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Abstract

Hydrological drought is a phenomenon that occurs due to the
reduction of surface water and groundwater resources supply.
Because of the dependence of the agricultural sector to soil
moisture storage, it primarily affects this sector. Therefore, the
analysis of the effects of this phenomenon is important for the
better management and planning of water resources available
in the agricultural sector. In this study, the effects of
hydrological drought arising from reducing the supply of water
resources on agricultural situation, water consumptions and
farmers' gross profit in Tehran province were evaluated. For
this purpose from Multi Period Positive Mathematical
Programming (MP-PMP) and statistical information related to
period 2013-2018 were used. The results showed that the
current cropping pattern in Tehran province is not optimal and
with occurrence of hydrological drought, farmers’ tend
decreases for the water-full crops such as watermelon, tomato
and sunflower. In addition, the results showed that in the
hydrological drought conditions, about 9.13 percent of
agricultural water demand in Tehran province will not
provided. This will change the pattern of cultivation in the
region. Reduction in the farmers' gross margin amunt 7.28
percent and increase in the economic value of irrigation water
amunt 38.2 percent compared to the base period are other
consequences the occurrence of hydrological drought in
Tehran province. Overall, the results indicate that with the
occurrence of drought, the cropping pattern toward products
with lower water requirements and higher profits, but for
tomato and corn products (despite the high water requirement)
due to integrated farming in region reducing acreage is less
visible. Finally, suggestions to deal with consequences of
hydrological drought in study region were presented.
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Table 1- Statistical information on selected crops of Tehran province during reference period
(\Y’iY—\Y“W) &0 0y9d ‘_,b O‘)‘QJ ol;‘.w‘ ‘;c‘”‘ o9 QY"M “ bg.g;.o LS)L"i OleYb] - Jg.\?

Acreage Yield Water.req Labor Machinery Capital Profit

Products (ha) (kg/ha) (m3/ha) (w.hour) (w.hour) @) (@)
Wheat 56825 3847 4070 1488 780 12.670 14.510
Barley 32400 3730 4000 1713 720 11.300 12.868
Corn 9380 5400 6400 1865 250 12413 19.576
Tomato 8760 33470 7510 1862 976 16.480 19.574
Watermelon 1327 47630 7854 1120 1350 15.357 18.933
Sunflower 2920 4438 7562 1365 850 16.370 21.791
Rapeseed 3203 3150 6720 1850 800 12.853 19.907

*and ™*: million rial in hectare

Reference: Tehran Province Agricultural Jihad Organization, 2018

Table 2- Inputs contribution of amunt one in producing selected crops in Tehran after estimating function
&L e85 1 e 31T Ol (81,5 o Y guazme adgi 53 (S L aaly lade 1) (8 e (025 e —F Jgu

CES

Products/Inputs Land Water Capital Labor Machinery
Wheat 0.997 0.002 0.003 0.009 0.002
Barley 0.994 0.005 0.006 0.002 0.006
Corn 0.959 0.038 0.003 0.001 0.005
Tomato 0.944 0.050 0.004 0.001 0.003
Watermelon 0.492 0.464 0.037 0.006 0.002
Sunflower 0.785 0.194 0.016 0.003 0.001
Rapeseed 0.820 0.163 0.011 0.005 0.001
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Table 3- Estimation of land input quadratic cost
function parameters for selected products
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Parameter
/ Products Alpha (a;) Gamma (yj)
Wheat -32.838 17.19
Barley -15.814 19.69
Corn -72.387 19.71
Tomato -65.126 20.64
Watermelon -60.654 47.95
Sunflower -70.647 63.46
Rapeseed -59.188 49.62
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Table 4- Effects of the hydrological drought on acrage of selected products and cropping pattern

CuiS g9l g () e Y guarme CulS 5 b ) Sufglgyied JuSuid OlT-F Jgan
Acreage The Applied drought scenario in planning model

Products (ha) changes Mild Slight Medium  Rel.Severe Severe
Amount 57008 57215 57453 57733 58070
Wheat 56825 Percent 0.32 0.68 1.10 1.59 2.19
Amount 32524 32663 32822 33008 32203
Barley 32400 Percent 0.38 0.81 1.30 1.87 2.56
Amount 9353 9322 9286 9241 9185
Corn 9380 Percent  -0.28 -0.61 -1.01 -1.48 -2.07
Amount 8723 8680 8629 8568 8492
Tomato 8760 Percent -0.42 -0.91 -1.49 -2.18 -3.06
Amount 1184 1024 845 641 405
Watermelon 1327 Percent  -10.8 22.8 -36.3 -51.6 -69.5
Amount 2871 2814 2749 2672 2578
Sunflower 2920 Percent  -1.69 -3.62 -5.86 -8.50 117
Amount 3153 3097 3031 2952 2857
Rapeseed 3203 Percent -1.54 -3.32 -5.38 -7.82 -10.8
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Table 5- Effects of hydrological drought on total water consumption, gross profit and water economic value
bl O (eaLaiBl 5,0 9 (glaelip 833L ¢ o B lae Eaoxo 33 (Su5elg iad (JluSuid d1ud , WIS -0 Jgua

Base The Applied drought scenario in planning model

Desired variables values changes Mild Slight Medium  Rel.Severe Severe
Total water consumption in Amount  446.29  439.81 429.76 420.43 412.05
Pattern” 453.47 Percent -1.58 -3.01 -5.23 -7.29 -9.13
Total gross profitin Amount  1725.6  1698.3 1674.1 1657.7 1621.9

in Pattern™ 1749.3 Percent -1.34 -2.91 -4.29 -5.23 -7.28

Water economic value Amount 1245 1334 1409 1516 1592

in Pattern™” 1152 Percent 8.07 15.8 22.3 31.6 38.2

* *

, "and " respectively million m, 100 milion rial and rial/m?
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Fig. 3- Changes in total water consumption, gross
profit and water economic value under drought
conditions
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Fig. 2- Extraction of irrigation water demand
function for farmers in under hydrological drought
Event
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4- Normative Mathematical Programming

5- Multi-Period Positive Mathematical Programming
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