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1- Transcendental function

D5 o g (63,ml) Sleg g 5l (65l O oy0 e
ol pglsS Sis 5 o opgerte sleer SOl )15 slsly
CxSe o yb glil 4 Y /Y 1 She job 4 calisee sl Sl o
awilyd s ile olayedS > (adld pl Sle 4 Cuns &S
ool @ ase bcplpl (FY) o)l (o0l jlaw MBI (Y5 A/A)
ol aden (65,5l 15w sadg sloodles opgore Oliwe 0092
Sl Jlod g (650jul «65)5liS 03ld (ke Olgie 4
2 a8 Cl Slegoge g pre J S asinltS o g0
a2 390 slal g ol L b e ale oo 3 53 (lo s
s ol agorte pa3ls Jolos Ly el 4B S 18 cue
15 6y s (slais IS sl s oo sl \Sal,
dewgh g S ay oliwd glinl) )3 (5)ysliS SV paee
3905 D561 Jié Castel 5l
g A )5S e slaplil S plo)S Gl
e L U bl cpl &S (g ysbdys .l 2]y 9 (2L &Y game
08 Ol 1 98 (Sgl gaw S5l (303 WV/F o
g )L yl5a Yer 291 3929 (pimen )15 )5 pg> 45, 5
a8 Cusl s op) S0l il (gl )3 (25 Y gazme CuiS
2 g Sl (5,9l DLl (S slaglinl (S il ol
Ol ol 3 1y S g s (e ey Jpaze e (0
cle e )S biwl (ol g8l .l ooy joliaid] sgsa
7503 36 g 0138y s sl lgonls 5 aldlyi (ol Cunbye
595 9 393 sl o gl e St sblie Sl Jalse
b3S Gl (b gl (i ol wlie Sl oo e
b cpioon o Lolay iolidl 5 Cumen by b &S Conl 03y (slaisSay
5 Ol Goe slooly 2 1 joydje) ()l Cljwas Cé i
45 gl Sl 0ad 039381 (Gnejpj O (slao i 45T e
A1 )3 Loy (e Moy 5 (mipej o o 8l JSCte
@ olgee dex o] 5l a8 ol o 555 le)S bl (lacuss
o Ll LIS 5 25,5 ol pps by (oS el (slacuss
Ol Cubly a8 ol L calisee Slalllas dbiwly (ol 53 .(V) 2505
ol caas cdl g Glo)S bl o dwejp; ol mlie | us
plasl iy ad)y (ialS czge (59 laljl 4 )3 5 baols
slaol coas Jials cuss ol oad ding 3,Sles ¢ g
2 S Sl a8 canl o b Ol (y98 GRI3El g (nei
odd (B35 5 pe Bl 2 (oge 9)Sue Vevee B3)lge (pdm
Gl &l JUosds |y a0y Slos ialS ali e oyl ol
U (EC) (50 L slaco amd o (Lt g 0uSitimgy llllas
3oy ) ine 1 aSLl (g yioBle g 9Sue Av e
Woeor o b gl 51 bl o odlitl L sl 4zdls dtu
EalS 03 VOV x dga o8 L g yie Bl 2 (wge 955w



YAV ooy (bl (6379 2 63l T Copdn 9 oo Sl ekl g0l 31 (il 3

AL 35 S (69 S WY guame 5, Slos ol (690 0
a2y bl odd (pyp g Jelod (o) g 03294 ()9l
S S ol > adlle ol plo] a3 i ol o ey
ol alas Mo

S an (2l rprselip Lol sl sl Jlw
0158 )3 148 eolaiwl 350 (65,58 10 Gl G e > (slodinS
wlagby) jl (S plgisan 4LBIS and dix jlohige dagSl
3098 Blawe 3)90 )3 (5 ol Il Glicds & 2Bl
Siraeli (YO) Sload (Byme (55)5liS i g 4050 o>
TPMP) cesto 5 (NMP) (s,Loxin o5 59 4 Ml55se (o5,
slaodly Jole dw ay o9y y Gl 5 5,18 0645 031> drwes
5 (o L 5 T SLaS] T gind (i) (5901 35 p03 5250
9 @b colsal (il iy ol 4 o) (S 305 0j>
ey S Aalgs Sl L3l 3 1, glite cla uUlss
Sz g 4d (Byme (W) Cagn bawgs )b (gl e (532500l 0
2040l (595U )3 29290 OIS 1 e g o lS g8,
I oS sl (225 (Jelod Sy o 8 pl Bl dngs (b
Lt ClaeS ol an 4 a Sl 56 2gn 00 leMb plos
Sloye S sy g sladlhie gla Lo o g 08 e solatul
AWy bl o e apracany (eobaBl Jlod 5 dsgi )
Ssdzo Jsiws byzally 51 3 PMP (clasSIl s NMP clasSl
o) 48l e g b asil b cundy 380 gk 4 B L
b9 o) Blyga 01 aanlio glaodls a5l 4 36 LagS
Lag S cpl Ban (p foree 22980 0dnel Cuto (231 (s12540b
Cul ()b Slpe & o (BRI ladedll S gy
(OF 5 ¥4) 35l i sl 3hliS sl gl |, osSI o] a5
- 5l ool wl Ly aS 058 o (a3 dslllan copl o coplpls
2l s g andye Sl 8l Cute 0l (53000
5N g S 255 4oy oS el (o 5555k
ooliuls g0 sLnds gorme o W yzalyly b yize oled PMP gy
Lol 0 4o Y 5V Jglis ) cddlllas ol o

s gorme 4o (ol yllS clacudgise Jol ad>ye
g oo Ll (s gyl 65U G @lie slacydgie
50793 (sos odblie Falaw 4 1) euld pdaw iydgizs oyl

1- Normative Mathematical Programming

2- Positive Mathematical Programming

3- Prescriptive

4- Explorative

5- Descriptive
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Table 3- Annual discharge amount and average annual groundwater fluctuations study areas of Kerman province

o o ; T aobio ai¥lw adss
3390 Sl bas b (y50) (sinn 25 ol ebauw ¥l S5l wgie e e s
axllao The average annual fluctuations in groundwater ) (usse o r5el) .
Study areas level (meter) Annual discharge of water resources (million
y cubic meters)
. -0.58 226545
Bardsir
o) -0.64 743.185
Rafsanjan
) -1.36 260.976
Zarand
Ol -0.68 388.466
Sirjan
oo -0.86 299.793
Kerman

LYY= o ()l p)bl) ooy cladlaie OF 8 y5 sl
Source: Kerman Regional Water Company (2013-2014).
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Table 4- The changes of Crop yield relative to increasing one unit of salinity

Y quazzo (dS/M) (55980 Jooxs aibiw] s (W 53) 3 55Mos ol gt
Crops Salinity tolerance threshold (dS/m) Change yield (percent)
P 6 7
Wheat
> 8 -5
Barley
> 34 -10.6
Pea
() 17 12
Potato
0 2 7.3
Alfalfa
lesle 2 18 7.4
Forage corn
5 11 -13
Rapeseed
e 9 5
Pistachio
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Table 5- Impacts of water quantity and quality depletion scenarios on agricultural of Bardsir

Jyazme o LRV Y92 )l ¥ 92,0 Y2, b
Current conditions Scenario 1 Scenario 2 Scenario 3
pS 7400 6946.22 6777.30 6298.99
Wheat
s 4745.20 4581.30 3975.33 412351
2 % Barely
§ & 3955 153.60 0 1754.38 20.31
2 o Pea
= E S JU 2239.80 1688.33 5434.84 1630.06
g . Potato
6 L FE 6548.40 6685.60 0 5848.81
% < Alfalfa
o) % sladgle @) 2481 2301.37 2476.97 2026.89
Forage corn
Ay 2586 2556.26 2586 2411.04
Pistachio
(i) €S s rdaws ggoone 26154 24659.09 (-%6) 23004.82 (-%12)  22359.61 (-%14)
Total area under cultivation (hectare)
(U 35kbe) cgletsli o35 1090.76 1040.93 (-%5) 1211.08 (+%11) 1031.68 (-%b5)
Gross margin (Billion Rials)
(Ko yio yoaleo) Ol Bpuan e 467.30 449.31 (-%4) 373.92 (-%20) 403.50 (-%14)

Water use (million cubic meters)
(Jb) o G pan (odlatdl (590 0 2334
Economic productivity of water
consumption (Rials)

2317 (-%1) 3239 (+%39) 2557 (+%10)
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Table 6- Impacts of water quantity and quality depletion scenarios on agricultural of Anar

Jgazwo oU hé bl s Y gl Y gl ¥ 95l
Current conditions Scenario 1 Scenario 2 Scenario 3
N pazme iS5 P 2600 242231 1698.48 1875.63
(ta) Wheat
Cultivation area =5 3290.80 3055.53 2456.14 2549.40
(hectare) Alfalfa
. e . 33512 31910.91 32648.43 31387.24
Pistachio
DES) i 2 @M‘ZM 39402.80 37388.75 (-%b5) 36803.05 -%7 35812.27 (-%9)
Total area under cultivation (hectare)
(Jy 25b) slasliy 023l 5385.03 322754 (-%40) 354838 (-%34)  3219.01 (-%40)
Gross margin (Billion Rials)
(e e 09;4".’) o e O 314.73 296.25 (-%6) 267.79 (-%15) 267.79 (-%15)
Water use (million cubic meters)
17110 10895(-%36) 13251 (-%23) 12021 (-%30)

Economic productivity of water
consumption (Rials)
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Table 7- Impacts of water quantity and quality depletion scenarios on agricultural of Rafsanjan

Jgatro @b M bl o Y g2 b ¥ g2, ¥ g2 b
Current conditions Scenario 1 Scenario 2 Scenario 3
oY WA L5
game CuiS 5 e £ 100 92.10 0 92.10
(bs2) Wheat
Cultivation area ” 115.40 107.58 0 107.58
(hectare) Barely
. e . 61849 48237.27 53069.23 48237.27
Pistachio
(%) ) @‘“ﬁ’“"‘ 62064.40 48436.95 (-%22) 53069.23 (-%14) 48436.95 (-%22)
Total area under cultivation (hectare)
L,y 3,ble) (glaoli s 033l
(Jley 2,bke) sty 033 7851.33 3217.02 (-%59) 5176.27 (-%34) 3217.02 (-%59)

Gross margin (Billion Rials)
Water use (million cubic meters)
(Jb)) u] d)aa.n L5>La..§| 590 %
Economic productivity of water 17204
consumption (Rials)

356.48 (-%22) 388.29 (-%15) 356.48 (-%22)

9024(-%48) 13331 (-%23) 9024(-%48)
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Table 8- Impacts of water quantity and quality depletion scenarios on agricultural of Zarand

, § Loy (T Y 5yl ¥ 925k
Jonane ol ke bl 2t 2 2t
Current conditions Scenario 1 Scenario 2 Scenario 3
P 800 715.47 300.99 439.29
Wheat
0%
= > 187.80 295.49 0 0
= = Barely
§ E( RP3
S 5 4.90 4.42 4 3.82
> E Pea
2% . 553.60 514.07 279.57 334.95
=3 Alfalfa
g lagsle @5
8 ¢ ) 32.60 0 66.33 66.76
< (E' Forage corn
. e . 25182 23982.64 23226.56 22704.08
Pistachio
DESa) 208”2 glaw E9os 26760.9 25512.09 (-%5) 23886.45 (%11)  23548.90 (-%12)
Total area under cultivation (hectare)
(UL 25ldeo) (glaol s 330
. - . 3409.95 2096.42 (-%39) 2283.84 (-%33) 2083.57 (-%39)
Gross margin (Billion Rials)
So o - s -
(e 2a u’;*L-*f’) < Sran O 252.78 240.44 (-%5) 215.08 (-%15) 215.08 (-%15)
Water use (million cubic meters)
Economic productivity of water 13490 8719 (-%35) 10619 (-%21) 9687 (-%28)

consumption (Rials)
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Table 9- Impacts of water quantity and quality depletion scenarios on agricultural of Sirjan

. 5 oyl o Y g9, Y 4, lw ¥ 9,
Jguazno o o 2 9" 5" 95"
Current conditions Scenario 1 Scenario 2 Scenario 3
Npaza S ) o P 2400 2235.22 1432.48 1599.33
(HSa) Wheat
Cultivation area # 2220.30 2092.97 1530.06 1639.32
(hectare) Barely
NS 1413.10 1312.12 732.98 865.11
Alfalfa
Al
e 51030 48600.55 46374.62 45540.83
Pistachio
[i5e) 025 s 5020 57063.40 54240.86 (-%5) 50070.14 (-%12) 49644.59 (-%13)
Total area under cultivation (hectare)
L Jaol » 0330
(JL °)U*_~‘°) < f“’lf"' " 4433.85 3158.35 (-%29) 3433.31 (-%23) 3134.68 (-%29)
Gross margin (Billion Rials)
(e oo u*;-l**_’) 7 Srae e 689.84 654.58 (-%5) 586.95 (-%15) 586.95 (-%15)
Water use (million cubic meters)
(JLl)) u] gé)..m dJLafél 50900
Economic productivity of water 6427 4825(-%25) 5849(-%9) 5341(-%17)

consumption (Rials)

Geios saialy sisle

sl Jxd byl 4y o Ol o )d SOl sl 30 slacl



YoV ol ol (5550liS 2 (53bel O ConhaS g CanmaS Ol i (gLl il 51 95

390 Bblie plo jl (i 98 g (il Aty oAIS W95 oy 5 Lol
el ol T bt (655 Gl 4 ()
P ol mle gaon V0 ials gg )l & ad o lis gl
Gblo o (sl g Gl el gailaio gl S oy
Gl Bpae csSeo 1o S Lall ()90 )0 pE2 4 e
clie LSaly 6 plgisdr il ol 5l g cnlple 9
Ot pny et Sy Pl oy sedlaie o gl Sy pute
P ol Byae xSyt S (ol (59000 SRR i
oy SWlbe (godgime 4 bgrye Ol wlio (hoy VO yialS
Bblis plo Cous 4 039l a8 sad o lis ddl pl .ol
el 0,50 Ol e a8 281 4 S gyl ol

o 2 (LBl (5)90 00 (lipe dumlia jolate 4 VY Joi>
rgime ) s 3y90 (slagy s o Ol B jpmo aSas
sl 0 1y il llllae
ialidl cadllas 3,90 3blis solad (lyy 45 Smd o 5 b
ia Sy 2l (gyg0,0 2 site S i 5y 0y S
S ol plie coas Jials oplply o) Ol G pas caSo
1o O lie Copto 3 I sl el «(5)9 i3
ey D90 Bblie (53 Lol (Sl pre Jole pl 4 425 oS
ol 5l (b OF (oolatdl (690,00 (10N it g (a8
Obxind) g pdy Sllae srodgie & byrpe a5 4 (5)98
Ol 4 floxiuwd) gadlio 4 S W ad o lis 4l opl cuwl

Oy (559U Candy 5t O il CupeS 9 CupdeS (AR Glagy jliw IST Y+ Jgaa
Table 10- Impacts of water quantity and quality depletion scenarios on agricultural of Kerman

S ;o
(,L5) Y gaamo hed bl s Y 92,0 Vg2t ¥ g2 b
Cultivation area Current conditions Scenario 1 Scenario 2 Scenario 3

(hectare)
P 2600 4591.41 3870.70 4090.59
Wheat
7 1906.40 3954.61 3462.27 3599.12
Barely
5 110.40 603.92 588.33
Pea
ik 3290.80 0 0
Alfalfa
6|4é9l$ Oy
332.60 298.75 336.58
Forage corn
. e . 33512 31777.55 32161.79 31107.81
Pistachio
CuiS’ o daw ggoone
() 41752.20 41339.24 (-%1) 40397.43 (-%3) 39722.44 (-%5)
Total area under
cultivation (hectare)
(UL 25ldeo) (gleol s 330
Gross margin (Billion 5375.89 3015.13 (-%44) 3337.71 (-%38) 3010.51 (-%44)
Rials)
o Ogake) Ol Gy (e
(s 399.14 360.02 (-%10) 339.61 (-%15) 339.61 (-%15)

Water use (million
cubic meters)

o Sy golal (59050
(Jy) T G e o
Economic 13469
productivity of one
cubic meter of water
use (Rials)

8375.38 (-%38)

9828 (-%27) 8864 (-%34)
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Table 11- Impacts of water quality and quantity reduction scenarios on economic productivity of one cubic meter of water

SLodgao

skad bl

. Y 925l Y 91l Y g3,buw
Wl Cur'rt'ent Scenario 1 Scenario 2 Scenario 3
Study Areas conditions
s 2334 2317(-%1) 2649(+%13) 2557(+%10)
Bardsir
il
A’b 17110 10895(-%36) 13251(-%23) 12021(-%30)
nar
QW)
] 17204 9024(-%48) 13331(-%23) 9024(-%48)
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Introduction: Excessive extraction and depletion of groundwater aquifers and critical water status in more
than 120 plains of the country have resulted in decreased water quality. In addition, the productivity of

agricultural water of Iran in different years is on average lower than other countries. The results of most salinity
studies show that high concentrations of salt in soil solution have significantly reduced the yield of crops and
horticultural products in the country. More profitability and high market value of pistachio crops in comparison
with other crops has led to many efforts by Kerman farmers to develop pistachio groves. Various studies show
that over- extraction of groundwater resources in Kerman province and decreasing water quality of wells and
consequently increasing salinity has reduced root growth and crop yield. In the present study, economic analysis
of the effects of quantitative and qualitative changes of water in different scenarios on concepts such as yield,
cropping pattern, water consumption and productivity and gross profit of farmers in major county of Kerman
province has been investigated.

Materials and Methods: To achieve the goals of present study, we first obtained the salinity-water-yield
function for each product. Then, by regarding this function in the positive mathematical programming model, the
effect of different scenarios including changing water salinity level and changing water supply, on factors such
as water productivity, crop yield, cropping pattern and gross profit of farmers especially pistachio growers are
analyzed and investigated. In this regard, scenarios of 15% reduction of available water resources in different
regions and increase of one salinity unit individually in combination with the above mentioned indicators are
evaluated by conducting positive mathematical programming model and are identified by studied areas.

Results and Discussion: Investigation of the data reveals that discharge of aquifers is higher for recharge in
all studied areas and consequently reduction of groundwater level has occurred. The result shows that the yield
sensitivity of pistachio and barley crops to one unit soil salinity is lower than other crops. However, the highest
yield loss as a result of increasing one unit in soil salinity as a scenario for canola and potato crops is 13 and 12
percent, respectively. Due to the decrease in quality and quantity of water resources, the total area under
cultivation has decreased, with the lowest and highest reduction being in Kerman and Rafsanjan County,
respectively. The results show that the scenario of 15% reduction in available water resources would just
increases the area of Bardsir and leads to a decrease in one cubic meter economic productivity for other areas.
On the other hand, by applying all three scenarios including decrease in quantity and quality of water resources,
gross margin and water use will be reduced due to the decrease in the cultivated area of high yield and water
based crops such as alfalfa and pistachio in Kerman region. Also, the results indicate that for all studied areas,
increase in salinity by one unit has the most negative effect on economic productivity of one cubic meter of
water consumption. In addition, the results reveal that decreasing the quality of water resources due to the
increase in salinity encouraged the pistachio growers to cultivate less pistachio crop which would result in
reducing their gross profit. Also, decreasing the quality of water resources caused by one unit increase in water
salinity has a negative effect on the gross margin (gross profit) of farmers in different regions. This is mainly due
to reduction in total area of cultivated pistachio in Rafsanjan County.

Conclusion: In general, decreasing the quantity and quality of water resources will cause irreparable
damages to the agricultural economy of all studied areas except Bardsir. Therefore, it is vital to adopt appropriate
policies to control the quantity and quality of water resources so improving livelihoods and water demand
management in the pistachio areas of the province. The increasing salinity poses a serious challenge to the
economic productivity of water use and water resources management in Rafsanjan, applying economic
productivity improvement tools, such as the use of modern irrigation systems or crop pattern reform strategies
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and product insurance can be effective in boosting gross margin.

Keywords: Crop-water-salinity production function, Gross margin, Positive mathematical programming
model, Water quality, Water productivity



