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1 Mathematical Programming
Y Normative Mathematical Programming
3 Ordinary Least Squares
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Figure (1) Comparison of average observed and simulated LARS-WG
temperatures during the period 2002-2018

1 Variable Selection & Geo-Selection
2 GCM/RCM monthly data download interface
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Figure (2) Comparison of average observed and simulated LARS-WG
precipitation during the period 2002-2018
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Table (1) Results of Parameters from Comparison of Observational and
Meteorological Generation Data (2002-2018)

(h) SL3T oleluw (C) s (mm) o,k oyl Gy
Sunny hours Temperature Precipitation Parameter Row
0/99 0/99 0/96 NS 1
0/078 0/136 1/085 MAE 2
0/28 0/57 2/71 RMSE 3

(e S 4 o) @dSile - U NS o o polas f0g YU (V) Jga s oobwl
s ie sl RMSE ¢ MAE  wlas sla asls slogliwe 08 mb g sy
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Table (2) Predicting annual temperature and precipitation variability during
future periods compared to the base period

YeAe-Y-48 33 YoFP-Ye20 38 Yo =YY 53l Ol o Syt
Horizon 2080-2099 Horizon 2046-2065 Horizon 2011-2030 G2y Ll

MMt (Obs  MMGL  (Olbs MMk (C) L The degree of  Release
Pre(mm)  Temp('c) Pre(mm) Temp('c) Pre(mm) Temp('c) variability  scenario

19/9 3/09 1774 1/68 0/63 0/27 Amount) Jaa
-9/50 2017 -8/30 11/87 -0/30 1/66 (Percent) wo)s !
411 3175 12/8 1/66 2073 0/35 (Amount) Jlaie N
-19/6 26/0 -6/10 11/47 -1/30 2/51 (Percent) a,s ?
14/5 2117 9/03 135 0/00 0/29 (Amount) s :
-6/90 15/6 -4/30 9/28 0/00 177 (Percent) wo,s '
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Table (3) Obtained results of estimating the yield functions of products

o kol cups HUegm bbb olewd Y Lo ol C ale> ool Jpazo
F ‘R? Labor  Machin Chemical Seed Temp Pre Intercept Statistic Prodact
-0/672 -0/047 -0/080 0/006 -0/362  0/025 13/60 ; T ouss
14/125°  0/84 . . - - - Coeffic <l e
-4/48 -0/76™ -2/09 o/08™  -2/2 2/52 714 Stat t (Wheat)
-0/03 0/471 -0/003 -0390  -0/572  0/069 9/468 ; T
8/89" 0/75 . . M X Coeffic < =
-0/85™  3/47 -0/05" - U9 2p27 6/63 Stat t (Barley)
2/98™
1/455 0/901 0/224 0/764  1/389 0/140 -13/04 ; B
28/97°  0/91 . e . = o ) Coeffic @,y
3/77 1/67 0/65™ 3/54 2127 2/01 -4/68 Stat t (Corn)
-0/019 -0/253 0/045 - 0/884  0/087 8/509 ; §
16/56"  0/86 0/076 Coeffic 495
-0/09™  -1/877  0/71™ - 4191 4/84"  8/59" Stat t (Tomato)
0/85"
-0/438 0/075 0/064 0/032  0/296 0/035 11/18 ; oo
19/82"  0/88 ” " o " - Coeffic ailgasn
-3/24 0/82m 1/89 0/84™  1/9 1/98 15/53 Stat t (WaterMelon)
-0/947 0/156 -0/011 0/239  -1/547 -0/131 17/58 ; 1 s isT
6/026~  0/66 - N N " X Coeffic ole %
-2/84 2/42 -0/08™ o/71™  -3/37 -2/8 6/26 Stat t (Sunflower)
-1/112 1/708 -0/681 3/001  1/830 0/294 -3/398 ; 1
71124 0/71 o . . N o K Coeffic s
-1/82 3122 -2/46 4/78 17 3/23 -0/85™ Stat t (Canola)

el (5,10 sixe ey Cll Ko NS g do )0 00 g iy oS prhaw (o Joline od 5 g ¥ F
*, ** and ***: meaningful at the level of one, five and ten percent and ns indicate the state without significance.
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Table (4) Changes in cropping pattern and economic variables after
application of climate scenario

o Ol pdi w ) 3l =3 59N o = e 0,99 CulS' 5o
aloygo & 925t Jlas! PMP ity (Lse) 4l o sl Jguaze
Percentage of Pattern after Cropping Basic period
changes applying the pattern after cropping Selected products
compared to the scenario PMP calibration pattern (ha)
base period
1/08 57442 56825 56825 (Wheat) o puss
-6/77 30205 32400 32400 (Barley) i o=
10/9 10404 9380 9380 (Corn) glasls @,
-1/47 8631 8760 8760 (Tomato) & pax o5
-44/3 739 1327 1327 (WaterMelon) ailguse
-16/2 2444 2920 2920 (Sunflower) gl StsT
54/5 4950 3203 3203 (Canola) 135
0/00 114815 114815 114815 Sl ) s g0
(Total acrage)
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Figure (3) Comparison of economic value of irrigation water with water paid

by farmers and the function of irrigation water demand in Tehran province in
the event of climate change due to greenhouse gas emissions
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Extended Abstract

Introduction:

Climate change associated with global warming caused by increase of greenhouse
gas emissions in the atmosphere has been attracting more attention in recent
decades, and has a large effect on the elements of hydrological cycle, including
precipitation, evaporation and runoff. Recently many studies have found that due to
climate change, there is an increasing trend in the frequency of occurrence and
intensity of extreme hydrological events like floods and droughts. In order to better
understand the change and provide support for adaptation strategies, it is of great
necessity to deeply investigate climate change and have a detailed knowledge of its
potential impacts on hydrology, hydraulics, water resources, agriculture, cropping
pattern and farmers’ gross margin. In recent years, many studies have been
conducted to evaluate the impacts of climate change on the water resources, yield
of selected crops and productions in the agricultural sector, especially on cereals
and weaving products. The evaluation process is often divided into three steps:
Step 1: selection of different Global Climate Models (GCMs) or regional climate
models (RCMs) to provide future climate change projections under scenarios
representing different development level of society and economy.

Step 2: use of downscaling techniques (statistical methods and dynamic methods)
to downscale the GCM outputs to regional scale necessary for hydrological models.
Step 3: use of hydrological models to simulate runoffs and evaluate the effects of
climate change on hydrological regimes.

Step 4: use of economic models to assess the effects of climate change in the
agricultural sector, which is generally used to achieve practical results in this part
from advanced economic models and regression analysis.
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Generally, increasing greenhouse gas emissions and telecommunications
phenomena are among the factors that have accelerated the emergence of climate
change and global warming. Greenhouse gases have warmed the earth and the
surrounding air by rising into the Earth's atmosphere and retaining solar energy.
Warming temperatures have also led to reduced rainfall, increased
evapotranspiration, changes in cropping patterns, reduced crop production and
changes in the volume of agricultural water resources. The phenomenon of global
warming affects the agricultural sector, which is one of the key productive
activities of the planet, more than anything else. Climate change caused by this
phenomenon increases the average temperature of the earth and ultimately
increases the likelihood of drought. A quick look at the world map of rainfall
patterns and air temperature indicates that the phenomenon of climate change has
changed the water resources of each region over time and has faced several
patterns of crop exploitation. It should be noted that the concerns of today's
societies about climate change and its consequences on economic sub-sectors are
inevitable. In this regard, developing countries such as Iran are always threatened
by the predictable consequences of climate change; because their economy for
development and growth depends on the climate that affects its subdivisions,
especially the agricultural sector. Tehran province, as the study area in this
research, has an area of 12981 square kilometers and with 3/4 percent of arable
land and about 7/6 percent of the total agricultural production. The location of
Tehran province as the capital in the middle part of Iran and its location in the
transportation axis of several neighboring provinces has led to the development of
intercity and intra-city transportation, which has the most important effects on
greenhouse gas emissions in the surrounding atmosphere. Therefore, it is necessary
to evaluate and analyze the effects of emissions of these gases and climate change
caused by increasing and decreasing climatic components of temperature and
precipitation and the potential effects of global warming on crops yield and
cropping pattern in this region.

Materials and Methodes:

Increasing urban population, development of space and urban transportation,
increasing emissions of greenhouse gases, exacerbation of drought phenomenon
occurrence and the lack of a structural institution to regulate irrigation water are the
most important threats attentive the agricultural sector in Tehran province. Assess
the potential effects of these events on agriculture and water resources management
sectors and, providing solutions to deal with them, which have been considered by
the international community in line with the important issue of "global warming",
is an important step in the development of agricultural activities in the Tehran
province. Therefore, in the present study evaluation of the effects of greenhouse
gas emissions on the yield and cropping pattern of selected products in Tehran
province were investigated. To assess the potential effects of drought, global
warming, and the establishment of local or regional water markets. To achieve this



goal, first using general circulation models (GCM) the effects of greenhouse gases
on the average climatic variables of temperature and precipitation under the
emission scenarios AiB, Az and B; were investigated. This was done with the help
of GCM/RCM data system and LARS-WG microscale model. Then, using
econometric approach and regression analysis, the effects of climatic variables of
temperature and precipitation on the average yield of selected products were
evaluated. A positive mathematical programming (PMP) model to investigate
changes of products yields on cropping patterns was used.

PMP approaches solve the problem of overspecialisation (faced usinglinear
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. According to Figure (1), 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 I: Solving the linear programming
meodel and estimate shadow prices

Consistency
test and data
stability

A
Step II: Estimating the nonlinear cost
function (Qadratic function)

TUse the
basic data to
estimate

h 4

Step III: Calibrated non-linear
optimization program (final PMP)

Policy runs

Figure (1) Calibration of the PMP model

The PMP model is a developed form of MP model (Mathematicul Programming)
which to calibrate the economic and biophysical patterns are used. To calibrate this
modeling system requires to a set of data and information related to the amount of
production, cost, profit and price of crops, as well as the amount of water
consumed, the amount of water allocated and the amount of other inputs (except
water) at the land level. In model PMP instead of using the information base year



from data and information related to the base period are used. The required data
and information in this study are related to years Y. +Y-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:

After calibration of the proposed modeling system, the obtained results of
aggregate scenario of climate change due to greenhouse gas emissions (2 °c
increase in temperature and 20 mm decrease in precipitation compared to the
average base period) were analyzed. The results showed that the behavior of
climatic variables of temperature and precipitation during the future periods in
Tehran province compared to the base period will increase (0/27 to 3/75 °c) and
decrease (0/63 to 41/1 mm) respectively. Increasing the farmers’ desire to develop
the acreage of irrigated wheat, corn and canola and reducing the acreage of
irrigated barley, tomato, watermelon, and sunflower in the cropping patterns of
Tehran province is an important result of application of integrated climate scenario
(2 °c increase in temperature and 20 mm decrease in precipitation) in this study.
Under the terms of climate change occurrence, watermelon, and sunflower with the
most decreasing changes in yield (13/1 and 17/7 %) and acreage (68/8 and 31/9 %)
as the most sensitive products in cropping pattern of Tehran province were
identified. Therefore, planning to reduce their acreage in the cropping pattern of
Tehran province is recommended to farmers and relevant officials in the
agricultural sector during future periods. Table (1) shows the obtained results:

Table (1) Changes in cropping pattern and economic variables after application of scenario

. Croppin Cropping pattern Cropping pattern Changes
Selecteq products in patternp'ian bgase afterpcgligrgtion of ppaftge:3 Percentageg toward
cropping pattern period” PMP model* applied scenario” base period

Wheat 56825 56825 57442 1/08
Barley 32400 32400 30205 -6/77
Corn 9380 9380 10404 10/9
Tomato 8760 8760 8631 -1/47
Watermelon 1327 1327 739 -44/3
Sunflower 2920 2920 2444 -16/2
Canola 3203 3203 4950 54/5
Total cropping pattern” 114815 114815 114815 0/00
Total gross margin™ 17493/73 17493/73 18842/49 7171
Economic value of water™” 1152 1152 1296 12/6

*xx Tk,

,and ": respectively hectare, million rials and rials per cubic meter

Suggestion:

Finally, due to prematurity of climate change in regional planning, to increase
agricultural production in the Tehran province it was proposed that the first it
should be considered the performance improve operating in per unit area (ha) and
development the under cultivation of products such as wheat, corn and canola be
placed at the next priority. In addition, it is necessary for policymakers and



planners in the agricultural sector to pay attention to this issue in order to reduce
the risk and risk of production of these grain crops by adopting appropriate risk
management policies. Also, by implementing appropriate strategies such as
accurate forecasting of climate change to prevent fluctuations in the production of
these strategic products. Undoubtedly, according to the results of the present study,
the planners of the agricultural sector of Tehran province can prevent the shortage
of these products due to the reduction of their cultivation area by adopting
appropriate market regulation policies.
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