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Sheet 2: Evapotranspiration
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Figure (7): Agricultural Services Sheet
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Table (3): Solutions criteria
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Table (4): Result of prioritizing solutions
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Figure (9): Comparing Solutions

9) U’i‘ )‘ O gdn M:.M‘ JﬁL> )L»..w.: u] GL‘A )‘ A 6)‘0).30].@4. s ol 00 u.cb Coro> M) 9 M'wﬁ‘ 6'.@@;.«3
WA+ uT kg)LbL«.a- Q).ig_j) 5o ‘aw u.a‘ aS Sl axgd J.:B )Lw.u (Gsfm s__\] O 6“’“‘"9“ J}M Cd) u] 590 4 f}Q,M
@t‘u AJ‘jJGA 56‘0)9.0& C.:y’.am » GH.M aS Mb‘s‘o uT d)Laa 9 @L..A 4}).> )i’L.“.t W OJ‘ Cwloads 09 ‘59} Le
5 S5 ez e olal o] Byl 5 plie 51 il WA qecas 5 osliitl b b o2l 55 s &l ) omolie

318590 e Sgte > siSu e sl Sl o] Cewdy b 4 axgi b aslsl jo.cd,5 bl oblgs 49> )0 ol sl ke

Yy



Coedl lade L D3 Sl wls flis Gagh muli .0us,8 nodi (oblgs w5l (29,5 (rlaw ol sl ogara) ol P
Aol (o iz o el gl jo |y Cuglgl cp ml o 0 FFIAY s Coadl LD g Coglgl o sV cdoyo Vo v s
A £l OVgams sy Ve als g ledily ao 0 ¥ ioli8l lelgs sloul conds dl)] slogy jliw les 51 golpaiy Sl
YO sgax arme Con Jlne o i jlne 50 Sl Oglis o8 e wams oo Lt Jab Cendg b ] duylie a5 ail e pasS
e sl Sl oy 1 el sael s JSaly 005l cwy 5l oS azmis pl a8 bl el e Jad Lyl il 5l ooy
5 olie Judo 5l o] cans 4 s aized S SLS Ll h dgae Cux 5380 > ol Gl 4 wilg e iy iy
b 5l el OF lie atgs (5500 050 dingyl azljo slol ez 50 Wl o WA O (5l g ols (Lti 8 )las
O Lt 5o 1y (ol (65 ranal glo 0505, 9wl axdls oL Jlas O (655 050 SNgelio (2 BEIN 05 5 5
ey lly Bild 4 Sl blpil ailla b ses S BLT i
N\
&y -
. SonsliS” 4l aW¥RY) (g5, 5LaS sl
OV=OA (V)Y bl dmew o7 5 T .5 555LaS 85 50 oL ;{Tj S i) awlas (\WAF) i g Al
WA+ T gl syl 5 ,ne (VFAY) L s o i s WIS ¢ 55515 .3 gamma Glom o 1) € pems ¢ 215
MVAYA (DB bl tmn g 5 T
9 ppl Al b o WA+ U7 bl eiles 5L 3Ly LIY99) M pdy 9 Cdlorw (o Cdme (9
Tl Slaios (OB P Sk 5 T 2 (635 s @llan 1 bs o5 50T 0)3) 0T (535 S S Hlr
YEF-NeY (YN O/

S J s s 5 i YNV (55 0 (55151 5 L5 ¢ Slg2 sl Cas ¢ oo S oo 0 €5 3
Ol pl T e Sl sa el ol Sleslinal b O 1 s SLWAPOR J szms 3o 5557 5 28ly 3
YEY-YFA (YNF

5 Say (VF)) e (potie 0137 5 Cgulgr o odle (] Can (e ST COble (g3l a) esl)
4o = aalllan 3 0 ailaie) 59 $lenlS 5 5n OO 5 T mlin S jlas 5 wlie Jubond WA OT (651l
AAV=NAR N (ol T o T oo (Olowady 5 T

Sllgs 4 5 Oojlan 5 mle O SN FOYR) 5 yl5s

Agriculture Jahad, (2012). Agricultural Yearbook. (In Persian)

Alinezhad, A. and Khalili, J., (2019). New methods and applications in multiple attribute decision making
(MADM). Cham: Springer, 277, 103-08.

Yy



Delavar, M., Morid, S., & Raeisi, L. (2020). Implementation of the WA + water accounting system at the
basin level and the challenges (Lessons Learned from the Case Study of Tashk - Bakhtegan
Basin). Iran-Water Resources Research, 16(2), 346-362.. (In Persian)

Godfrey, M. & Chalmers, K. (2012). Water Accounting: International Approaches to Policy and Decision-
Making. Edward Elgar Publishing.

Guerschman, J. P., Van Dijk, A. 1. J. M., Mattersdorf, G., Beringer, J., Hutley, L. B., Leuning, R., Pipunic,
R. C., & Sherman, B. S. (2009). Scaling of potential evapotranspiration with MODIS data
reproduces flux observations and catchment water balance observations across Australia. Journal
of Hydrology, 369(1-2), 107-1109.

Karimi, P., Bastiaanssen, W.G. & Molden, D. (2013). Water Accounting Plus (WA+) -a water accounting
procedure for complex river basins based on satellite measurements. Hyedrology & Earth System
Sciences, 17(7), 2459-2472.

Karimi, P., Bastiaanssen, WGM., Sood, A., Hoogeveen, J., Peiser, L., Bastidas-O{ndo, E., & Dost, R.
(2014). Spatial evapotranspiration, rainfall and land use “data in water atcounting - Part 2:
Reliability of water accounting results for policy decisions_in‘the Awash basin. Hydrology and
Earth System Sciences Discussions, 11(1), 1125-1167.

Karimi, P., Molden, D., Bastiaanssen, W.G.and Cat, X, (20%2). \Water accountifng to assess use and
productivity of water:Evolution of a concept and newsfrontiers. Water accounting: International
approaches to policy and decision-making, edited by: Ch?fmers, K. and Godfrey, J, pp.76-88.

Keshavarz-Ghorabaee, M., Amiri, M., Zavadskas,“ExK., 'Nskis, Z. and Antucheviciene, J., (2021).
Determination of objective weights using a new method based on the removal effects of criteria
(MEREC). Symmetry, 13(4), p.525.

Khaleghi, N. (2016). Comparison of effective raimfall estimation methods in agriculture. Journal of Water
and Sustainablegevelopment, 2(2), 51-58. (In Pegsian)

Khazaei, S., Raeini, M., Davri, K., & Shafiei, M. (2019). Introducing the Water Accounting Plus (WA+)
Frameworksdournal of Water and Sustainable Development, 5(2), 117-128. (In Persian)

Ministry of Power, (2011). Reportonithe balance of resources and uses of the Mahabad basin. (In Persian)

Peiser, L and Bastiaanssen, \W. G}/I. (2015). Analysis on Water Availability and Uses in Afghanistan River
Basins: WatersAccounting through Remote Sensing (WA+) in Helmand River Basin. FAO project
TCRJAFG/[3402.

Rahimpour, M., Karimi, N., Rouzbahani, R., & Eftekhari, M. (2018). Validation and calibration of FAO
WaPORproduct (actual evapotranspiration) in lIran using in-situ measurements. lran-Water
Resources Research, 14(2), 254-263. (In Persian)

Rahimzadeh, Z., Javadi, S., Karimi, N., Hashemy Shahdany, S.M. and Kardan Moghaddam, H., (2022).
WA+ water accounting approach in the analysis of supply and demand of water resources and
hydro-climatology balance (Case study: Plasjan basin). Water and Irrigation Management, 12(1),
pp.187-199. (In Persian)

Singh, P.K., Jain, S.K., Mishra, P.K. and Goel, M.K., (2022). An assessment of water consumption patterns
and land productivity and water productivity using WA+ framework and satellite data inputs.
Physics and Chemistry of the Earth, Parts A/B/C, 126, p.103053.

Y¥



Zavadskas, E.K., (2008). History and evolving trends of construction colloquia on sustainability and
operational research. Technological and Economic Development of Economy, 14(4), pp.578-592.

Yo



Water Resources Planning and Management in Lake Urmia Basin Using the
Water Accounting Approach

Abstract

The objective of this study is to introduce and employ a water accounting method as a suitable
approach for assessing the watershed's condition and providing and examining solutions to
improve water resource management. The employed water accounting method in this research is
the Water Accounting Plus framework (WA+), which is based on water balance ‘parameters and
distinguishes between green and blue water components. In this study, four aecountingsheets were
used: resource base, evapotranspiration, agricultural serviges, and water-extraction. The evaluation
results of these sheets indicated that the first sheet, representing the ratio e(available water to
exploitable water, was estimated at 0.59, and the second ‘Sheet, indicating the beneficial
evapotranspiration, was estimated at 0.75. Furthegmore, the third,sheet, describing the amount of
water utilized in irrigated lands, was calculated a8)0.87, and the fourth sheet, representing the ratio
of return flow to total water withdrawal, wassfound to“he 0.5Z for the watershed. Subsequently,
remedial solutions for optimizing water resources utilizatf®p were defined, and based on three
weighted criteria: technical, environmental, andasoGig®&conomic, prioritization was performed
using the MEREC model and the COPRAS decision-making method. Based on the results, it was
demonstrated that a combined approach of a 2% increase in agricultural efficiency and a 10%
reduction in cultivated area for crops other than wheat is the best remedial solution, covering the
mentioned criteria to amacceptable éxtent.

Keywords: Water accounting'\User page; MEREC model; COPRAS model; Prioritization.
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