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Abstract

The purpose of this research was to determine factors affecting
the sensitivity of eastern regions of Lake Urmia basin to water
crisis (68 regions). Required data were collected by using
survey and documentary data and then the sensitivity of each
region to water crisis was calculated. Based on the results,
three classes of sensitivity were recognized: low, moderate,
and high. In other words, 51.47% of the basin regions have a
high sensitivity to the lake crisis, 23.52% are less sensitive to
this crisis, and other regions have a moderate sensitivity. Also,
the results of one-way ANOVA analysis showed studied
regions are different in the terms of variables such as:
unemployment rate, Education less distance from the lake and
the number of illegal wells. The results of this study have
implications for to national and regional Urmia Lake
Restoration Program. The limited resources should focus on
drought sensitive regions for increasing adaptive capacity and
sustainable development in the study regions.
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O o350 d Camd Comwlbues 00525 Suid (g yuitio - JSUd

500000 550000 600000 650000 700000 750000

Legend 0510 20 30 40
[ = s —
East Urmia Lake Basin™= Kilometers

500000 550000 600000 650000 700000 750000

Fig. 2- Eastern regions of Lake Urmia Basin
dogyl daly > (B adga S liudd -F UK

ITUA 5le ) 2 lowd o3 35l Jlw oyl 1! O qalio Cilisios
Volume 15, No. 1, Spring 2019 (IR-WRR)
Yy

4090000 4120000 4150000 4180000 4210000 4240000



dgg0 Olodl ygye 5 (Jlawe Clialine wll p Biowe &7 Jxo pay
ol 4 Bl O oo 4 cans Cuwlas ot die) )
(oo G slagel)l (85 e )3 Sl &S 3900 a3 lS
Bank, 1997; ) a5l axdls |, (g5,5liS 5 coobatil o elas]

Eakin and Tapia, 2008; Vaziri and Majidifard, 2011;
Piya et al., 2012; Maleki, 2013; Villar, 2016; Sam et al.,

&9 (2016; Madani et al., 2016; Silva et al., 2017
adllao dyge dog> Lgl.tbol;'m.m Cmsl> DMJJ,SV.;"J Lg[tbd&l;o

S92, sl 005 @V Jgdn 53 dung)l dalyd o 4 Cons

Sl 55,508 e Slass STye 53 e plolis )l
IS i) maw g ol gy gl by ade
I Som p EL SVgaxe plad 5 (2l) b Y gae
WAD-IYAE ely; Sl pd aseg )l anlyn (80 dde> (slaybiwd
can slacl jl o dn bwg delidiwy (g0 2lg) 8] Conts
85 oK 5 (gl oy oy drwgi g qugy 095 (le
@loilil Ghgy G 55 delity Jliel 2855 515 001 500
ol 48" Cus 5 opds J(Sarmad et al., 2005) 15,3 o)y Todre

Sloas ;I)A » )W UL»LW)K s b MLM fl-'?U] 4 o p«ﬁ)f u)yo 41>)A 9.) 2 )aJ WL» ’AM o Ay by)n L;Lmo)b

5 Cupte glojle 5l gkl SleMbl ¢ odls (Jgl dsjpe
al ) bl glaalais 09,58 ¢ 8y ‘_',l:gql.g)ﬂ Ol (6525400
dpogyl d2b)d slol o 09,518 ¢ 3y (loml3l (il 1 dse)
(Bt byl sl (65,5l8 dlea iy b iaio oS
quql{)bi Oliw! (sladaio ol S byl o o Lo Sy
Srd ol el cuw; e cblis Glojle 5 (35
borye 383 Jlol 325 pie o 4 55 pgd oy > 05 (5 9l5)5
P 3ee Ally (g By plaleds g bapiie I (S 4
b s ohb (laolidiny Cuwlus ot cas gl slooly

anlas b wiin Sy €S | g (8 )1) 45 b8l (g )9liS
390 T gm0 02 @] slagusly Como ()8 do o8l 4y suome
P93 5 sl ablie ) 0ud )l szl aulie (085 )15 SIS
ol i L o 3 5 ol 3 4 S (il
il (6559l Sloas e den isu cpl (glel dmels g
ol | Sy il o g aag)l a2l asp 3 (5 plml)d]
eSS 1y ol yy U s Qo] dolas yguo a4y ol IS S
5l dsegyl anlyy Byd ddes (ol liwsd Cuwlus o ke

18,5 )18 wyp 0y90 15 Sl )b

Table 1 - Description of sensitivity variables of eastern regions of Lake Urmia Basin
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Variables Description Source
Unemployment rate Number of unemployed people Eakin and Tapia (2008)
Total active population (employed + unemployed) x100

Dependency ratio Population 65 years and over + Population under 14 year: <100 Piya et al. (2012)

Population aged 15-64

Education

Distance to Lake
Urmia
The number of illegal
wells

Lack of access to
water resources

Water used for
dominant crops

Water used for
Horticultural products

Poor quality of
groundwater
resources for

agriculture irrigation

The population
employed in

agriculture than in
other sectors

Number of schooling years of household head based on the
importance of increasing sensitivity

The distance of each regions from the lake (km) and weight

Eakin and Tapia (2008); Piya et al.

(2012)

according to the importance of increasing sensitivity
Vaziri and Majidifard (2011); Villar
(2016); Madani et al. (2016)

World Bank (1997); Sam et al.
(2016)

Eakin and Tapia (2008); World
Bank (1997); Sam et al. (2016)
Eakin ans Tapia (2008); World
Bank (1997); Sam et al. (2016)

The number of illegal wells in each region

Considering the number of rural area in each region without
access to surface and ground water resources

Total water applied per hectare for irrigation of dominant
crops ( Wheat, barley and alfalfa) A
Total water applied per hectare for irrigation of Horticultural
products (cherry, blueberries, plums, peanuts, pistachios,
apples, walnuts, pears, peaches, nectarines, peaches) A

The quality of water resources for agricultural activities
according to Wilcox classification method (springs and
wells) B

Satish Kumar et al. (2014)

Number of employed people in agriculture sector x100

Maleki (2013)
Total employed people(Agriculture + Industry + Services)
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Table 2- Crops and orchards water requirement (Source: Arabi Yazdi et al., 2008; Tramshlu, 2012)

(YY) cghiiol 5 VYAV ()80 5 (6350 (298 13iw) (£ 5 £y5 WS o 3 =Y Jous
Type of Crops and Water requirement Type of Crops and Water requirement
Horticultural products (mha) Horticultural products (mhat)
Wheat 3615 Grapes 6256
Sunflower 5061 Cherry 11370
barley 2964 Pomegranate 8456
Alfalfa 8897 Apple 6733
Corn 8202 Plum Types 5671
Pea 3827 Walnut 8971
Green beans 4880 Almond 7333
tomato 4863 Pistachios 4000
Sugar beet 9388 Peaches, nectarines, peaches 4585
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Fig. 3- Water quality map for wells in the East of Lake Urmia Basin based on the Wilcox method
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Fig. 4- water quality map foe springs in the East of Lake Urmia basin based on the Wilcox method
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Table 3- Professional Features of expert panel members
Olaasde g o i Bl Lacl lad o g S5g (w2 -V Jos

Experts  Organizational status Scope of activity Level of education work
experience
E1 manager Governor's Rural Affairs Master of Art (MA) 28
Management
E> manager Regional Office of the Urmia Doctor of Philosophy 30
Lake Restoration program (Ph.D.)
= manager farmer's house Management Bachelor 40
E4 manager Deputy Head of Infrastructure Master of Art (MA) 29
Supervision of Governor's Rural
Affairs Management
Es Expert Deputy Mayor and Rural Ph.D. Student 21
Development Expert
Es manager Consultant Manager and Master of Art (MA) 30
Director of Public Participation
of Regional Water Company
E; Faculty member Department of Agricultural Doctor of Philosophy 21
Extension and Rural (Ph.D.)
Development at University of
Tabriz
Es Faculty member Department of Agricultural Doctor of Philosophy 23
Extension and Rural (Ph.D.)
Development at University of
Tabriz
Es Faculty member Department of Geography and Doctor of 5
Rural Planning at University of Philosophy(Ph.D.)
Tabriz
Es Faculty member Department of Agricultural Doctor of Philosophy 22
Economics at University of (Ph.D.)
Tabriz
Eio Faculty member Department of Natural Doctor of Philosophy 24
Geography and Rural Planning (Ph.D.)
at University of Tabriz
Eu Leading farmer Member of Farmer's House Diploma 40
Ei Leading farmer Member of Farmer's House Diploma 30
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Table 4- Weights for sub-components of principal component of sensitivity to Urmia Lake crisis
awog,l 42l )3 (o 20 A S Canwlins 2R JSUis (gaallie 51 S5, o5 -F g

Component sub-components final Weights

Poor quality groundwater resources for agriculture irrigation 0.225

K% Lack of access to water resources in each regions 0.191
2 Distance to Urmia Lake 0.178
g The number of illegal wells 0.124
2 Water used for dominant crops irrigation 0.061
s Water used for horticultural products irrigation 0.049
= Education 0.04
% The population employed in agriculture than other sectors 0.025
n The unemployment rate 0.030
Dependency ratio 0.027
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Table 5- Classification of regions into classes for
sensitivity to Urmia Lake Crisis

ool andllas 3590 (Ll (G009 ,5 -0 Jga
dnog,yl dly;d (4l o 4 Cond Comilis (31500

Sensitivity ~ Number Sensitivity % of
Class' of Region scoref-ft Region
Low 16 0.0682 23.52
Moderate 17 0.114P 25.00
High 35 0.156° 51.47
Total 68 - 100

+ Means followed by the dissimilar letters differ significantly
(p<0.05 for the LSD test)

11 Low score reflects lack of sensitivity
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Table 6- Sensitivity of each regions studied to Urmia Lake crisis
awog,l aalyd O ()] o 4 Conmad andllae 3,90 (S Lud) I Sy 2 Sl (a0 =5 Jgu

Region Name Sensitivity Sensitivity Sensitivity Region Name Sensitivity  Sensitivity  Sensitivity
score class ranking score class ranking
ShirAmin 0.1714 High 3 MollaYaghub 0.0407 Low 1
Ghazi Jahan 0.1536 High 3 Ardalan 0.1082 Moderate 2
GhebleDaghi 0.1681 High 3 Alanbaraghush 0.1019 Moderate 2
Yengeje 0.1462 High 3 Sharabian 0.1113 Moderate 2
Teymurloo 0.1727 High 3 Chehregan 0.1535 High 3
Dastjerd 0.1712 High 3 West Guni 0.1549 High 3
Shahrak 0.1473 High 3 Chele Khane 0.1460 High 3
Jazireh 0.19 High 3 Rudghat 0.1368 High 3
South Shortkat 0.1776 High 3 South Misho 0.1232 Moderate 2
Bavil 0.114 Moderate 2 Sis 0.1422 High 3
Sahand 0.1129 Moderate 2 East Guni 0.1536 High 3
Gonbar 0.1291 Moderate 2 Middle Guni 0.1548 High 3
East Ojan 0.0863 Low 1 East Dizajrud 0.1417 High 3
Sahand Abad 0.0731 Low 1 Kuhestan 0.1308 High 3
West Ojan 0.0864 Low 1 Khezerloo 0.1532 High 3
Shebeli 0.0912 Low 1 West Dizajrood 0.1628 High 3
Ghurigol 0.0687 Low 1 South Sarajuy 0.1248 Moderate 2
South Mehranrud 0.0668 Low 1 East Sarajuy 0.1044 Moderate 2
middle 0.1074 Moderate 2 West 0.0882 Low 1
Mehranrud GhuriChay
East Banajuy 0.1598 High 3 North Sarajuy 0.1497 High 3
NorthBanajuy 0.1474 High 3 West Sarajuy 0.116 Moderate 2
West Banajuy 0.1809 High 3 Ghare naz 0.121 Moderate 2
TazeKand 0.1769 High 3 South Leylan 0.1616 High 3
Lahijan 0.1691 High 3 North Leylan 0.1519 High 3
Aji Chay 0.1567 High 3 East Gavdel 0.1577 High 3
Sparan 0.1388 High 3 West Gavdel 0.168 High 3
Sardsahra 0.1139 Moderate 2 Middle Gavdel 0.1635 High 3
MeydanChay 0.085 Low 1 West Bedustan 0.1316 High 3
East GhuriChay 0.1034 Moderate 2 East 0.1197 Moderate 2
Mavazekhan
Abarghan 0.0831 Low 1 North 0.1257 Moderate 2
Mavazekhan
Aghmiyun 0.0469 Low 1 Barugh 0.1324 High 3
Hume 0.0443 Low 1 East Bedustan 0.1092 Moderate 2
Razligh 0.0521 Low 1 Khanomrud 0.0736 Low 1
Saeen 0.0359 Low 1 NazarKahrizi 0.0772 Low 1
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Table 7- The difference in three groups of sensitivity in terms of sensitivity components by using one-way
ANOVA

48, Sy il fy o (yge 3l 5 a3liiast s of 245005l (glnaidpe i 5) s (5liog S Copmsbus 9lis -V Jooa

component sub-components? Sensitivity F Sig
Low Moderate  High
Poor quality groundwater resources for 0.045? 0.088° 0.695°¢ 9.452 0.000
agriculture irrigation
Lack of access to water resources in each 0.565? 0.717° 0.818°¢ 11.727 0.000
= regions

'5 Distance to Lake Urmia 0.2912 0.666° 0.933¢ 4.932 0.000
o Unemployment rate 0.0451 0.0532 0.126° 2.306 0.003
2 The number of illegal wells 0.145* 0.420* 0.989? 1.793 0.01
2 The population employed in agriculture 0.479? 0.520" 0.664° 3.765 0.02

'S than other sectors
3 Water used for horticultural products 0.0242 0.056" 0.079* 0.99 0.03

irrigation

Dependency ratio 0.77 0.800 0.727 1.365 0.263
Water used for dominant crops irrigation 0.067" 0.053" 0.1142 1.827 0.420

* In each row, means followed by the same letters do not differ significantly (P>0.05 for the LSD test)

The represented values are the standardized score of variables, Transformation of data into commensurate indicator values section.

ol Hlis 50 Vet Jlo 0 idoh gl diej cpen > (2012
$5o9uS e olall glacllsd > ey o l5)sliS <S5y
ST (s ] 30l Cago aled 53 5 (laee by

(Oseni & Winters, 2009) 1 Jalgs

I Sanp Coplun G5l s 55 ey laoly S a8l
Iy yol cpl Judo a5 odds dueg)l anlpd 3y ades (slajliwad
s il g oejns o bl jl cudlyy Blsl cley g
5 gl ot (il oo 3 5 69 SR bt ) O
Iy dadlles 5y50 (sl jbidd Cawles ili8l a5 cusly S
w0 Gldlee Sy ladl oo wl azsb JLdoa
s Villar (2015:2016) Maziri and Majidifard (2011)
LYs 5l S S e a1y ases ol Madani et al. (2016)
Ol Sy jlpase (2T pieay (lgie ) eyt slaoly i
5 oh5el onlplly sl dog)l dnl)d s )3 01l byl O
csite ool g osal iy e 4 G g p3y0 (55Lu0lS]
O e ol len G > g5 LB Slgie o
4 o sl gouio (0 0gMedy LASl ALdl jlre e (slaol>
o) (e 5> Ml LSy Kl oo g ol cpl (e GUlbogh
428 oo el ()l 0,S05)" lsie Co dngl b
ols Lt oly ails AYY )l ey 0 "SS5 s
sly & sl plel S8 lie Copta oS mpnke Ubisel
5 03d JSui5 Mol (sdjgel 09,5 S wl Ban oyl 4 it

Urmia Lake cldlas gl soll 5 5 pob o 5 & byl )
1SS jyslas’ isw  Restoration Program  (2015)
P35 ek S g 03 ade 0 Ol GBLS G a5 Lol
S &5 iRl S 293 e ety )15 ol cnl el duy
Car ey @se ol glie  55yslis S )Lad Jials
295 3551 GV Comslus gy gblie )3 030l Culime oo
by (Bypb ade alwg) gblie Sl (S Jbe Glpea
s9pe & 45 ALaly 392 (Bl Able (JElde WIS ) o)
b Jilie £95 onl g o onlply Cusl 0ad S5 08 e
@blie ol (b 5 (2Ll (bl (sloinl Comsg (S b
Lyl byl 05l 95 dxwgi g bl cliwly 5 oladoli p 3¢ oo dlgidn
Sl el blio Jruilty (iomio caz ) LSl iz pm 255
Gblie (Bp U35 Cyge il ooladl el
29l Cadgime SlasMo b illas g api> Ll 55 i
Cubgro dnwgi 9 3Ll cgdly 3 258 Sbm] il drwgs (1 ol
S5 S B)] oM Gblie pl 3 pol o5 il
by slol Wl 4 55 Sasjl 0 doe oy (LSl
wimd o ol 0 Gldles (S b )8 sl oS dueg)
Pl Glue p o5 Gloling) Culine 55 0 (e slags Bl
by Lo ) o (230l b (655Ls8 JoSo (sl iS4 oy
2 e Sbyiel 9 Sod e > Slgi oo XS o ploxl
b uled KoS o] a9 dil adly oo i oylobing, (S5
Salod (bl gyl 9 S cul (8IS e 1) 09 ol
Ebaidalla, 2014; Barrett et al., 2001; Dary and Kuunibe, )

IFAA e o) 8l 2 35L Jo ¢yl O @olio eslisios
Volume 15, No. 1, Spring 2019 (IR-WRR)

ARR



Ebaidalla E (2014) Determinants of farm household's
participation in non-farm income activities: evidence
from rural sudan. A Research Proposal Prepared for

African Economic Research Consortium, Kenya:
University of Khartoum, Sudan

Ehsani M, Khalidi E (2004) Understanding and
improving the efficiency of agricultural water to
provide water and food security of the country In:
Proc. Of Eleventh Conference of Iran's National
Irrigation and Drainage Committee, Tehran 657-667
(In Persian)

Hamidiyanpour M, Saligeh M and Falah Ghlhari GhA
(2013) Applying types of interpolation methods for
spatial analysis and monitoring of SPI drought, case
study: Khorasan Razavi Province. Geography and
Development 30:57-70 (In Persian)

Fontaine MM, Klein RJT (2002) Assessing vulnerability
and adaptation to climate change: an evaluation of
conceptual thinking. Paper presented at the UNDP
expert group meeting on integration disaster
reduction and adaptation to climate change, Havana,
Cuba

Ghahrerudi Tali M (2005) An interpolation evaluation
using the kriging method. Geographic Research
Journal 43:95-108 (In Persian)

Hahn MB, Riederer AM, and Foster SO (2009) The
livelihood vulnerability index: a pragmatic approach
to assessing risks from climate variability and
change-a case study in Mozambique. Global
Environmental Change 19(1):74-88

Hassanzadeh Y (2014) Urmia Lake crisis: water crisis in
the country. 10th International Congress on Civil
Engineering Tabriz 17-15 (In Persian)

Heltberg R, Osmolovskiy MB (2011) Mapping
vulnerability to climate change. Policy Research
working paper; no. WPS 5554. Washington, DC:
World Bank

Jafari F, Shabanali Fami H and Daneshvar Ameri J
(2012) Investigating and analysis of farmer's
willingness to participate in drought management
projects in Tarom Olia County. Human Geography
Research 45(2):179-194 (In Persian)

Joyce LA, Briske DD, Brown JR, Polley HW, Mccarl
BA and Bailey W (2013) Climate change and North
American rangelands: assessment of mitigation and
adaptation strategies. Rangeland Ecology and
Management 66:512-528

Keshavarz M, Karami E (2014) Farmers’ decision
making process under drought. Journal of Arid
Environments 108:43-56

2 Ol 2 by )5 pg ) g Ol s Cuol ) s |y p30
ol> y» o)llal Cas wheo d)lse 300 D5k 0BT sieuj)l zue oyl
iS5l 4y o 0 (2T d9i00 1 45 L gy (ol )5
9 21 GBI b I o) sloasbicdblye slisil 5 laog)S

(Sandoval, 2004) Cua dxel> cleMb

1- Falkenmark Index

2- United Nation Index

3- International Water Management Institute Index
4- Test-Retest Reliability

210 -0

Ahmadian MA, Asghari S (2013) Environmental

consequences of lower Uremia water loss and rescue

solutions. Geography Quarterl 10(4):81-96 (In
Persian)

Asghari  Mogaddam A, Aghazadeh N (2006)
Hydrological assessment and management of
groundwater resources in the Harzandat Plain aquifer
using mathematical mathematics. Knowledge of
Sustainable Agriculture 16(1):73-82 (In Persian)

Bezi Kh R, Khosravi S, Javadi M and HosseinNejad M
(2004) The middle East water crisis (challenges and
solutions).  4th  International ~ Congress  of
Geographers of the Islamic World, Zahedan (In
Persian)

Custodio E (2002) Aquifer over exploitation: what does
it mean? Hydrogeology Journal 10(2):257-277

Dary SK, Kuunibe N (2012) Participation in rural non-
farm economic activities in Ghana. American
International Journal of Contemporary Research
2(8):154-161

Dazé A (2011) Understanding vulnerability to climate
change insights from application of CARE’s Climate
Vulnerability and Capacity Analysis (CVCA)
methodology. CARE Poverty, Environment and
Climate Change Network (PECCN)

Downing TE (2003) Lessons from famine early warning
and food security for understanding adaptation to
climate change: toward a vulnerability/adaptation
science? In: Smith JB, Klein RJT, Hug S (Eds.)
Climate Change, Adaptive Capacity and
Development, Imperial College Press, London.

Eakin H, Tapia B (2008) Insights into the composition of
household vulnerability from multi criteria decision
analysis. Global Environmental Change 18(1):112-
127

IFAA e o) 8l 2 35L Jo ¢yl O @olio eslisios
Volume 15, No. 1, Spring 2019 (IR-WRR)

yy-


https://explorable.com/test-retest-reliability

1985 to 2010. Environmental Hazards 1(2):79-94 (In
Persian)

Oseni G and winters P (2009) Rural nonfarm activities
and agricultural crop production in Nigeria.
Agricultural Economics 40(2):189-201

Pitman M and Lauchli A (2004) Global impact of
salinity and agricultural ecosystems. In: Salinity:
Environment-Plants-Molecules, 10.1007/0-306-
48155-3, Springer Netherlands 3-49

Piya L, Maharjan LM and Joshi NP (2012) Vulnerability
of rural households to climate change and extremes:
Analysis of Cheeping households in the Mid-Hills of
Nepal. International Association of Agricultural
Economists (IAAE), Triennial Conference Brazil

Rostami M, Salajegheh A, Saneie M, and Mahdavi M
(2014) Evaluation of interpolation methods in study
of bed morphology of rivers and water channels.
Iran-Watershed Management Science & Engineering
8(25):57-65 (In Persian)

Sam AS, Kumar R, Kéchele H, and Miiller K (2016)
Quantifying household vulnerability triggered by
drought: evidence from rural India. Climate and
Development 9(7):618-633

Sandoval R (2004) A participatory approach to
integrated aquifer management: the case of
Guanajuato State, Mexico. Hydrogeology Journal
12(1):6-13

Sarmad Z, Bazargan A, and Hejazi A (2005) Research
methods in behavioral sciences. Publishing Agah 11

Satish Kumar V, Amarender B, Dhakate R, Sankaran S,
and Raj Kuma K (2014) Assessment of groundwater
quality for drinking and irrigation use in shallow
hard rock aquifer of Pudunagaram, Palakkad District
Kerala. Applied Water Science 1-19

Shabani M (2009) Applying land statistics methods in
drought distribution zoning of Fars Province. Water
Engineering Journal 2:31-36 (In Persian)

Shahnooshi N, Dastjerdi S, Derijani A, and Davari K
(2009) Drought risk management for sustainable use
of agricultural water resources in Golestan Province
(A case of Gonbad-e-Kavous County). The
Conference on the Quantitative and Qualitative
Sustainability of Iran's Water Resources, the Islamic
Republic of Iran's Academy of Sciences, Iran

Silva BKN, Lucio PS, Silva CMS, Spyrides MHC, Silva
MT and Andrade LMB (2017) Characterization
agricultural vulnerability to drought in the Northeast
of Brazil. Natural Hazards Earth System,
https://doi.org/10.5194/nhess-2017-377

Khademi F, Pirkharrati H and Shahkarami S (2014)
Investigation of increasing trend of saline soils
around Urmia Lake and its environmental impact,
Using RS and GIS. Journal of Engineering Geology
and Environment 24(94):93-98 (In Persian)

Khosroshahi M (2014) Water crisis, desertification
attack. Journal of Forest and Range 100:38-43 (In
Persian)

Kirda C (1997) Assessment of irrigation quality. Options
Mediterranean’s 367-377

Lee Y J (2013) Social vulnerability indicators as a
sustainable planning tool, Environmental. Impact
Assessment 44:31-42

Madani K, AghaKouchak A and Mirchi A (2016) Iran’s
socio-economic drought: challenges of a water-
bankrupt nation. Iranian Studies 49(6):997-1016

Mahdavi M (2013) Applied hydrology. Volume 11,
Tehran University Press, 442p (In Persian)

Maleki T (2013) Vulnerability assessment of farmer’s
household during drought (A case study of Dorood
Faraman Region). M.Sc. Thesis, School of
Agriculture, Razi University (In Persian)

Matkan A, Shakiba A and Yazdani A (2007) Evaluation
of different interpolation methods on daily rainfall
estimation, Case study: Fars Province. Geographic
Quarterly Territory 1(13):56-70 (In Persian)

Mirmousavi S H, Mirain M (2011) The application of
geostatistics methods in temporal precipitation
distribution (Case study: Kerman Province).
Geography and Planning Journal 38:153-178(In
Persian)

Moazed H, Fazelipour DH, and Behbahani S (2010)
Seasonal study of water quality of Karkheh River in
terms of agriculture based on different quality
indices in Hamidieh Station In: Proc. Of Third
National Conference on Irrigation and Drainage
Networks Management, Ahwaz, Shahid Chamran
University of Ahvaz

Moss RH, Brenkert AL, and Malone EL (2001)
Vulnerability to climate change: a quantitative
approach. Pacific Northwest National Laboratory 1-
88

Nassiri M, Koocheki A, Kamali GA, and Shahandeh H
(2006) Potential impact of climate change on rainfed
wheat production in Iran. Archives of Agronomy and
Soil Sciences 52:113-124

Noori GH and Aghaei R (2012) Assessment of the
environmental risks of the Urmia Lake peripheral
parts due to the lake's border fluctuations during

IFAA e o) 8l 2 35L Jo ¢yl O @olio eslisios
Volume 15, No. 1, Spring 2019 (IR-WRR)

vy


https://www.springer.com/earth+sciences+and+geography/hydrogeology/journal/13201

Villar P C (2016) Groundwater and the Right to Water
in a Context of Crisis. Ambiente & Sociedade 19(1)

Yahyaabadi M and Rezaei M (2008) Water resources
management in drought. Magazine of the
Municipalities 9(90):24-29 (In Persian)

Youneszadeh S, Sima S, Javadian M, and Tajrishy M
(2018) Determining daily variations of river flood
plains in the southern buffer zone of Urmia Lake in
2010. Iran-Water Resources Research 14(3):31-41
(In Persian)

Zarafshani K and Sharafi L (2012) Survey of drought
management strategies of wheat farmers in
Kermanshah Township. Research Project, Razi
University (In Persian)

Zarafshani K, Sharafi L, Azadi H, and Van Passel S
(2016) Vulnerability assessment models to drought:
toward a conceptual framework. Sustainability
8(588):2-21

Sivandi A, Gharehdaghi H (2014) Performance
evaluation of some meteorological drought indices in
south of Khuzestan province and zoning IT using
geographic information system (GIS). Indian Journal
of Fundamental and Applied Life Sciences 4:730-
738

Smit B and Pilifosova O (2003) From adaptation to
adaptive capacity and vulnerability reduction. In:
Smith J B, Klein RJT and Hug S (Eds.) Climate
Change, Adaptive Capacity and Development,
Imperial College Press, London

Smit B and Wandel J (2005) Adaptation, adaptive
capacity and vulnerability. Global Environmental
Change 16:282-292

Urmia Lake Restoration Program (ULRP) (2015)
Analytical report on the desertification of Urmia
Lake, the necessity of land and threats. Tehran, Iran
(In Persian)

Vaziri SH and Majidifard M R (2011) Stratigraphic
situation of the salt deposits in Garmsar area. Journal
of Salt 1(1) (In Persian)

IFAA e o) 8l 2 35L Jo ¢yl O @olio eslisios
Volume 15, No. 1, Spring 2019 (IR-WRR)

yyYy


http://www.scielo.br/scielo.php?script=sci_serial&pid=1414-753X&lng=en&nrm=iso

