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Abstract

By growing food and energy demands and rising living
standards and according to the complexity of regional water
governance, the pressure on water resources is increasing.
Many factors are involved in water security. In this research,
firstly, the water security of Lake Urmia Basin was
investigated using hydro-economic classification for 1) five-
year periods from 1991 to 2016, and 2) the provinces located
in the basin for 2016. The results showed the existence of high
hydrological challenges and low economic capacity to achieve
water security. Since general methods such as hydro-economic
classification do not provide accurate information at local
scales, in the second part, a clear definition of water security
was presented according to the characteristics of Lake Urmia
Basin. Considering this definition, we designed an indicator-
based framework in three dimensions of access to water,
income, and employment to assess the water security of the
basin. The study was conducted for the historical period. By
the considered criteria, the water security of the basin was
assessed as "low" in 1996 and 2016 and "moderate" in 2001,
2006 and 2011. The study of the basin water security with
productivity indicators of economic activities showed that in
order to achieve water security in the future, the agricultural
sector does not possess the necessary potential for socio-
economic development and policies in this sector should be
oriented towards reduction of water consumption and
employment. This is not possible without investing and
creating employment capacity in other sectors, which have
high potential for increasing employment opportunities and per
capita income.
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Table 1- Classification of hydrological challenges and economic capacity sub-indicators (Shiklomanov, 2000)
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Range of Sub-Indicators Range of
Class Normalized
TWRC TWW/RWR CVTWR GDPC Indicator
Very low 100<TWRC<1,000 0.01<TWW/RWR<0.05 0<CVTWR<30 250<GDPC<3,000 0<X, X <0.2
Low 1,000<TWRC<2,000 0.05<TWW/RWR<0.15 30<CVTWR <60 3,000<GDPC<10,000 0.2<X, X <0.4
Medium 2,000<TWRC<5,000 0.15<TWW/RWR<0.30 60<CVTWR <100 10,000<GDPC<20,000 0.4<X, X <0.6
High 5,000<TWRC<10,000 0.30<TWW/RWR<0.60 100<CVTWR <150 20,000<GDPC<35,000 0.6<X, X <0.8
Very high  10,000<TWRC<20,000 0.60<TWW/RWR<1.00 150<CVTWR <225 35,000<GDPC<90,000 0.8<X, X <1.0

TWRC: Total Renewable Water Resources per Capita (m%cap/yr); TWW: Total Water Withdrawal; RWR:Renewable Water Resources;

CVTWR: the coefficient of variance of monthly total water resources (%); GDPC: GDP per capita (PPP|US$2005/cap/yr)
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Table 2- Lake Urmia Basin water security framework
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Water security indicators

Interaction indicators

Access to water Employments of Residents

1) Economic Water
Proudctivity: GDP per Total
water withdrawal (IRR/m?)
2) Sectors Economic Water
Proudctivity: Each Sectors
Value added to its water
withdrawal (IRR/m®)

3) Coefficient of
Determination between
sectors water withdrawals
and value-added

1) Employment Economic
Productivity (10° IRR/person):
GDP per Total employment

2) Economic sectors Economic
Productivity (10° IRR/person):
Each Sector's Value added per
its employment

3) Coefficient of
Determination between sectors
Employment and value-added

Water
Dimension security
Goal Goal indicators Target indicators
1) Economic sectors
. . (Agricultural, MIMEC,
1) Protection 1) Lake Urmia Services) water withdrawal
and Water Level (m) (MCM/Year)
restoration of ~ 2) Water 2) Proportion of Each
Access to Lake Urmia Wlthqréwal_ Economic sectors withdrawal
Water ecosystem Density: Ratio of over Total withdrawal (%)
2) sustainable  total water 3) Dependency to
utilization of ~ withdrawal to grounpdwater ?’latio'
water renewable water Proportion of groundwater
resources resources (%) withdrawal over total
withdrawal (%)
1) Per Capita
Income of 1) Economic Income: Real 1) Proportion of Each
Residents welfare GDP per Capita Economic sectors Value
(IRR/cap/year) added over Region GDP (%)
1) Employment
rate: Ratio of
total Employed
person to total
active person (%) 1) Proportion of Each
Employment 1) 2) Non- Economic sectors
of Igesi)zjents Sustainable agricultural Employment over Total
employment employment employment (%)
Proportion: Non-
agricultural

employment to
total employment
(%)

1) Employment water
productivity: Total
Employment to Total water
withdrawal (Person/MCM)
2) Economic sectors
Employment water
productivity: Each sectors
Employment to its water
withdrawal (Person/MCM)
3) Coefficient of
Determination between
Sectors Employment and
value-added
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Table 3- Classification of goal indicators of Lake Urmia Basin water security
aog)l a2l ;0 ade (o Codtel Bud gla e i gusalb Y Joua

Range of Lake Urmia Basin water security Indicators

Range of
Income indicators Employment indicators Water indicators Normalized

Indicator

Class GDPC NAEP ER LUL TWW/RWR
1270<LUL<1271 ;

Very low 30<GDPC<46 61<NAEP<67 70<ER<79 1276<LUL<1278 0.01<TWW/TWR<0.05 0<X<0.2
Low 46<GDPC<57 67<NAEP<71 79<ER<85 1271<LUL<1272 0.05<TWW/TWR<0.15 0.2<X <04
Medium 57<GDPC<74 7T1<NAEP<74 85<ER<87 1272<LUL<1274 0.15<TWW/TWR<0.30 0.4<X <0.6
High 74<GDPC<117 T4<NAEP<82 87<ER<89 1274<LUL<1275 0.30<TWW/TWR<0.60 0.6<X <0.8
Yg% 117<GDPC<164 82<NAEP<98 89<ER<94 1275<LUL<1276 0.60<TWW/TWR<1.00 0.8<X <1.0

GDPC: GDP per Capita (Million Rial 1390/cap/year); NAEP: Non-agricultural Employment Proportion (%); LUL: Lake Urmia basin Water Level (m);
ER: Employment rate (%);WW!I: Water withdrawal Intensity ( TWW:Total Water withdrawal to RWR:Total Renewable water resources ratio)
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Table 4- Hydrological challenges and economic capacity sub-indicators of Lake Urmia Basin
dogl daly )d adgs (o3LalBl Cud )b o (U 5oy i Il et iy -F Jou

Indicator Hydrological Challenges Economic capacity
Sub- 1 2 3 1
Indicator TWRC (m®fcaplyr)  TWW/RWR  CVTWR (%) GDPC (US$2005/cap/yr)
Base Year
1375 | 1996 2128 0.49 98 3713
. . 1380 | 2001 1123 0.82 139 4340
Lake Urmia Basin 1445|5006 1944 0.55 111 5352
(BASIN)
1390 | 2011 1163 0.78 119 6183
13952016 1383 0.66 92 6659
West Azarbaijan 5427
(W-AZR) 1648 0.78 122
East Azarbaijan 7747
(E-AZR) 13952016 623 1.00 124
Kordestan (KRD) 5579 0.23 146 5152
Lake Urmia Basin 1256 0.74 123 6659
1 1
b
*W-AZR * 1375 a
> =
£ E-AZR S 1380
g -4 = 1385
IS ]
8 IR 8 1390
2 05 o 05
IS BASIN = 1395
2 (=]
3 ¢ s .
(] [a] *
[FS]
0 0
0 0.5 1 0 0.5 1
Hydrological challenges Hydrological challanges

Fig. 2- Hydro-economic classification of Lake Urmia Basin for a) historical period, b) by provinces for

2016
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Fig. 3- Changes in total renewable water resources per capita according to a) population and b) renewable
water resources of Basin
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Fig. 4- Runoff variability, water withdrawal intensity and water withdrawal by a) Agriculture, Industry and
Services b) Surface and Groundwater
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Fig. 5- Changes of GDPC according to a) GDP and b) population of Lake Urmia Basin
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Fig. 6- Changes of a) Total Water Security and Goal Indicators, b) Subindicators of Lake Urmia Basin
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Table 5- Interaction indicators of Lake Urmia Basin water security
Aoyl dnly > adgs o Coel dawly s (a3 LS -0 Jgua

Dimensions Indicators & Coefficients Economic Sector
Year Agriculture Industry Services Total
1380 | 2001 4978 1260938 367563 43720
Economic Water Productivity 1385 | 2006 5452 1552389 314155 48618
3
(IRR/m) 1390 2011 4752 1704201 326022 58323
Water-Income
1395 | 2016 5025 1811195 314238 57188
Average 5052 1582203 330494 51962
Coefficient of Determination (R?) between water

withdrawal and value-added 0.89 0.9 0.9 0.57

1380 | 2001 79 10208 1802 306

1385 | 2006 70 9698 1364 281

Employment Water Productivity
(Person/MCM) 1390 | 2011 75 7593 1326 295
Water-Employment
13952016 71 10657 1255 312
Average 74 9539 1437 299
Coefficient of Determination (R?) between water

withdrawal and Employment 0.95 020 0.95 0.70

1380 | 2001 63 124 204 143

Employment Economic 1385 | 2006 78 160 230 173

Productivity 1390 | 2011 64 224 246 198

Income-Employment (10° IRR/Person)

1395 | 2016 71 170 250 183

Average 69 169 233 174

Coefficient of Determination (R2) between value- 0.98 034 0.90 0.66

added and Employment
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18- Coefficient of Variance of monthly Total Water
Resources (CVTWR)

19- Gross Domestic Product (GDP)

20- Lake Urmia basin Water Level (LUL)

21- Gross Domestic Product per Capita (GDPC)

22- Employment

23- Employment Rate (ER)

24- Non-agricultural Employment Proportion (NAEP)
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