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Introduction

In recent years, climate change and global warming, by reducing rainfall and higher temperature, have
increased the frequency and severity of drought and water scarcity in various parts of the world, including Iran.
The study of the annual discharge of rivers located in Qarehsou basin (Golestan province) showed that this basin
has also faced drought in recent years and since most of the water required of Miankaleh wetland is supplied
from Qarehsou River, so Water abstraction for agricultural, urban and industrial uses will have a major impact
on the ecosystem of Miankaleh wetland. Given that agriculture is the main economic activity in the Golestan
province and also it is the largest consumer of water and food security providers in the region Therefore,
reducing irrigation water consumption can provide the extra water needed to protect the wetland. In order to
sustainable supply water required of Miankaleh wetland in Gorgan Gulf, and preventing to dry the wetland, and
using area’s capacity in food security, attending to water resources management is very important in Qarehsou
river Basin and Gorgan Gulf (Miankaleh wetland).

Materials and Methods

In this paper, a hydro-economic river basin model was used to water optimal allocation of Qarehsou River
among water users in the basin (including irrigation activities, urban, industrial, and fishery uses, and
environment) and protecting the Miankaleh wetland ecosystem (Gorgan Gulf). The empirical river basin model
includes three reduce forms of hydrological components, regional optimization components, and environmental
components and can make the integrated linkage between hydrologic, economic, institutional, and environmental
components. This model also simulates demand nodes' behavior under different drought scenarios. The linkage
between the three model components allows a rigorous evaluation of the quantitative impacts of drought on
water availability in the river basin under study, the effects on the users’ behaviors, and the private and social-
economic benefits and costs of water use. The hydrological model of the river basin is based on the principles of
water mass balance, which determine the volume of water availability in the different river reaches. This water
available can be used for economic activities after taking into account the environmental restrictions for
economic activities. In the economic component, the economic benefits of water demand are maximized by
using water demand functions subject to technical and resource constraints. In the environmental component, we
maximize the benefits that environmental characteristics provide for society and compare them with the benefits
of other applications.
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Results and Discussion

The results showed, in the current condition, the allocation and consumption of water have not been optimal
between nodes in the Qarehsou river basin. In the normal water supply scenario, also total water sources
decreased to protect Miankaleh wetland in suitable condition, but the area under cultivation of the most crops
increases, which increases water resources consumption in this sector, and finally, the net benefits of the
agriculture sector has grown positively. Also, by allocating 18 million cubic meters of water to the wetland,
because of optimal water allocation, urban water consumption, and annual gross benefit increase, too. In drought
conditions, because of water shortage due to climate change and reduction headwater and surface flows to
preserve the wetland, water consumption reduced by all nodes, especially irrigation node. Agricultures can
prevent from reducing excessive of their income by changing in cultivation pattern, deficit planting crops with
less water, etc. Under drought conditions and water scarcity, although the amount of water available is reduced
to all applicant nodes compared to baseline conditions, but it improves the economic benefits of stakeholders,
especially the environment sector.

Increasing groundwater extraction and decreasing surface water (due to drought and wetland water supply
from headwater flow), although Qarehsou river basin has faced water scarcity problem, due to the optimal
distribution of water between water demand nodes based on the economic-hydrological model used by changing
the cultivation pattern and the use of drought-tolerant crops, the amount of water entering the Miankaleh wetland
has increased in normal and drought scenarios and as a result has increased the gross environmental benefits of
Qarehsou basin. Therefore, it is recommended to protect the Miankaleh wetland and increase its ecological
function, reduce the water allocated value to irrigation sector, and to increase the farmers economy efficiency,
optimal cultivation pattern, and applying deficit irrigation strategies promote by agricultural jihad experts in
province, and in drought conditions is used suitable strategies for drought to improve water resources
management.
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Figure 2- Situation of Qarehsou river basin and r Miankaleh wetland in Golestan province and Iran
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Table 3- Total Land in Production by Crop, Water Supply, and Policy Scenario Qarehsou River Basin (hectare)

il 25 cowlio byl s )3 OYU Lids Cunlio L Jasl o jd CYG Lads
Polic“ o tEon Wetland protecting in relatively Wetland protecting in suitable
Yy 0p suitable condition condition
ol as,e gl &b Jboy Sl
Water supply o
scenario Base Normal Drought
Jlos! (y Jlas! b
Cowlow Cuwlow Jlos! b Culow Jlos! (g Cowlow
Without With policy Without policy With
policy policy
Crops
3 4,280 4,110 4,320 3,460 4,140
Cotton
p5 48,930 46,970 49,420 41,960 47,300
Wheat
# 3,850 3,690 3,880 3,420 3,710
Barley
S:e 15,430 14,810 15,580 13,000 14,970
by 12,680 12,170 12,710 10,300 12,260
Soybean
].
* 4,350 4,170 4,390 3,510 4,210
Canola
ladsle 0,5 3,260 3,130 3,300 2,660 3,160
Sorghum
s 2,090 2,000 2,110 1,710 2,020
Tomato
e 6,880 6,600 6,940 5,720 6,670
Potato
! 480 480 480 480 480
plum
ko 600 600 600 600 600
peach
“'u“ 370 370 370 370 370
Nectarine
J& 1,870 1,870 1,870 1,870 1,870
Orange
“i”b 630 630 630 630 630
Tangerine
M 90 90 90 90 90
Pomegranate
o 70 70 70 70 70
Persimmon
0% 820 820 820 820 820
Olive
925 50 50 50 50 50
Walnut

Tit:l 106,711 102,642 108,000 90,704 103,000
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Table 4- water irrigation consumption by Crop, Water Supply, and Policy Scenario in Qarehsou River

Basin (MCM per year)

Cuwlio byl 40 OYU Lads

Cowlio L dagl pus 45 SYU Lads

Policy option Wetland protecting in relatively Wetland protecting in suitable
Y op suitable condition condition
b oo S
Base Jley <
) Normal Drought
clas,e g b i )
Water supply scenario Jlesl o9 Jlestl Jloe! g Cowlbow Jlas! b
With policy
Without policy With policy Without policy
Y gams 09,5 PEN
Production Water used
d)L:%]
ey N e ; 3137 3347 3517 1985 121.6
Applied
Crops .
oy 217.6 232.1 243.9 137.8 84.6
Depleted
, sk 25.7 25.7 25.7 126 126
b oY gase Applied
Fruits oy 18.0 18.0 18.0 8.8 8.8
Depleted
, o ol 339.4 360.3 377.4 211.1 13422
Gras s Sl o JS Applied
Total use &r o355 250/0 261.8 146.6 93/4
Depleted
< 68.4 82.7 84.4 76.3 68.3
zle JS Divert
Total source w2 9710 277.6 293.0 134.8 65.9
Pumped

oo glaanil: a5l
Source: Research findings
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Table 5- Annual net benefit and program performance costs by water supply scenarios and policy options in Qarehsou basin

(Million Rials)
iwons dig 35 cwwlio @-‘)ﬁ-)b A,:YU: Lo - whom.kgl)m )b-&,:Yl-J.B.éa
. - Wetland protecting in relatively suitable Wetland protecting in suitable
Policy option - iy
condition condition
Joys Hlusizs
. Normal Draught
ol 4, g1yl b Jlas! o
Water supply Scenarios Base Cowlbw Jlos! (g Cowlow Jlos! U B :i ’ Cowlbww Jlos! b
Without policy With policy . S . With policy
Without policy
Yl Lals il
Annual net benefit
df”w 9,906,203 10,537,653 11,062,759 5,530,118 6,327,043
Agriculture
= 20,156 20,156 20,157 19,859 19,916
Urban
o 4,282,582 4,282,582 4,282,582 4,198,160 4,198,152
Industry
M
T 43,724 43,724 43,720 39,947 38,912
Fishery
VB Gl 0 26,728 26,425 14,675 14,675
Wetland environment
S5Vl gl ol . 14,252,664 14,910,844 15,435,643 9,802,759 10,598,698
Total annual net benefit
by lpl Jb sbay s jall
Net financial costs of program 11,412 11,631 12,140 6,857 4,683
performance
oalls o, a3l 14,264,076 14,922,474 15,423,503 9,809,616 10,603,382

Net welfare index

3uio0 sbaaisl, 1L
Source: Research findings
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