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

e s . ! oo AYLw a5
290 (S s 4 () oy 325 & oo ¥l SUlwgs bawgio )
axle The average annual fluctuations in groundwater . (anslo 20 ogeke) -
Study areas level (meter) Annual discharge of water resources (million
Y cubic meters)
R -0.58 226.545
Bardsir
b, -0.64 743.185
Rafsanjan
= -1.36 260.976
Zarand
Ol -0.68 388.466
Sirjan
ol -0.86 299.793
Kerman

LFAYYRY b 6yl bel) loyS (slaihaie Ol 8 i sislo
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 gaaseo (dS/m) (5590 Jooxi dibia] (w2 53) 3 5os ol pputs
Crops Salinity tolerance threshold (dS/m)  Change yield (percent)
puis
Wheat
> 8 5
Barley
> 34 -10.6
Pea

6 -7

() 17 12
Potato
N 2 73
Alfalfa
sledgle <2 18 74
Forage corn
1 11 -13
Rapeseed
Al

T 9 -5
Pistachio
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Table 5- Impacts of water quantity and quality depletion scenarios on agricultural of Bardsir

Jyazw ol shd byl Y 99yl Y g1, bw ¥ 99yl
Current conditions Scenario 1 Scenario 2 Scenario 3
puS 7400 6946.22 6777.30 6298.99
Wheat
s 4745.20 4581.30 3975.33 412351
2 % Barely
g- e 3955 153.60 0 1754.38 20.31
= Pea
; \E, ko) s 2239.80 1688.33 5434.84 1630.06
S Potato
’0:? é« e 6548.40 6685.60 0 5848.81
% < Alfalfa
NS % Shdgle &3 2481 2301.37 2476.97 2026.89
Forage corn
Ay 2586 2556.26 2586 2411.04
Pistachio
(HkSa) iS5 pdaw goeme 26154 24659.09 (-%6) 23004.82 (-%12) 22359.61 (-%14)
Total area under cultivation (hectare)
(b 35bdee) (slaabs s 0354 1090.76 1040.93 (-%5) 1211.08 (+%11) 1031.68 (-%b5)
Gross margin (Billion Rials)
467.30 449.31 (-%4) 373.92 (-%20) 403.50 (-%14)

(o 50 oselee) ST B e (e
Water use (million cubic meters)
(Jb) ] G pae (53laddl (g90 00 2334
Economic productivity of water
consumption (Rials)

2317 (-%1) 3239 (+%39) 2557 (+9%10)
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Table 6- Impacts of water quantity and quality depletion scenarios on agricultural of Anar

Jyao U e bl o Y 92 b ¥ g2, ¥ g2 b
Current conditions Scenario 1 Scenario 2 Scenario 3
Npaze S ) o P 2600 242231 1698.48 1875.63
(lsa) Wheat
Cultivation area NS 3290.80 3055.53 2456.14 2549.40
(hectare) Alfalfa
had 33512 31910.91 32648.43 31387.24
Pistachio
Lise) i 25 @M‘EM 39402.80 37388.75 (-%5) 36803.05 -%7 35812.27 (-%9)
Total area under cultivation (hectare)
(Jly 3] (slaaliys 023 5385.03 3227.54 (-%40) 3548.38 (-%34)  3219.01 (-%40)
Gross margin (Billion Rials)
. UG .
(e U’?l*f’) = e ol 314.73 296.25 (-%6) 267.79 (-%15) 267.79 (-%15)
Water use (million cubic meters)
(Jb)) 5;‘ B puno (g0l 590 4%
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

R 8 Loy pu Y g5, bw Y 95t ¥ g2l
Jguazmo o s 2 " 9" "
Current conditions Scenario 1 Scenario 2 Scenario 3
N gama S 5 o P 100 92.10 0 92.10
(kS Wheat
Cultivation area ” 115.40 107.58 0 107.58
(hectare) Barely
. e . 61849 48237.27 53069.23 48237.27
Pistachio
(Sa) i85 _@““’, Eooe 62064.40 48436.95 (-%22) 53069.23 (-%14) 48436.95 (-%22)
Total area under cultivation (hectare)
(b 35bbe) slasliyy o33k 7851.33 3217.02 (-9%59) 5176.27 (-%34) 3217.02 (-9%59)

Gross margin (Billion Rials)
(U’S“’ o u?:l“’) ol ‘—é)_“"’ O‘)":‘" 456.36
Water use (million cubic meters)
(Jb)) gi G ypao oLl (£990 5%
Economic productivity of water 17204
consumption (Rials)

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

9024(-%48) 13331 (-%23) 9024(-%648)
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Table 8- Impacts of water quantity and quality depletion scenarios on agricultural of Zarand

Jgmasws ol (snd byl i Y 925l ¥ g2 b A
Current conditions Scenario 1 Scenario 2 Scenario 3
P 800 715.47 309.99 439.29
Wheat
0%
c K > 187.80 295.49 0 0
= = Barely
a C: ..
g ¥ 29 4.90 4.42 4 3.82
= E Pea
8 £ N 553.60 514.07 27957 334.95
2 Alfalfa
g & lsgle @55
& < ) 32.60 0 66.33 66.76
L (E' Forage corn
had 25182 23982.64 23226.56 22704.08
Pistachio
Li5e) i’ o ggocre 26760.9 25512.09 (-%5) 23886.45 (-%11) 23548.90 (-%12)
Total area under cultivation (hectare)
(Juy 2dhe) slasty; 033t 3409.95 2096.42 (-%39) 2283.84 (-%33) 2083.57 (-%39)
Gross margin (Billion Rials)
(e 2o D) ol S e e 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)

BRIV LU
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Table 9- Impacts of water quantity and quality depletion scenarios on agricultural of Sirjan

R 3 oy Y g5, Y 9,bm Y gyl
Jyazs ob ke bl 9250 2 9250
Current conditions Scenario 1 Scenario 2 Scenario 3
Npaze 5 ) o P 2400 2235.22 1432.48 1509.33
(,la) Wheat
Cultivation area ” 2220.30 2092.97 1530.06 1639.32
(hectare) Barely
Nty 1413.10 1312.12 732.98 865.11
Alfalfa
Al
L 51030 48600.55 46374.62 45540.83
Pistachio
(52) i85 gl gyoee 57063.40 54240.86 (-%5) 50070.14 (-%12) 49644.59 (-%13)
Total area under cultivation (hectare)
(Jly de) cslaslyz 033t 4433.85 3158.35 (-%629) 3433.31 (-%23) 3134.68 (-%629)
Gross margin (Billion Rials)
(e 2 ‘”J‘“’) ol Bpan i 689.84 654.58 (-%5) 586.95 (-%15) 586.95 (-%15)
Water use (million cubic meters)
(JLl)) ui d)mA ‘_g)La_.SI ‘_5)55)%
Economic productivity of water 6427 4825(-%25) 5849(-%9) 5341(-%17)

consumption (Rials)
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Table 10- Impacts of water quantity and quality depletion scenarios on agricultural of Kerman

“uiS ;5 ek
(,USa) Y guaso (k2 byl s Y g2 b Vg2 bw ¥ g2yl
Cultivation area Current conditions Scenario 1 Scenario 2 Scenario 3

(hectare)
P 2600 4591.41 3870.70 4090.59
Wheat
# 1906.40 3954.61 3462.27 3599.12
Barely
57 110.40 603.92 588.33
Pea
N 3290.80 0 0
Alfalfa
dld.é9l.c Q)S
332.60 298.75 336.58
Forage corn
. e . 33512 31777.55 32161.79 31107.81
Pistachio
i ) o ggone
(use) 41752.20 41339.24 (-%1) 40397.43 (-%3) 39722.44 (-%5)
Total area under
cultivation (hectare)
(Jby 2,lkee) (slasliy 033
Gross margin (B||||0n 5375.89 3015.13 (-%44) 3337.71 (-%38) 3010.51 (-%44)
Rials)
5o oakes) O B a0
(ecSho 399.14 360.02 (-%10) 339.61 (-%15) 339.61 (-%15)

Water use (million
cubic meters)

o Sy oolaBl (0050
(Jy) T Gpae cuSlo
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

SLodgazo

FETR

Y gl Y ol ¥ g,
& Wike Current 7" 77 #%
.- Scenario 1 Scenario 2 Scenario 3
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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



