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INTRODUCTION RESULTS

Water scarcity exacerbated by growing demand 1n different | % Model calibration

sectors has created environmental and socio-economic | The model is calibrated for the period 1984-2014 (Tab.2).
Challenges in the Umlla Lake BaSin, Iran (Flg 1) T&Ckling Tab. 2: Calibration results; observed vs simulated data

R2 RMSE NSE Where:

thlS p rOblem reqUireS dn integrated ap p rOaCh ConSidering River inflow to the Lake 0.83 174.88 (Mm3)  0.865 gﬁiﬁﬁf;dmn Square Brror
Urmia Lake level 0.97 0.352 (m) 0.98 NsE: Nash—Sutcliffe efficiency

the basin as an interconnected system.

OBJECTIVE »> Sensitivity analysis

Lake level 1s most sensitive to changes 1n lake area, and least
sensitive to change 1n precipitation. It 1s more sensitive to
evaporation changes compared with river inflow variation.

This work provides insight on Water-Energy-Food (WEF)
nexus 1mpacts emanating from a number of proposed
restoration measures for the basin using a holistic

modelling approach. River inflow 1s most sensitive to changes in runoff within the
MATERIALS AND METHODS basin and to changes in demand from within the basin.
. Hypersaline endorheic Lake » Scenario analysis
* Basin area: 52000 km? © |
* Lake area (in 2017): 5362 km? - o : . .
+ Mean lake depth (in 2017): 6 m i —mowian)  Based on a key objective, reachmg
- Lake water supply: 6900 million m’ R S W i lmes |2 defined sustainable ecologlcal
* Mean annual precipitation: 378 mm 3 oL lake. level .Of .1274 o a:s.l. pEOY ides
+ Mean annual evaporation: 800 mm > a suitable indicator against which to

determine whether measures can
achieve ecological restoration of

the lake.
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e Irrigated land: 500 *10° ha
« Agri water use: 4300 million m?3 yr!
Fig.1 Urmia lake basin. * Domestic water use: 460 million m? 1280 : —— Historical Data

* Industry water use: 70 million m’ s
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A qualitative causal loop diagram (CLD, Fig. 2) of the Urmia i increase by 2040 (Fig. 4c).
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WEF nexus was developed and used to build a quantitative P33 3 32 3383753

system dynamics model (SDM. Fig. 3) which was used to

©
. . — Historical Dat : : M
fi | T 1 g | Blawsibleseenrio Scenarios 1 and 3 both have similar
ASSCSS Tuture acveiopment sCenarios dD. . S - Plausible soenario.
, o , 2 e E—inx results by 2040, but have very
Tab. 1: Outline of the scenarios simulated using the SDM. g R . S GRS a2 . . . .
, 5 T s different trajectories (Fig. 4c¢).
Scenario Measure 2020-2025 2025-2030 2030-2035 2035- 3 1m A )
2040 E 1270
Climate change RCP 2.6,45,8.5 1268
*ULRP-1 Irrigation efficiency 0.7 0.7 0.7 0.7 Z 8 2 8 § 8 2 8 § § & 8
Farmer collaboration 10-20% 20-40% 40-60% 60-80% 8§ 8 8 8 8 8 38 8 8 8 8 8
Waste water return flow 50 80 130 150 i . . .
recharge (million myrd) Fig 4. Trend of Urmia Lake level under different scenarios (Tab.1).
Increasing crop yield 10% and 20% increases
Percentage of electric pumps 10-20% 20-40% 40-60% 60-80% SASnETIcs
*ULRP-2 *ULRP-1 plus interbasin water 700 700 700 700 ;:?(?;:ah:; Ss::’:lz?'?rrigated and rain-fed land respectively increase the yield 10%
transfers (m|II|on m3 yrl) 3- 80% and 50% of irrigated and rain-fed land respectively increase the yield 20%
4- 50% and 30% ofirrigated and rain-fed land respectively increase the yield 10%
*ULRP-3 *ULRP-2 plus interbasin water 700 700 0 0 - 50% and 30% of irrigated and rain-fed land respectively increase the yield 20%
t f illi 3l 6- scenario 3+ 10% of the !m_gpated land reu_mment
ransfer (million m3yr?) 7- scenario 3+ 20% of the irrigated land retirement
Plausible-1 (*ULRP-1 plus Cropland retirement 10% 15% 20% 20%
cropland retirement and Interbasin transfers (million m3 700 700 0 0 ; - . Wheat production Wlll increase
interbasin transfers) yrl) £ E _ i
Plausible-2 (Plausible-1 plus Area of lake to be revived (% of 60 70 80 80 3+ . 5 2 5 Compared to the basehne;
reviving a portion of the lake total) 82 ¢ - .
area) E ER Scenario 3 shows the greatest
o zZ . .
Plausible-3 (*ULRP-1 plus Revived lake area 60 70 80 80 I 1INCreasec (Flg Sa)
reviving a portion of the lake @
1 2 3 5 6 7
area) Senarios

(*ULRP: Urmia Lake Restoration Programme)
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+ Tiitestion eiliiiney Results of two restoration measures:
- efficiency
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| demand vt demand vt demand o demand per monc If 50% of diesel pumps are
\‘1 + | + +'!’ TN Crop land area REEDE (G‘Y’:z:ﬂf) . .
\ Domesic Iadrar AT _— % replaced with electric pumps,
g “"““1 I " . Vs g ULB agricultural energgy demand in 2013 970 .
\ e , Netbeneh o Cuop prc 5 grid-based energy demand for
" +_ . I“‘*_:—l——l — elucn QoW Groundwater =N i The total electricity demand of the motor pumps in ULB in 465 . .
e iior o cetircly shstraction Crop cos @ 2013 ground water abstraction will
™ v ¥ - . .
™ ramber o i e anaideng 5o e cliabonion” | increase more than 3x (Fig. 5c¢).
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Fig.2 The causal loop diagram of the Urmia Lake Basin. Fig.3 The developed SDM model of Urmia Lake Basin. Fig. 5. The effects of the different scenarios on the: a) food; b) economy; and ¢) energy sectors.
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