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Extended Abstract

Introduction

Sistan, located in the southeast of Iran, is one of the driest areas in the world that has been
impacted by dust storms. The region characterized by a shortage of water resources and fragile
ecosystems that are highly sensitive to climate change. Due to the lack of vegetation, this region
is considered one of the windiest deserts in the world, with a high speed of wind erosion and sand
movement. Sistan dust is believed to come from the sediments found in the Hamon Hirmand
wetland in Sistan and Baluchistan province, yet there is little information available about their
condition, which restricts our comprehension of the dynamics of wind-blown dust and the
mechanisms of sediment movement. Identifying the characteristics and distribution pattern of
sediments in the Hamon lagoon bed is the primary objective of this research.

Material and Methods

After the initial visit and determining the boundary of the study area, 271 sediment samples were
taken from the depths of 30 cm and 60 cm in Hamon Sabri area and a part of Hamon Hirmand.
The samples were granulated by a sieving machine and particles smaller than 0.063 microns were
separated. The isolated samples were used for study with a Zeiss 47 2500-9901 binocular
microscope and a lens with 4X magnification, grain measurement by sieve and laser. The size of
the particles in the collected sediment samples ranges from 75 to 600 microns and they are sieved
with sieves with a diameter of 25, 35, 50, 60, 80, 120, 140, 200 and smaller than 200 mesh. The
sedimentology laboratory examined the texture (size, texture, circulation) and mineralogy of the
samples after preparing them. In this research, particles smaller than 63 microns were measured
by sieving and laser method using the Laser Scattering Particle Size Distribution Analyzer,
Horiba-LA950 at the National Institute of Oceanography. The final step was to draw the zonings
by interpolation in the Arc GIS 10.3 software environment.

Discussion and Conclusion

This work is licensed under a Creative Commons Attribution 4.0 International License.
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As the abundance of destructive particles shifts from east to west, the direction of sediment carrier
flow is shifting from east to west of the region. This causes the eastern part to have larger particles.
As we move further west in the studied area, we find that there is a greater amount of fine-grained
clay particles and less destructive large-grained and well-circulated particles like quartz and
unstable mica minerals. It is evident that there is a trend of changes from the north to the south of
the studied area. The study's middle part has the maximum displacement of destructive coarse-
grained particles, while the southern part is filled with particles ranging from sand to clay. It
appears that the carrier flow's direction can be divided into two directions, north to south and west
to east. At the top of the Lagoon, where the sediments are from multiple sources and the velocity
is higher, coarse and fine particles are transported together, and sedimentation is weaker. By
moving towards the center of the basin, the wind speed is decreased, and with the sediments
coming from only one source, the settling will gradually improve. A trend has been observed in
the Hamon wetland area that deviates from the defined path, but it can be justified. Wetland
sediments are supplied by wind in addition to water, which indicates that there is weak
sedimentation. The particles become more elongated as they move away from the border and
towards the center of the basin. This shows that the sediments have suffered more erosion under
the influence of wind and the long distance from the source. The wetland does not follow this
trend. Due to the low water velocity and short distance from the source, particles tend to not have
good elongation towards the center of the study area. The direction of the wind is indicated by
tilts with low values in the samples under study. Moving away from the border and closer to the
center of the basin causes a decrease in the multi-origin sediments and an increase in tilting
degree. This research indicates that the particles are gradually becoming smaller and have a
similar origin. A low degree of tilting is observed in the wetland part, which indicates that the
sediments come from multiple sources and are blue in color. Three main breaking points have
been observed in particles with sizes of 1, 2, and 3 Fe. Different mechanisms have influenced the
transport of sediment particles in the Sistan Basin, and they have different origins and are not of
a single origin, as shown by this issue. Folk's gravel-sand-mud triangle indicates that the Sistan
samples lie in the sand-mud axis, and their concentration is frequently at the top of the sand and
mud of the Folk diagram. The clay particles of these samples contain the most colloidal particles
in the southern part of Hamon Hirmand. The distribution map of clay particles shows that the
northwest, center-west, and southeast of the studied area have the highest polymodal abundance.
The southwest of the region has the least abundance observed. The study area's clay particle
distribution method reveals that sediments originate from two regions in Afghanistan and an
internal origin. Due to the windy nature of the feeding system in the west and southwest of the
study area, fine and colloidal particles have the highest amount in this area and in the center of
the study area, especially the wetland. Due to the multi-origin nature of the sedimentary system,
Hamoun includes a wider range of particles in terms of size. The distribution of clay particles in
the studied area shows that the sediments originate from two different regions. The findings of
this research can help to improve the management of wind erosion in the sediment source areas
and the sustainable development of the region.

Keywords: Sistan; Dust; Provenance; Sorting; Wind erosion
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Extended Abstract

Introduction

Successful ecosystem restoration requires the reproduction of valuable plant species in the plant
community. This is more important for monocultures because the interaction between species
changes more with the increase of a species. The planting of native species with highly
competitive power is controversial in restoration operations, due to their highly competitive
abilities, their dominance and persistence after restoration can make reproduction of other species
difficult (9). Evaluation of the success of restoration operations has been done using various
indicators. To examine the success of restoration operations or the intensity of ecosystem
exploitation, species diversity is a suitable indicator (8). Margalef richness, Simpson diversity,
and Shannon diversity indices are commonly employed to monitor changes in species diversity
(5, 7). By studying the dynamics of plant communities, we can understand how the structure,
composition, and function of plant communities respond to restoration operations. Plantation is a
restoration operation that can have a significant impact on the composition of plant communities.
Plantation can alter the interaction between species, which can lead to changes in the functioning
of the ecosystem. To determine the success of a restoration operation, it is important to select
species for plantation in degraded ecosystems, which will lead to the increase of other valuable
species. Recognizing the success of restoration operations, particularly in plantation, can be
achieved by identifying important functional types related to species diversity. Thus, this
investigation is focused on the objectives listed below: 1) investigating the impact of the
plantation of Assafoetida on the species diversity in semi-steppe rangelands, 2) identification of
important functional traits in relation to species diversity in the degraded areas, and 3) examining
the mediation role of Assafoetida in the relationship between plant functional traits and diversity.

Material and Methods

This work is licensed under a Creative Commons Attribution 4.0 International License.
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The studied area is located in Tang-e Sorkh rangelands, 45 km from Yasuj city (Kohgiluyeh and
Boyer Ahmad Province) and has the geographical coordinates of 51°40'04" to 51°46'08" E and
30°22'35" to 30°27'37" N. Due to the implementation of Tang-e Sorkh multi-purpose project,
which aims to ensure continuity and sustainability of the rangeland, Assafoetida has been planted
in this area. Ferula assa-foetida L. is the scientific name of Assafoetida. This plant is a significant
native plant that grows in the rangelands of Iran. To conduct the present research, two areas were
selected, including the exclosure area interseted by Assafoetida and the control area. Three 100-
meter transects were laid out in each of the grazed and exclosure areas, according to the features
of the area. Each transect consisted of ten plots that measured 1 square meter each. Each of the
grazed and exclosure areas had thirty plots established. The canopy cover and density of plant
species were recorded in every plot. Functional traits (growth form, life form, palatability, life
span, leaf life span, root depth, woodiness, flowering start, length of flowering period, height, and
stem density) were measured according to literature (1, 2, 3, 4, 6, 10, 11). The analysis of diversity
indices in the grazed and exclosure sites was conducted using a T-test. To summarize the
relationship between plant functional traits and ecosystem management, principal component
analysis (PCA) was employed. Structural equation modeling (SEM) was used to evaluate the
relationship between plant functional traits and diversity. SEM was employed to examine how
Assafoetida mediates the connection between plant functional traits and diversity indices using
variance-accounted for (VAF). The VAF parameter is calculated by dividing the indirect effect
by the total effect of the variables.

Discussion and Conclusion

The t-test results showed that the two grazed and exclosure sites had significant differences in
terms of Simpson, Shannon and Margalef indices (P<0.05). PCA findings showed that the most
significant functional traits associated with ecosystem management are growth form, life form,
life span, leaf life span, and palatability. The most significant impact on species diversity was due
to palatability (p< 0.001). Life form had a positive effect on species diversity, while life span and
leaf life span had negative effects on species diversity (p< 0.01). However, growth form had no
significant impact on species diversity (p>0.05). A VAF of 0.3 was obtained for the mediating
role of Assafoetida in the relationship between growth forms and diversity indices, suggesting a
partial mediating role. According to the findings, the development of Assafoetida has had an
impact on mutual relationships between species. The success of ecosystem restoration cannot be
attributed solely to the improvement in species diversity with the plantation of Assafoetida. The
technique used to recognize the success of the restoration operations in this study was to increase
the number of valuable species in relation to the diversity of species. Structured equation
modeling allowed for the study of important individual species in vegetation composition with
Assafoetida's mediating role. Our findings showed that Assafoetida played a partial mediating
role in the relationship between plant functional traits and diversity. Exclosure along with the
Assafoetida plantation has caused the development of valuable species in the vegetation
composition. The success of Assafoetida plantation in restoring semi-steppe rangelands can be
determined by both species’ diversity and plant functional traits.

Keywords: Structural equation model; Ecosystem restoration; Mediation role; Principal
component analysis
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Extended Abstract

Introduction

Many human civilizations have collapsed due to the climate. Historical and geographical evidence
demonstrates that the majority of significant and stable civilizations were established in specific
geographical-climatic areas with suitable biological conditions. Human civilizations have faced
serious damages and collapses due to unfavorable climatic conditions. The existence of most
human civilizations can be attributed to climatic conditions, with historical and geographic
evidence, especially the special environmental condition of the world in the current situation.
Countries that deal with biological, economic, social, and even political issues may not give
special importance to this issue. The climate conditions around the world are constantly changing,
and there will be severe problems in different dimensions in the not-too-distant future. Their
existence could even be threatened by economic problems they will face. The world's population
increase and energy demand in today's industrial world also result in damage to the planet's
climate and atmosphere, as well as the effects of natural disasters. The human burden has not been
spared and has been affected by many fundamental changes, of which the phenomenon of climate
change is one of the clear examples. The most important indicators of climate change are
temperature and precipitation. The change of each of these factors causes climate variability,
which also has consequences on people's lives. The increase in greenhouse gases and suspended
particles in the atmosphere, along with variations in the earth's surface, are among the most
apparent consequences, and the damage caused by the world's industrial activities and human
societies in the past two centuries. Different economic sectors, such as agriculture, industry,
tourism, water, and health, are affected by this phenomenon. Based on what has been stated, it
can be concluded that climate change will definitely occur in Iran. The agricultural sector will

This work is licensed under a Creative Commons Attribution 4.0 International License.
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face significant challenges due to the occurrence of such things, given the climatic situation,
hydrological characteristics, and limitations of the country's agricultural sector. It has created a
unique climatic situation in Iran due to its location. The high-pressure rule in the subtropical zone
causes the total amount of precipitation in Iran to be low.

Material and Methods

The LARS-WG model is a model that is utilized for exponential micro-scale GCM models. This
model is a great choice for generating random weather data, which can be used to generate rainfall,
radiation, and maximum and minimum daily temperatures at a station for both current and future
climate. In order to model meteorological variables, the LARS-WG model uses a complex
statistical distribution. Modeling is based on the length of dry and wet periods, daily precipitation
and radiation series, and semi-empirical distribution. Climatic parameters such as minimum
temperature, maximum temperature, precipitation, and solar radiation are inputs for the LARS-
WG model, which are all in the daily time frame. In this model, temperature is not taken into
account when modeling radiation, and the sundial can be utilized instead. From the semi-empirical
distribution of the rainfall for the month in question, and without taking into account the wet series
or the amount of precipitation from the previous day, the amount of precipitation for one day is
calculated. In this model, the temperature is estimated using Fourier series. The daily minimum
and maximum temperatures are modeled as random processes using the average and standard
deviation of the daily standards, which depend on whether the day is wet or dry. The mean and
standard deviation of the seasonal temperature are simulated using the third-order Fourier series.
Residue values are determined by subtracting the average values from the observed values, and
the minimum and maximum data are utilized in time autocorrelation analysis. Minimum
temperature, maximum temperature, precipitation, and radiation are the outputs of this model.
LARS-WG model data generation involves three stages: calibrating, evaluating, and creating
meteorological data. In the next step, using LARS-WG models under RCP 2.6, 4.5, and 8.5
scenarios and the micro-scale exponential LARS-WG generating model of Jiroft City climate
changes during the planting period of each crop in the periods of 2011-2045, 2065-2046, 2066-
2079 and 2080-2099. In the final stage, a positive mathematical programming model was utilized
to investigate the impact of climate change scenarios on Jiroft City's planting patterns using
predicted climate change results. The cultivation pattern of Jiroft city today and the predicted
effects of climate change parameters during the periods 2011-2045, 2046-2065, 2066-2079, and
2080-2099 are examined in this section. The current cultivation pattern will be discussed in the
previous step. A positive mathematical programming model and GAMS25 software have been
employed in this regard. Separate information about the area under cultivation, production, and
performance of selected agricultural products, as well as the consumption of inputs, for the
agricultural year 2021-2022 is presented in the table.

Discussion and Conclusion

The results indicate that the performance of selected products is significantly affected by the
climatic parameters of temperature and precipitation. Also, by applying the forecast of climate
variability in the cultivation pattern model of all selected crops in the periods 2011-2045, 2046-
2065, 2066-2079 and 2080-2099 based on the noses of the HadCM3 model are affected by
different climate scenarios. The improvement of agricultural productivity and climate change are
both negative effects of this phenomenon. The findings of this investigation can be advantageous
for agricultural planning and economic development in Hamadan province.

Keywords: Mathematical programming; Temperature; Precipitation; Simulation; Crop cultivation

This work is licensed under a Creative Commons Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Il
ULy Cup20 agpici -

www.isadmc.ir
- Ol Sl Bblia JHES 5 cusae sale Gans]

Cd > Cld B (6))9LiS WY guammo S ) o Ol juuds' g o8l juuts' J36 )

o, 31 e M oles ol T (saemma dpo & il 00l5 600 Slgzdamme

el ety boly olKiils o5 5,5liS 00Sliils (5 5,9liS slaidl (5 xS (ggziils )
Ol el ol olzsls «(g5,5LaS” 0aSails o5 ,5baS slamdl og 5 Lokl ¥

el ebl ol ol ¢ 5,0laS ouSiails os3,9laS slazdl og 5 Lutils ¥

Il e (2 oKl « Sladl pole 5 lusl oaSisls (Ll i 09,5 Lusils f
Javadmehdizadeh55@Uu0z.aC.1r : gt 53w g #

VX[ Yo bpdy s VFYINYY tedl s fo,b
@lO.22034/JDMAL.2024.2022733.1454

oS

5 obadl il anwgs 5 S5 Jlae ;o 5950l ol Fpa Gl sy slaele 51 (S lyear @bl D500 5 55))
50 logase glaizl g (goladl M Jluse 15 wwouas 5 (605 slaws cpizren Jol> o 50 5 Conl oais Ly cleizl
sheacen 5 (slazl igolaidl pulow Sl GLlaicalo ool slass G555 Gl )0 s Fhe Lo Ll 525
i 9 WS e Sl sl (Susj il Sl e g baasse s Edlane (538 50 5 See 5 (Ko 1) waldl e
2wtz F R8Ol pler g ol Olyoss clils walgs ol an 4 1) calitre OISl sloais|38 O jg0dy fadge oyl 45 WS o
15y Do 30551 612 (65,98 Y guam Al 3 aldl s 1l (o) 2 ol 2l (53,5088 DV amo ez 25
Lo Ly Gl (55,988 DY pazme ClS 6ol (giluand SOl bgly Bas sl s sl (550505 S5nte sl
S8l g bos alil sloyiie b Sgens S, Gloig, 3l ool b 5LT 50 jslate oy sl ol Ciliseo slagy b 5l
HadCM3 sgec (55,5 Jow 5l ooliial b olSST.as sy s (VF= 1 =1YY) VANV YY 600 0 Coviie SYguase 8 Shoc
YoVA-Y 8 (O FFYVEYE) Yo PO-Y - FF OVFYYIFAQ) Yo 1N =Y+ FO glio, 90 (sl dpum oyl o ouldl (sl i
G cae ol siyaelip Cdla, 65 5 b bl 4o b o i OFYY-1FOA) YoA--Y-29 5 (VFOY-\FFF)
S psio slo HLas zuls gy oadol slaoygs jo ciS (66Xl Bl S5 la 6135 1 g (ilwand adlate i
Joe y0 mll slas pdy sl ot Jleel b Guized 0,10 ciiin SV game o Slee (5500 e r‘b oL g Lo (o8l
oolol p YeAeoY-qq 5 YePFoYoVA (Yo FPY 20 Y NV-VoF0 slaoygs o cotie OVgame den coiS (565l
Sontr 3 b8l pis slo il (28,8 s 0 L S e )8 (ool Cilisie (slags Jliw 5T o HAdCM3 Jow (sla s i
Syelin 5o Slgige yolo gk mls culSy 8 enny (ul spw Sl IS5 Glsiee 55)5LaS DY gaze (5550 4
Dgd a1 554 28y Gl e solatdl dxwg g (55,9L8S

S o8l s g luands ¢ 4o,b s ¢ by (63,40l s gadS 5 5lg

This work is licensed under a Creative Commons Attribution 4.0 International License.



http://www.isadmc.ir/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22034/jdmal.2024.2022733.1454

£

e DY gamo wdﬂ)ehwulwfmﬁ‘w‘ﬁt gy

Wlgige @l s (nlaln @Sl sl glol
Slaal 51 (S g Conl goladl el S oS (65,0l
Comez sl 138 el 5 (6550la8 SV gama adgs )]
oui] g Jlr (ol coal azmzipo g laz po 0l Sl 5o
63> Jlaw g Mo b 1) cocal ol Wilgs oo callily oo
(o md 5l a3, Jb o slapl; il axlse
Slee p d9doe Yo Gak s laplsl 5 laskas
NG Sz wlaldl Sla gae maasis sl oL
cle @y dla o Vo ey VIV L g Al el adgs
mhaw 0 ol Sl St b s e b, uals
ol olael a4yl ool s 1 Sl
ollid 5 olael &y csl S8 a4 p3¥ 0,5 wales
Slyp o QL adg 51T soladl e, o
Slr e ol o (ool Dl Sepl 4 axgi L
NS 558G it gz 50all bl o e o gl
2 Ol ahessay 557 SV 4T Al e 5 Sue
o S oemen g 308 o L8 Jbo sleazil
CotS S b ownil jasis BB ae bS5l
Sop el 4 Jos cezr @l gl 555l )
(VF) Lgd oo 909,
i S plyes Ol a0 wgte adsl;
90 Sl oo S8 Gl o oRgd 9 O]
JSie S lgieds |y ggog0 0wl "IPCC) o8l s
29SO (g0 ,l) Jyaze alsi 054 5 (55 5LaS
2 (1A% s BB Jade 4 sanl Jlo A b oy
O 5145 28l anlys 2alS oS s s b i
Ol 5edS (A) 058 o 0 S s a5 G lgicay
g i gblie si> oo a8l sunpend o

dodso B

Sy sladele I (S olsiea w3l s
leizl - golatdl 00 puS slocon ;o 1) ool g
Sl slaw yols Jb e oS g el axslas 56 ;)
5,50 &jgp0 b leimk solatdl o icels
Slasws Slylebl b eSTen jls ols] aliuse 0yl
5 Slaiz! (golaidl ( cwlw Pluwo lolis I8 51 ol
2 555 65900 Bl 5l (S0 9S00 L o5 (Jaes
el i (6 ph glyzr (S0 it Jope g lodo e
) 6€Lo...‘>‘ ‘60L43§| o8k (_gL;.,.n > ts’l.a.u.)‘ LngCA.Le
ol GSUsS Blse 5 oM Lagl (e
(\?) 0)5»‘6,0 o‘).,o.m

(@il - Fuyb saled il ioren
oy )l 50 eeldl 5e (g IR Sie g5 ol
alls (655 i Slusl sla o inn bgaw (o o3l
i Wb ple @Bl )b seled S
0529 (ol ldlae Gblie o DLl 5 55 slayaes
9 ..\3)‘6 G......:L..a ‘5....“.:) w_:..os aS Wiloas J.._i..u k_’;”
el @dlae pam ooldl cusll lyl isen
L lagl g sas Sll slagoes 4 oz slocaw!
(\Y) Sl onilias 6...:[49)5 G gwds

@ 6 alsz 5l g Ol Come G938l 00, b
oo slos jo S gw elgl plo 65 Ba 5 55!
o._j Comdg &;b o; Q"‘ Lngbu.o.wB ).i’d asle so)'j).A‘
Sl s Lol wloas I 55 eej 97 5 5o
3 a8l Sl sapny &5 cal ad S5l
Ot D9y Jled & Sliss onl )L sladises
SOy s &S Sl )L g oo o8l ks sl el
35 50 2o 5 ST Glais ydy s crge Jalse bl 5|
() 023 oyt 55 1) laglusl Sas; T swly a8

delys uals o(65,0laS Sladsi (g0 (e
LTl olal gyso e olS Caleiy 5 ol psleS
S0 ol Ol g Ol Gad )l Jamd (e slo S

! Intergovernmental Panel on Climate Change



O LYY Wi (VLY )l{) 5J5| b)Lo.w ‘wb:}‘sb JL«) ‘Ub‘ﬁ" S Q,M.v €9

b 0y90 30 JluSis 7l 5 (S coae b pgls
Lol o gme adgy e HeiS Gl ol RS o
IS g sbaisu &5 wad o plid mls s
C 5 By Jled Gl idn (e e slag bl o354,
9 ObdS (Glzsly 5 s (550, Glul bl
waolys w8l ss ) G ndyee! oy lml)l
Y925 5 Sl GaleS 5B oy p gl (1 0) cusls
09aS slapbl i ahie agh (Jlo Cérpie » (oorld]
e isn aas o LEd VWAV 6,00 Job jo ol
aws ol 5 Cad colsl &l s 51 e ol ) goladl
SslaS Gt b hlite g ol alal) o7 oo i
olis asdly jebires Wpdyoe U jtie o)l
b OlnlesS 5 Ghl kg Les DY ga0 a5 s oo
ol oellael g calial g, 5l (S 2 sla L
st 5 ool gl il ) O F) ol i
s a5 s o Lt Sladl Lo Fui) ,0 agl
sloaie; ;9 peiian sl 5 peiltee Sjgot (ooldl
s (555 (5,500 ,5 «(55,5laS Logasna ikt
ol 5 egolazdl 0y bzl o Sladl 69082 oyl
S ez o b g Dp2les ael; (e
o glogl Ll il w5,)i8 oo Sldl Mo o 1,
@ og syt (lSe Sk gl ) oelil SYgu
Slasts lgios Gble gan @lp (Jlo w3 5l )ke
Slawlio 5 Sl olaidl cogass )0 logass |, ol
g Ogu Dgmte (golaill Cote g Cus,d S goladdl
5 Gble 5l Gl Glp o8l DY Sy
S by sbeyS by Sas bl o aid i sleysaS
wlise Claay goladl - L3l (K0Sl g 5 o)l
Sy 42 & Ol 08 Ol ezl 4 a2 L .OF)
Olrl 5o rdliolizl sy plesa wlil ois oS
Crond Slodg0S g codlll glogl 4y azgi b g 09 walss
st S sl (63,5l i3 Sl 98 (55,0laS
P 0 Olnl HeaS Bl Ldsay ez abliee
393> .0 5l Al sgzg sl (slotyg senlil glogl cailo
Sty Slopgl Glnl 534S Gloes e VYOO
IY N g o)ls S glamg] bl £YR/A aS o)l
SV TN gl Glalimae o] 70 el Sladaes

51TV Lo )58 50 (IPCC)Y audil i Jgo oo
i slogy s ]l 1S 0 a5 5 s CulSo alis
sanl Jlo ¥r 0 Y °Cl Lo Lawsgie (ool b o souddl
el ol Ak oo cnl o a5 wdbios ol pen
Sondy (G Sl Gl pwgacte g Sl
5% el s B el 352y a0 Silo Ll (celd]
5 OY) el e 3 Ay, ol dalol g alindS slaans
s YAVl 53 655 00 ik ledbl 5 el ol
4 G Sl 985 039381 (551 50 (55,985 7Y »
bl 5o S oo plaizes 1) 5w Gl 5SS
09 el le (Mo by )985 (65 )5liS i (S5S
2l 050eS (35 5 3 Gl (99 YU ((Ssk s
Ut 9 clie Sdgi pae 4z g (65)glaS A 5
23 55 1R grcrlil el 554, (65,5l DY pazee
olyod Ll 55k b o5 g Led (adol; b oS (ndy
L) 55 (6),0laS Gadu gob) olime 4y Wilg oo cally
g5y o8y 45 L3S Azl (g oe 05l 9,49, JSeiee
adg g0 glaza sanl o el sl s
s Sglite Zohw jo ) (55)5laS Ao o DY gaxe
b pleplla b valss ge g odgal (az Ol
wlasl JolSS gl 5§95 (sonldl bl i o a5,
ol Ol Sl ST 05l Jote (S etz 5bay
ol il sanyT ogldl Slipis oo 5l b
slwl) o @ladzoly 59,5 T 9 Sl (nl b alilie
3 Sl Rl b s (G935 laptans (39 Blge
0dd glogzgds Jolge g Je 530 g adloasn caliln o)l
2 Sless Gl egds Jliol i 5 Sl )
L landlae o Sidgh o cidgh ;o (A) abb oo oans]
S$9)s 65 oL yaz 23Sy ealdl ks 5 lgze
Thymus kotschyanus Boiss ele ob L 245 il
ol bl oS 5 (g 5lw Jow 5l (6,50 500 Land Hohen
665 ST eog0ome aldl i 45 AmS o i b
Lol sanl jo YL Olelss )| G 4 g 00ls i |
lasllas ol SKags (8 (caagh ;0 .(V) 8,5 saly>
MoKt Slmgas S oy Sliets Slyie L
Pl waldl i sloga s 556 5 lnl o (olitlya
Oley «bals slddastiv Wy, was oo Hlis gl wsls



£y

e DY gamo wdﬂ)ehwulwfmﬁ‘w‘ﬁt gy

Lys ghaw 5l liwpeed eli)] 0Bl oo (SliasS
dga aills adlats (pl S0)b Sk il 0 A M
Gl » FO°C aldls loos Jade  Sls 9 YY-mm
5 05 o8l s Toilegs a8l () ailols
&5y0liS olgz ool a5 el ool s bl e St
Ol 85,9laS DY gamme SudS Cod Bl oS g
VOFOAMhA sga> 0 VFe -V Fe ) el Lo jo cedd
sleJow oled wldes,y glpas ol Jos 3l (So.ol
ed LARS-WG e 0,5 o |5 o0liztuls, 50 GCM
Hbas slaosls Wse slaJas e 5 (S Joe !
OB ol Gk polie adgi sl a5 el lsa wos
2 aljey JBlas g mSlas sl )l ax 0wl 95 )9
el o oolittl 5T 5 g5 meldl (gl oKt S,
bl glogis (oolidlsn sl yiie siloJue
olojie ab eslizul LARS-WG Jas |, gloduzen
oL Sla e g 59,2 Sk g Si glaeyg
Siledae slp Joo nl ol &85 Jol (2 28des @595
oo cpydn g Lo (n S (ool sloyiall ool
LARS- Joe slagssg)s wadiys> 58 b 9 Sk
5 el &8y ailys, Gloj 9,0l 0 den 4S5 Cl WG
Joe Syl az o jllaz jeba ol s (b diges ol
oolitl g co 5 8T eels 51 T (ol § el o
oz 5 oolituls 9o ole ()1 (2,25 dns @js5 505
Sk oIl 59, (Sl o5l b 5 slag s ]
Oyl az o diged (nl o 0ed oo 5 S o3Il 5 55, Sy
Sgody WS o0 SpSojlwl a8 Glag e
alisy bl Slzl 5 (ke b (Sl 2ol >
WIS (Ko S5 )50 59, (09 S b Cumdg araS
ond silwoe allyg; i g S Sl 4z
azyo Hlre Sl 5 2 Sle (glwand ozl
G 51l osliiul poms 4 po 498 (6 o (had &)l
w0 lmosile polie sudosalive e j il polie
095 Judow o i g yeS leeols caiae] cews
oo iy oo (g yeS al ookl gloj (o
ool s el 1, Jae o sl 5 i 5 S

&5 e a pol (nl oS Al oo (SlnsS 53 5l gl e
@ axg b g ass o cwl glpl o o Sai)b celinl
Ored 5 SiS (5 )0 985 Cang LAY il asi]
G S5 plg e el 48518 S aes sblee
g8y Sl 5 b Kol 05eS L oojlgen (55,5laS
9345 (85,5kiS adgi gl adlise g4, JlwSias
ool 1) Slglyd slacusgass g LS condsl Layl i o))
locosgazme nl o ppmte 9 2550k 5l &S Sl 0s)S
g5y Oabolj 5 hes 5 ey S5y 2l @l i
aS 0505 le g3 o0 4S5 ebas il JLuSis sy
S el Hbas (lnl yo a5 ol Glossay JluSis
s wskasl ghls gbols b ple o Jo

(F) a2 o 59, shmotun
S slagSll (giloand yo ol 05,54 5 Lis 3,
Oloieds wlgh g0 ST slooy90 10 conlBl Corog b 15 5L
A 53 0ai] )3 (53,40l p g (bl 5 ppn poB S
slasglas oassl jo p..isl oS Candg ol by 00 428 S
S el g Sty saly> G935 Cundy b (owguine
&l ol Hlaeds Soeails § Soele «owolisS
Sl e oo 5 4 (6590 Ll (pl Cu o
Sy Bas wdblae olde cotal jo b (S ) (65,9l
Ry Joe 65,00 b olbl Ol s ot ol
Jae sl 9, mls 3 LARS-WG  g5le juliie
0Ll 50 5 Hs5UsS slag s (28,5 Jlai )5 L, HadCM3
Vgams i o8 giluand o ol 05,54

ol S8y Gl 0 (55 )0laS

gy g olse M
plqd\ DR 9% Q] S,90 40 45«5"15‘“ pol> Gadms o
I OFFOT SLdlas Job jo cdpa cbs wgd e
SRS ACI PRA R TSR AR
odls @dly Lo, Ll g YYO Km alols ;o 40,00
@loys ;5 5L, s SIVY oM glis | s adlae oyl Cen

RS- Tot ORI ICIN RPCT I COR SIS

1 De Martonne



O LYY Wi (VLY )l{) cJQ' b)lowu ‘pbb)’,gb JL& “_’bly S Ag.,aw &y

Egman godls sl

@il 5 005 epdlS 5l s ulitlse glo el
Bl et gl SO nlnly sied ol b (Joe
(V) Sl 50 j50 (e 5ime lomgol gloools wdsi sl

SY RO Jgl oy ¥ o 1y cenldl slaosls a5 i,
YoF5Y 20 slaJlu pgs 0,55 (VFYFIFAQ) Y1)
SVEYY) YeAe-Y2Q psw 093 5 (VFFYVFYE)
Ay | S o ol g wlide s, e (VFOA
5 el LARS-WG 5.5 Jow 2 LARS-WG Jow
JLeSe OFAASVYEY) Yo e 21AA 050 Lols imgs
Ol IS e 9 285 18 slanals g (amiily sl
oo sl OYAASIYEY) Yore b 1QAR 600
slawi b g, 5l oaelcawody gulis g ol a8 5 Lo o Jow
0508 (a3l g 5 (2l Joe 5 Al Cug, LB
o5k sl alme (S35l g Loo (sl prie ailyg; (Sloj (g
sla slo)lae 51 0L 5o 0l (gilaad oanl Sl
syl 5 Joe (23 jskiesy R? 5 RMSE (NSE
0,5 oola!

57°20° 57°40° 58°0°

>y (olidlsn glaools sl 092 4 5 23l (00,5
03,91 3929 43 |, LARS-WG o (slaesls adgs ailSans

Joe 3955 0 pllS
u;‘ (S G Lglbo.)‘o ..\.Jy” G‘ﬁ ﬁj‘}/ 6L°)':"")L3. ral.o.':'
sosls o .S LARS-WG 5,5 oo o jo 15 al>pe
GreS 9 b (i 095 Joe ln ]y ool (Shewys
Al sl el O jle a5 Soan a5 (5l ol g Lo
s Sley Jols b ailey 99 &b Glsar 1) Sl

Juo (b,
soolas laools adgi gl aio jge Jow aSy! s
w5l e LARS-WG (gl 21 45 a0 ol8

28°40*

28°20"

=} [ T
0 5 10 20

Russia Kazakhstan |
Geaig) Uzbekistan
eorgia
A =
Armenia .
= Azerbaij
Turkey s> AL ons
240 ; e Turkmenistan
= /= " Afghanistan
dran
r28°20'
A
Saudi Arabia i
Pakistan
|

57°20° 57°40° 58°0"

Oyl G 10 Cd e Culd Cauxdgo ) S



£g

e DY gamo Mﬂ)@wulwfﬁ‘w‘ﬁt gy

Rm =max[Z¢ m]—min[Z¢ m] )

o gloy g Z couds hows aelb R
ools jlse Bzl dilxs (B) alal,

n
Sm=|% 3 (Xi m—Ep)"2 ®)
ni=1 -

ol B loy (g X doosly jlas Bl il S

LN
100l wlie dyasd dield dwlxe () alal,

oaisoals wlide dyass mlo:anzli—m &)

ooty jlso Bl il S cons aws 4o R
3,5 Gy 1y 5 alady oy (V) e

S )

Glyoul S ionds fass aels R wcewjn asls cnf
ools Lo

(ol sae € onds wlide Wy adals I;—: ol o as
S ey bl o cwye sl H g Slaalis slass n
e polie Sloj 5580 4 o] d so o (e e
Sy S STy )l S olwly ol o)Ll Bolas
O 485> oanl iy a5 ol o)Ll g el
Solbas H e o slos .l atinly aLindS slaolasg,
el Saeass g,lL 5l

Jlaz g, 5l eolaial b e Ggum 5, Jelod al> 5o 50
S 2 (6)lo gine 5 s gy (OLSY Jgane Slayyo
eSee 5 o] Sl 5 VL S L ol i
bodpa oot adllass)ge SYgame o Slee
&8, &l als o,y EVIEWS10 (s ,l58le 5 a5l oolal
O3Sy S5 wnl gl abaly (Scemogs IS
o &S Dyge pl 4 il a8 S ey Jol adye

)‘M&tob}y@b@ub@k&){ow

3 Ordinary Least Squares

' g glod 9051
oy 3093 (Kimly eand b Conyp sl
3 e Vsb (bl Sl owyp 4 (Sl
Solere plyreds Wy oo &5 35l0p o0 (Sloj slags
cxtl 955 ooliiasl STyl 51 3olas sbas oo 53led gl
Cesiodg,ann (VA0V) Harold Hurst by yge;]
cloi Jaie 1 aS ol olis gy wad aill Ll
goild ocd¥s Wil c/O<H< N (H) casyn
HB g SYsb ey alisls L dolas SLIS (Jis
Sy Gy ol il c<H< D ST o)l i
o drslome glp adlioo (i B 5 plyoo
oolaztwl Toods wlie duases asals g, 5l Gy (o yo
Sy G &S Col Oigo ol @ hgy ol a0 ,S
N=N/2, Jobo b 5obisS Sl s d & ;N Jobo 4 X
&l sl N=dXn oS geouiay 0ed oo Joous N/4,....
Lilyy s am=1,2,....d b Sloj gy ! 51 oS 0

12980 Jog )
M o6y s GSilee s (1) alai

Em=<2% Xj )

Sy Job N Gloy s X dagmp; (nSilke E
elieS Slej
ools ouis Jl.c)., )‘Ab'.n dwle (V) A.Eg|)

Yt m = Xt,m —Et,m.t=12...n )

5eSile (Gloj gy X dmosls ous Jloy e Y

oy 3
o Sloj 6 e (1) alal,
ools ool Jbo i Jlaie Y wyax Sboy sy Z

t
Ztm=2 Yim =120 -
1=

0du Josd aiels dwlze (F) alal)

! Hurst Exponen
2 Rescaled Range



O LYY Wi (VLY )l{.} 5J5| b)w ‘wb:}‘sb JL«) ‘Ub"-’." Cy o Q,M.v £0

Sawlw 4 S 011 50 4 Jodll 1S 0550 & aanly
o dly 3 01 0 0 Jodll oS ol oo 00t Jlos
il ol 60,8 Sl Fig (5N cds o Ll
(V) cel osls 021,68 PMP Jow 35,k 51 yol ol 059 el
4o Sl Cogla bawg oads Byme PMP (g, (S gk
H0) S o0 Sy 25 Ay
@ oS Ay slp b sryaly ) sl O
eyt )5 slmdgaaS
parie slp ol Ao (g slajlade 5 Shee (F
o a5 sl
Oy S B s ead 0,5 B g 3 Sas (Y
Al o 55 lalslow (o) 2 Sz (a3 2 (S )20l
0, bld mhaw 45 enal IS slasgaaS (s
dsgane 4y (S (oo dode iy 093 0dd o) ok
wlol b gn,aly by, S mle gladgees
g o0
Srorelp Gho) Colyo al>pe an Job 1 ggemms )
5 5kat iyl S (slosgaa o135 lsina s
Soa ol sla ol )l oLl casu 0,90 80 ol
30 00l 0, JlS Bas Al o Sas (et 0,50 a8
on oz hE e sryaely Gy Se o)l
S (8l 05 o dmsloee PMP Jas ol 31 laelins
ooliiuls g0 (o2, Shyaeln S (S Ay 555!
Al o p) o laslnl IS sl ol rmeh o
sl AL 035k (65l

. 1
MaximizeZ = Px—dx—ExQx @)
> k. <TCapital
~ 0°)
> x <TlLand
i=1 (\ \)
x <TPoi
; p,X < TPoison o
D fx <TFertilizer
i-1 v

2 Econometrics Mathematical Programming

2 o S et S el FL 5l 5o i o]
b o T e e W il slagss L]
3590y paite Jolite Sl ST goaz 10 g g0az ;0 a0
Joe 30 35250 sl Las 3l sdelicwsds ol Lo g o
LSS 5l ol JS5 G @ 03 has R wiile
g balobo et gl old Joo s 5l g aslo, YU
OF) as oolistasl o iy bl )

b b)) sraeln Jae Sl S jsbay
] A ddasly &y goas

n
MaximaizeZ= 3 C;X;

1
Subjectto: I W)
Zaij Xj <b

bi g <iS 5 mhaw 9ly S oolyd (8 S B e
S Jas 039l .ol 5 5liS s jo pll colys liee
ol (65,5liS olaidl )0 w5yl (Bl 8,40l
31 gles s Gn,Ja Sis sl Judow sl y
wd dw ds b o ol 0510 0929 (63,40l sla oo
L (NMP)\(_g)j.‘;..»o (5“’[") Lg)'.l)cul.;ﬁ Lng‘_JA.A 615
2l by sldee sleane sladoe
by spyaby sldoe 3 EMP) sl
e dslol 15 aS taied co (saLpands (PMP) coite
PMP sl Jun ol Gun ol azlby PMP oo
29 99zse lyll 5l s Cand 4 g pgal ol
Joe ol sl l,0la8 L8, (sileancd os Al 1o
arwgi NMP glasSl )0 04290 OYISE! 28, sliwly jo
& dgdisr )8 Cude (20l ryaeliy laoe
9 Woolyd Cead 4y axgi b g 09290 Ll o ol 5las
slecusgame 15 S o Jos aige jobay Jgasw
OlyeS ol 5 ()13 59liS el (28ls )l 50 (g 5bemnsy
plos Llod 4y ;0B 5lu Jaw a5 aes 0 )8 ).ul.s o |
Oley 5 S el g 555laS (g e Jow o o]
NS oo S5 50 1y o] (oaBly Ll 0 (655 e
oy o b )] (6 )8 31 g cnliw S5 Jlosl 4 (9)

!Normative Mathematical Programming



£

e DY gamo wdﬂ)ehwulwfmﬁ‘w‘ﬁt gy

Wit £9:090 (pl Sy Joo laad wled oo ainien |,
g5 b 555 (slocalad oy azily ol gulio JS oS
S (o ilopo Jold oS 39250 baaio S 5l fiien
e 5 SV 10eale IS (695« ailoors SloosS oo
9 s b Jadpo a8 0l aalllansgo dllats 1o 35250 O
(S le g 516 50 6ln iy 4 pleed lassS
IS ol 9 peed (s slansS 9 S B iSe pie
S8 g s @Bl 55 45 (G5 scallad polan 09 o
oolie Wilgh sed 4 Cl JiSe s p alizee Y gazo
P Vgame CAS pj mhe (V) 9,50 095 4 s
Olea ;o eabitS Jol Jgame gl il coi ool

OA daly) sos oo las 1) ol fion o)

=kl
o8l slaosls (Jaw glxl (gl s al> e o
5 Gxslanz ohl )L o3l g Leo (it oo (1 52
ol el ol 5 43,5 90 03 (sl Jorige 25
ol sl o)l (ot 3l 0y90 (pegd 50 () Jguz)
(S oy slo,lol dliwsas LARS-WG  Juwe Lawgs
485 e sl oS 3 Lo Sl Sl i
g odboanlive polie) e g0 yo bl | 4> o sauasjlis

ab asly Jae ol 4 axibee Jae 5 laplalel |l
(¥ Jg92)

‘ S g eliel Slaslia sleeals

¥

‘ R

¥

‘ Jre e el g el

> lix, <TLabor ("
i=1

> mx <TMachinery 00
i=1

D wix; <TWater, e
i=1

X >0 3%

Xy — X, <0 OA)

NXL sy P sanl Bas gy L5, Z alal, ol 4o
chw 3l e NXL oy Xl LY ol
opdlS (ily sloyelly d ol uddsi slaculad
g dlisr anpe @i 904233 Q e Slo g (o 252 o
pyoms M itslopes mlio 5 oolinul liee W oulyo
Sl P syl 598 T raloond GlodsS | oleord
eSSBSy 0 T Y sl gl ST K (&Y peisle)
TWatern ocil oo asllhaes go adlaie v jo el
Ol JS Jade TMachinery o1 JS jlade
Jlake) TPOISON ¢ oluaris sloogS IS lads TFertilizer
TCapital oy JS5 Jlaike) TLAND ¢ olands poams JS
oo Slos (gl ddlain 1o o pws o Gloyw J5 ke
oaizshe slaad 5 (1 alal) Bas gy ol 55,5l8
WYl Al su (Bud gy (A B ) Lals)) s, o
Sy Gl el (65,088 slacdlad S 5 eselanon,

aslllae SBUib gy by Hloges ¥ JS&



O LYY Wi (VLY )l{) ‘ng b)Lo.w ‘pb:}‘sb JL«) ‘Ub‘ﬁ" S waa v

2 50 aeS sloo (F Jguz) ab oo ials V- FO-Y -
sl 0530 ;0 RCP8.5 RCP4.5 RCP26 (g5 L an
Oz Ol il 0490 4y Cod Li0l38l aig, Y VA-Y - £
0,50 Job ;0 g 0als b slag s jo 5o aiiin sleo
B Jgoz) o)l (aliBl 89y (o) 23590
dw 2 0 aueS les fodsliunsa =l a4 axg b
YeAr Slojoyse ,oRCP8.5 RCP45 RCP2.6 (sg L
Sbod yuizmen 5 jls sl o)joagwsd;ilﬂx”\’“\‘i &
s 2300590 Jobo 10 g 0aliol (slags L o fd ainy
Sl s )90 Slogy L 50 55 )b ol (gl g

O yeS Egezma 43 todelCwody sloaiil 4 4> L

4, RCP8.5 RCP4.5 RCP2.6 54\l 4w 2 ;o Lo
Al> yo dy Cad (G5, 1 5, W, Vo WV FO Glej 00
Slag w0 5 led 1 yiien el yed WSl o [hlo wb
3,10 Gy g W) 3BT 90 090 Jobo 40 g onbsl
0,95 &lp RReh Oyse Sbrglw )0 uizmen (S5
S Lo (Y Jguz) b oo (ol YN V-Y ¥ S
0,55 ,0 RCP8.5 RCP4.5 RCP2.6 (54 s aws & ,o
Al )90 & s (gl 4y g, Wig, V- FF-V-70 b
g ool glog b ;o 5 Lo (1 yiion joboyan )l
SBlge LIy (gad; 4 gy Wy, (o) 0)50 095 sk 5o
Sl 0y90 Gly GRehs 90 Slagy L jo 5 Sk

Yode Jluo 6 1AAR Jlo (5,007 9 (o e (ybis s (ol (510 oo (yoSilio yy0lin ) Jpor

polws pmelg Sl gl gl ads o895 o0 Jsl b angd wgls 5o

VoIY VENVAD \ile YEV YOS YYIA Y oI Al £10 SI¥ Los gy

YY/¥ YAy YEN \Ar £ Y OOFYE OYRIA O YAE O YYE YYD Lo (s s

YA/A YOI YD Y/0 . . . oY £10 2 ARG AYIN S,k

Yore Jlo 613AR Jlo g, 038 39 LARS-WG Juw 23, o ol yolio ¥ Jgu
Syl Loo (9 iy Lod (g9 yioS c)Loi

oD <IN <IYA (R?) (poess o

“IAA YIYO YIEY (MAE) Gllas sl S5k

FIOA FIYA (AR (RMSE) Ut &lay o (yeSle i

Jaf Ay IV (MSE) &l po (555l (las

YoN-YFD 0,90 0 ouddl 5o ol yly 00l S g I .Y Jous
polwd  pwelg ST el gl adel oisf w0 Jael ol angd agly gles elil
vy WS ALY YEAA O YVYY YUEY O YVAL YEYS VYA WY V-] 4-Y  RCP2.6

ARYAR V¥/-4 IRVARY YY/AY Yvig- Ya/xy. YV/fY \A7AYd ARVATA \FIAY ARYAAN MAY RCP4.5 \3’1;
ARVAR YA VA/YA AR7AR YVIAY yYa/va \AZAR YENY V4/fY \OIYA ARVAYA Uy RCP8.5 3
YY/of YA -0 \Rila% A\EIAYS fy/7. ff/a¥ AA7ARY f./7f Y¥Iey VAR YY/#f ARIANA RCP2.6 .
YY/IvE YAIYO Y/ f./-f fYNE \Ariad fY/f- V-0 ARTANE YAV Yv/a¥ Va/7 - RCP4.5 %
YYEA M- YOS FFA FROY  FEIa.  FHEY  F.Y  Yold YUYE YRSF Y-NA  RCP8S 3
VY- < IYY AR <\Y +/+9 LA RN BAYd <IfY </af V/FY \IALd RCP2.6 1
VA AA! LYAR R AR «[+¥ o/ f <IYY BAvd VY VY- V/04 RCP4.5 :2
VIV <IYY AN LYAR <Y «[+¥ oo F “IYA <10Y VY VY- \/OF RCP8.5 5




€A e Y g oS 1§ b Syt g1 okl et 3 o
YESYe50 0555 35 couldl gl o ook simrsions slidin F g
polwd  gelg ST el gl ads ois 0 Jusl ol angd agli giles kel
VAL NANY  YFY O YANY  YAY  YAA)  YVEY  YESS A48 AMf- V\/f-  4¥F  RCP2.6
VWSS VEIY YA YAVY YA YelVe  YARR YONY  Yelee AMF3 VVAY Voo RCPA5 Lo oS
WS VDY YVYA YSIVE  YRA4 YAYY  YAAA YOAY  YoVY VFBY \YAY  ))/-% RCP85
YYES YAUBA YEIYY  BVEY  FEAY  FONS  FESA FVA YEBA YA YYYE Y-/f\  RCP2.6
YOS Y/YP O YPIOY FVA- FEVY  FOAY  FOYA FVAY YO YAYA Y-8 YVXY  RCPAS  Leo ot
YEAY YT YVEY  FYFE FANE  FSYA RO FYYS YEYY YeN) YEXR YANY  RCP8S
VDD <INVl WY NS [ed b XY <O VBA VEY Y)Y RCP26
WYY SYA GNE e efed Y \e oYY /88 YAY Y V-3 RCP4S5 bk i
VEY ) Y SNE AY fes o8 f¥- DA VA& O\ VY- RCP85
YoS5_YoVA 090 1o ol b paitin oukib simssions slidie & Jgu>
pobwd guelyi ST pmelows gl adsl oisf 4 sl ale s agili gobes il
VeSO NONY  YfEY YAN.  YAISS  YelcA Y- YEYO VYA VFAA WAY AYY  RCP26
VWBY  VFLY YAYe  YSYY YUSY YAV YAIBY  YAIFE  Ye/Ye AFLY AYAY \ed)  RCPAS Lo o yieS
VEAY VAIBY  YYBA YAIYA YV YY/SO YeNY  YSA- YA/S \VB\ \WA-  \VYAY  RCP85
YYYA O OYAFA YEYY FVEY  FE/E. FMFY FEOA FoA YEAY  Y4/)  YYYA Y/fY  RCP2.6
YO-A TeVD YVAS  FYYY  FANE  FRYY  FA- FVAE YANY  Y-N) YEVA YVAD  RCPAS oo o yiin
YFIYS O OYYIFA YAND  FEAY  FSA- YV/PS FPAF FYYY YRIOY  YYY YESA YYRD  RCP8S5
VEE SNA SNY SNE Y e <N\ YD -IOY  V-f \/fd  \OY  RCP26
Vee o eNd elf WD o8 Y f XY <A V8 NS ANY  RCPAS bk i
VWY GNY ¥ WYY o8 .Y <8 -¥Y <AL M\ YNA  VF-  RCP85
YeAeoY+a 030 55 (coldl 5l yiol by o somsisions sl & Jgucr
polwd  elg ST el gl adsl ois5 4 sl omle aygd wgily gyles el
VeSS NBNY YeFB YONR YA Ye/Y YVAAY  YESA VUAY  VO/f8 V-3 AYF RCP2.6
W AN YABe  YSISY Yeld YANY YAAY YOAY  YeAe VSFA VYXe VS RCPAS Lo oS
VOAE  Yelde  YOAE Y4/FA YT YEEY YYAY  YAYY  YYNA VAR \ale) V¥Y  RCP85
YYEA O YANE  YONY  FVYS FEYE FAYY  FENY  FVAS YOAY  YAVE  YYAY  Y-/fY  RCP2.6
YEVY YR YVYY O FYVE  FAVY  FEVY O FRIYA FYAR YSAY Y80 YAIY  YVAY  RCPAS  Leo ot
YVYO XYY Fe00 YOS FANY  Y4/-F FAYE  FESY  YVFA YAEY  YSY  YYAD  RCP8S5
VYR oY YA SNY e [e$ «feF Y- d) V% Y VA RCP26
VEY GE oNR GNY A Y s oY S XY ANY V- RCPAS bk i
VY Y XY ONE GNY s oA GXY 58 NS Yf8 Y-~ RCP85

4 bgrye qlis 5 85 )15 (o) p3y30 (VTAF-VTEY)
(Y J9az) Cewl 00 5155 o031 o)
S35 A Ol oe IOSHS) e a2 6l S o

o gloi 9031 31 Jolo gulis
2R Emo (H) Sy a3l Sade 5l eolazwl b
Slade g lod (i oo u.a,..afu_m.ls‘ Sl pxin 09

VAAF-Y VA (g lol 05,0 b 1o ez s sps Sy



O LYY Wi (VLY )l{) ‘ng b)Lo.w ‘pb:}‘sb JL«) ‘Ub‘ﬁ" S waa £4

5 .~... g_)y QS 9\)\&]53‘ :.S )ﬁ} l
Yorv-Yeovy el Jlo o SS& 4 boslyd Bras
(A Jgaz) canl oalosls flas (VE-V-1F- )

SYob abadl> lls ¢ jloplss ss> g0 Sloy slas w a5
39 0 (i W il oo oy T o LSS Jlaxs Ly g

e g Los o yiin des (pyteS (oosldl (slaiie

s aslsl (L3 Wiy, les b (Sl

ol s ol sl (6l Caw 2 (Slod I Y Jour

S 32 lod Hladeo o o6
< INF Lod (3 S
I Les o Yo
Y. S8k ol

Verm1Fe) el Jlo 50 S 4 Losls & pao 9 ckiteo Y guaseo 8 ,5hos g ddoi (i 1) oxdaws A Jooz

995 Glxosls NP azgs ool Jypazmo
0F- \EY- SN (GlSo o) ilS 15 mlaws
YA« Yoo YEY e/ 0 (LS jo 0,5 6lS) o Sloe
VOFA- F£A- TEEYLE (9 Mg
fA: fA. VY. alo s =(Jby Ggebee) JESB 50 adgi an e
YSAA- - YYvg. . £a5-00- (Jby osdee) adgs ase IS o
.- AUIER fy... (L)) o5 kS s (89,8 odee o
VEAQS . - FESYY - - YEAYA- OA (b o9ebe) JS el sl o
VYA YEADD - - AYIVO-A (b Osekee) AN 25
VY TYY Y 7 aloper o3k 5
Vo7 Y#.-. Yvy- (xSayie) S8 53 35 3590
o £O- . (LS 50 p,55kS) 5L 350 (qaloords 055
Y i VY OSe jo pd) olosds o
fY 0 Qg Gy ), 595
V¥ \f YA (OLSe o celw) YT il

Gl U oS oo SaS o 3o (pl ol 0al g lvas
ol o g il Gillawl L 5 b1, Sdly 1o e s L8,
alides lagy b o yai 5 Lulpd 5si L ol oo bl o5
Ohlas @it glacwlnw flx 5 (giloand &
g el Folaw auslio 4 4z b Coles,s ol Jorda
903 (lgie Glgi g0 55 de Condg 55 50 Bas al polie
Syls wl Cumog adg 0 oYL olly ad) ey g, aS
Joe s 5l Jol mlis &5 @S Glgs oo g902me )0 5
0l Jow 5l ylg5 oo dalol yo pl ol calily co Joud B
ot ol lall Ll g gilemand ol oud
Gl s solBl s ST py 0 6y 0,8 ool ool

Joe gl S jslaiea Bae ab slo el )l b

&0 o ol et (L2l (g5 ,a0l 4y b sl
e (ot snyaelin 4 b3 ghyaely Sas
CiS p) s ol le oSl Dgldl oS oS
029 Ozl S5 ol uslie g aly Jlo jo o) LB
b Joe el el Gl 00 05 0929 09250 (52 y20L 2
G970 & h e b el )l coul oadplnil gy <l
oy 4 |y s Condg o agiil o5 wload o
b,y G pyaeb p Joe ollg 5l Sl el ol as wlasils
2 Ol ol38 gl Jlu polie o)bgs adgi o e
b8 CasBye 5 (a8l CusBae G Dol ) Sl



e DY gamo Mﬂ)@wulwfﬁ‘w‘ﬁt gy

xS aaa b cnl ooy 3 Jlo slaayb b
A 0y ik lapitie el axals 36 ole
shlo > adlaie (o 1 AVle oo Lawgie 9 Culo
@S Geb p Wl Glresly Jpame 3 Slos i i
oy oo 0 (g8 Jlo Bk e sely So il L
Oired S9b oo 03938 lresly Jypazme o Slee (e
axly /YA Iogas axly SOl 4 lod Jawgin 2058l
2 Jgaz) ses e S 1) lmesl Jgaze 8 ,Slas
Sl oad dy5ln Joo (Sataszyd Jly @l ol
e 50 A Sl HIFE (S 8ansS Jpane
B Bl glos Lagie 5 AVl S0,k e gl ke
Jgame o, Slas atusly puxo Sl s 51 7FF cal 00y
O3l ts® O35l (b 5l e st |y (S jdarsS
(Sradd93 pae 3929 saaasplis 35 wly ple sl
Jyaze lp oads o)l Joo (Sainog b olgs bl oo
5 AVl Fui)l ke slojeine ool OV il 98
e Y55 51TV el ooy ;38 AVl glos Lawsgie
290 0303] 20 et |y 505 Jarmo o Slas atnls
pas 392y oxadplis s @l ple lp 5 Gemly
ol 25l Joe (Faied g0 g el (Sanogs
Ol oo sl =Y ply lomasl Jpaze (s
TYY Csl oogs ;o8 AVl slos lawgio g ai¥le S5
L (Olresl Jpame 3, Slos) dinnly piie Y95
56 &y abe Gl ogedly Grpge 093] s medy

OV Jguz) Cenl  Siap a9 pas 0929 odimoylis

oot eoeldl Sl 5l as ol Joe O jgo pdy CiS
5 8l yss Slagy L CIB o LS sla s o ea
on S Jyore Slaye Pl (g 5l B cnl 5
ok 3 Lo sl s 1SS 50 1 g (g loline ¢y A3
Al oolaiwl Sllllas ddlate jo Jgame o ,Sles Lawglo
sl lxe 500 g 00 o yuad oy 0 )lol 5l oolail b
O3l 2B IS (e b dged Sl 4 Joe )0 05250
g o,Sles yu alaly 05 axine gly ool
goax> 0 ool JSG L il s ol S 6l o b calize
5 SNk g Lo a8l glo o alaly anlol jo aijls
VP BAYYY dlo Ve 550 (b e ln,ed
AR pgiw (A Jgo2) Sl 0aB 8155 s g (o
S ol Gloots il Gl (6 et giogs wnl b
Soglrosls i polde STl il )l Sloj
o5 |y Jb by slaosls &l s ol (addg) pasie
a2 b angS o puogiogs il Sloj (6 pm 4 daad
oS abal, Sl g b o e sdnlcasoa uls &
L soniins bl 4 Cucurbita pepo L) gu5 o Shos L
@Solanum lycopersicum) 5 ,84>s5 Jgamxe o Slos
os,b Golanum melongena) jlxesl Jgamxe jo .5l
ol el oyl G568 Jlo o Shee p cuite i1 L3 Lo

cov o] Oyl Co e g oly,9leS 4 Lae oy

i yaor dine N guamo 0 5o 1 Syl g oo soaldl (gl ko ;5 A Jgu

Lo p9o ¢lg Lo ot lowo 31 (2 ¢ Jypazo
V&I ooy SFVYIY e sS
—+ YA IR P IAY oty
~YIAY e VA oY ity

oSy Joo slaoybol Ve Jgu

Oply (miz99 Jloz>! (R?) ool Jy os cymns o 36 (R?) (s < 6 Jypazeo
\/AY RN AYD -I¥¥ S sS
VA N IPA V) olmast
\i$- N J¥Y -IOY o5




O LYY Wi (VLY )l{.} ‘ng b)w ‘pb:}‘sb JL«) ‘Ul""-’." Cy o waa 0)

P ol 50 (g wbos Gl pgs 5 Jgl slog liw
5ol 90 opl (b ciSp; gl b a5
gl 50 ol o b 0 g alis ol el __salS
Lb Jlo 0 7AD sga 4 sl Jlo jo ialS 7YY 5l sgu
Yo 0,90 50 Bl ggbw 0wy Bl sl o cod
e shee e Glmesl S e YoYO L
Iazme dxy slooygd )3 (Jg 93,5 0 Bdo iS558l
oy 9w g adgi 0 Shee a5 L (Jy wdanlezadss
Jyaze slp @l @ 4295 L .OY Jouz) op wals>
Ol 5 00 (2l sl sl 99 (b 3 Shos (lmasly
95 Jypazo il (o205 58 adgs 39d o0 crge el
9210 golew a0 0 Slas jo alS @ 8l a5 L 50
39 2B pd 5 ol s )bw 99 0 S )l
Jyaze @i 4 a8 L.OT) ol Lol pon (0 L
2,08 g2l dw 5o a0 el o8l psS b s g0
5 =l p9d 5 Jsl sl 99 )0 ©aS i wlaw (s

OF Jgo2) coal (p20 oo 692 )l )

Olid oadolml Jaw g5 ol wl avss jo 51 13

Gl8le 5 50 axlllass g0 slaosls 0955 5 L 09 oold
a5 aod oo lid gl 0gd 0, S eul b Jaw b
odelawsds Sledbol b aly Jlo ciS 55 mdans slaosls L
odd b Jow (V) Jooz) 5 L il ciilhae Joo
Sl Wlgoe 954 9 00 0y Gie Lawgs
ey FU N K PR TL I N VWl PRI Epp EY K
sladl (V) Jgoz) 950 ookl calisee slogs liw
OlioslaS CAllBl g 5 iS5 e 0,55 55 Joo
al oS ) mhe (LS 50 0 S5LS) o Slas ol e 4
by ogelea) yy9lis” (dad (allEb 25 5 ((1S0)
soeldl yolie s sloslarul b 2l al> o o .ol ouisasl |
Wote o2l Sryaeln Joe SeS L g ol (i
AT, 3o ey o Slat ol 5 slogy o il
A gy S8 2 Gl el ST (558l g S AIBL
Jyaze (85 plg oo S ) aw b 4 425 b

5 0Skee S L saslil sl i s 55 e
5 ClS ) e oS sl Jl ol ol axlge adg

2 e 3l ey PMP ko g2 i 1) Jgazr

(HLS®) (Flawlrs LS 5 5 el (LSe) asly clls y ) el Jypamo
ADYD/- -\ A0Y0 S jpansS
VoY VoY - s
o8- o8- s

HadCM3 Juwo s Sooyiom sLow p ool &Y gamo Gl p ) b OY 93 Y Jgu

() S 35 el Ol o
ST 2L Jya=o
Y+Q4-Y+A- YeVa-Y.£# YeFO-YFF Y.FO-Y.))
YY/AF Y/ 8 VAVY AAY RCP2.6
YVAY \\7R4 \YIVY AIYA RCP4.5 AJLIEINS
VYo VWY Ve/va YANY RCP8.5
-AOISY -$Y/AY —FY/TY SYYNY RCP2.6
SAY/N -$Y/AY R alias YA RCP4.5 olesly
-FOIVY -FA/f0 -F-/%) SRRV RCP8.5
YVIY- Yelf- VWO \R¥iax RCP2.6
YENO Yelf- VOIVY Velo® RCP4.5 995
Y- /aA VOIA - YY/AY YYIYP RCP8.5




oy QYWWﬂ}WQlMﬁ&‘M‘E% gy

HadCM3 Juw b Sovion MU it OY gamo 0 ,Sos i VY Jgo

(1) 5o ol yris
0,98 2L Jypaxo
RTENY Y.Va_Y.55 Y5O-Y-FF YFA-Y)
Ve Y VY- VYN RCP2.6
Ve Y \IYY VYD RCP4.5 S pazsS
V.Y Y VAR \/TY RCP8.5
Nng Vi VIVY VA RCP2.6
VIFY VoY VEY VIAA RCP4.5 sl
\/EY VoY V/IVY VA0 RCP8.5
V/-Q VIV VYO \/OY RCP2.6
AN VIVS V/IEN \/OY RCP4.5 PR
V¥ AN VIVY \V/EY RCP8.5

HadCM3 Jow s Songion &b 5 coido OY gammo odgi Hladio i IF Jgoo

(7) ol gi ol i
0,99 PRl Jypaxo
Y+48-Y+A. YeVa-Y.55 YePO-Y-F5 YoFH-Y1)

Ya/) Y¥/0 YOI A\ RCP2.6

VAIY ARTAX Yv/$ YA/A RCP4.5 A JLITIN S
Y2 YEIY AN /9 RCP8.5
-Va/A -FY/f —<IA Y#/4 RCP2.6 Olesly
-YE/E -fYIY SVYIO YA RCP4.5
-O\Y Y vy Vool RCP8.5
Y/ -¥Y/A —S\IY -¥YA RCP2.6 935
“YAID -Y\/8 -Ya/. -f¥IY RCP4.5
-va/o -Y#IA -OY/0 TR RCP8.5

HadCM3 Joo b s iy B 3 cuiiio &Y guazo J5 (@l vl y0 o i N0 Jgu>

(1) (AL sl 4o b <l yuuds

0,9 92,bw Jypamo
Y+Q4-Y.A- Y.Va-Y.£# Y.#0-Y-f5 Y-FO-Y-1)
Va/- 8 YEIOF YOIYY Yol RCP2.6
YAIYO YENO AR TAIAY RCP4.5 S e gS
\#IEY YEIYY ARVRY S ££19. RCP8.5
—V/AY -FY/FY —+IAD YSIAQ RCP2.6
~VE/EY —FE/VY -\YISY YAAA RCP4.5 olesly
S IAL2 -Ye IV \7AR Neefee RCP8.5
-YV/0 “YVIVO —FVIVE —YY/IAA RCP2.6
-YAIOY -YA/PY -Ya/-\ -FYIYY RCP4.5 9aS

-Ya/fy -YZIAD -OVIBh ARAI RCP8.5




O LYY Wi (VLY )l{.} ‘ng b)w ‘pb:}‘sb JL«) ‘Ub‘ﬁ" S waa oy

HadCM3 Jowo b Lo iy Bl 1 coio OY pazmo ddgi iy 38 S5 padd NP Jgur

(1) sy aa 30 J5 Ol i

092 92l Joaze
Y+Q4-Y+A. YeVa-Y.pp Ye2O-Yo P Y-FO-Y-1)
YAIBA VROV VoY AV RCP2.6
VY/A0 VEIOY VVIYA YIVE RCP4.5 S ez oS
VE/AY V\/s§ UYE Y1/90 RCP8.5
-AbIPY AR —FY/YY S¥YNY RCP2.6
—AY/N ATAN B oA “YAYE RCP4.5 olesly
-#OIVY ~F4/£0 —F-/F\ “Neofes RCP8.5
YVIY- Y./ IO Ve /pY RCP2.6
YENO Y5 VOIYY Velop RCP4.5 995
ARILVY VOIA- yY/AY YY/IYP RCP8.5
HadCM3 Juao (slo i Bl 32 o Y oo (alls Sgm ydd Y Jgor
(1) AL dgms &l s
0599 92 b Jypazo
Y+44-YeA. YeVa-Y.5s ARV 0% 52 YoFH-YeN
YAIBA VROV VoY ANV RCP2.6
VY20 VEIOY VVYA YIVE RCP4.5 ACJLIESS
VE/AY V\/pg UVY Y1730 RCP8.5
-ADIFY ATAN —FY/YY “TYAY RCP2.6
obresly
SAY/ ATAN R alia R AlArZ RCP4.5
—SOIVY —F4/F0 —F-/F\ “Neefee RCP8.5
YVIY - Y/t VWO \R¥iax RCP2.6
YN0 Yo/t \OIVY \elo® RCP4.5 55
ARILY VOIA- yY/Ay Y/ RCP8.5

alee Gl pgw sl o (g lioe Rl pgo
Sl )0 0gd(0 yxie Sl )l L8 oo
3 GRIP YT sgu (K9xS alls sgm pou
o3 TND sga a4 gl Jlw b RCP8.S (g4l
o, Slas lool Japamo gl i p b Jlo & s
e Jole cnl g 009 s2alS Jol g)lw g0 (b
ol o S s 28 815 55 s 5
dgax> 4 b Jlw ;o ialS YT 5l ogw g\l 90 oy
Sobw 50w p B sl o cov b Jlo o AYY.
oo el ciS o mhaw Yo FO-Y 1) 5,90 40 5]

LYY 0902 5l (K584 65 alls o9 pow (592 )l 5
N0 350 4y Jgl Jls b RCPB.5 (g5 liws 4o Lyial3dl
gl )0 (Al sgu iy Jlo 4y Cons 238
Jlos 4 G ial33l 1)+ 359> 5 RCP4S 4 RCP2.6
PCR8.5 (59 ,liws ;o Jg.dw, alss 7YV dg0 4y asly
gl Jlo o Lmals IYY g aml als boge ol
AV Jguz) duwy a2lez 7YY sg0
5 Sy iS ) mhe @l 4 arg b IS sba
Lo (SpazsS Jpame iS5 Glgiee AllE Sge
Lol axlgo adgi g 0, Slos J1alS L col8l slags Liw
5 Jsl slogjlew jo ciS 5 mhaw o5 ol (Jb> o



34

e DY gamo wdﬂ)ehwulwfmﬁ‘w‘ﬁt gy

aalol jo .l 009 o)L g Leo iol38l L ol o &Y guaxe
b 595 a8 (655l 5 0 Shos  lagy L nl sla 3l
@l WD St ($8b; ryaeln Jae SeS
A S e g Lo sed8l la e olo las
L oz 0l ot OY same ojiwﬁé)low
SN Jao o bl laggpdy ki (St Jlos!
Yo=Y F0 slro,go jo conin OV game dad CuiS
YoVa- OFFY-1FYF) Yo pO-Y 7 ((VFYY-1YVAQ)
S OFYVAFOA) Y A--Y-29 s (\FOV-\FEF) V- 77
SSbess HadCM3  Jaw  slo s bl
b mlo ol aipnS oo )18 canldl aliie glags )l
53 anlllas yo oyl o)ls Jlgsea liime 3y anlllas
oS Ty edgume @Bl s A5 Waw, sl pl @
o] 5o pYL Slels )l oo @ g o0ls o | laassS
o1 Sk b5 %o gy o (1)) o5 aslss Lnl
slaplivl ohgtr S o5z slagise &S g
obels bl o8 5 320 Jled slagisn (B0
o3l 5 Gbels bzl 5 Ol w92,
cusls winlys w8l o 51y o pdyeal on i
oladl gla yidu ols lis b ieghy Ko bl (V)
St o g wibias ool oss 5l Sl ol
515 655l i b Sbline 5 ol el 45 ola i
ol 3 ol ladidly jsboiyan Windy oo b i
b Olnl eaS e Ghl Gk g Lo s a5 o)b
Cowl gollaol 5 caslial Wy, 5l S 3 sle Ll
od8l Ol i aS weo oo Lid K0 oy p s (V)
Bl glodine) ;0 el 5 el g0
ool ool wn) Jesl ( oludl (g ,90 40
Stz Jlo by Dp2len padol (waks
b glogl 5t Ul epll .0 )8 oo Slasl Jbo o 1,
@ og Wl LSy She maw o a8l SY g
Sl plgi o0 Bblie (can lp o Jlo o 5l 5)le
Slewlio 5 Sl slaidl sagame 4o logasa |, olldl
5 Bble Sl Sl sy omalll SV Sy
Sl sl S L g s gblie jo b iy slegls

2 s S i S Gl sl o
Sgi oo Sloe 1alS b (Jg oadiadss sazee aa (slao 0
75 b 55 908 Jaaze L0 0l se axlge S5 g
9 0 gl aw o adgi 5 0 Sas jo halS o 8]
39 il pgd g Jsl g5yl 90 p0 CiS 5 o
30 Al o PT)Q W el ol pgw (so1,L
owldl LV e sgqa> 5|l RCP45 4 RCP2.6 (slags,liw
2O P9 Sy walg> YUYV sgas 4l Jlo a4 cod
Ll /XY 5l g azsl 2alS lasgus 1y PCRB.S gy lins

By 32lez LYY dga w0 a0l e o

G5 4ol g S B
b oS sz Voou (Melline qomme (215 (olil
ol oad it @ ldl Joo5 (owyp SIS Oloe
3 oot b pebil Jps slass, 5 L sler il
Slol 5 o S mhas (gloo s (g uSojlil slaesls
yol> oy sl a8 S 13 Apd S0 Ol
e dhewy FO8n 92 (eges (05 sladises
Sleiobden; @lp wibliee o8l Glag L ol
(Siolder; laghy) ol 5l 8 (codldl slaosls
Slods 5l (S gd g0 00 IS kel slas, 5l ten
GRRgR S A8, ) Je ey, cnl 5l eslil
a4 S O] Goytan BB 5 gy 0 Shes S0l
daly pyp @ bl myp cnl e sl bl
6T Sl 35 515 55 e 5 L ol sla
Ol e e SV pazme coitie o Sles (ke
o iia (slacs iy ks olS5T it aiSls, s
RCPs 6,50 (slogy i csloools 5l 5,000 b« conld
Sl Joo S L am > e jo 0l oo iy
cetS 69801 ol i (slagy liw 3b e 2L
oL Gow Sy el @l b oy p Gl et
sSles 5 6 losine il el ess 45 Gms
OkL 03 s ()0 )9e ddlaie CSie Y gaxe
Cuilo g 0,90 U clilS al> e o o8l Joou slags liw

S i e oy Sz > DVgame | olaS
el 5590 50 bagy liw pl a5 0l iy o5 ciS slagela



0T LYY Gloio V£ Y ,leg Jol 85land o2l5d JUo ¢yl o yito s puls oo

S S preal g s alp )0 o8l ) 2890
AS solau! Sg>

6)‘}1»)@ |

5 S5 GOl aidlsee pY 093 By
P hkas Sls alds s bl oKasls 51, 095 Slo,ad
AasS oMel (is ST gL Gieghy ol plol

Silise Slacay (goladl - Ll i SoSlyg 5 ol
Sl g oy 2l 5o ol bl ay az g L .(VF)
et g DV gazma 3,Slae yr gorlll Lnly (658 30
G938 ol Glo gy yoss Sl 09y pAL e
Sy @iyslisS iy (S peenal g LIS Gl o)l
L @by, 5 Ul 5 cute o, 135 51 51 eolaia]

slooygo slo swian 5l omay (pl ate slas,l35 5l

B References

1.

Babaeian, E., Nagafineikm, Z., Zabolabasi, F., Habeibei, M., Adab, H. & Malbisei, S. (2010). Climate
change assessment over iran during 2010-2039 by using statistical downscaling of echo- g model. Journal
of Geography and Development, 7(16), 135-152. DOI: 10.22111/gdij.2009.1179 [In Persian]

Research, 42(1), 29-44, DOI:

Economics Research, 7(25), 113-135. DOI:

2. Bakhshi, A., Moghaddasi, R. & Daneshvar Kakhki, M. (2011). An application of positive mathematical
programming model to analyze the effects of alternative policies to water pricing in mashhad plain. Journal
of Agricultural Economics and Development 25(3), 284-294. DOI: 10.22034/iaes.2018.26446.1130 [In
Persian]

3. Beecham, S., M. Rashid. & Chowdhury, R.K. (2014). Statistical downscaling of multi-site daily rainfall
in a south australian catchment using a generalized linear model. International Journal of Climatology,
34(14), 3654-3670. DOI: 10.1002/joc.3933

4. Food and Agriculture Organization (FAO). (2020) <www.fao.org>.

5. Howitt, R.E. (1995). Positive mathematical programming. American Journal of Agricultural Economics,
77, 329-342. DOI:10.2307/1243543

6. Keramatzadeh, A., Chizari, A. & Sharzehi, G. (2011). The role of water market in determining the
economic value of irrigation water through positive mathematical programming (PMP). Iranian Journal
of  Agricultural Economics  and Development
20.1001.1.20084838.1390.42.1.3.4 [In Persian]

7. Khaleghi, S., Bazazan, F. & Madani, SH. (2015). The effects of climate change on agricultural production
and Iranian Economy. Journal of Agricultural
20.1001.1.20086407.1394.7.25.6.1 [In Persian]

8. Koocheki, A., Nasiri Mahallati, M. & Jafari, L. (2016). Evaluation of climate change effect on agricultural
production of iran: predicting the future agroclimatic conditions. Iranian Journal of Field Crops Research,
13(4), 651-664. DOI:10.22067/gsc.v14i1.51157 [In Persian]

9. Kwon, M. & Sung, J.H. (2019). Changes in future drought with hadgem2-ao projections. Water, 11(2),
312. DOI:10.3390/w11020312

10. Mazaffari, E., Moradi, N. & Bazrafshan, O. (2021). Spatio-temporal variability of characteristics of
meteorological drought in Iran under climate change scenarios. Desert Management, 8(16), 153-163. DOI:
10.22034/jdmal.2021.243146 [In Persian]

11.

Nazari, S., Jafarian, Z., Alavi, J. & Naghi poor, A. (2021). The impact of climate change on the geographic
distribution of thymus kotschyanus (boiss and hohen) using ensemble modelling. Desert Management
and Control, 9(3), 1-16. DOI: 10.22034/jdmal.2021.526831.1338 [In Persian]


https://jead.um.ac.ir/article_28562.html
https://doi.org/
https://doi.org/10.1002/joc.3933
https://doi.org/10.2307/1243543
https://ijaedr.ut.ac.ir/article_23225_en.html
https://jae.marvdasht.iau.ir/article_678.html?lang=en
https://jcesc.um.ac.ir/article_37403.html
https://www.mdpi.com/2073-4441/11/2/312
https://www.jdmal.ir/article_243146.html?lang=en
https://www.jdmal.ir/article_247786.html?lang=en

o1

e DY gamo wusx)@hwulwfﬁ‘w‘”t iy

12.

13.
14.

15.

16.

Nguyen, N., Ozarska, B., Fergusson, M. & Vinden, P. (2018). Comparison of two dye uptake measurement
methods for dyed wood veneer assessment. European Journal of Wood and Wood Products, 76, 1757—
1759. DOI: 10.1007/s00107-018-1344-6

Nofarsti, M. (2016). The root of unit and collective in econometrics. Rasa Publications.

Panahi, H. & Esmaeel Darjani, N. (2020). Effects of global warming and climate changes on economic
growth (case study: Iran provinces during 2002-2012). Journal of Environmental Science and Technology,
2(1), 79-88. DOI: 10.30495/jest.2020.22073.3114 [In Persian]

Semenov, M.A. (2007). Developing of high-resolution UKCUP02-based climate change scenarios in the
UK. Agricultural and forest meteorology, 144(1-2), 127-138. DOI:10.1016/j.agrformet.2007.02.003

Valigholizadeh, A. (2019). Explaining the economic impacts of climate change on the life of human
societies. Journal of Geographic Space, 19(67), 161-198. [In Persian]


https://doi.org/10.1007/s00107-018-1344-6
https://sanad.iau.ir/en/Article/837235?FullText=FullText
http://dx.doi.org/10.1016/j.agrformet.2007.02.003

Original Article, Vol. 12, No. 1, Spring, 2024, pp 57-74

Desert Management

: . - \\/\N
www.isadmec.ir

Iranian Scientific Association of Desert
Management and Control

Correction of TRMM 3B43 Monthly Precipitation Data Using Quantile
Regression Model in The Urmia Lake Basin

S. Kazempour Choursit, M. Erfanian®", H. Abghari?, M. Miryaghoubzadeh?, Kh. Javan®

1. Ph.D. Student, Department of Range and Watershed Management, Faculty of Natural Resources,
Urmia University, Urmia, Iran.

2. Associate Professor, Department of Range and Watershed Management, Faculty of Natural Resources,
Urmia University, Urmia, Iran.

3. Associate Professor, Department of Geography, Faculty of Literature and Humanities, Urmia
University, Urmia, Iran.

* Corresponding Author: m.erfanian@urmia.ac.ir

Received date: 28/01/2024 Accepted date: 16/11/2024
10.22034/JDMAL.2024.2021488.1452
Extended Abstract

Introduction

Improving the precision of rainfall data is essential for hydrological modeling, water resources
management, and drought monitoring. The spatial variations of precipitation are often not
captured by traditional rain gauge data. Remote sensing, such as the TRMM 3B43, can provide a
more accurate spatial distribution of rainfall, particularly in regions that lack rain gauge stations.
The TRMM 3B43 algorithm is aimed at providing the most precise rainfall estimates by utilizing
a combination of multi-sensor measurements gathered from different satellites. The objective of
this study is to use quantile regression models to adjust TRMM 3B43 precipitation in the Urmia
Lake basin for the period 2001-2019. This study is centered around the Urmia Lake basin, which
is known for its ecological significance and vulnerability to climate variability. By analyzing
TRMM 3B43 data in this region, our goal is to provide valuable insights that can be used to
enhance water resource planning and management. The purpose of this research is not just to
address the shortcomings of traditional rain gauge stations, but also to highlight the importance
of tailored approaches for regions with unique hydro-climatic conditions.

Material and Methods

The monthly precipitation data from TRMM 3B43 was calibrated through the use of quantile
regression models and Ordinary Least Squares regression with the assistance of 12 synoptic
station data from the Urmia Lake basin. The calibration process utilized 70% of the data from
2001 to 2019, with the remaining 30% reserved for validation. Quantile regression was applied
across various quantiles (t = 0.05 to T = 0.99) to capture a comprehensive range of conditions. To
assess accuracy, established metrics like RMSE, MAE, PBIAS, and KGE were applied to evaluate
the regression equations' ability to correct TRMM monthly precipitation data.
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Discussion and Conclusion

The scatter plots comparing monthly observations and TRMM precipitation data showed a
consistent overestimation by the TRMM satellite across all months. The studies conducted
confirmed this overestimation pattern across different time scales. Linear Regression was not
enough to correct the TRMM data, as the corrected data still showed both underestimation and
overestimation. However, using quantile regression in different quantiles successfully corrected
TRMM 3B43 data. The results indicated that the TRMM satellite data was almost identical to the
observed data in every month. The RMSE reached its highest value in January, December,
February, March, April, November, and May, with values of 22.64, 20.76, 20.04, 17.99, 17.35,
15.07, and 13.67, respectively. After correction using quantile regression, the RMSE values
decreased to less than 2.35 in all months. Furthermore, the Mean Absolute Error (MAE)
significantly decreased after quantile regression correction, demonstrating a closer alignment
between TRMM data and observed rainfall. According to PBIAS, TRMM overestimated the
rainfall in all months from January to December by different percentages. However, after quantile
regression correction, the PBIAS values were generally below 2.10 in all the studied months. In
all months, the Kling-Gupta efficiency (KGE) values showed a rise when the quantile regression
method was used instead of the original TRMM data and the linear regression method. The
corrected TRMM data using the quantile regression model has a superior performance, as
indicated by KGE values above 0.97. The calibration process involved correcting 30% of
randomly selected data with quantile regression equations obtained from the remaining 70% of
the data. The process led to almost all points aligning closely with the ideal line of 1:1 after using
guantile regression. The comparison of monthly rainfall data across all studied stations revealed
a similar pattern between TRMM precipitation data and observed rainfall, with TRMM frequently
assigning higher values than the actual observed rainfall. It is noteworthy that the TRMM satellite
data at stations such as Sarab, Salmas, and Sahand initially differed significantly from the
observed data. After calibrating with quantile regression, the satellite rainfall data closely matched
the observed data. The quantile regression method is proven to be effective in correcting TRMM
data, making it suitable for various studies, including water resources management and drought
monitoring. To conclude, the use of quantile regression was successful in correcting TRMM 3B43
precipitation data, addressing the persistent overestimation issues seen in the Urmia Lake basin
between 2001 and 2019. The method's accuracy was significantly improved, as evidenced by
decreased RMSE and MAE values, improved PBIAS alignment, and superior KGE performance.
These findings confirm that quantile regression-corrected TRMM data is a reliable tool for diverse
studies, particularly in water resources management and drought monitoring applications. These
compelling findings not only demonstrate the success of the quantile regression approach but also
emphasize its potential to refine precipitation data in other hydro-climatically sensitive regions.
The corrected TRMM data, which has been validated by rigorous metrics, is a reliable and
valuable resource for different applications, especially in the areas of water resources
management and drought monitoring. This study contributes to the development of precipitation
correction methodologies and underscores the importance of personalized approaches to enhance
the precision of remote sensing-derived data in hydrological studies.
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Extended Abstract

Introduction

Biological stabilization by using compatible plant species is a way to prevent the expansion of
desert areas. Strip cultivation and pit cultivation are the most commonly used methods for planting
Haloxylon aphyllum C. A. Mey. Bunge plants. The North Ardakan desertification plan has
employed both cultivation methods. In order to choose the best planting method economically in
areas with the same conditions, the economic analysis of these two methods for one hectare of
cultivation and for the establishment of one sapling can be effective in saving the costs of
executive bodies. The present research is carried out by using the meter analysis method and its
estimation and comparison with the real analysis method in order to identify the most suitable
cultivation method from the economic point of view in desertification projects.

Material and Methods

In terms of country divisions, the studied area is located in Yazd province and Ardakan city, and
is 20 kilometers away from its center. To investigate the costs of implementing two methods of
strip (channel) and pit cultivation, two methods of metering, estimation, and real analysis were
used. The meter and estimation method begins by determining the work components based on the
plan and executive plan, and then extracting the cost of each part from the relevant price list.
According to the operation volume, the final cost per surface unit and the cost per each Haloxylon
aphyllum seedling are calculated. Then, the real cost is calculated by the real analysis method,
which is done by being in the field and calculating the costs based on the time of using the tools
and the number of workers in the form of real wages. The real cost is computed by calculating
the unit of surface and each cultivated seedling. From an economic standpoint, the best method

This work is licensed under a Creative Commons Attribution 4.0 International License.
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can be determined by comparing the estimated and actual costs of implementing both strip and
pit cultivation methods.

Discussion and Conclusion

The cost of cultivating Haloxylon aphyllum using the pit method was estimated at 260 million
Rials per hectare. The estimated cost for strip cultivation was around 220 million Rials per
hectare. The second method had a cost of approximately 40 million Rials less. Comparing actual
costs, it was discovered that the actual cost was less than the estimated amount of around 6 million
rials for pit cultivation. Comparing the actual cost of planting, it was found that the strip method
was approximately 67 million rials cheaper than the pit method per hectare. The ratio of the actual
cost to the estimate in the pit method is 0.95. There is economic justification for a price reduction
of 12 to 13%. The strip cultivation method yielded a ratio of 0.89 between the actual cost and the
estimate, indicating that up to 24% below the price has economic justification. In the pit
cultivation method, due to the different nature of the work, which involves more volume of
excavation and embankment, the construction of a pit is more expensive and takes longer to
complete than in the strip method. The cost per unit area of operation is higher, but it's best if
conditions are the same and the location is suitable. The strip cultivation method was used to
reduce the cost. The cost calculated for each Haloxylon aphyllum plant in the pit cultivation
method is 1308.164 thousand Rials, while for each Haloxylon aphyllum plant in the strip
cultivation method is 1125.884 thousand Rials. The research conducted to estimate the actual cost
of the two cultivation methods under investigation showed that one hectare of planting seedlings
using the pit method requires 268,000 Rials. In strip cultivation metho, the actual cultivation cost
per hectare was calculated to be 86/201142 thousand Rials. The cost of planting each seedling
using the pit cultivation method was estimated at 1340 thousand rials. The strip cultivation method
involved a cost of 714,005,000 rials to grow each seedling. The calculation showed a difference
of 14,66857,000 rials between the actual cost of the two cultivation methods. The strip method,
which is cost-effective and time-efficient, can be utilized to implement desertification on a wider
area than the pit method. It can be concluded that the cost of pit cultivation is higher than the cost
of strip cultivation, both by estimation method and actual analysis method. Therefore, under the
same conditions, in terms of cost reduction and economics of cultivation methods, stripping is
more economical. Furthermore, the actual cost of implementing both cultivation methods is lower
than the estimated cost. The estimate and actual cost for pit and strip cultivation were calculated
to be 6367.2 and 24033.94 thousand rials, respectively.

Keywords: Biological Stabilization; Meter Analysis; Actual Analysis; Seedling Cultivation;
Haloxylon aphyllum
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Extended Abstract

Introduction

To analyze complex ecological data, it is necessary to employ flexible and robust analytical
methods that can handle non-linear relationships, interactions, and missing data control. The
generalized additive model is a simple method for investigating species' reactions to
environmental variables, and the results can be easily interpreted. Multivariable regressions such
as the Monotonic increase model can play a role in expressing the ecological niche of a particular
species. In this ecological domain, non-living and living factors have mutual effects, but the
relative importance of living factors, such as species competition, is unclear when compared to
non-living factors. More research is necessary for this issue. The response curve studies only
investigate the behavior of the species along an environmental gradient, if multiple factors come
together to determine the distribution and behavior of the species, it is important to take this into
account. The comparison between the findings of researchers in different regions on the species
Astragalus curvirostris Boiss consistently shows the extreme effectiveness of the species in terms
of environmental factors or their combination. Understanding the relationship between plants and
environmental factors and how plants respond to changes in environmental factors is one of the
important topics in plant ecology. Unfortunately, in recent years, disturbances such as livestock
grazing, changes in land use, and climate change have caused the destruction of A. curvirostris
habitats. Many pastures and forests throughout Iran experience vegetation destruction, loss of
biodiversity, and soil erosion due to these threats. To restore degraded pastures in steppe and
semi-steppe areas, it is necessary to understand A. curvirostris' response to environmental
variables and model its distribution. Comprehending the positive and negative effects of
environmental factors, as well as the factors that inhibit and support the growth, establishment,
and distribution of Astragalus curvirostris Boiss., it became possible to use it for the restoration
and modification of appropriate and similar pasture ecosystems.
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Material and Methods

The habitat of A. curvirostris was selected in a way that includes a wide range of abundance of
the studied species. Therefore, according to the 40-hectare enclosure range in the research site of
Zaghe rangelands plants in Lorestan province, this habitat was selected as a study site. Then,
according to the gradient of environmental changes, five transects with a length of 400 meters
and distances of 100 meters were used. Each of them had six plots with dimensions of 4 meters
by 4 meters set up according to the species' sizes, with equal distances. The ecological unit
consisted of 30 plots and recorded the geographic location, quantitative and qualitative vegetation
amounts in each plot. Additionally, the Lorestan Meteorological Department provided climatic
parameters. In order to investigate the effect of environmental factors on species distribution, a
soil sample with three replicates (0-30 cm) was taken from each of the plots and their physical
and chemical characteristics including soil texture, acidity, percentage of neutralized substances,
absorbable phosphorus, absorbable potassium, organic carbon and total nitrogen were measured.
Considering the importance of species in fodder production and soil protection in pastures, the
canonical correspondence analysis was used to determine the factors affecting changes in the
species composition. To investigate the changes in the performance of this species along the slope
of the environmental factors from the Generalized Additive Models was used. A random-
systematic method was used to sample environmental and plant characteristics from 2016 to 2018.

Discussion and Conclusion

The forward selection method in conic ranking was used to select 4 variables from 19 primary
variables while investigating the effect of a set of environmental factors on vegetation changes in
communities. The geographical direction of the range was determined by the percentage of
organic carbon, clay, acidity, and litter on the soil surface, as well as the topographic group.
Investigating the correlation between the percentage of A. curvirostris vegetation and the studied
ecological factors showed that distribution of this species has positive correlation with factors
such as the percentage of O.C and N. Applying the GAM with Poisson error distribution showed
that the variables, height above sea level, percentage of organic matter and soil nitrogen, as well
as the percentage of stone are effective on the yield of the species. Investigating the performance
of the species in relation to the variable of height above sea level, and the percentage of stones
and pebbles from the Monotonic decrease model and vice versa, the response of this species along
the slope of changes in the amount of organic carbon, soil nitrogen and the percentage of soil litter
from the Monotonic increase model mathematical expression of relationships between
environmental variables and biological and biophysical characteristics is only an aid for
interpreting field observations. The ecological needs of the species are depicted in this model,
which can be useful for natural resource managers in improving pastures in similar areas.
Corrective and pasture management programs can use forecasting models that have adequate
accuracy to suggest species that are compatible with the region's conditions. Therefore, it is
important to include disturbances as predictors in regression-based distribution modeling. In
summary, the dynamic of biological factors in grassland ecosystems makes it impossible to
definitively assume even the strongest correlations, both in static and dynamic studies, in
grassland ecosystems. This information, along with the field investigation, provides the
appropriate information.

Keywords: Akaike Information Criterion; Monotonic decrease; Monotonic increase; Plant
species; Generalized Additive Models
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