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Abstract: Water resources conservation is no less important than the strategic role of the agriculture sector. It aims to 
minimize the food demand gap and achieve self sufficiency through production with existing facilities and capabilities. 
This study is the evaluation of five crops grown economically under conditions of groundwater supply shortage. It 
further calculates the possible water savings under two production policies. The study was conducted at the Agriculture 
Research Station that belongs to King Abdulaziz University in the Makka region. Linear programming was used as a 
mathematical model in the economic evaluation process. The station's historical records of production and expenses 
have been utilized during model formation. Two production policies were adopted under the conditions of water 
availability and water shortage. These are open and restricted production policies. Consequently, the mathematical 
model was built containing appropriate objective function and constraints for each policy . Optimal production and 
income was obtained by solving the linear programming problem. Sensitivity analysis was conducted and the effect of 
objective function coefficient and available resources on the solution was determined and water savings were also 
calculated. An open production policy leads up to 58% of water savings and achieved 32% more income than the 
restricted production policy. Results also showed that shortage of groundwater supply in both policies leads to direct 
reduction in income. A linear relationship was obtained between them. 
Keywords: Water conservation, optimal production, linear programming, groundwater shortage, economical feasibility 
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~ o.!.U':""J .~t,. ~~!,I dd.l.,~~L, wy.;I~~...... ~I.»oJ1 

~ J:..>l-.ll ~~~l Wo.:J~ ~~i ~ ~I.»oJ1 '22;;; ~\:;5 

:B~.,...u • ,,,,,.,;,oJl ~I.»oJ1 ~ -I:!.J:i ':l 

~~J~i~.JA~IJ..uI~:u. ~ ....a~1 ~IJ w..- u:..->-'ll 

~ ~yl ~..J .~ ~IJj J=..>L.o... ~ ~~~ .I,?- ~ 

~I rJ.aJ .~I ~JJ..L.....~FI ~I~ yy:o 

o.!.U':""J ~~~I ~ r,)., ~~~yl J..L..... ~ 

~ (0k) ~I~I yy:oJ..oL... ~J~ i J~~yl ~ 

~~I~YIW~~l:Jl,.J . ~~ylJ..L.....~ i~1 

:~ W' <G,>\:;5 ~..J .J:..>l-.ll JS ~Jt~ 

n 
MAX Z=l: eX (1)

i: I I 

.(0k/Jl,ul i ~~ylJ..L..... :C j 

.(0k) iJ~I~~l~:Xi 

.J:..>l-.ll JJ.L :n 

~~~J~ ory ~y..,. ~ ....a~1 ~IJ wi J.:.,..~ 

~:u. ~ J)J ~ ;;J~I J\....:i;..1 wi ~i .JJ..--o ~i w..-~~i ~~~ 

u-ll ~"..JI .-'-I ~:I..I;;.,.I ~tJI ~~!,I ~~ wl ~I~ .~I 

~.rll ~i ~l.S.:.J1 ~~~J • J~':ll ~ :Go';':; ~ ~4-" 

4.!J~':lI-SJ~1 ~J .~I. ..J oL.J....lIJ ~~IJu~yJlJ 

~ w..-J ~~I ~:u. ~y~~ ~IJ..u1 ..I.,!i -rIJ>JI J.,L!.l1J 

~:u. wi ~ •....a~1 ~I J ~ ~IJ ~Wl wlJI~!,1 ~ ~,)., 

~ o.!.U.J.SJ ~~!,I ~~~WI wlJI~!,1 ~JLW Wl,.., ~I 

.~~I ~~I wlJl.J...ol ~ 

http:o.!.U.J.SJ
http:l.S.:.J1
http:yy:oJ..oL
http:11..:o..JL
http:00;,4.11
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0 

(7) 

.iJ~I0--~l:"..il~~~1 :Pmin; 

4...Jl>~{uJ.o) i ~1u.--~t:..:.t~~~1 :Xmax; 
.~L......JI J...lS J)lW...1 

. (uJo) ...k--oL:......J1 t~ 0-- ~l:"..il ~ ~..r.oS1 :Xmax 

.~·I ~~I ~~ ~I ~~I 4..l1........ J> ~ 

j~ ~L.J-:' tI.J...~~~ (Simplex) w"S I:,! , II ~~ 

.r~1 j-Aj cLol~1 4..l-*"", ~lj~1 jt:....: ~ ,(LINDO) 

(Linear interactive and discrete optimizer) ~ 

~L.... J> ..,k ~lj~1 J.......!...J ' Schrage, L (1986) • .J.b 
d~1 ~I~ ~.rt"Jlj ~~I ~.r"",Jlj ~14--~1 

<G~~ ~ ~lj.r.J1 t ..........J' Winston, W (1995) ~I 

~cS~ ~.~I ~l::..iJ1 t...i ,~~l:"..ij.~ ~l:"..i 

Ji.~1 ~I ~~l ~ ..ill~j )jAJl d~ ~j ....g~1 ~I~ ~ 

~ ~j.,>& • ..G~ d~j 4 ~~I ~l::..iJ1 t...i j ,~'l....-.U 

<.f~j ,d......IJ.JJ1 ~,y....~1 J...o..lI ~L....,.J ~;; ;;! ;; ~ 1\ 

d~ (Reduced cost) ~I~I ~..,k J-.,;...WI 

~I ji .~l,.jJ~ [~I cS..I.4J1j (Shadow price) Jbll )"'......ij 

~4-~I •.uJS 0i d.:.. 'i d..yZ.U ~~I....g.rWljd~ 

~L<.. d)i! ~l J.,......,JI ~~ij Ji.~1 ~I ~~ ~~L... 

,,~.;~~ 

0-- ~~~I ~I (:l:"..i! 0~ d '!!"j ~P.'j ~ ...:;.;..JI (:l:"..i';il 

..ill.JJ 'I"""'.,...JI J)G.. .!:..La,.')U 4...fo...J1 ~I ~y ~Ij ...k--oL:......J1 

Jj~1 ,...... L:-JI • .:u.~J~'i1 ~~.:.G.i ~Id~1~ 

.~~I ~~I4...JL..... J.-l .~I~~IF~ (2) 

Jl,.J 241061 .)..l4.o ~IY-l ~ Ji.~1 ~I 0i ~j~ ...... ~I 

,J ~I . ~I I· · -L:......JI ,w,i l:"..i1~....g,·II~I~~j , <T "'. v:- W (:.. '" -- '" j-Aj 

t.J.Ll ..ill~j ...... ~I .~ ~ J1h.o ~J J~~ 'i ~IY-';il I.:u.j 

[l:"..i!~~I..b.)4 ,~L...~~ L.SJ~'iI~~l:J1 ,_;..~Jls::J1 ~.:.G.I 

~ ~ .~JjJl ~I I~ t... ...k--oL:......J1 ~ .h.i:9 ~~~I ~I 

tlyi ~ ,j~ 'i j~ ~ljJ-:' 0i ~.JJ~ y-~I ,~ 57 ~t..:,l 

....g~1 4...Jb ~~J.......JI ~)l..~1 ~ J.o~ d..,jl 'il J..:!-..>L.,."".JI 

~I 0W,~1 ~~~Jj~1 0i~! ~~';i4 ,~I d~lj 

~j ,J~ jS'J ~I ~I ~ ~i ~ ~i 'ii [l:"..i;>U 

.......~ ~l ~J I~~ ,~I ...k--oL:......J1 jS'J ~~~~ 

~. '" ·i,--",,-,.,.:;JI~I . t... _c;.II~I~1
'" ~ W . ,,,, '" '" ~ j-Aj "'­

~ ;y.L..;. ~J-:'..,k ~ wi ~ ....g~1 4..l1~ ~J~I J...L... 

~~~~ lLii L..,.j ,.."..L...i ~~J~I ~ 

4..l1~ ~ ~:Y..AL...J1 ~J~ ~Y- 'i ~~ ~I ~ls::J1 ~ 

.?\ ~i J> ~J~I .?-I 0-- ....g~1 

(3) 

·(~/Jl:1J) iJ~1 (:l:"..il~~ :bi 

. {Jld ...k--oL:......J1 ~ (:l:"..i';i;' o. ~I ~I~I :B 

4-<-- 4t:..:.l dLl.h], • ..I.L ~l~~IJj.lI.!:..L,..,.~1 ~ 

(J=....>L.....) o~1 ~IJj.llj ~I ~-,+,:,,,I\j ~I~I (:l:U';i1 

~J.J-llj~L,.WI d...'i..h.i....j [L,.,;JI d~L.. Ji.. ~l:Ul~ ,jJoL...L....j 

4..:.IJj.l ~4 ';il d",..L;...J1 ~J~I d",..L....,. 0~~ :L,,;'.,.j ,000l......"'l\j 

0i ~ ;4dJjJl ;W,)I ,!!:;j"-!l;$ ~ ~l::J~j ;;~......,.... ...k--oL:......J1 

~L......s.....:;:; 'i ...k--oL:......JI4LIJjJ;;,o,o.,1I ~IJ~I ~6.L....t~ 

:AT~l:W1 ~I ~J~I 

n (4);~,al(<;'AT 

.(~/\") iJ~I0--~[l:"..i';i;',o,o•• I\~L......J1 :a; 

.Ct) ...k--oL:......J1 jS'J ;;~ji4J1 ~I ~L......JI :AT 

.i.A~~ ;;~~I .J-"OL.a.J1 u.--J-.....-l1 ~LLL...jJ~1 ~..I.L 

~Wl ~I ""'J~ ~ ,~ls::J~ ;;..".:..4-0 ~~ ~~ &JL.!...JI 

J~ <.fi (:l:U';i;' '0. oJl J-.....a.ll ~LLL.. ~.J...L ~J-A-A ~i0 

dLl... ~~'4 J...-o.lI d.o:.L... ,!!;;j"-!l;$ ~~l::J~j (1 Jj~) 

jA.a.J1 ~LLL... t~ll.ucS~ 'i ~ J..:!-..>L.,."".JI ~ [l..:;..;l 

:HT l"""'.,...Jl ~ ~l:W1 ~4 ';il 

n (5)
L hX<;.HTj = I I 

,(~/4LL...) i J~I0--~ [l:"..i';i d 0,0,-.11 J...-o.ll d".:.L... :h; 

. (4LL...) I"""'.,...JI ~ ;;j!ji4J1 ~4';i1 J...-o.lI d".:.L... :HT 

~ l:"..il~ -.5 
'" (: . ~ 

4..l~ J".L> ~~l~ fAL...; ~ 0"s::; ;;~W:. 4.i..iJ1 ~~I 

J~ <.fi [l:"..il ~ 0i J~ <.f.JJ1 ';'11 ~I Ji. ~I ~~ 

:Xmax ...k--oL:......J1 t~ 0-- ~l:"..i! ~ ~..r.oS1 ~ ..I,!j:i 'i Xi 

n 

L X;<;'Xmax (6) 


J-:;: 1 

~I ~IJjJl .!:..La,.~1 j-A ~I .~l0-- ....g~1 0i ~j 

t...i ~I w~1 ~~ ...k--oL:......J1 [l:"..i! 0--~~0~ 

~I I.:u."-!l;$ ~ ~l::JLj ,,j~1 ~ 0§'8;' .I! t~ ~l,J1 

..,..JG.:;l] ;. 0 o'-.JI ~I 0L J~ <.fi [l:"..il ~~ 'i 0i ..,k 

:~I 

http:0,0,-.11
http:J.J-llj~L,.WI
http:d......IJ
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J..:..... ~,~)rl ~I ~L..,... ~~~ lS..r>i w~YJ.A ~ l&.i~ .j.J.,4.l1 dJlJ w~L..... ~ ""'1:~1 ~IJ ';Jl:!j.ll ~~L,.LAi 
J..W10i WlJo ~~ J:...>~I <:~[ 0i ~ l.:u 3700 "?'" h~1 ';Jl:!j.lIJ 2500 -'"" ~.J.,4.l1 dJlJ ~ ~~I J~ J..L..... 0~ JL:WI 

~~L:.~ 6199..,J! ~~IJ~ J..L..... wJ L:.i l.L.;..~1 fo .';Jl:!j.ll.~ ~ ~.J.,4.l1 dJlJ ~~Jh~1 ';..ll:!j.lIIS~ ~ 

~l.i;~6201..,J!J..WI ~ WJYJJl:!J 241061 ~J...."Jl:!J 268803 .j.J.,4.l1 dJlJ ~~~ ';Jl:!j.ll J,.:!J:...>~I <:t.:.[...,...;.; 

.~I tA~ 59.9 ..,J!~ 56.8 u-- '~Jj.ll ~I <:~! ..ill.:.sJ~ 11.5 ..,J!~ 7 .5 u--~~I <:~!~-,Jl:!J 268822.)..lA.- ..ll.>:!~ 

~dJ~~~yl ~....;I ~! (2) JJ~I ~~Y -'"" W J:...>~I ~L,. ~ JJ.!..-WII.:u ~ ,<:~!,I w..;....~ J:...>~I ~L,. ~ 

...,...;.; ~~l.i;~ J..WI ~ u-- L..lJ l.....&.-....;I ~ I.:uJ l&J ..lJ.J..>. ~ J~I J..L..... ~h~1 ';..ll:!j.ll 0i .J...>:-J c...,p.. '~Jj.ll ~I 

L~y l.i;i ~ L.... 2118.5 -'""""'1:~1 ~10~J.>WI ~J ,.j.J.,4.l1 dJl..l ~~~~ ';..ll:!jtA (1) JJ~I~~I <:~!,I w..;.... 

~"J~I t. '·",(I)J.J.:ot.lI . • ~.~!I · ~ '·-~I ~~';..I.>.J..>. - I~ 1 · --: · · · L:.~1431.5· I.'~ 1\ '-1.......11.r ~~ J . '-T I-=- ~ ~ <: ' -. ~...,.-~, u-" v-' _ IJ", V" 

u--~""" .~Jj.ll ~I u--~ 49.3 J 6.1 u-- ~"""01..l.,....J1 ~u--~ 12.8 <:~!~~ l.i;~ 1431..,J! .~Jj.ll ~I J..L..... 

.Jl:!J 120651 ~~yLi u.......LIl..,J! ..l1.>:!,1 ~~tJL,.J ~ 56.8 

~I <:~!,I 4....~ JI.o ~w~l..WJ h~1 d..ll:!j.lIJ <:~!,I ~~~I~~I 4..lL... J> ~~ (2) ~ 

"';.J.,fll ;U1..l w)l.L.....J...,. L~I ~IJ .;~~j.Jl ISJ.A 

(.Jlo/J~J)~I~I (.Jlo) <:l:U~1 J~Ir~I~1 ~~I';J~j.Jl ~WI ~I 

a.:1+> ~ L.. 

a.:1+>~L.. 

a.:1+> ~ L.. 

a.:1+> ~ L.. 

2118.5 

3700 

4871 

2368 

8254 

a.:1+> ~ L.. 

2500 

1700 

1600 

1800 

3550 

0 

0 

0 

0 

0 

7.5 

5.2 

6.1 

1.1 

56.8 

~.>! 

~ 

0by..Jl~ 

~J';J~ 

'~JJ~ 

~ JhII J-A-'-".j~, '•• "iJ$:.l JhII J-A-'-"J(surp)us) ~Li.J1 Ji (slack) ..IS1.)o1l ~I~~ (3) JJ~I ~~J..-WIll=.W1 ~l:;,jJ1 

2.78.)..lA.-JI.oJ-A-'-"~ ~J~IJ..:.....~';;.J..>.IJ';.J..>.y~~)r1 ~....wl ~L..lJ I j! ~.J.,4.l1 dJl..l ,*,~0i ~~I ~I"";t,. 

'Jl:!J 2.78)~ ..l1.>:!,1 ~ ';..ll:!J~~ l.i;~ (\~ 1) ';.J..>.IJ ';.J..>.y .~I ';~JU-- L..lJY l.i;i ~ l.:u. (3 JJ.J...>:-) ~Wlw~~~1 ~ 

~~.J.,4.l1 dJl..l~~~ U.~b0~~L..JI.oJL.....i l&J~ld~1 ~ ,~yJl.oJL.....i djwl~I~~('~II.:u~-, 
l.i;~ ~ 7.5 u-- J...." ~ 8.5 ..,J! ~~I <:t.:.!' ~..l)rl .J.:ot.ll WJ l.i;i l.L.;..~1 fo ...)I.>:!'I ~~~I ..,J! ':'..l~ w~1 • .:u ~ ';..ll:!j ':'! ....;1 

;;..ll:!j.ll .~~I ~ .,..JUI JhII J-A-'-" -,""J Jl:!J 3700 .)..lA.-~~L,. ,:,! Jl:!J 241061 u--~...." Jl:!J 237361 .)..lA.- ..ll.>:! ~~ 

~ ,J..ls:JL,. ~)rl ~I~~ I.:uJ ~I J:...>~I <:~! wL,;..S 4i ~ J.> ~.J.,4.l1 dJl..l ~~~~~~)rl ~....w' ~ 
JL.....i l&J~1 d~ILAi,~ 8.5 ~!~~I <:~!,~..l)rI.J.:ot.l1 ';..ll:!j~~ 55..,J!~ 56.8u--.~Jj.l1 ~I <:~!...;.u..;,.UI J~I 

~I w~L.. ';..ll:!jJi ~IJj.l1 ~j.ll hL.... ;;..ll:!JJi ~I~I ';..ll:!j 0~ 1.:u~J ,~)rl ~I ~p~ uJ ~)rl ~..J.:. ';..ll:!J 0~~,:,J~ JI.o 

~I~ 0..\ I.>:!,I ~L.:, ~ ~J (J:...>~I <:~D ).;.411 d~~~p~ uJ •~Jj.ll ~I <:t.:.! ';..ll:!J Ji ~I <:~!,I 0w.i ~..lL ';..ll:!j J'I 

dJWI ~ ~)rl d j ~L.;..JI d.:!.J-L" ~~LA.>~I ,:,JjJ ~)j.AJIJ~I J ).;.411 ~L.:, i~~~I~~I dJW J.=.!~I • .:u 

tJ.~1 ~JU-- -'=>= .;~.,:;..JI J..lL.-J1 U--J......... ~~ ';..ll:!J0i ~.foJ' ~0l.!>)r1 u--~~ ·tJ~ ;;).....aJIJ~j.lIu--lS:...J ~~I 
,<:~!'I~~~J~j.lI~.;..ll:!j ~4~~IJj.l1 ~j.ll hL....~.;..ll:!J':'!0i ~'I c...,p.. •.:u ~L...~Jk.lI-,"" W ~~~ .J.:51.:uJ 

dJl..l tA d~1 ~~~ c...,p.. dJWI .~ ~l;.. -'"" J.> ~~~I~ Ji ~J~I ~~ ~)U.! ~ ~ <:~~I l.:u ~L,. 
.';.J..>.IJ~.j.J.,4.l1 

~r~I~1 

66663 

47196 

5978 

613.8 

25.3 

7.5 

5.2 

6.1 

1.1 

a.:1+> ~ L.. 

l+,> r~1 ';~~j.Jl 

8510 

~I+> ~ L.. 

~I+> ~ L.. 

~I+> ~ L.. 

~I+> ~ L.. 

4 

3 

6.7 

2.4 

52.3 

4WI~1 

114000 

62000 

115960 

4380 

102 

7.5 

5.2 

6.1 

1.1 

4.5 

~WI Ji ..lS1.)1 ~I 

0 

47196 

5978 

613.8 

25.3 

0 

0 

0 

0 

52.3 

Jhl'~ 

2.78 

0 

0 

0 

0 

3700­

4871­

2368­

8254­

0 

~I 

e(,) ~Wlwb.~~1 

(J~J) .;~.,.....~I ~I~I 

(2(') ~WI ~L.....JI 

(~I....) ~WI J.....l1 w~1.... 

(.Jlo) ~ l:U >U ~I erLc~I ..u.JI 

(.Jlo) ~~I <:l:U~ ""';~~I ..u.J1 

(.Jlo) ~I ~l:U~ ""';~~I ..u.J1 

(.Jlo) 01Jy..J1 ~<:l:U~ ""';J"-il ..u.J1 

(.Jlo) ~.)I ';J.:JI <:l:U~ ""';}~I ..u.J1 

(.Jlo) '~Jj.Jl ~I <:l:U~ ..,..;~"-il ..u.J1 

http:4~~IJj.l1
http:I~~~J~j.lI
http:56.8u--.~Jj.l1
http:lA.-..ll
http:I)J.J.:ot.lI
http:j.J.,4.l1
http:268822.)..lA.-..ll
http:u--'~Jj.ll
http:Jl:!j.ll
http:Jl:!j.ll
http:Jl:!j.ll
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