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Abstract

The study of impacts of human activities on the environment and the
development of socio-economic systems compliant with a sustainable
environment has became the center of attention in recent years due to
the severe environmental destruction worldwide. Various methods
have been developed to evaluate the effects of these activities on the
environment and to simulate the couplin(}; human-natural system. One
of these methods is "Carrying capacity of water resources", which has
been developed in the science of water resources management based
on the concept of "Carrying capacity". This research applied this
concept to evaluate water resources management and proposed a new
framework for assessing the carrying capacity of water resources by
developinP previous methods, and by combining simulation, indicator-
based evaluation and pressure-support factor. The research used a new
aﬁproach for the carrying capacity evaluation which eliminated some
challenges such as ignoring the environmental health status as well as
the possibility of interchangeability between indicators. The proposed
framework and approach were used for the water resources carrying
capacity evaluation in the Zarrineh-roud River basin area, Iran, in the
period of 1987 to 2015. The study period (1987-2015) was divided into
three smaller periods; first (1987-1999), second é2000-2006) and third
(2007-2015), to have proper annual and periodic analyses based on
changes in evaluation indicators. The results showed that loading on
water resources is in the range of water resources carrying capacity
only in the first period and water resources are overloaded In the
second and third periods. According to the evaluation standards, the
carrying capacity of water resources and the environment health status
had decreased one level in each period compared to the previous
period, and eventually reached the lowest possible level in the third
period. The analysis of pressure-support in water resources indicated
that the pressure on water resources has increased and the ability to
support water resources has decreased in each period compared to the
previous period. These outcomes indicated that implemented policies
in the basin have pursue rapid economic developments and have paid
no attention to the ability to support water resources. Such policies did
not improve the basin condition and made it much worse. Therefore, it
is necessary to review the implemented policies and adopt the
necessary policies as soon as possible to improve the carrying capacity
of water resources. Since the results have well conformity with the
realities of the basin and express the effectiveness of the implemented
policies, the proposed framework can be used to review the
implemented policies in other similar cases. In addition, the framework
makes it possible to evaluate scenarios and predict future conditions.
Also, it can evaluate the impact of different policies on basin’s water
resources, society, economy and the environment and be a confident
base for future research.
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Table 1- Calibration and validation results of discharge in stations in Zarrineh-Roud basin (Delavar et al.,

2019)
(Delavar et al., 2019) 59,4 55 3 3] 4S9 43 39550 (GO ] 45 5 (Suiww L] g (Sowly gl - Jou

Station name Period Calibration Period Validation Period
p-factor  d-factor R? NS p-factor d-factor R? NS
Nezamabad 1993 - 2015 0.05 0 0.87 0.67 0.39 0.81 0.86 0.64
Choubloche 1987 — 2005 0.04 0.1 0.77 0.63 0.51 0.59 0.61 041
Zarrineh-Roud 1987 — 2015 0.10 0.19 0.90 0.83 0.35 0.12 085 0.73
Safakhane 1987 - 2015 0.08 0.18 085 0.72 0.61 0.13 0.74  0.70
Pol anian 1987 — 2015 0.06 0.99 0.84 0.69 0.42 0.40 0.68  0.59
Santeh 1988 — 2015 0.05 0.05 0.83 0.71 0.85 0.09 0.82  0.65

Table 2- Values of R2 and NS for evapotranspiration and yield of crops in Zarrineh-roud river basin
(Delavar et al., 2019)

(Delavar et al., 2019) 3,43 55 3 53] Adg> 13 Y guasmo 35Shos g (3305 — i NS g R? gla yad L pdlie -Y Joua

Crops Apple Alfalffa Wheat Barley Sugar beet Tomato Potato
L R? 0.98 0.79 0.5 0.41 0.92 0.98 0.94
Evapotranspiration s 093 047 067 058 0.92 0.34 0.94
Yield R? 0.92 0.83 0.66 0.76 0.60 0.48 0.62
NS 0.92 0.35 0.27 0.68 0.61 0.51 0.47
Blggiie sl sloasli aSi) s 4 wasliss ol bl 5 Table 3- Results of evaluation of base flows

(monthly) in the upstream stations of Zarrineh-roud
river basin (Delavar et al., 2019)
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1L s s Ll aa aet N bad 0.75 0.86
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Table 4- Indicators for evaluation the carrying capacity of water resources (Yang et al., 2015a; Zhang et al.,
2014)

(Yang et al., 2015a; Zhang et al., 2014) &1 gl 3 Cudyb b3, R Had Wi —F Jgun

Category .No indicator Unit Indicator explanation
1 Population density Persons/km? Population/Land area
2 Income per unit area Rial/km? Income /Land area
Pressure 3 Calories per unit area - Calories /Land area
4 Evaporation mm Actual water consumption of agricultural
P sector
5 River runoff per unit of land area mm/km? River runoff/ Land area
Supportive 6 Precipitation mm Reflects the annual precipitation
force 7 Groundwater recharge mm Reflects the annual groundwater recharge
8 Per capita water resources md/ Persons Total water resources/ Population
. Inflows to Lake Urmia from the Zarrineh-
3
Health state 9 Inflow to the Lake Urmia m3/s roud river basin
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Fig. 4- Decision making process for water resources carrying capacity (Yang et al., 2015a; Zhang et al., 2014)
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Table 5- Evaluation standards of the water resources carrying capacity
Ol aalio gy Cudyb 93,0 (gbod, Il -0 Jou>

indicator  Grades Standards levels indicator  Grades  Standards levels
1 [0.8-1] Healthy I [0.8-1] Excellent carrying
il [0.64 - 0.8] Sub-healthy il [0.6 —0.8] Good carrying
111 [0.48 - 0.64] Normal WECCI 111 [0.4-0.6] General carrying
HSI \% [0.32-0.48] Critical \% [0.2-0.4] Poor carrying
A% [0.16 - 0.32] Poor A% [0-0.2] Very poor carrying
VI [0-0.16] Extremely poor

Table 6- Types of system status in the different pressure-support coupling states (Du and Wang, 2021)
(Duand Wang, 2021) JSluiniy — ,Wid JUail cilises sLCIL 13 pinww Curadg lgil —F Joda

Quadrant A C D
Coupling state High-High High-Low Low-Low Low-High
Type Advanced Unsustainable Weak Potential
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Fig. 6- Values of pressure indices in the historical period 1987 — 2015
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Fig. 7- Values of support indicators in the historical period 1987 — 2015
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Fig. 8- Inflow to Lake Urmia from Zarrineh-roud basin in the historical period 1987 2015
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Fig. 14- Changes in rainfall and inflow to Lake Urmia from Zarrineh-roud river basin in the historical
period (1987-2015) and their average in three periods
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