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Table (2) Estimation of standardized precipitation index (SPI) and drought situation
in Tehran province

Slsis cunsg s Ls Ju Flusiis carsg s ls JLs
(Drought situation) SPI Year (Drought situation) SPI Year
SPI SPI
index index
Mild ) f"")l"’ 6; s -0/762 1389-1390 (Severe wet) o LsJL“’JJ 1/681 1381-1382
(drought
Slight ) cayas JLSis 0/398 1390-1391 Mild wet) dle Lo 5 1/211 1382-1383
(drought
Mild ) pedbe Jlusiis -0/318 1391-1392 Mild wet) dlo Lo 5 1/169 1383-1384
(drought
Lgie JlSis -1/029 1392-1393 (Mild wet) wdb Jlo 3 1/090 1384-1385
(Moderate drought)
Severe ) wyas  JLSis -1/349 1393-1394 Mild wet) dle Lo 5 1/262 1385-1386
(drought
Mild ) sdle JLSts -0/790 1394-1395 Slight ) Giwas JL.S2s 0/261 1386-1387
(drought (drought
Mild ) psdbe Jlusiis -0/878 1395-1396 Mild ) apdle JloSis -0/914 1387-1388
(drought (drought
Mild) el JlSias -0/551 1396-1397 Mild ) podbe Jlusits -0/480 1388-1389
(drought (drought
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Table (3) Percentage of drought probability in the study basin

olasy Jlsl wus yo SlaSis wad
12/50 (Slight drought) cads Jluslis
43/75 (Mild drought) s Jluslis
6/25 (Moderate drought) lawgio Jluslis
6/25 (Severe drought) oy o JluSis
17/19 (Average probability of occurrence) slas , Jloss! (paSleo
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Table (4) Changes in the amount of farmers’ water available in the event of drought

Sl oy olus ;) wglae gl

u oo
Different intensities of drought occurrence SE

KURE RURE- R COW Lwgio PO IS W 090
Studied variables

(Severe) (Rel intense) (Moderate) (Mild) (Slight)
F oy wd S ol
241/30 300/72 343/70 412/47 448/43 Qipmanys & 2
Volume of water available
% ‘» P I
-264/36 -204/95 -161/96 -93/195 571242 SRRy O
The degree of variability
KVRUUE IRV T
-52/28 -40/53 -32/03 -18/43 -11/32 et J

Percentage of variability

ol o aplre arly Jlo Ll 4 o g S e (gl e 5 50
*and **: is calculated in terms of million cubic meters and in relation to the conditions of the base year
WOglae glacad b JLuSis sagay olas ) a5 09l oo alaxde b Jgoo mli 4y ax4i L
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Vo solS Gla ol gel s ol U ads JLSlis oapy olas ) Ll b bl elas
ol ol sl BT e iws s of polie JS 50 s (30,0 OY/YA B VYY) o0 0



1Ee o /Y 0 lad/ 10 W/ (63 39lis” SLadl VY

Joe pg al> o sla! 5l G O Cosgamme ol Caos 5 0 ol laylje 39,9 L
15 golatdl slo e acgazme o S oSN, JLSaS (slags, S 1 was 41| PMP
Lo oo Hlis |y ool caws 5 s O Jgoz b obj,l ol Hliwl ogi 4o o
L olioslas 2abs) lulpd o ctS 581 a5 358 oo alaxdle (Jouzr (ol @S 4 x>y
SloJsams mhw (ialS 5 clale glo Jpams damg Conw & dgad b cinis JLuSas
gyl Jlasl b 09,00 iy algain g 0,3l ((SKjazrsS slails )8 STy
ol 52 5 ,lSe AFY B VEY T oot iS5 b a5 095 _so alisMe St it
] S 5 i drwgi Ceams & sl il S le il S YAY B 114
YIVA B -IFY o T posS gl |y auoyo VAA L /YA L Jobee coxbans il o Jguasmo
CeiS b 4 Sl Jl> 58 cnliogls Jlis 4 4l Jlo @ S 0T 52 slp ]y ae e
TNVE B IV iyt ol Jlo 4 Comd o, ST 5 ailsain o S5 amsS cglails &,
952 ol el ol e Al o 2alS as s VWY B YD) VAIS B ATV YIBA b - ¥S
el lale glagaze b anlin 10 lap] ol (Bras O 4 0gu Zud g b Jgaze 00l
ST 3ol 9 AL 033 sl it 3 S (G951 1 JuSilis Dlas ) glags, 135 51 (B) Jour

Table (5) Effects of drought incidence on cropping pattern and gross margin and
water value variables

Ggliio rwads b JLusSlis sy uy olusy g JLw Ol 3o JLe s Jeaxo
Sc?narios of drciught.phenomena with different intensiti'es‘ . "l JELY
] gl Lo b gko w2l <> Amount Base Selected
(Severe)  (Rel intense)  (Moderate) (Mild) (Slight) change year products
48314 48061 47850 47671 47514 A T sucs
M s o f
1/98 1/45 1/01 0/62 0/29 KW (Wheat)
28821 28613 28439 28289 28157 : T
M og038 i
2179 2/05 1/43 0/89 0/42 aoys (Barley)
7489 7537 7574 7605 7630 ke . Sy
-2/14 -1/52 -1/03 -063 -0/29 aoys (Corn)
7220 7275 7319 7355 7385 : §
ade 7412 s
-2/58 -1/84 -1/25 -0/77 -0/36 aoy (Tomato)
193 383 549 695 826 IRV oa7 dlguss
-79/6 -59/5 -42/0 -26/6 -12/7 (WaterMelon)
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Table (5) Effects of drought incidence on cropping pattern and gross margin and
water value variables

1801 1902 1986 2056 2117 ke - ol Sl
71 -12/4 -8/57 -5.32 -2/51 oy (Sunflower)
2110 2177 2232 2278 2318 . ("

e 2353 S
-103 7148 5/15 -3/19 -1/50 oy (Canola)
11265/97  11992/81 12588/26  13106/83 1355831 . o e
M agryes AL el
-19/4 -14/2 -0/94 -6/23 -3/00 oy (Gross margin)
1805 1485 1256 1083 948 )Lxh 637 P u'l’ w))‘
115/6 7714 50/1 29/4 1312 oy (Water value)

(uaiA)M)DJL)BJL)u}.L.A L&b)ﬁ‘ju&j))sww wSé}KJ‘L_LAWJJAJ 9“}%
** and ***: Criteria of cropping pattern, farmer's livelihood and real price (hectare, million Rials and Rials per
cubic meter), respectively
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Figure (2) Comparison of economic value of water with water paid by farmers and the

function of agricultural water demand in the southern basin of Tehran province in the
event of drought
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Figure (3) Changes in economic variables in drought conditions in the southern basin
of Tehran
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Abstract Extended

Introduction:

Drought is one of the most extreme water-related natural hazards and along with
desertification is expected to affect as many as one-third of the world’s population.
Drought is considered one of the most damaging natural disasters in terms of
economic costs (e.g. navigation and hydropower production, societal problems
(e.g. increased mortality and conflict) and ecological impacts (e.g. forest dieback
and impacts on aquatic ecosystems). It is the most critical environmental
phenomenon having special hydrological and meteorological characteristics. Based
on the nature of the water deficit, there are four different classifications of drought.
Meteorological drought: The meteorological drought related to precipitation
deficits, which cause decreases in water supplies for domestic and other purposes
affecting the flora and fauna of a region. In other words, the eteorological drought
defined usually because of the degree of dryness (in comparison to some “normal”
or average amount) and the duration of the dry period.

Hydrological drought: Hydrological drought is associated with the effects of
periods of precipitation (including snowfall) shortfalls on surface or subsurface
water supply (i.e., streamflow, reservoir and lake levels, groundwater). The
frequency and severity of hydrological drought is often defined on a watershed or
river basin scale. Although all droughts originate with a deficiency of precipitation,
hydrologists are more concerned with how this deficiency plays out through the
hydrologic system.

Agricultural drought: Agricultural drought links various characteristics of
meteorological drought to agricultural impacts, focusing on precipitation shortages,
differences between actual and potential evapotranspiration, soil water deficits,
reduced groundwater or reservoir levels, and so forth. Plant water demand depends
on prevailing weather conditions, biological characteristics of the specific plant, its
stage of growth, and the physical and biological properties of the soil. A good
definition of agricultural drought should be able to account for the variable
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susceptibility of crops during different stages of crop development, from
emergence to maturity.

Socio- economic drought: The socio- economic definitions of drought associate the
supply and demand of some economic good with elements of meteorological,
hydrological, and agricultural drought. It differs from the aforementioned types of
drought because its occurrence depends on the time and space processes of supply
and demand to identify or classify droughts. The supply of many economic goods,
such as water, forage, food grains, fish, and hydroelectric power, depends on
weather. Because of the natural variability of climate, water supply is ample in
some years but unable to meet human and environmental needs in other years.
Tehran province that is the study area in this research is located in the central part
of Iran and is one of the areas with severe precipitation fluctuations in this country.
The main area of the province covers the plains of Varamin, Lar, Shahriyar, Karaj
and Gerchal, which have a rainfall lower than the average rainfall in the country.
These arid regions faced with annually rainfall ranges from 150 to 210 milimeter.
Despite the rainfall, there is a fraction about 150 million cubic meters of water per
year for reservoirs in the Tehran province. The existence of aridity and dehydration
problems and reduction of supply of agricultural water resources in the sub-basins
of Tehran province have created droughts in these regions. Therefore, analysis of
the effects of this phenomenon is important for the better management and
planning of water resources available in the agricultural sector of the southern
basin of Tehran province. For this purpose, a comprehensive modeling system in
this study was used.

Materials and Methodes:

Assessing the potential effects of drought in agriculture and water resources
management, as well as providing solutions to deal with it, is an important step in
the development of agricultural activities. Therefore, in the present study, the
standardized precipitation index (SPl) was used to determine the different
intensities of drought and its occurrence during the study period (2002-2018). In
this study to evaluation the effects of drought on agricultural situation, water
consumptions and farmers' gross profit in the southern basin of Tehran province
from Positive Mathematical Programming (PMP) was used. Positive mathematical
programming (PMP) approaches solve the problem of overspecialisation (faced
using linear programming models) by assuming a profit-maximising equilibrium in
the reference period. Based on an assumption of unobserved information, the PMP
approach recovers additional information from observed activity levels and
specifies a non-linear objective function. This consequently results in the model
exactly producing the observed behaviour offarmers in thecalibrated period.
Without introducing artificial constraints and makingit a widely accepted method
for policy analysis. This methodology that developed by Howitt (1995) to calibrate
agricultural supply models have been used to link biophysical and economic
information in an integrated biophysical and economic modeling framework and to



assess impacts of agricultural policies and scenarios. These models are also
accepted for analyzing the impact of climate change and water resources
management policies and scenarios. PMP model used in this paper is a three-step
procedure, which in it a non-linear cost function is calibrated to observed values of
inputs usage in agricultural production.

Step 1- Solve linear programming model and determine shadow prices: at this
stage, an auxiliary linear programming model is solved to maximize the total gross
profit of farmers, and then shadow prices are obtained for the model constraints.
Step 2- Estimation of quadratic cost function and production function with constant
substitution elasticity: in the second stage of the PMP model, the obtained shadow
values in the first stage are used to calibrate the nonlinear or quadratic cost
function (quadratic) and the production function with constant substitution
elasticity.

Step 3- Solve the final calibrated model with a nonlinear objective function: at this
stage, which is the final step of calibrating the positive mathematical programming
model (PMP), a nonlinear programming model is created using nonlinear
production and cost functions and the set of used constraints (excluding calibration
constraints).

In model PMP instead of using the information base year from data and
information related to the base period are used. The required data are documentary
and registered in the relevant government agencies, which were collected in two
sections time series (2002-2018) and cross-section (2017-2018) that by referring to
relevant departments and agencies in Tehran province were collected. The
programming model in GAMS software was solved.

Results and Discussion:

The results showed that with the occurrence of drought under mild to severe
intensities, the volume of available water in the southern basin of Tehran province
decreases by -11/32 to -52/28 percent and reaches from 448/43 to 241/30 cubic
meters. Also, the results showed that the probability of severe drought in the
southern basin of Tehran province is about 6/25 percent. Decreasing the acrage of
high consumption water products such as watermelon, corn, sunflower and
increasing the acrage of wheat and barley are other obtained results under drought
conditions in Tehran province. Decrease of 3/17 to 20/5 percent of farmers' gross
profit and increase of 12/2 to 110/5 percent of the economic value of irrigation
water are other consequences of this phenomenon under mild to severe intensities.
Table 1 shows the obtained results:

Table 1. Effects of hydrological drought on agricultural situation, water consumptions and farmers’ revenue

Base Applied drought scenario
Studied variables  period Change - - -
values rate Mild Gentle Medium Fairlysevere  Severe
Total volume of Amount 448/43  412/47  343/70 300/72 241/30

available water” %067 percontage  .11/32 18143 32003 -40/53  -52/28




Total gross margin 1397/7 Amount 1355/8 1310/6  1258/8 1199/2 1126/5

in the pattern™ Percentage  -3/00 -6/23 -9/94 -14/2 -19/4
The economic 837 Amount 948 1083 1256 1485 1805
value of water in Percentage ~ 13/2 29/4 50/1 7714 115/6

*kk

the pattern

* * Tkk

, " and ™" respectively million cubic meter, 200 million rial and rial per cubic meter

Suggestion:

Determining the real value of agricultural water input and examining the trend of
changes in this economic index in the water resources management sector of
Tehran province under drought conditions, in addition to informing farmers in the
southern basin of the province about the value of using this scarce input, Assists to
managers and planners in the decision to appoint a balanced and reasonable prices
for the scarce inputs (water charges). Comparing the value of farmers' willingness
to pay for water input with the actual estimated price for it will largely dispel the
misconception that water input is considered free for farmers, and it will lead to the
creation of a correct and practical culture to save limited and existing water
resources in the agricultural sector in the south of Tehran province, especially in
the event of a drought.

JEL Classification: C61 .013 .Q15 R11

Keywords: Drought, Water Resources Management, Cropping Pattern, Farmers'
Livelihood, PMP Model, Tehran.



