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Abstract

The research aimed at the water yield supply-demand mapping
and its spatial matching in the Karkheh watershed in Lorestan
province. At first, the water supply was estimated using
INVEST 3.9. To this end, evapotranspiration, annual
precipitation, land use/land cover, plant available water
content, and the root depth restricting layer were entered into
the model. The periods of 2003-2012 and 2013-2017 were
chosen respectively for calibration and validation. Then, the
water demand was calculated based on the agriculture water
demands and urban and industrial consumptions. Water
efficiency was determined from the difference between water
supply and demand. Finally, the spatial balance of water
supply-demand was evaluated with the RWBI index in each
sub-basin. According to the results, for the annual water
consumption of 746 Mm3, 1655.7 Mm3 of water was
produced. Sub-basins S2, S19, S5, and S23 had the highest
water yield and efficiency respectively with 220.2, 155.4,
149.2, and 136.2 Mm3. Water yield in pixel scale was
calculated from 0 to 526 mm and S9, S2, and S1 sub-basins
had the highest per-pixel water yield. Based on the results,
water supply-demand imbalance was observed in S14, S15,
and S4 (RWBI < 0) while S19, S23, S2, and S5 sub-basins had
the highest spatial balance of supply-demand (RWBI > 0).
According to the results, the spatial differences in water
supply-demand are influenced by parameters such as land use,
precipitation, and evapotranspiration and reflect the
management decisions taken in the study area.

Keywords: InVEST-AWY, Lorestan Province, Modeling,
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Table 1- Required input data and expected output from the INVEST-AWY model
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Input Data Type Output
Average annual precipitation GIS Raster
Average annual_ref_erence GIS Raster
evapotranspiration
Root restricting layer depth GIS Raster
Supply Plant available water content GIS Raster Water Yield (m3/s)
Land use/Land cover GIS Raster
Watershed/Sub watershed Shapefile
Biophysical table .CSV
Z parameter Floating point value
Demand Demand Table .CSV Water Consume (m3/s)
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Table 2- Satellite Images used to extract land use and land cover
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Platform Number of Bands Spatial Swath Acquisition Date Path/Row
Bands Used Resolution Width Number
Bl - 2000/09/11, 2000/04/20, 1999/12/30 165/36
B2 ] 2000/09/11, 2000/04/20, 1999/12/30 165/37
B3 @ 2 2000/08/17, 2000/05/29, 1999/12/21 166/36
Landsat 8 B4 5 % 2000/08/17, 2000/05/29, 1999/12/21  166/37
ETM+ el ' :
B5 Z 2000/08/08, 2000/05/04, 1999/12/28 167/36
B8 2000/08/08, 2000/05/04, 1999/12/28 167/37
B2 . 2020/09/10, 2020/05/21, 2019/11/11 165/36
B3 & ® 2020/09/26, 2020/05/21, 2019/11/11 165/37
Landsat 1 B4 |3 = 2020/09/17, 2020/05/12, 2019/11/02 166/36
OLI/TIRS B5 W & 2020/09/17, 2020/05/12, 2019/11/02 166/37
B6 3 Z 2020/09/24, 2020/05/19, 2019/11/09 167/36
B8 2020/09/24, 2020/05/19, 2019/11/09 167/37
2020/09/22, 2020/05/12, 2019/11/07  T39SUT
2020/09/17, 2020/05/20, 2019/11/12 T39STS
B2 - = 2020/09/19, 2020/05/17, 2019/11/09 T39SUS
B3 S =4 2020/09/14, 2020/05/12, 2019/11/04  T39SVS
Sentinel2 13 B4 o = 2020/09/22, 2020/05/30, 2019/11/22 T39STT
B8 g 2 2020/09/22, 2020/05/30, 2019/11/22  T38SQC
B11 3 2020/09/20, 2020/05/18, 2019/11/15 T38SPC
2020/09/22, 2020/05/20, 2019/11/02  T38SQD
2020/09/22, 2020/05/30, 2019/11/12 T38S0B
Table 3- Biophysical coefficients used in this research
oM (] 53 03wl 3590 (S 5Bgm S )PS T Joua
K. (Sh;%();gfp%ls) LULC_veg LULC_des lucode
0.2 1100 1 Forest 1
0.23 600 1 Rangeland 2
11 500 1 Irrigated Farming 3
0.3 200 1 Rainfed Farming 4
0.8 0 0 Man-made area 5
0.7 0 0 Water Resources 6
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Table 4- Discharge gauges used for the calibration of the INVEST-AWY model
INVEST-AWY Jaw 1,5 20U, jalaieds 03] 390 (5 k09 i (5ol Oiladein -F Jous

River- Discharge gauge

Discharge gauge number name UTM_x UTM_y Elevation
21-183 Kashkan-Poldokhtar 753457 3672530 700
21-177 Kashkan-Afrineh 769392 3691735 820
21-173 Kashkan-Doab 775393 3710068 960
21-169 Haru-Kaka Reza 245870 3734458 1550
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Fig. 4- a) Land use/Land cover, b) PAWC, c) Precipitation, d) Root restricting layer depth, e) ET,
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Fig. 5- Calibration and validation of discharge gauges
(S %09y (SWoliiiun! (Luiuwly 9 (Brwwoms O JSu

21-183  Calibration

S O o
o O O
1 1

=N
o O o
1 1

y = 0.8962x + 5.8898 u®
R2=0.8424

16
14
12

onN MO

Observed streamflow (m3/s)
oo

Observed streamflow (m3/s)
w
o

0 20 40 60

Simulated streamflow (m3/s)

21-169 Calibration

4 y=0.9259x + 0.7228
R2=0.8128

Simulated streamflow (m3/s)

Observed streamflow (m3/s)

Observed streamflow (m3/s)

21-183  \/glidation

70
%1 y=09521x+ 14541 .
y=0. X+ 1.
ig R2=09349 ™
30 A
20 A -
10 A
0 T T T
0 20 40 60 80
Simulated streamflow (m3/s)
21-169 Validation
14 A
12 4 y =1.0787x-0.8481 e
10 | R2=08482 g _.'m
&1 Lo
2 1 ]
2 4
0 T T
0 5 10 15

Simulated streamflow (m3/s)

VFY 5l O 0 lowd i Jlw <yl ] O gabio Ciliyios
Volume 20, No. 3, Fall 2024 (IR-WRR)



Observed stream flow (m3/s)

Observed Streamflow (m3/s)

2 N Wb g o
o O O O O O o

21-173  Calibration
35
|
30 1 y=1.1936x - 2.5068 -
25 A Rz=0.8816
20 A
15 A
10 A
5 4
0 T T T
0 10 20 30 40
Simulated Streamflow (m3/s)
21-177 Calibration

i y =1.0281x + 1.3868 .

2= o~
] RE=00317 oy ~m
- P i’
_ n »
|
0 20 40 60

Simulated Streamflow (m3/s)

Observed Streamflow (m3/s)
N
o

70
60
50
40
30
20
10

Observed Steamflow (m3/s)

21-173

Validation

y =1.0259x + 0.0705
R2=0.9432

10 20 30 40
Simulated Streamflow (m3/s)
21-177 Validation
y =1.2007x - 6.423
R2=0.9796
]
20 40 60

Simulated streamflow(m3/s)
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calibration and validation periods (2003-2012 and 2013-2017)
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Table 5- Outputs of INVEST-AWY model for each sub-basin

Basgs 5 43 INVEST-AWY Jae sla 29,5 —0 Jgua

Land Use/Land Cover (%)

B s -
z ol 5 =l <3 g @
5§ 85 2 § 2 < 13 5§ o B p3z 38 39 =z 2
> 2 3 s 3 5 3% 3 S &€ 3& $=x 3¢2 3 B
0 ! 3, 2 3 g =z 3 3 & =B 23 23 <
8 3 =~ 3 ~ - 3 8 -~ 5 a8 S = f >
% o 3 ) o = 2
2 S =
21173 S, 17055 5150 4275 01 200 10 282 437 70 1492 226  +1265  +0.7
21169 S, 8806 5531 3030 02 239 08 71 594 86 2202 857  +1344  +08
21167 S, 2651 5827 2894 06 296 00 00 683 14 777 3.2 +745 404
21171 s, 5120 5507 3484 00 162 19 18 627 174 1036 1187  -151  -01
21172 S, 8869 4913 4222 00 240 36 428 254 41 613 211 +402 402
21175 S, 9546 5223 3867 00 250 46 327 323 53 1204 1081  +213  +0.1
21966 S, 1066 5714 2931 00 351 04 185 416 44 297 43 254 401
21861 S, 1239 5439 3767 00 293 20 74 537 76 207 9.0 +117 401
21174 S, 4255 5478 3777 00 187 05 539 260 08 724 36 +688  +0.4
21177 Sy, 5811 4733 4177 01 209 19 365 350 55 323 172 +151 401
21183 S, 11566 4375 4016 01 211 17 396 321 54 416 1231 -85  -05
21179 S, 8071 5108 4369 00 86 03 635 274 02 597 2.1 +57.5 403
21954 S, 2639 5437 3089 00 28 09 53 791 119 620 348 4272 +02
21181 S 4566 4237 3915 01 464 09 327 168 31 147 16.8 21 0.0
21145 S, 6120 534 3886 00 517 21 00 362 99 904 536 4369  +02
21163 S,  567.3 4038 3508 00 337 13 269 369 12 301 101 +199 401
2215 S, 17932  467.8 3918 02 213 13 366 365 41 1362 16 +1347  +08
2221 S5 | 3726 3899 3861 01 205 17 386 333 57 126 567 441  -03
22220 S, 15579 4478 38L1 01 282 05 414 285 13 1039 153  +886  +05
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- Land Use/Land Cover (%) <
2 @ @ S g
S s zx & = 25 23 &
o = Pl —_ =3 (@) = a
E E§ 2 & Z <« ¥z 5 7 & 33 3z 3§ 7 2
2 3T 3 S 2 & 33 3 S & 3§ 3§z 3¢ 3 B
S g = 2 3 g =z 3 3 > 5% &2 g3 <
§ g L g = 3 a % — a 33 - o \_/g g
= o ~
S5
22311 Sx» 302.2 399.8  360.3 05 29.8 0.9 29.9 36.5 2.4 12.0 12 +10.8 +0.1
22312 Si7 583.3 4048 3514 0.2 32.9 1.6 25.0 38.6 1.6 311 144 +16.7 +0.1
22313 Sa 253.5 399.9 3619 0.4 30.6 0.7 33.9 31.6 2.8 9.6 4.0 +5.6 0.0
22334 Sig 1187.0 515.4 384.4 0.1 48.6 1.1 75 38.4 45 155.4 18.7 +136.7 +0.8
Total 16354.9 4852  369.9 0.2 21.3 13 36.6 36.5 41 1655.7 746.0 +909.7
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Fig. 7-a) Water supply (mm/pixel), b) Water supply in sub-basins (Mm?/year), c) Water demand
(Mm?d/year), d) RWS (Mm?/year), e) RWBI
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1- Ecosystem Services

2- Providing

3- Regulating

4-  Cultural

5-  Supporting

6- Water Yield

7- Sustainable Development Goals
8- Water Scarcity

9- Water Supply

10- Water Demand

11- Integrated Valuation of Ecosystem Services
and Tradeoff

12- http:

www.naturalcapitalproject.org. InVEST.html
13- Annual Water Yield

14- Budyko
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