I=fc;
smr2(tw).. smw(tw) =g= pwp;
smr3(th).. smb(tb) =I= fc;
smr4(tb).. smb(tb) =g= pwp;
smr5(tc).. smc(tc) =I= fc;
smr6(tc).. smc(tc) =g= pwp;
smr7(to).. smo(to) =I= fc;
smr8(to).. smo(to) =g= pwp;
smro(ts).. sms(ts) =I= fc;
smrl10(ts).. sms(ts) =g= pwp;
smrll(ta).. sma(ta) =I= fc;
smrl2(ta).. sma(ta) =g= pwp;

smwb(tw)$twl(tw).. smw(tw)*root(tw, 'wheat) =e= smw(tw-1)*root(tw-1,'wheat’) +rain(tw-
1)+ir('wheat',tw-1)-aetw(tw-1)+smdpl*(root(tw, wheat’)- root(tw-1,'wheat))-dp(‘wheat',tw-1);
smbb(tb)$tb1(tb).. smb(tb)*root(th, barley’) =e= smb(tb-1)*root(tb-1,'barley’) +rain(tb-
1)+ir(‘'barley’,th-1)-aetb(tb-1)+smdpl*(root(th,'barley)- root(th-1,'barley"))-dp('barley',tb-1);
smch(tc)$tcl(tc)..  smc(tc)*root(tc,'corn’) =e= smc(tc-1)*root(tc-1,'corn’) +rain(tc-
1)+ir(‘corn',tc-1)-aetc(tc-1)+smdp2*(root(tc,'corn’)- root(tc-1,'corn’))-dp(‘corn’,tc-1);
smob(to)$tol(to)..  smo(to)*root(to,'onion’) =e= smo(to-1)*root(to-1,'onion’) +rain(to-
1)+ir(‘onion',to-1)-aeto(to-1)+smdp3*(root(to,'onion')- root(to-1,'onion"))-dp(‘onion’,to-1);
smsb(ts)$ts1(ts)..  sms(ts)*root(ts,'sugar’) =e= sms(ts-1)*root(ts-1,'sugar") +rain(ts-
1)+ir('sugar',ts-1)-aets(ts-1)+smdp3*(root(ts,'sugar')- root(ts-1,'sugar"))-dp(‘sugar’,ts-1);
smab(ta)$tal(ta)..  sma(ta)*root(ta, 'alfalfa’) =e= sma(ta-1)*root(ta-1,'alfalfa’) +rain(ta-
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1)+ir(‘alfalfa’,ta-1)-aeta(ta-1)+smdp3*(root(ta, 'alfalfa’)- root(ta-1,'alfalfa’))-dp(‘alfalfa’,ta-1);

aetwb1(tw).. aetw(tw) =I= pet(tw,'wheat")*(smw(tw)+(ir(‘wheat',tw)+rain(tw)-
dp(‘wheat',tw))/(2*root(tw, wheat")-pwp)/((1-p(‘'wheat")) *(fc-pwp)));
aetbb(tb).. aetb(tb) =I= pet(th, 'barley")*(smb(tb)+(ir(‘'barley',tb)+rain(tb)-
dp(‘barley',tb))/(2*root(tb, barley’)-pwp)/((1-p(barley’))*(fc-pwp)));
aetcb(tc).. aetc(tc) =I= pet(tc,'corn’)*(smc(tc)+(ir(‘corn',tc)+rain(tc)-
dp(‘'corn',tc))/(2*root(tc,'corn’)-pwp)/((1-p(‘corn’))*(fc-pwp)));
aetob(to).. aeto(to) =I= pet(to,'onion")*(smo(to)+(ir(‘onion’,to)+rain(to)-
dp(‘onion',to))/(2*root(to,'onion’)-pwp)/((1-p(‘onion’))*(fc-pwp)));
aetshb(ts).. aets(ts) =I= pet(ts,'sugar’)*(sms(ts)+(ir('sugar',ts)+rain(ts)-
dp(‘sugar',ts))/(2*root(ts,'sugar’)-pwp)/((1-p(‘sugar’))*(fc-pwp)));
aetab(ta).. aeta(ta) =I= pet(ta,'alfalfa’)*(sma(ta)+(ir(‘alfalfa’,ta)+rain(ta)-
dp(‘alfalfa’,ta))/(2*root(ta, alfalfa’)-pwp)/((1-p(‘alfalfa’))*(fc-pwp)));
aetgll.. aetg(‘wheat','s1") =e= aetw('t1")+aetw('t2");
aetgl2.. aetg(‘wheat','s2") =e= aetw('t3")+aetw('t4")+aetw('t11")+aetw('t12")
+aetw('113")+aetw('t14")+aetw('t15")+aetw('t16")
+aetw('t17");
aetgl3.. aetg(‘wheat','s3") =e= aetw('t18")+aetw('t19");
aetgl4.. aetg(‘wheat','s4") =e= aetw('t20")+aetw('t21")+aetw('t22");
aetgls.. aetg(‘wheat','s5") =e= aetw('t23")+aetw('t24");
aetg21.. aetg(‘barley’,'s1")=e= aetb('t2")+aetb('t3");
aetg22.. aetg('barley’,'s2")=e= aetb('t4")+aetb('t11")+aetb('t12")
+aetb('t13")+aetb('t14")+aetb('t15")+aetb('t16")
+aetb('t17);
aetg23.. aetg(‘barley','s3")=e= aetb('t17")+aetb('t18");
aetg24.. aetg(‘barley','s4")=e= aetb('t19")+aetb('t20")+aetb('t21");
aetg25.. aetg(‘barley','s5")=e= aetb('t22")+aetb('t23");
aetg3l.. aetg(‘corn’,'s1")=e= aetc('t25")+aetc('t26");
aetg32.. aetg(‘corn’,'s2")=e= aetc('t27")+aetc('t28")+aetc('t29");
aetg33.. aetg(‘corn’,'s3")=e= aetc('t30")+aetc('t31");
aetg34.. aetg('corn’,'s4")=e= aetc('t32")+aetc('t33")+aetc('t34")+aetc('t35") +aetc('t36");
aetg3>s.. aetg(‘corn’,'s5")=e= aetc('t37")+aetc('t38")+aetc('t39");
aetg4l.. aetg(‘onion’,'s1")=e=aeto('t12")+aeto('t13")+aeto('t14");
aetg4?2.. aetg(‘onion’,'s2")=e=aeto('t15")+aeto('t16")+aeto('t17")+aeto('t18");
aetg44..

aetg(‘onion’,'s4")=e=aeto('t119")+aeto('t20")+aeto('t21")+aeto('t22")+aeto('t23")+aeto('t24")+
aeto('t25")+aeto('t26")+aeto('t27")+aeto('t28")+

aeto('t29")+aeto('t30");
aetg45.. aetg(‘onion’,'s5")=e=aeto('t31")+aeto('t32")+aeto('t33")+aeto('t34")+aeto('t35");
aetgs1.. aetg(‘sugar','s1)=e=aets('t15")+aets('t16")+aets('t17");
aetgs2.. aetg(‘sugar’,'s2")=e=aets('t18")+aets('t19")+aets('t20")+
aets('t21")+aets('t22")+aets('t23")+
aets('t24");
aetgs4.. aetg(‘sugar','s4")=e=aets('t25")+aets('t26")+aets('t27")+
aets('t28")+aets('t29");
aetgs5.. aetg(‘sugar','s5")=e=aets('t30")+aets('t31")+ aets('t32")

+aets('t33")+aets('t34") +aets('t35");

YVY



aetg6.. aetg(‘alfalfa’,'s2")=e= aeta('t13")+aeta('t14")+aeta('t15")+
aeta('t16")+aeta('t17")+aeta('t18")+
aeta('t19")+aeta('t20")+aeta('t21")+
aeta('t22")+aeta('t23")+aeta('t24")+
aeta('t25")+aeta('t26")+aeta('t27")+
aeta('t28")+aeta('t29")+aeta('t30")+
aeta('t31")+aeta('t32")+aeta('t33)+
aeta('t34")+aeta('t35")+aeta('t36")+
aeta('t37")+aeta('t38")+aeta('t39";

aetg7.. aetg(‘alfalfa’,'s2")=e=sum(t$ts(t) aeta(t));

rest1(c,s)$(cr(c)$cf(c)).. aetg(c,'s5")/(petg(c,'s5)) =g= .4;

rest5(c,ss)$cr(c).. aetg(c,'s5")/petg(c,'s5") =g= .4;
rest100(c,s)$(cr(c)$cf(c))..  aetg(c,'s4")/(petg(c,'s4")) =g= .4;
rest500(c,ss)$cr(c).. aetg(c,'s4")/petg(c,'s4") =g= .4;
rest10(c,s)$(cr(c)$cf(c))..  aetg(c,s)/(petg(c,s)) =g= .4;
rest50(c,ss)$cr(c).. aetg(c,ss)/petg(c,ss) =g= .4;
rest11(tw).. aetw(tw) =I= pet(tw, 'wheat’);
rest12(tb).. aetb(tb) =I= pet(tb, barley");
rest13(tc).. aetc(tc) =I= pet(tc,'corn’);
rest14(to).. aeto(to) =I= pet(to,'onion’);
rest15(ts).. aets(ts) =I= pet(ts,'sugar’);
rest16(ta).. aeta(ta) =I= pet(ta,'alfalfa’);

smc.lo(t)=smc0;

smc.fx(tcfirst) = smc.lo(tcfirst);
smw.lo(t)=smwo;

smw. fx(twfirst) = smw.lo(twfirst);
smb.lo(t)=smb0;

smb.fx(tbfirst) = smb.lo(tbfirst);
smo.lo(t)=smo0;

smo.fx(tofirst) = smo.lo(tofirst);
sms.lo(t)=sms0;

sms.fx(tsfirst) = sms.lo(tsfirst);
sma.lo(t)=smao;

sma.fx(tafirst) = sma.lo(tafirst);
rest110(c,s).. (aetg(‘corn',s))/(petg(‘corn',s))=g=0.8;

yy1(c)$(cr(c)$cf(c)).. ycmax(c) =e= prod(s, (1-ky(c,s)*(1-(aetg(c,s))/(petg(c,s)))));

yy11(c)$(cr(c)$cnf(c)).. ycmax(c) =e= prod(s$ss(s), (1-ky(c,s)*(1-(aetg(c,s))/(petg(c,s)))));

rest2(c)$cr(c).. ycmax(c) =I=1;

rest3(c)$cr(c).. ycmax(c) =g=0;

irrigl(t)$tw2(t)..  ir('wheat',t) =e=0;

irrig2(t)$th2(t)..  ir(barley',t) =e=0;

irrig3(t)$tc2(t)..  ir(‘corn',t) =e=0;

irrigd(t)$to2(t)..  ir('onion',t) =e=0;

irrigs(t)$ts2(t)..  ir('sugar',t) =e=0;

irrigb(t)$ta2(t)..  ir(‘alfalfa’,t) =e=0;

waterball.. sum((c,t)$m1(t),ir(c,t)*area(c)*10)
=1=60*gw('perl")*hday*effa*effc*fsize*3.600;
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waterbal2.. sum((c,t)$m2(t),ir(c,t)*area(c)*10)
=|=90*gw('per2")*hday*effa*effc*fsize*3.600;

waterbal3.. sum((c,t)$m3(t),ir(c,t)*area(c)*10)
=|=30*gw('per3")*hday*effa*effc*fsize*3.600;

waterbal4.. sum((c,t)$md(t),ir(c,t)*area(c)*10)
=1=30*gw('perd")*hday*effa*effc*fsize*3.600;

waterbal5.. sum((c,t)$mb5(t),ir(c,t)*area(c)*10)
=1=30*gw('per5")*hday*effa*effc*fsize*3.600;

waterbal6.. sum((c,t)$m6(t),ir(c,t)*area(c)*10)
=|=30*gw('per6")*hday*effa*effc*fsize*3.600;

waterbal7.. sum((c,t)$m7(t),ir(c,t)*area(c)*10)
=l=30*gw('per7")*hday*effa*effc*fsize*3.600;

waterbal8.. sum((c,t)$m8(t),ir(c,t)*area(c)*10)
=I=30*gw('per8)*hday*effa*effc*fsize*3.600;

waterbal9.. sum((c,t)$m9(t),ir(c,t)*area(c)*10)
=l=30*gw('per9")*hday*effa*effc*fsize*3.600;

yy2(c,y)$cr(c).. z1(c,y) =e=ycmax(c)$cr(c)*area(c)$cr(c)*(b(y,c)/1000);

profit(y).. z2(y) =e= sum(c$cr(c),z1(c,y));

waterusel(c)$cr(c)..  wateru(c) =e= sum(t,ir(c,t))*(1/(effa*effc));

wateruse2(y).. waterul(y) =e= sum((c,t),ir(c,t)*area(c)*10*(1/(effa*effc)));

percolation(y).. percol(y) =e= sum((c,t),dp(c,t));

watercost(y).. watcostl(y)=e= waterul(y)*pw;

netprof(y).. z3(y) =e= z2(y)-1460000- watcost1(y);

utility(y).. u(y) =e= 1-exp(-((1-a)*rmin + a*rmax)*(z3(y)/10));

totu.. k =e= sum(y, u(y)*(1/26) );

yy22.. z11 =e= sum(c$cr(c),ycmax(c)*area(c)*tr(c));

watercost121.. watcost1l =e= sum((c,t)$cr(c),ir(c,t)*(1/(effa*effc))*area(c)*10*pw);

profit121.. 7z =e= (z11-watcost11-1460000)/10;

waterusell(c)$cr(c).. waterul2(c) =e= sum(t,ir(c,t)*10*(1/(effa*effc)));

wateruse22.. waterull =e= sum((c,t),ir(c,t)*area(c)*10*(1/(effa*effc)));

model aliml /smrl,smr2,smr3,smr4,smr5,smr6,smr7,smr8,smr9,smr10,
smwhb,smbb,smcb,smob,smsb,aetwb1,aetbb,aetch,aetob,aetsh,

aetgll,aetgl?,aetgl3,aetgl4,aetgl5,aetg21,aetg22,aetg23,aetg24,aetg25,aetg31,aetg32,aetg33,aetg
34,aetg35,
aetg4l,aetg4?,aetg44,aetg4b, aetgs1,aetgh2,aetg54,aetg55,
irrigd,irrig2,irrig3,irrig4,irrigs
Jrestl rest11,rest12,rest13,rest14,rest15,rest2,rest3,rest5,yyl,yy11,waterball,waterbal2
,waterbal3, waterbal4,waterbal5,waterbal6,waterbal 7,waterbal8,rest110,
waterbal9,yy?2,profit,waterusell,wateruse2,watercost,netprof,utility,totu/;

solve alim1 using nlp maximizing k;

display ir.l;
display petg;
display aetg.l;
display aetw.l;
display pet;
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parameter def(c,s);
def(c,s)=aetg.l(c,s)/(petg(c,s)+0.00001);
display def;
parameter ez;
ez=(sum(y,z3.1(y))/26);
display ez,
parameter ezl
ezl=ez-(sum(y,watcost1.1(y))/26);
display ez1;
parameter waterl10(c);
water110(c)= sum(s,def(c,s)*petg(c,s)*10*(1/.42));
display water110;
display waterul2.l;
parameter productivity(c);
productivity(c)=(ycmax.l(c)*yac(C)*1000) /(waterul2.1(c)+.001);
display productivity;

model alim2 /smrl,smr2,smr3,smr4,smr5,smr6,smr7,smr8,smr9,smrl10,
smwh,smbb,smch,smob,smsb,aetwb1,aetbb,aetch,aetob,aetsb,

aetgll,aetgl?2,aetgl3,aetgl4,aetglb,aetg21,aetg22,aetg23,aetg24,aetg25,aetg31,aetg32,aetg33,aetg
34,aetg35,

aetg41,aetg42,aetgd4,aetg4b,aetg5l,aetg52,aetg54,aetgs5,irrigl,irrig2,irrig3,irrig4,irrigh
Jrestl rest11, rest12,rest13,rest14,rest15,rest2,rest3,rest5,yyl,yy11, waterbal1,waterbal 2
,waterbal3, waterbal4,waterbal5,waterbal6,waterbal 7,waterbal8,

waterbal9,yy22,wateruse22,waterusell,watercost121,profit121,rest10,rest50,rest100,rest500/;

solve alim2 using nlp maximizing zz;

display ir.l,ycmax.l;

display petg;

display aetg.l;

display aetw.l;

display pet;

parameter def(c,s);
def(c,s)=(aetg.l(c,s)$cr(c))/(petg(c,s)$cr(c)+0.0001);

display def;

display waterul2.l;

parameter productivityl(c);
productivityl(c)=(ycmax.l(c)*yac(C)*1000) /(waterul2.l(c)+.001);

display productivityl;

parameter productivity2(c);
productivity2(c)=((ycmax.l(c)*tr(C))-(waterul2.l(c)*pw)) /(waterul2.l(c)+.001);

display productivity?2;

parameter gm(c);
gm(c)=(ycmax.l(c)*tr(C))-(waterul2.l(c)*pw);

parameter vyield(c);
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yield(c)=(ycmax.l(c)*yac(C)*1000);

display effa,ycmax.l,gm,yield,zz.l;

AR



ol Mol (yuo ) rmai gy ol Jow Y Cawgw

$Title Farml
$Ontext

This model helps a farmer to determine simultaneously irrigation strategies and crop patterns by
corrected land allocation model.

$Offtext

Sets

I Crops /wheatl*wheat63,barelyl*barely63,colzal*colza30,cornl*corn33,ricel/
S(I) sonati /wheatl*wheat21,barelyl*barely21,colzal*colzal0,cornl*cornll,ricel/
B(I) barani /wheat22*wheat42,barely22*barely42,colzall*colza20,corn12*corn22/
L(I) lole /wheat43*wheat63,barely43*barely63,colza21*colza30,corn23*corn33/

D decade /d1*d27/

K water ability and day /1,2/;

Parameter GM(I) gross margin crop

/wheatl 46036000
wheat?2 44579680
wheat3 43123360
wheat4 41667040
wheat5 40210720
wheat6 38754400
wheat7 41667040
wheat8 37298080
wheat9 32929120
wheat10 28560160
wheat11 24191200
wheat12 42395200
wheat13 38754400
wheat14 35113600
wheat15 31472800
wheat16 27832000
wheat17 45963184
wheatl8 45890365
wheat19 45817552
wheat20 45744736
wheat21 45744736
wheat22 44326323
wheat23 42870003
wheat24 41413683
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wheat25
wheat26
wheat27
wheat28
wheat29
wheat30
wheat31
wheat32
wheat33
wheat34
wheat35
wheat36
wheat37
wheat38
wheat39
wheat40
wheat41
wheat42
wheat43
wheat44
wheat45
wheat46
wheat47
wheat48
wheat49
wheat50
wheat51
wheat52
wheat53
wheat54
wheat55
wheat56
wheat57
wheat58
wheat59
wheat60
wheat61
wheat62
wheat63
cornl
corn2
corn3
cornd
corn5
corné
corn’
corn8
corn9
cornl0
cornll

39957363
38501043
37044723
39957363
35588403
31219443
26850483
22481523
40685523
37044723
33403923
29763122
26122323
44253507
44180691
44107875
44035059
44035059
40273089
38816769
37360449
35904129
34447809
32991489
35904129
31535169
27166209
22797249
18428289
36632289
32991489
29350689
25709889
22069089
40200273
40127457
40054641
39981825
39909009
81527000
80802311
80077622
77358920
73244840
65997950
50468900
76350650
71174300
79456460
77385920
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cornl2
cornl3
cornl4
cornl5s
cornl6
cornl?
cornl8
cornl9
corn20
corn21
corn22
corn23
corn24
corn25
corn26
corn27
corn28
corn29
corn30
corn31
corn32
corn33
barelyl
barely2
barely3
barely4
barely5
barely6
barely7
barely8
barely9
barely10
barelyll
barely12
barely13
barely14
barely1l5
barely16
barelyl17
barely18
barely19
barely20
barely21
barely22
barely23
barely24
barely25
barely26
barely27
barely28

79817323
79092634
78367954
75676243
71535163
64288273
48759223
74640973
69464623
77746783
75676243
75764089
75039400
74314711
71623009
67481929
60235039
44708989
70587739
65411389
73693549
71623009
33675000
33641251
33607502
33573753
33540004
33506255
33642785
33610570
33578355
33546140
33513925
33130412
32585825
32041237
31496649
30952061
33549208
33423416
33297624
33171832
33046040
31965323
31931574
31897825
31864076
31830327
31796578
31933108
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barely29
barely30
barely31
barely32
barely33
barely34
barely35
barely36
barely37
barely38
barely39
barely40
barely41
barely42
barely43
barely44
barely45
barely46
barely47
barely48
barely49
barely50
barely51
barely52
barely53
barely54
barely55
barely56
barely57
barely58
barely59
barely60
barely61
barely62
barely63
colzal
colza2
colza3
colzad
colzab
colza6
colza7
colza8
colza9
colzal0
colzall
colzal2
colzal3
colzald
colzals

31900893
31868678
31836463
31804248
31420735
30876148
30331560
29786972
29242384
31839531
31713739
31857947
31462155
31336363
27912089
27878340
27844591
27810842
27777093
27743344
27879874
27847659
27815444
27783229
27751014
27367501
26822914
26278326
25733738
25189150
27786297
27660505
27534713
27408921
27283129
42208560
41041140
39873720
38706300
39534581
36860602
34186623
40408516
38608471
36808427
40498883
39331463
38164043
36996623
37824904

YY.



colzalé 35150925
colzal7 32476946
colzal8 38698839
colzal9 36898794
colza20 35098750
colza2l 36445649
colza22 35278229
colza23 34110809
colza24 32943389
colza25 33771670
colza26 31097691
colza27 28423712
colza28 34645605
colza29 32845560
colza30 31045516
ricel 271995730
l,

Table waterR(l,D) net water crop

di d2 d3 da

wheatl 4715 449 39.9 100.8
wheat?2 4715 40.5 35.9 90.7
wheat3 4715 36.0 31.9 80.6
wheat4 4715 315 28.0 70.5
wheatb 4715 27.0 24.0 60.5
wheat6 4715 22.5 20.0 50.4
wheat7 471.5 449 39.9 100.8
wheat8 471.5 44.9 39.9 100.8
wheat9 471.5 44.9 39.9 100.8
wheat10 4715 449 39.9 100.8
wheat11 4715 449 39.9 100.8
wheat12 4715 449 39.9 100.8
wheat13 4715 449 39.9 100.8
wheat14 4715 449 39.9 100.8
wheat15 471.5 449 39.9 100.8
wheat16 471.5 449 39.9 100.8
wheat17 471.5 449 39.9 100.8
wheat18 471.5 449 39.9 100.8
wheat19 471.5 449 39.9 100.8
wheat20 4715 449 39.9 100.8
wheat21 4715 449 39.9 100.8
wheat22 4715 449 39.9 100.8
wheat23 4715 40.5 35.9 90.7
wheat24 4715 36.0 31.9 80.6
wheat25 4715 315 28.0 70.5
wheat26 4715 27.0 24.0 60.5
wheat27 4715 22.5 20.0 50.4
wheat28 471.5 44.9 39.9 100.8
wheat29 471.5 449 39.9 100.8
wheat30 4715 449 39.9 100.8

YY)



wheat31
wheat32
wheat33
wheat34
wheat35
wheat36
wheat37
wheat38
wheat39
wheat40
wheat41
wheat42
wheat43
wheat44
wheat45
wheat46
wheat47
wheat48
wheat49
wheat50
wheat51
wheat52
wheat53
wheat54
wheat55
wheat56
wheat57
wheat58
wheat59
wheat60
wheat61
wheat62
wheat63
barelyl

barely2

barely3

barely4

barely5

barely6

barely7

barely8

barely9

barely10
barely11
barely12
barely13
barelyl4
barely1l5
barely16
barelyl7

471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
471.5
4715
471.5
471.5
471.5
471.5
471.5
471.5
471.5
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2

44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
40.5
36.0
315
27.0
22.5
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
40.5
36.0
315
27.0
22.5
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9

39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
35.9
31.9
28.0
24.0
20.0
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
359
31.9
28.0
240
20.0
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9

YYY

100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
90.7
80.6
70.5
60.5
50.4
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
90.7
80.6
70.5
60.5
50.4
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8



barely18
barely19
barely20
barely21
barely22
barely23
barely24
barely25
barely26
barely27
barely28
barely29
barely30
barely31
barely32
barely33
barely34
barely35
barely36
barely37
barely38
barely39
barely40
barely41
barely42
barely43
barely44
barely45
barely46
barely47
barely48
barely49
barely50
barely51
barely52
barely53
barely54
barely55
barely56
barely57
barely58
barely59
barely60
barely61
barely62
barely63
colzal

colza2

colza3

colzad

443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
443.2
540.6
516.5
492.4
468.3

44.9
44.9
44.9
44.9
44.9
40.5
36.0
31.5
27.0
22.5
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
40.5
36.0
31.5
27.0
22.5
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
44.9
516.7
465.0
413.3
516.7

39.9
39.9
39.9
39.9
39.9
35.9
31.9
28.0
24.0
20.0
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
35.9
31.9
28.0
240
20.0
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
39.9
516.7
516.7
516.7
516.7

YYY

100.8
100.8
100.8
100.8
100.8
90.7

80.6

70.5

60.5

50.4

100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
90.7

80.6

70.5

60.5

50.4

100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
100.8
516.7
516.7
516.7
516.7



colzab
colza6
colza7
colza8
colza9
colzal0
colzall
colzal?
colzal3
colzala
colzals
colzal6
colzal?
colzal8
colzal9
colza20
colza21
colza2?2
colza23
colza24
colza25
colza26
colza27
colza28
colza29
colza30
cornl
corn2
corn3
cornd
corn5
corné
corn7
corn8
corn9
cornl0
cornll
cornl2
cornl3
cornl4
cornlb
cornl6
cornl?
cornl8
cornl9
corn20
corn21
corn22
corn23
corn24

540.6

540.6

540.6

540.6

540.6

540.6
540.6
516.5
492.4
468.3
540.6
540.6
540.6
540.6
540.6
540.6
540.6
516.5
492.4
468.3
540.6
540.6
540.6
540.6
540.6
540.6
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516.7
516.7
516.7
516.7
516.7
516.7
516.7
465.0
413.3
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
465.0
413.3
516.7
516.7
516.7
516.7
516.7
516.7
516.7
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516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7

OO0 0000000000000 @000 oo ooo

YY¢

516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7



corn25 0 0 0 0
corn26 0 0 0 0
corn27 0 0 0 0
corn28 0 0 0 0
corn29 0 0 0 0
corn30 0 0 0 0
corn3l 0 0 0 0
corn32 0 0 0 0
corn33 0 0 0 0
ricel 0 0 0 0
+
ds dé d7 ds d9 d10

wheatl 167.2 259.0 2196 2246 3945 3554
wheat2 150.4 233.1 1977 2022 3945 3554
wheat3 133.7 207.2 1757 1797 3945 3554
wheat4 117.0 181.3 153.7 1572 3945 3554
wheatb 100.3 1554 1318 1348 3945 3554
wheat6 83.6 1295 1098 1123 3945 3554

wheat7 167.2 259.0 2196 2246 3551 3199
wheat8 167.2 259.0 2196 2246 3156 284.3
wheat9 167.2 259.0 2196 2246  276.2 248.8
wheatl0  167.2 259.0 219.6 2246  236.7 2132
wheatll  167.2 259.0 2196 2246 1973 1777
wheatl2  167.2 259.0 219.6 2246 3945 3554
wheatl3  167.2 259.0 2196 2246 3945 3554
wheatl4  167.2 259.0 2196 2246 3945 3554
wheatl5  167.2 259.0 2196 2246 3945 3554
wheatl6  167.2 259.0 2196 2246 3945 3554
wheatl?7  167.2 259.0 2196 2246 3945 3554
wheatl8  167.2 259.0 219.6 2246 3945 3554
wheatl9  167.2 259.0 219.6 2246 3945 3554
wheat20  167.2 259.0 219.6 2246 3945 3554
wheat21  167.2 259.0 219.6 2246 3945 3554
wheat22  167.2 259.0 219.6 2246 3945 3554
wheat23  150.4 233.1 1977 2022 3945 3554
wheat24 ~ 133.7 207.2 1757 1797 3945 3554
wheat25  117.0 181.3 153.7 1572 3945 3554
wheat26 ~ 100.3 1554 131.8 1348 3945 3554
wheat27  83.6 129.5 109.8 1123 3945 3554
wheat28  167.2 259.0 2196 2246 3551 3199
wheat29  167.2 259.0 2196 2246 3156 2843
wheat30  167.2 259.0 2196 2246  276.2 2488
wheat31l  167.2 259.0 2196 2246  236.7 2132
wheat32  167.2 259.0 2196 2246 1973 177.7
wheat33  167.2 259.0 2196 2246 3945 3554
wheat34  167.2 259.0 2196 2246 3945 3554
wheat35  167.2 259.0 2196 2246 3945 3554
wheat36  167.2 259.0 2196 2246 3945 3554
wheat37  167.2 259.0 2196 2246 3945 3554
wheat38  167.2 259.0 219.6 2246 3945 3554

YYo



wheat39
wheat40
wheat41
wheat42
wheat43
wheat44
wheat45
wheat46
wheat47
wheat48
wheat49
wheat50
wheat51
wheat52
wheat53
wheat54
wheat55
wheat56
wheat57
wheat58
wheat59
wheat60
wheat61
wheat62
wheat63
barelyl

barely2

barely3

barely4

barely5

barely6

barely7

barely8

barely9

barely10
barelyll
barely12
barely13
barelyl14
barely15
barely16
barely17
barely18
barely19
barely20
barely21
barely22
barely23
barely24
barely25

167.2
167.2
167.2
167.2
167.2
150.4
133.7
117.0
100.3
83.6
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
150.4
133.7
117.0
100.3
83.6
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2

259.0
259.0
259.0
259.0
259.0
233.1
207.2
181.3
155.4
129.5
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
233.1
207.2
181.3
155.4
129.5
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0

219.6
219.6
219.6
219.6
219.6
197.7
175.7
153.7
131.8
109.8
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
197.7
175.7
153.7
131.8
109.8
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6

224.6
224.6
224.6
224.6
224.6
202.2
179.7
157.2
134.8
112.3
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
202.2
179.7
157.2
134.8
112.3
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
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394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
355.1
315.6
276.2
236.7
197.3
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
355.1
315.6
276.2
236.7
197.3
394.5
394.5
394.5
394.5
394.5
3945
394.5
394.5
394.5

355.4
355.4
355.4
355.4
3554
355.4
355.4
3554
355.4
355.4
319.9
284.3
248.8
213.2
177.7
355.4
355.4
3554
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
3554
355.4
355.4
355.4
355.4
355.4
355.4
3554
319.9
284.3
248.8
213.2
177.7
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4



barely26
barely27
barely28
barely29
barely30
barely31
barely32
barely33
barely34
barely35
barely36
barely37
barely38
barely39
barely40
barely41l
barely42
barely43
barely44
barely45
barely46
barely47
barely48
barely49
barely50
barely51
barely52
barely53
barely54
barely55
barely56
barely57
barely58
barely59
barely60
barely61
barely62
barely63
colzal
colza2
colza3
colza4
colzab
colza6
colza7
colza8
colza9
colzal0
colzall
colzal2

167.2
167.2
150.4
133.7
117.0
100.3
83.6
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
150.4
133.7
117.0
100.3
83.6
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
167.2
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7

259.0
259.0
233.1
207.2
181.3
155.4
129.5
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
233.1
207.2
181.3
155.4
129.5
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
259.0
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7

219.6
219.6
197.7
175.7
153.7
131.8
109.8
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
197.7
175.7
153.7
131.8
109.8
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
219.6
779.7
779.7
779.7
779.7
701.7
623.7
545.8
779.7
779.7
779.7
779.7
779.7

224.6
224.6
224.6
224.6
224.6
224.6
224.6
202.2
179.7
157.2
134.8
112.3
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
224.6
202.2
179.7
157.2
134.8
112.3
224.6
224.6
224.6
224.6
224.6
779.7
779.7
779.7
779.7
701.7
623.7
545.8
779.7
779.7
779.7
779.7
779.7
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394.5
394.5
394.5
394.5
394.5
394.5
394.5
355.1
315.6
276.2
236.7
197.3
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
394.5
355.1
315.6
276.2
236.7
197.3
394.5
394.5
394.5
394.5
394.5
779.7
779.7
779.7
779.7
701.7
623.7
545.8
779.7
779.7
779.7
779.7
779.7

355.4
355.4
3554
355.4
355.4
355.4
355.4
319.9
284.3
248.8
213.2
177.7
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
355.4
3554
355.4
355.4
319.9
284.3
248.8
213.2
177.7
355.4
355.4
3554
355.4
355.4
862.4
862.4
862.4
862.4
862.4
862.4
862.4
862.4
862.4
862.4
862.4
862.4



colzal3
colzald
colzals
colzal6
colzal7
colzal8
colzal9
colza20
colza21
colza22
colza23
colza24
colza25
colza26
colza27
colza28
colza29
colza30
cornl
corn2
corn3
cornd
corn5
corné
corn’
corn8
corn9
cornl0
cornll
cornl2
cornl3
cornl4
cornl5
cornl6
cornl7
cornl8
cornl9
corn20
corn21
corn22
corn23
corn24
corn25
corn26
corn27
corn28
corn29
corn30
corn3l
corn32

516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
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516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
516.7
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779.7
779.7
701.7
623.7
545.8
779.7
779.7
779.7
779.7
779.7
779.7
779.7
701.7
623.7
545.8
779.7
779.7
779.7
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O OO OO OO OO0 OO0OOO0OO0OO0OOoO oo oo

o

611.1
611.1
611.1
611.1
611.1

O OO OO O OO0 O0OO0OoOoO o o o

O O O O O oo oo

O OO O OO OO O0ODO0ODO0ODO0ODO0O0O0O0O0OO0OO0OOoOOo oo

585.8
585.8
585.8
585.8
585.8

O OO O OO0 O0OOO0OO0OO0OoOo oo

O O O O O O oo o

O OO O OO OO O0ODO0ODO0ODO0ODO0OD0O0ODO0OO0OO0OOOoO oo

O OO O OO0 O0OO0OO0OO0OoO o oo

O OO OO O o oo

O OO0 O OO OO0 O0ODO0ODO0OD0O0OD0O0ODO0OO0OO0OOoOOo oo

606.8
606.8
606.8
606.8
606.8

O 0000000000000 O0O00O000O0PCPLOOLCOCOOO S 0000000000 OO

419.5
419.5
419.5
419.5
419.5

294.5
294.5
294.5
294.5
294.5

yya



corné
corn7
corn8
corn9
cornl0
cornll
cornl2
cornl3
cornl4
cornl5
cornl6
cornl?
cornl8
cornl9
corn20
corn21
corn22
corn23
corn24
corn25
corn26
corn27
corn28
corn29
corn30
corn3l
corn32
corn33
ricel

550.0
489.9
611.1
611.1
611.1
611.1
611.1
611.1
611.1
611.1
611.1
550.0
489.9
611.1
611.1
611.1
611.1
611.1
611.1
611.1
611.1
611.1
550.0
489.9
611.1
611.1
611.1
611.1

662.0

585.8
585.8
527.3
468.7
585.8
585.8
585.8
585.8
585.8
585.8
585.8
585.8
585.8
527.3
468.7
585.8
585.8
585.8
585.8
585.8
585.8
585.8
585.8
585.8
527.3
468.7
585.8
585.8

634.7

606.8
606.8
546.1
485.4
606.8
606.8
606.8
606.8
606.8
606.8
606.8
606.8
606.8
546.1
485.4
606.8
606.8
606.8
606.8
606.8
606.8
606.8
606.8
606.8
546.1
485.4
606.8
606.8

419.5
419.5
419.5
419.5
377.6
335.6
419.5
419.5
419.5
419.5
419.5
419.5
419.5
419.5
419.5
377.6
335.6
419.5
419.5
419.5
419.5
419.5
419.5
419.5
419.5
419.5
377.6
335.6

6574 501.1

Parameter LandA(D) Land(hectar)of decade

/D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17

o1 o1 o1 o1 o1 o1 O o1 o1

(62 NS NS, NS NG, NS, NG BNe)

294.5
294.5
294.5
294.5
265.0
235.6
294.5
294.5
294.5
294.5
294.5
294.5
294.5
294.5
294.5
265.0
235.6
294.5
294.5
294.5
294.5
294.5
294.5
294.5
294.5
294.5
265.0
235.6
428.3;

Yéo



D18
D19
D20
D21
D22
D23
D24
D25
D26
D27

5/

Table LandR(I,D) land requirment(hectar)

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14

1 1111111111111

wheatl
wheat2
wheat3
wheat4
wheat5
wheat6
wheat7
wheat8
wheat9

1 1111111111111

1 1111111111111

1 1111111111111

1 1111111111111
1 1111111111111

1 1111111111111

1 1111111111111

1 1111111111111

wheatto 1 1 1 1 1 1 1 1 11 1 111

wheat11 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatl2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatl3 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat14 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatt5 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatl6 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatl7 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatl8 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatl9 1 1 1 1 1 1 1 1 111 111

wheat20 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat21 1 1 1 1 1 1 1 1 1 1 1 1 11

wheat22 1 1 1 1 1 1 1 1 111 111

wheat23 1 1 1 1 1 1 1 1 111 111

wheat24 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat2z5 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat26 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat27 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat28 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat2z9 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat30 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat31 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat32 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat33 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat34 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat35 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat36 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat37 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat3g¢ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat39 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat40 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat41 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatd2 1 1 1 1 1 1 1 1 1 1 1 1 11

wheat43 1 1 1 1 1 1 1 1 1 1 1 1 1 1

AR



wheat44 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheaté5 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheaté6 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat47 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat48 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheat49 1 1 1 1 1 1 1 1 1 1 1 1 11

wheats0 1 1 1 1 1 1 1 1 1 1 1 1 11

wheatsl 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheats2 1 1 1 1 1 1 1 1 1 1 1 1 11

wheats3 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheats4 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatst 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheats’é 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheats7 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheats¢ 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheats9 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheateO 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheaté1l 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheaté2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

wheatt3 1 1 1 1 1 1 1 1 1 1 1 1 1 1

bare

yipb. 1 1111111111110

y2 1 1111111111110

y3 1 1111111111110

yv4 1 1111111111110

y5 1 1111111111110

6 11 111111111110

y7 111 11111111110

y8 11 111111111110

y91 1111111111110

yilo1 1111111111110

yi1 1 11 1 1 1 11111110

yi2 11 1111111111120

yi3 1.1 1111111111120

yi4 1 1111111111110

y151 11 1111111111290

yl6 1 1 1111111111120

yiz 1111 11111111120

yi8 1 1111111111110

yvi91 1111111111110

y201 1 1 1 1111111110

211 11 1 1111111110

221 1111111111110

231 1111111111110

y24 1 1 1 1 1 11 1111110

y25°1 1 111111111110

y26 1 1 1 1 1 1 11111110

y27 1 1111 111111110

y26 1 1111111111110

y29 1 1111111111110

y30 1 111 11111111120

311 11 11111111110

y32 1 1111111111110

y331. 1111 1 1 1111110

y34 1 111 1111111110

y350.1. 11111 11111110

y36 1 1 1 1 1 1 1 1111110

y37 11111 111111110

y38 1 1111 111111110

y39 1. 1111 111111110

ya001 1 1 1 1 1 1 1 1 1 1110

ya1 1 1 1 1 1 1 11111110

y42' 1 1111111111110

ya3 111 111 11111110

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

Yey



va4 1 1 1 1 11 11111110

ya45 1 1 11 1111111110

ya6 1 1 1 1 1 1 11111110

yvar 1 11111 11111110

y48 1 1 1 1 1 1 11111110

y49 1 1 1 111 11111110

y50 1 1111111111110

y51 1 1111111111110

y52 111 11111111110

y53 1 1111111111110

y54 111 111 11111110

551 111 1111111110

y56 1 1 11 1111111110

y57 1 1111111111110

y56 1 1 1 1 1 1 11111110

y59 1. 1111111111110

y0 1 1 1 1 1 1 11111110

611 1 1 1 1111111110

62 1 1 1 1 1 111111110

63 1 1 1 1 1 1 111111120

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

11111111111110
11111111111110
11111111111110
11111111111110
1 1111111111110
1 1111111111110

1 1111111111110

1 1111111111110
1 1111111111110

z0 1 1 1 1 1 111111110

zll 1 1 1 1 1111111110

z7l2 1 1 111111111110

213 1 1 1 11111111110

zl4 1 1 111111111110

zal5 1 1 1 11111111110

zalé 1 1 1 1 1111111110

zal7 1 1 111111111110

z2l8 1 1 1 11 111111110

z2l19 1 1 1 11111111110

2220 1 1 1 11 111111110

2221 1 1111111111110

722 1 1111111111110

2723 1 1111111111110

za24 1 1111111111110

za25 1 1 111111111110

za26 1 1 111111111110

za27 1 1 1 11111111110

za28 1 1 1 11111111110

229 1 1 1 11111111110

z30 1 1 1 11111111110

co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co

000O0OOOOOOOOOSG OO
000O0OOOOOOOOOSG OO
000O0OOOOOOOOOO
000O0OOOOOOOOOSG OO
000O0OOOOOOOOOSG OO

000O0OOOOOOOOOSOOPW

cornl
corn2
corn3
corn4
corn5
corn6
corn7
corn8
corn9

000O0OOOOOOOOOO OO
000O0OOOOOOOOOOOPW
000O0OOOOOOOOOOOPW

coml0 0 0 0 0O0OOOOOOOOOO

cornll

000O0OOOOOOOOTO OO

coml2 0 0 0 0 0O OOOOOGOUOG OO

comnl3 0 0 0 0 0O OOOOOUOTO OO

yey



coml4 0 0 0 OO OOOOUOO OO OO OO

coml5 0 0 0 0 0 0OOOOOOTOG OO

coml6 0 0 0 00O OOOOUOOGOTO OO

coml7 0 0 0 00O OOOOUOO OO OG OO

coml8 0 0 0 00O OOOOUOO OO OG OO

conml9 0 0 0 0 0 O0OOOOOOOO

com20 0 0 0 00O OOOOOOOO

com21 0 0 0 0 0 0O 0OOOOOOOO

com22 0 0 0 00O OOOOOOOO0

com23 0 0 0 0 0 0O OOOOOTOOO

com24 0 0 0 0 0O OOOOOOOO

com5 0 0 0 0 0O OOOOUOGOG OO OO

com 0 0 0 0 0O 0OOOOOOUO OO OO

com27 0 0 0 0 0O OOOOOOTG OO OO

com28 0 0 0 0 0O OOOOOOTG OG OO

com29 0 0 0 0 0 OOOOOOOOO

con30 0 0 0 0O0OOOOOOOOOO

corn31

000O0OOOOOOOOSG OO

com32 0 0 0 00O OOOOOOOO

com33 0 0 0 00O OOOOOOOO

ricel

000O0OOOOOOOOOQ OO

D15 D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 D26 D27

wheatl
wheat2
wheat3
wheat4
wheatb
wheat6
wheat7
wheat8
wheat9

1 0000O0O0COO0OO0OO0OO0OO

1 0000O0O0COOOOOOQO

1 0000O0O0OOOOOOOQO

1 0000O0O0COOOOOOQO

1 0000O0O0OO0OOOOOOQO

1 0000O0O0COOOOOO

1 0000O0O0COOOOODO

1 000 0O0OOOOOTG OO OO

1 0000O0O0COOOOOOQO

wheatl0 1 0 00 0 0 0 0 0 0 O 0 O

wheatll 1 0 00 0 0 0 0 0 0 0 0 O

wheatl2 1 0 00 0 0 0 0 0 0O O 0 O

wheatl3 1 0 00 0 0 0 0 0 0 O 0 O

wheatl4 1 0 00 0 0 0 0 0 0 0 O O

wheatls5 1 0 00 0 0 0 0 0 0 O O O

wheatlé 1 0 00 0 0 0 0 0 0 0 0 O

wheatl7 1 0 00 0 0 0 0 0 0 O 0 O

wheatl8 1 0 00 0 0 0 0 0 0 O 0 O

wheatl9 1 0 00 0 0 0 0 O O O O O

wheat20 1 0 00 0 0 0 0 0 0 O 0 O

wheat2l 1 0 00 0 0 0 0 0 0 0 0 O

wheat22 1 0 00 0 0 0 0O 0 0 O 0 O

wheat23 1 0 00 0 0 0 0 0 0 0 0 O

wheatz4 1 0 00 0 0 0 0 0 0 0 0 O

wheat25 1 0 00 0 0 0 0 0 0 O 0 O

wheat26 1 0 00 0 0 0 0O O O O O O

wheat27 1 0 00 0 0 0 0 0 0 O 0 O

wheat28 1 0 00 0 0 0 0 0 0 0 0 O

wheat2Z9 1 0 00 0 0 0 0 0 0 O 0 O

wheat30 1 0 00 0 0 0 0 0 0 O 0 O

wheat31 1 0 00 0 0 0 0 0 0 0 O O

wheat32 1 0 00 0 0 0 0 0 0 O 0 O

wheat33 1 0 00 0 0 0 0 0 O O O O

wheat34 1 0 00 0 0 0 0O 0 0 O 0 O

wheat35 1 0 00 0 0 0 0 0 0 O 0 O

el



wheat36 1 0 00 0 0 0 0 0 0 0 O O

wheat37 1 0 00 0 0 0 0 0 0 O 0 O

wheat38 1 0 00 0 0 0 0 0 0 0 O O

wheat39 1 0 00 0 0 0 0 0 0 O 0 O

wheatd0 1 0 00 0 0 0 0 O O O O O

wheat4dl 1 0 00 0 0 0 0 0 O 0 O O

wheatd2 1 0 00 0 0 0 0 0 0 O 0 O

wheat43 1 0 00 0 0 0 0 0 O 0 O O

wheat44 1 0 00 0 0 0O 0 0 O O O O

wheatd5 1 0 00 0 0 0 0 O O 0 O O

wheat6 1 0 00 0 0 0 0 O O 0 O O

wheatd7 1 0 00 0 0 0 0O O O O O O

wheatd8 1 0 00 0 0 0 0 0O O 0 O O

wheat49 1 0 00 0 0 0 0 0 O 0 O O

wheats0 1 0 00 0 0 0 0 0 O 0 O O

wheats1 1 0 00 0 0 0 O O O O O O

wheats2 1 0 00 0 0 0 0 0 0 0 0 O

wheats3 1 0 00 0 0 0 0 0 O 0 O O

wheats4 1 0 00 0 0 0 0 0 O O O O

wheats5 1 0 00 0 0 0 0 0 O 0 O O

wheatsé 1 0 00 0 0 0 0 0 0 0 O O

wheat57 1 0 00 0 0 0 0 0 0 0 0 O

wheats8¢ 1 0 00 0 0 0 0 0 0 O O O

wheats9 1 0 00 0 0 0 0 O O 0 O O

wheaté0 1 0 00 0 0 0 0 O O 0 O O

wheatél 1 0 00 0 0 0 0 0 O 0 0 O

wheaté2 1 0 00 0 0 0 0 0 0 0 O O

wheaté3 1 0 00 0 0 0 0 0 0 O 0 O

bare

yL. 0 000 0O O0OOOOOOO 0O

y2 0 0 00 0 0 OO0 O0OOOO O

y3 0000 0O 0O O0OO0OO0OO0OO0O0O

y4 0 0 00 0 O0OOOOOOUO OGO

y5 0 0 00O 0 0 0O OO OOUOP O

y6 0 0 00 0 0O O O0OOOOO0O

y7 0 0 00 0 00O OO0OOOU OGO

y8 0 0 00 O O OOOOOO0O

y9 0 0 00 0 0O OOOOOTOO

yil0o 0 0 00 0 0 0O 0O OO O0OOO

yil1 0 0 00 0 0 0 0 0O 0 0 O O

yl2 0 0 00 0 00O OO0OOO0UD

yI3 0 0 00 0 0 0 0 000 OO

yl4 0 0 00 0 0 0OO OOOOUD

yl50 0 00 0 0 00O O0OO0O0OO

yle 0 0 00 0 0O 0O OO OO OO

yl7 0 0 00 0 0 00O OO OOUD

yl8 0 0 00 0 00 0O0OO0OOOO

yl9 0 0 00 0 0 0O OO OOUD

y200 0 00 0 0 0 0 00O OO

y21.0 0 00 0 0 0 0 0 0 O OO

y22 0 0 00 0 0 00O OO OOUD

y23 0 0 00 0 0 0 00O O0OO0O0O

y240 0 00 0 0 00O OO O OUD

y25 0 0 00 0 0 0 00O O O0OO0O

y26 0 0 00 0 0 0 0O OO O OUDO

y27 0 0 00 0 0 0 0000 OO

y28 0 0 00 0 0 00O O O0OO0OO0OO

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

Y¢o



y29 0 0 00 0 0 00O O0OO0OO0OO

y30 0 0 00 0 0 0O OO OOPD

y31 0 0 00 0 0 0O 0O OO0OOO

y32 0 0 00 0 0O 0OOOOOO0PD
y33 0 0 00 0 0 0 0 0 0 0 0 O

y34 0 0 00 0 0 0O 0O OO O OO

y35 0 0 00 0 0 0 0O OO OOPD

y36 0 0 00 0 0 0 0 0O O O OO

y37 0 0 00 0O 0 0 0O OO OOUD

y38 0 0 00 0 0 0O 0O OO O0OOO

y39 0 0 00 0 0 0O 00O OO0OOO

yi00 0 0 00 0 0 0OO OO OOTPWD

ya1 0 0 00 0 0 0O 0 0 0 0 0O

y4’2 0 0 00 0 0 0 0 0O 0 0 OO

y43 0 0 00 0 0 0 0 0O 0 O OO

y44 0 0 00 0 0 0 0 0O O OOO

yA45 0 0 00 0 0 0 0 0 0O O OO

y46 0 0 00 0 0 0 0 O O O O O

yAr 0 0 00 0 0 0 0 0O 0 0 O O

yA88 0 0 00 0 0 0O 0O 0O 0 O 0O

yA9 0 0 00 0 0 0 0 O 0 0 O O

ys0 0 0 00 0 0 0 0 O O O OO

y51 0 0 00 0 0 0O 0O O O O OO

y52 0 0 00 0 0 0 0 0 0 0 0O

y53 0 0 00 0 0 0O 0O O O O OO

y54 0 0 00 0 0 0 0 O O 0 O O

y55 0 0 00 0 0 0O 0O 0O 0 O O O

y56 0 0 00 0O 0 0 0O OO O OO

y57 0 0 00 0 0 0O 0O OO OOO

y58 0 0 00 0O 0O 0 0O O 0O O O O

y59 0 0 00 0 0 0 0 0 0 0 0 O

y60 0 0 00 0O 0 0 0O O OO OO

y61 0 0 00 0O 0O 0O O OO O OUDO

y62 0 0 00 0 0 0 0 0O OO OO

y63 0 0 00 0O 0O 0O O OO OOUPO

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

bare

0 000O0OO0OOOOOOODO

za2 0 0 00O O O OO OOOODO

za3 0 0 00 O O O O OOOOO

za4 0 0 00O O O O O O O O O O

za5 0 0 00O O O OO OOOODO

za6 0 0 00O O O O O O O O O O

za7 0 0 00 O O OO OOOODPW

za8 0 0 00 O O O O O O O OO

za9 0 0 00O O OOOOOTOTO OO

zal0 0 0 0O O 0O O 0O OO O OO

zall 0 0 00 0 O O O OO OOO O

zal2 0 0 00O 0 O O OO OOTG OO

zal3 0 0 00 0 0 0 0 O OO OO

zal4 0 0 00O O O O OO OO OO

zal5 0 0 00O 0 O O OO OOOGO

zale 0 0 00 0 0 0 0O O OO OO

zal7 0 0 0O 0O O O OO OO OO

zal8 0 0 00 0 0 0O O OO O OO

zal9 0 0 0O 0O O O OO OOOO

za20 0 0 00 0 0 0 0 0O 0 0 O O

za21. 0 0 00 0 O O O O O O OO

co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co
co

AR



za22 0 0 00 0 0 0 OO OOOO

za23 0 0 00 0 0O O OO OOO OO

za24 0 0 00 0 0 0O OO OOOO

za25 0 0 00 0 0O O OO OOOO

za26 0 0 00 0 0 0O OO OOOO

za27 0 0 00 0 0 0 OO OOOO

za28 0 0 00 0 0O O O OOOOO O

za29 0 0 00 0 0 0 OO OOOO

za30 0 0 OO O O O OO OOTG OO

co
co
co
co
co
co
co
co
co

0111111111111

cornl
corn2
corn3
corn4
corn5
corné
corn7
corn8
corn9

0111111111111

0111111111111

0111111111111

0111111111111

0111111111111

0111111111111

0111111111111

0111111111111

coml0 0 1 11111111111

cornll
cornl2

0111111111111

0111111111111

com3 0 1 11 111111111
coml4 01 11 111111111

coml5 0 1 11 1 11111111

cornl6
cornl7

0111111111111

0111111111111

coml8 0 1 11 1 11111111

cornl9

0111111111111

com20 0 1 111 11111111

corn2l
corn22

0111111111111

0111111111111

com23 0 1 11 1 11111111

com24 0 1 11 1 11111111

com25 0 1 11 1 11111111

corn26
corn27

0111111111111

0111111111111

com28 0 1 11 1 11111111

com29 0 1 11 1 11111111

com30 0 1 11 111111111

corn3l
corn32

0111111111111

0111111111111

com33 0 1 11111111111

ricel

0111111111111

Table A(D,K) water avibility (lit se) and numder of day for each D

90
10
10
10
10
10

1.5
1.5
1.6
1.6
1.7
1.7

D1

D2

D3

D4

D5

D6

Yeiv



D7 1.8 10
D8 1.8 10
D9 1.8 10
D10 17 10
D11 17 10
D12 16 10
D13 16 10
D14 16 10
D15 15 10
Di6 1.4 10
D17 14 10
D18 1.3 10
D19 15 10
D20  1.58 10
D21 154 10
D22 164 10
D23 14 10
D24 15 10
D25 15 10
D26 15 10
D27 15 10

Scalar pw  water price 1750/
effa application efficiciency 1.40/
effc conveyance efficiency 11/
effB efficiciency for barani 10.70/
effcL conveyance efficiency for lile 10.60/
hday hours for each day 124/
costB cost of each year for barani system /0/
costL cost of lole system 10/ ;

Parameter GMI,GMb;

GMI(L)=GM(L)-costL ;

GMb(B)=GM(B)-costB ;

parameter water110,water111,water112,
water210,water211,water212;

water110(s) =(sum(d,waterR(S,D)))/(effc*effa);

water111(b)=(sum(d,waterR(B,D)))/(effB);

water112(I)=(sum(d,waterR(L,D)))/(effcL) ;

water210(s) =(gm(s)-(water110(s)*pw))/(water110(s)+0.000001);

water211(b) =(gm(b)-(water110(b)*pw))/(water111(b)+0.000001);

water212(1) =(gm(l)-(water110(l)*pw))/(water112(1)+0.000001);

Variable Z,X,usew;

Positive variable X,NUSE;

Equations

YEA



OBJ,landuse,wateruse,wheatfarm,ricefarm;

OBJ.. Z=e=sum(S,X(S)*(GM(S)))-(Pw*(sum((S,D),X(S)*waterR(S,D))/(effc*effa)))
+sum(B,X(B)*(GMb(B)))-(Pw*(sum((B,D),X(B)*waterR(B,D))/(effB)))
+sum(L,X(L)*(GMI(L)))-(Pw*(sum((L,D),X(L)*waterR(L,D))/(effcL)));

landuse(D)..  sum(l,X(l)*landR(l,D))=L=LandA(D);
wateruse(D).. (sum(S,waterR(S,D)*x(S))/(effc*effa))+(sum(B,waterR(B,D)*x(B))/(effB))

+(sum(L,waterR(L,D)*x(L))/(effcL))+NUSE(D)=e=A(D,'1)*A(D,'2")*hday*3600*Land A(D)*0.0
01;

wheatfarm.. X('wheat1")+x('wheat2")+x('wheat3")+x('wheat4")+x(‘wheat5")

+Xx(‘wheat6")+x(‘wheat7")+x('wheat8')+x(‘'wheat9")+x('wheat10")
+X(‘wheat11")+x(‘wheat12")+x('wheat13")+x('wheat14")+x('wheat15")
+X(‘wheat16")+x(‘wheat17")+x('wheat18")+x('wheat19")+x('wheat20")
+x(‘wheat21")+x(‘wheat22")+x(‘'wheat23")+x(‘wheat24")+x(‘wheat25")
+x(‘'wheat26")+x(‘wheat27")+x(‘'wheat28")+x(‘wheat29")+x(‘wheat30")
+x(‘'wheat31")+x(‘wheat32")+x(‘'wheat33")+x(‘wheat34")+x(‘wheat35")
+x(‘'wheat36")+x(‘wheat37")+x(‘'wheat38")+x(‘wheat39")+x(‘wheat40")
+x(‘wheat41")+x('wheat42")+x(‘'wheat43")+x(‘wheat44")+x(‘wheat45")
+X(‘wheat46")+x(‘wheat47")+x(‘wheat48")+x(‘wheat49")+x('wheat50")
+X(‘wheat51")+x(‘wheat52")+x(‘wheat53")+x(‘wheat54")+x('wheat55')
+X(‘wheat56")+x(‘wheat57")+x(‘wheat58")+x(‘wheat59")+x('wheat60')
+X(‘wheat61")+x('wheat62')+x('wheat63')=1=2.5;

ricefarm.. x(‘ricel’)=I=1;

ModeL FARML1 /all/;
Solve FARM1 using Ip maximizing Z;
DISPLAY X.L,wateruse.m;

parameter waterl
water2,

water1(d) =(sum(S,waterR(S,D)*x.I(S))/(effc*effa))+(sum(B,waterR(B,D)*x.1(B))/(effB))
+(sum(L,waterR(L,D)*x.I(L))/(effcL)) ;
water2 = (sum(d,water1(d)));

display waterl, water2 ;

parameter water3
water4;

AR



water3(d) =(sum(S,waterR(S,D)*x.I(S)))+(sum(B,waterR(B,D)*x.I(B)))
+(sum(L,waterR(L,D)*x.I(L))) ;
water4 = (sum(d,water3(d)));

display water3, water4,water110,water111 waterl112,
water210,water211,water212,gm;
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Crop Stage Period (days) Ai
Tillering 31 0.086
. Joinin 18 0.125
Winter wheat Flowe?ing 22 0.104
Milk Ripe 35 0.046
Stem elongation 32 0.179
Rapeseed Flowering 28 0.410
Ripening 27 0.276
Vegetative 43 0.372
Maize Flowering 24 0.558
Yield formation 22 0.078
Ripening 16 0.090
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