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Water resource carrying capacity is a critical measure of the ability of water
resources within a region to support social, ecological, and economic scales. This
study establishes an evaluation index system for the water resource carrying
capacity of Golmud City and calculates the weights of the indices using the
Analytic Hierarchy Process (AHP). Based on an analysis of the current status of
Golmud’s socio-economic development, agriculture, and water resource
utilization, a simulation model based on system dynamics is constructed. By
setting 162 different scenario plans and normalizing the simulation results, the
development trend of Golmud City’s water resource carrying capacity is studied,
and an evaluation is made for the sustainable development of water resources in
Golmud City. Using data from 2001 to 2018 as the basic data, a carrying capacity
analysis of water resources for the future from 2019 to 2030 is conducted. The
study reveals that continuing the current development pattern will lead to
unsustainable water resource carrying capacity. Among the scenarios aimed at
coordinated development in all aspects, the best water resource carrying index is
achieved, reaching 0.698 by 2030. By analyzing the development trend of the
water resource carrying capacity index, existing problems in the utilization of
water resources in Golmud City are identified, and feasible strategies for the
sustainable use of water resources in Golmud City are proposed.
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1 Introduction

In recent years, the huge demand for water resources caused by human activities has led
to severe water shortage, water environment pollution, and water ecology deterioration in
some areas, which has seriously endangered the living environment of human beings
(ZhangW. et al., 2023b). The ecosystems of northwestern China are extremely fragile due to
the severe lack of water resources. Water resources are not only basic natural resources but
also strategic economic resources and ecological control factors. These factors have become
important control factors limiting global economic and social development in the 21st
century (Wang et al., 2022b; Wang Y. M. et al., 2023). At present, most scholars believe that
the carrying capacity of water resources represents the maximum capacity of water
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resources to support and guarantee the sustainable development of
the regional economy and society (Liu Q. F. et al., 2023). Water
resource carrying capacity can be determined by the social,
economic, resource, and environmental factors (Zhang X. Y.
et al., 2023). The research methods of water resources carrying
capacity can be roughly divided into three categories. The first is the
empirical formula method, which is mainly used to estimate the
carrying capacity of regional water resources through analogical
analysis (Liu et al., 2007), trend analysis (An and Wu, 2019;
Ouassanouan et al., 2022), quota analysis (Shi et al., 2021), etc.,
combined with the long-term accumulated professional knowledge
and experience of researchers (Gao and Li, 2009; Jing et al., 2016;
Zhang et al., 2021). The second is the indicator system analysis
method, which mainly concludes the principal component analysis
(Liu L. et al., 2022; Zhang L. X. et al., 2023a), fuzzy comprehensive
evaluationmethod (Ge et al., 2021; Jia et al., 2023), projection tracing
method (Wang, 2016), etc. This kind of analysis method combines
the application of mathematical theories and takes into full
consideration the influencing factors of water resources carrying
capacity. The third type is the system analysis method, through the
multi-objective decision-making analysis (Sucu et al., 2021; Yue
et al., 2023), system dynamics (Lin and Wang, 2021; Ji et al., 2022;
Chen X. et al., 2023; Chen W. J. et al., 2023) and “pressure-state-
response” model (Ding et al., 2022; Li F. G. et al., 2023) etc., a
complex system is established, and then use different methods to
analyze the water resources carrying capacity, to analyze the carrying
capacity of water resources dynamically, holistically and
quantitatively (Xia et al., 2023). Numerous scholars have
employed the method of system dynamics in their research. Liu
et al. (2020) taking Guangzhou city as an example, used the
principles of system dynamics to establish an environmental
assessment model for construction waste, and used Vensim
software to simulate and analyze the environmental, economic,
and social impacts of various disposal methods of construction
waste. Xiao et al. (2020) used a system dynamics model to simulate
the entire process of urban domestic waste generation, classification,
collection, and final treatment, setting up seven scenarios to simulate
the impact of these policies. The results showed that economic
policies have a significant influence on future urban domestic waste
management. Liu et al. (2021) selected the Tarim River Basin in
China, and by integrating its geographical environment and the
characteristics of water supply and demand, constructed a system
dynamics model to quantitatively assess and predict the historical
conditions and future trends of water resource carrying capacity in
the Tarim River Basin. After simulating the water-food-energy
system dynamics model, Keyhanpour et al. (2021) formulated
water resource sustainability policy plans, taking into account the
results of sensitivity analysis. The forms included four strategies:
water demand management, water supply management, food
resource management, and energy demand management, as well
as a combination of policies. The simulation results of the proposed
solutions were selected, with the combination of water demand and
food resource management strategies being identified as the best
policy. In addition to considering the research methodology, there is
also a certain distinction between the contents of water resources
research. Some scholars focus on the evaluation of water resources
carrying capacity (Jiang and Zhang, 2023a; Yuan et al., 2023; Zhang
X. Y. et al., 2023), study the spatio-temporal changes of water

resources carrying capacity (Liu J. X. et al., 2023; Wang Y. F.
et al., 2023), study the future change trend of water resources
through scenario simulation (Liu L. et al., 2022; Liu et al., 2022b;
Li W. et al., 2023; Xie et al., 2022), analyze the influencing factors of
water resources carrying capacity (Anfuding et al., 2023; Yang et al.,
2020), and combine the research of water resources carrying
capacity with that of other industries (Qin et al., 2023; Yu et al.,
2021; Zeng X. T. et al., 2016). It can be reflected that the research on
the carrying capacity of water resources is also multifaceted.

Sustainable development is defined in “Our Common Future” as
“development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs” (Li Y. H. et al., 2023). While highlighting the importance of
water resources, new computational models are designed for water
resource management and sustainable use (Zeng et al., 2015).
Sustainable development is of great significance for continuous
economic growth and development, as well as for the proper
management of the environment (Wang X. et al., 2023). The basic
idea of sustainable water resource use is to balance the adverse
environmental side effects caused by development with the
anticipated social benefits, and to formulate a sustainable plan that
integrates socio-economic development and ecological and
environmental protection (Jiang et al., 2023b; Zeng X. T. et al.,
2016). Scholars use the theory of water supply and demand balance
to analyze the sustainable use of water resources in the region (Liu N.
et al., 2022; Ahati et al., 2023; Qi et al., 2023). Wei, et al. (2022) used the
empirical formula method and the indicator analysis method to
evaluate the carrying capacity of water resources in Ningbo. Zhou
and Qiu, (2022) evaluated the sustainability of water resources
utilization in Shanghai based on the ecological footprint theory. Li,
et al. (2022) combined the energy-value theory with the water ecological
footprint, constructed the energy-value water ecological footprintmodel
and the energy-value water ecological carrying capacity model for
evaluating the sustainable use of resources and comprehensively
analyzed the water ecological footprint and water ecological carrying
capacity of Henan Province. In addition, many scholars have placed
their research focus on the sustainable utilization of water resources in
the relatively arid areas of Northwest China (Yin et al., 2021; Ruan and
Wu, 2022). Quantifying and accurately evaluating water use for
agricultural production is important for realizing the balance
between the supply and demand of water resources and sustainable
utilization, especially in arid areas (De Melo Branco et al., 2005; Wang
et al., 2022a). Zhuang et al. (2015) focused their research on the
perspective of water resources planning and decision-making,
introducing random and interval parameters in the constraints and
objective functions of the model within the method of inexact joint
probability programming. This enhanced the assessment and control of
system risk and was applied in a case study of multi-reservoir water
resources allocation, demonstrating its potential in optimizing water
resource management.

This article focuses on the water resources of Golmud City, and
by constructing an evaluation index system for the water resource
carrying capacity of the Golmud Oasis area and building a system
dynamics-based model, it simulates the dynamic changes between
water resources and agriculture, population, ecosystem, and
economy in the Golmud Oasis area. Different scenarios are
derived by assigning values to decision variables according to
various practical purposes. The water resource carrying capacity
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model is run to predict the simulation results of different scenarios,
and an evaluation is made on the sustainable development of water
resources in Golmud City.

2 Overview of the study area

Golmud City, established in November 1960, is located in the
western part of Qinghai Province on the south-central edge of the
Qaidam Basin (Figure 1). It falls under the jurisdiction of the Haixi
Mongol and Tibetan Autonomous Prefecture in Qinghai Province.
The city’s jurisdiction comprises two non-contiguous regions: the
Qaidam Basin area, which is the main part, and the Tanggula
Mountain area to the south. The Tanggula Mountain area
borders the Tibet Autonomous Region to the south and
southwest and is adjacent to Yushu Tibetan Autonomous
Prefecture to the east and north. Golmud City covers a total area
of 118,954.18 km2. In 2018, the city’s total population was 247,800,
and its GDP was 41.297 billion yuan.

Golmud City’s total water resources amount to 984.04 million
m³. In 2018, the available water resources included groundwater,
surface water, and reclaimed water. The city’s water demand
encompasses domestic water consumption for urban and rural
residents, industrial water consumption, agricultural irrigation,
urban greening, and environmental needs. In 2018, Golmud
City’s total water consumption was 425.9 million m³, with
agricultural irrigation and urban greening using 158.2 million m³
(37.15% of the total), industrial use at 160.4 million m³ (37.66%),
and domestic use for urban and rural residents at 107.3 million m³
(25.19%). Analyzing the relevant data, the relationship between
water resources and population in the study area is mediated
through complex economic relationships. Social development
aims to meet the evolving material and spiritual needs of
humans, meaning the relationship between population and water
resources ultimately changes with increases in population and per
capita consumption levels, reflecting the interconnections among
population, economy, and water resources.

3 Data sources and research methods

3.1 Data sources

The data used in this study were mainly obtained from,
“Golmud Yearbook” (2001-2016), “Haixi State Statistical
Yearbook” (2004–2014), “Golmud National Economic and Social
Development” (2017), “Golmud River Basin Comprehensive Water
Resources Planning” (2002), “Hydrological Yearbook of the People’s
Republic of China, Volume 10, Volume 4. Inland Rivers and Lakes of
Qinghai Province (2001–2019), and Evaluation of Groundwater
System and Groundwater Resources in the Pre-Mountain Plain
Area of the Golmud River Basin, Qinghai Province (2013).

3.2 Analysis hierarchical process (AHP)

Based on the analysis of Golmud City’s water resource utilization
and socio-economic conditions, the indicators selected to assess the

city’s current state of sustainable water resource development should
reflect conditions related to water resources, sewage, population,
economy, and society. These indicators should be quantifiable. The
goal of water resource carrying capacity is used to divide the subsystems.
These subsystems include the water resource subsystem, agricultural
subsystem, population subsystem, ecological subsystem, and economic
subsystem. Each subsystem corresponds to specific indicators, forming
a three-tier hierarchical structure comprising the overall goal level,
system level, and indicator level. The Analytic Hierarchy Process (AHP)
is employed to assign weights to each indicator within the water
resource carrying capacity evaluation index system, which is shown
in Table 1.

Determine the subordination between the elements of the
model. The assignment of the importance of the indicators at the
system level (second level) of the model should be decided and
endorsed through discussion according to the requirements of the
decision-making objectives. According to the scale of 1–9 pairwise
comparison, the pairwise comparison judgment matrix is
constructed and assigned. N sub-elements
A1, A2,/, Ai,/, Aj,/An, pairwise comparison. To use
mathematical methods to process sub-element data, it is generally
converted into a judgment matrix, which is shown in Equation 1:

A � aij( )
n×n

(1)

where the value aij denotes the element Ai concerning the Aj

relative importance of the comparison. If we set the importance
of the elements of each factor layer for the target layer as
C1, C2,/, Ci,/, Cj,/, Cn then then the Equation 2 is
shown below:

aij � Ci

Cj
(2)

Next, the square root method is performed to calculate the
maximum eigenvalue of the judgment matrix (λmax). The
calculation results are shown in Equation 3.

λmax � 1
n
∑
n

i�1

Aw( )i
wi

(3)

where (Aw)i denotes the vector (Aw) the first component of the i
component of the vector.

Finally, the consistency test is performed and consistency Index
(C.I.) Equation 4 of the judgment matrix A is.

C.I. � λmax − n

n − 1( ) (4)

Consistency Ratio (C.R.), Equation 5 a consistency evaluation
metric that

C.R. � C.I.
R.I.

(5)

In finalizing the evaluation index system for water resource
carrying capacity, the water resource subsystem holds a significant
position in Golmud City’s evaluation index system, with a weight of
0.2800. Golmud City places great emphasis on water management
and the development of key water conservancy projects, achieving
significant results. However, there remains a considerable gap in
terms of long-term planning. Within the water resource subsystem,
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the most critical indicator is the water supply-demand ratio (weight
of 0.1501), the highest-weighted indicator in the entire system. It
directly reflects whether there is a shortage between the supply and
demand of water resources in the region. In the population
subsystem (weight of 0.2100), we selected indicators closely
related to people’s lives, ensuring that while other subsystems
achieve sustainable development, the wellbeing of the population
is prioritized. In the economic subsystem (weight of 0.1710), the
most important indicator is GDP. Improving water use efficiency,
protecting the environment, and ensuring coordinated social and
economic development must happen simultaneously. In the
agricultural subsystem, we focused on agricultural irrigation
water consumption, promoting water-saving agriculture and
improving water resource utilization efficiency. In the ecological
subsystem, we considered indicators such as forest and grassland
coverage and sewage treatment volume. It is essential to not only
focus on social and economic development but also on preserving
the ecological environment on which we depend.

3.3 Modeling the dynamics of water carrying
capacity systems

In this study, the administrative boundary of GolmudCity was used
as the system boundary of the model, and in the process of building the
system dynamicsmodel of water resources carrying capacity in Golmud
City, some processes were simplified and generalized due to the
limitation of the data shortage and the complexity of the system
relationship. The data were selected from 2001 to 2018, and the
relevant indicators and constructed systems were selected from
economic, demographic, agricultural, ecological, and water resource
aspects. The modeling time is divided into two phases, the first phase is
from 2001 to 2018 (modeling and validation phase), and the second
phase is from 2019 to 2030 (forecasting phase), with 2018 and
2030 being the two-time nodes focusing on the analysis, and the
simulation interval (Time step) is set at 1 year. According to system
dynamics, the dynamic structure and feedback mechanism within the
system determine the behavioral patterns and characteristics of the

TABLE 1 Selection of evaluation indicators and their important parameters of Golmud water resource carrying capacity.

Target level System level Indicator layer Description of indicators Weights

Water carrying
capacity

Population
subsystem

U1 total population Total population is the sum of population groups living at a given time and within
a given area. It reflects the size of the population in the study area

0.1125

U2 total domestic water use Residential water use refers to the water needed by residents in their daily lives,
reflecting the level of urban development, sanitation, and sustainable utilization of
local water resources in the area

0.0974

Water resources
subsystem

U3 total water resources Total water resources are the amount of surface and subsurface water production
resulting from precipitation

0.1299

U4 ratio of water supply to
demand

Reflects the relationship between water supply and demand in the region 0.1501

Agriculture
subsystem

U5 water use for agricultural
irrigation

Reflects the amount of water used for agricultural irrigation 0.0294

U6 cropland area Cropland area is the area of fields that can be used to grow crops and are regularly
plowed and hoed. It reflects the state of agricultural development in the region

0.0537

Ecological
subsystems

U7 woodland grassland cover Area of woodland and grassland in the region. Reflects the state of ecological
conservation in the region

0.0343

U8 sewage treatment
capacity

Capacity means the amount of sewage treated by sewage treatment plants and
treatment units

0.0733

U9 industrial effluent
discharge factor

The ratio of industrial effluent discharge to industrial water use over a given
measurement period

0.0627

U10 ecological water use The amount of water needed to maintain the water balance within a region, e.g.,
the amount of water needed by rivers, wetlands, etc. To maintain their functions.
Reflects the ecological status of the region

0.0856

Economic subsystem U11 GDP The sum of the market value of all final goods and services produced in the region
in a year. Reflects the combined strength of the region

0.0468

U12 primary sector share The share of the primary sector in the total regional economy 0.0400

U13 industrial output Industrial output is the total value, expressed in monetary terms, of the industrial
end-products produced or industrial labor activities performed by an industrial
enterprise during a given period

0.0258

U14 industrial water
consumption

Amount of water used for industrial development 0.0193

U15 million-yuan water
consumption

Total water use is derived by dividing by GDP. 0.0223

U16 industrial water
repetition rate

The ratio of reused water to total water consumption in the amount of water used
for the development of industry

0.0168
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system. After determining the hierarchical structure of each subsystem,
the dynamic flow diagram of the water resources carrying capacity
system is established by combining the structural characteristics of the
water resources carrying capacity itself. Figure 2 shows the system.

3.3.1 Model variables and model validity test
The entire system variables contain 7 state variables, 7 rate

variables, 41 auxiliary variables, and 11 constants. The description
of each variable is shown in Table 2. The main interrelationships

between the variables were obtained using the function list function in
the equation editor provided by Vensim-ple. Finally, the model
parameters are estimated, and this study took the values of each
parameter of the model based on the Golmud City Statistical
Yearbook and Haixi State Statistical Yearbook from 2001 to 2018.
The initial values which are shown in Table 3 of the state variables
were directly assigned using the direct determination method, Table 4
shows the values of constant parameter values, and he table function
method was used to express the functional relationship between the

FIGURE 1
Schematic diagram of the location of the research area.

FIGURE 2
System flow chart.
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TABLE 2 Variable description table.

Serial
number

Variable name Nature of
the
variable

unit (of
measure)

Serial
number

Variable name Nature of
the
variable

unit (of
measure)

1 GDP A ten thousand
dollars

34 Rate of change in forest
land

A Dmnl

2 Proportion of primary
production

A Dmnl 35 Amount of forest land
change

R million hm2/
year

3 Water consumption per
10,000 GDP

A Billion m³/million
dollars

36 Water use quotas for
forest land

C billion m³/
million hm2

4 Water consumption of
10,000 yuan of industrial-
added value

A Billion m³/million
dollars

37 Water use on forested
land

A billion m³

5 Ratio of the three
industries

A Dmnl 38 Forest land area L million hm2

6 water reuse A billion m³ 39 Total water area C million hm2

7 Proportion of secondary
production

A Dmnl 40 water supply-demand
ratio

A Dmnl

8 modulus of water yield R billion m³/
million hm2

41 Water resources
development and
utilization

A Dmnl

9 yield factor R Dmnl 42 Total water resources A billion m³

10 Rate of population change A Dmnl 43 water carrying capacity A hectares

11 population growth R Tens of thousands/
Year

44 Ecological water demand
by surface evaporation

A billion m³

12 Total population L all the people 45 Sewage treatment factor C Dmnl

13 Per capita water carrying
capacity

A million hm2/ten
thousand people

46 Sewage treatment
capacity

A billion m³

14 Per capita water
consumption

A billion m³/million
people

47 Sewage Discharge A billion m³

15 Global average
production capacity of
water resources

C billion m³/
million hm2

48 Irrigation returns to the
water

A billion m³

16 Water use for agricultural
irrigation

A billion m³ 49 The growth rate of
irrigated area

A Dmnl

17 Area of irrigated
agricultural land

L million hm2 50 Ecological water use A billion m³

18 Increase in irrigated
agricultural land area

R million hm2/year 51 Domestic water discharge
factor

C Dmnl

19 Area C million hm2 52 Total social water
resources

A billion m³

20 Water consumption per
unit area

A billion m³/
million hm2

53 Primary industry output L ten thousand
dollars

21 Groundwater availability C billion m³ 54 Growth value of the
primary sector

R Million Yuan/
Year

22 Surface water resources A billion m³ 55 Rate of change in the
value of growth of the
primary sector

A Dmnl

23 Water for residential use A billion m³ 56 Tertiary output L ten thousand
dollars

24 Residential water
emissions

A billion m³ 57 Tertiary sector growth
value

R Million Yuan/
Year

(Continued on following page)
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two groups of variables by inputting them in the form of tables in the
Vensim-Ple software. The results are shown in Table 5. The elements
for building a system dynamics model are mainly divided into two
categories: variable elements and associated elements. Variable
elements generally include product (state variables), rate variables
(decision variables), constants and auxiliary variables, etc. Product
and rate variables they are the two main quantities that make up the
feedback loop in the system structure; and the related elementsmainly
include material chains and information chains.

3.3.2 Model validity test
3.3.2.1 Historical test

Given the numerous variables in the model, this study selected four
representative variables: farmland irrigation area, industrial output
value, secondary industry output value, and total population, to
compare their simulated results with the actual values. After testing,
the relative error between the simulated value and the actual value from
2000 to 2017 is less than 10%, indicating that themodel conforms to the
actual situation (Liu et al., 2018; Li et al., 2021; Wang et al., 2021). The

irrigated area of farmland and industrial output value are taken as
examples to show the results of simulated values and actual values.

3.3.2.2 Sensitivity test
Arobust systemdynamicsmodel requires that changes in parameters

or structure result inminimal changes to the simulation values, indicating
low sensitivity. The testing method involves incrementally increasing
each parameter by 10% annually from 2019 to 2030 and calculating the
sensitivity values based on the formula. This study selected the total social
water resources, total population, and total water consumptionwithin the
model to test the sensitivity of 11 parameters, thereby reflecting the
robustness of the system model.

State variable sensitivity value equation is shown in Equation 6:

SL � ΔLt

Lt
×

Xt

ΔXt

∣∣∣∣∣∣∣

∣∣∣∣∣∣∣ (6)

Parameter average sensitivity formula is shown in Equation 7:

Sij � 1
N

∑
N

i�1
SLi (7)

where; t-Time

SL-- Sensitivity of the state variable L to the parameter X
Lt--The value of the state variable L at time t.
Xt--The value of the parameter X at time t.

ΔLt--The amount of change in the state variable at time t.

ΔXt--The amount of change in the parameter X at time t.

From the Figure 3, we can visualize that among the above
11 parameters, there are 7 with sensitivity between 0 and 0.05,
3 between 0.05 and 0.10, and 1 over 0.10. Most of the sensitivity

TABLE 2 (Continued) Variable description table.

Serial
number

Variable name Nature of
the
variable

unit (of
measure)

Serial
number

Variable name Nature of
the
variable

unit (of
measure)

25 industrial output A ten thousand
dollars

58 Secondary sector output L ten thousand
dollars

26 Proportion of industrial
output

A Dmnl 59 Rate of change in tertiary
sector growth value

A Dmnl

27 Industrial effluent
discharge factor

C Dmnl 60 Growth value of the
secondary sector

R Million Yuan/
Year

28 Industrial effluent
discharge

A billion m³ 61 Rate of change in the
value of growth of the
secondary sector

A Dmnl

29 Industrial water repetition
rate

C Dmnl 62 Rate of grassland change A Dmnl

30 Industrial water
consumption

A billion m³ 63 Amount of grassland
change

R million hm2/
year

31 Average annual
evaporation

C mm 64 Grassland water quotas C billion m³/
million hm2

32 Annual rainfall A mm 65 Grassland water use A billion m³

33 Total water consumption A billion m³ 66 Grassland area L million hm2

Note: L-State variable; A-Auxiliary variable; R-Rate variable; C-Constant.

TABLE 3 Initial value of the state variable.

State variable Starting value

Primary industry output 54.97 million dollars

Secondary sector output 942.2 million dollars

Tertiary Industry 680.82 million dollars

Area covered by grassland 0.0154 million hectares

Area covered by woodland 0.154,667 million hectares

Area of irrigated agricultural land 0.5838 million hectares

Total population 165,243,000 people
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values are <0.1, and only the sensitivity value of per capita water
consumption is >0.1, and the model passes the sensitivity test. Most
of the sensitivity values were <0.1, only the sensitivity value of per

capita water consumption was >0.1, and the model passed the
sensitivity test. That is, the system dynamics model can be
applied to the simulation of water resources carrying capacity in
Golmud City.

3.4 Scenario modeling of water resources
carrying capacity

3.4.1 Scenario setting
Based on the model’s operation results under the current

development mode, schemes were formulated from the
perspectives of prioritizing socio-economic and agricultural
development, ecological environmental protection, and
comprehensive coordinated development. In setting scenarios,
decision variables such as population growth rate, irrigation area
growth rate, secondary industry annual growth rate, water use per
unit irrigation area, and industrial water reuse rate were selected.
The population growth rate was set at 1%, 2.5%, and 5%, with the
current rate being 1%. The irrigation area growth rate was set at 1%,
2.5%, and 5%, with the current rate at 2.5%. The industrial water
reuse rate was set to increase annually by 0% and 6%. The secondary
industry annual growth rate was set at 4.25%, 6.25%, and 8.25%,
with the current rate at 6.25%. The water uses per unit irrigation area
in 2030 was set to decrease to 1, 1.25, and 1.5 billion cubic meters per

TABLE 4 Constant parameter.

a constant (math.) Retrieve a value

Domestic water discharge factor 0.8

Industrial water repetition rate 0.2

Per capita water consumption 0.0433 billion cubic meters per
10,000 people

Average annual evaporation 1,495.4 mm

Area of East Lake Dabson 32,000 ha

Water use quotas for forest land 0.75 billion cubic meters per
10,000 ha

Grassland water quotas 0.78 billion cubic meters per
10,000 ha

Global average production capacity of water
resources

3.14 billion cubic meters per
10,000 ha

Area 11,895,400 ha

Groundwater availability 273.75 million cubic meters

TABLE 5 Test results of main indicators of the system.

Particular
year

Area of irrigated agricultural land Total population Industrial output

Analog
data

Real
data

Relative
error (%)

Analog
data

Real
data

Relative
error (%)

Analog
data

Real
data

Relative
error (%)

2000 0.5838 0.5838 0 16.5243 16.5243 0 73,800 73,800 0

2001 0.3715 0.3715 −0.0075 17.0238 16.7777 1.4454 81,082 81,000 0.1006

2002 0.379 0.379 −0.0074 17.5384 17.5671 −0.1636 87,017 87,000 0.019

2003 0.3745 0.3745 −0.0069 18.053 17.8202 1.2898 145,162 145,000 0.1117

2004 0.3527 0.3528 −0.0071 18.5676 18.4088 0.8551 219,281 219,000 0.1283

2005 0.3527 0.3528 −0.0071 19.0822 18.7426 1.7795 321,142 321,000 0.0442

2006 0.3498 0.3498 −0.0071 19.5968 18.9283 3.4114 485,166 444,632 −9.1162

2007 0.3498 0.3498 −0.0071 20.1114 19.5021 3.0296 565,228 565,228 0

2008 0.3498 0.3498 −0.0071 20.626 20.0681 2.705 416,315 452,045 −7.9041

2009 0.3498 0.3498 −0.0071 21.1406 20.4339 3.3427 339,366 338,863 0.1484

2010 0.603 0.603 −0.0041 21.6552 20.9947 3.0503 457,328 457,327 0.0002

2011 0.5429 0.5429 −0.0044 22.1719 21.5192 2.9439 1,701,480 1,701,482 −0.0001

2012 0.4066 0.4066 −0.0106 22.7472 22.4796 1.1764 2,055,700 2,055,700 0

2013 0.5349 0.535 −0.0131 23.3226 22.8603 1.9821 768,956 768,957 −0.0001

2014 0.5166 0.5166 −0.0134 23.898 23.0693 3.4677 2,153,450 2,153,453 −0.0001

2015 0.6029 0.603 −0.0153 24.4734 23.5332 3.8416 1,752,700 1,752,535 0.0094

2016 0.5926 0.5927 −0.0152 24.285 23.5084 3.198 1,825,190 1,825,114 0.0042

2017 0.5823 0.5824 −0.0153 24.5307 23.6163 3.7276 1,895,700 1,895,700 0
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ten thousand hectares (hm2), with the current rate expected to
decrease to 1.5 billion cubic meters per ten thousand hectares by
2030. These settings were combined to generate 162 scenarios,
which were then sequentially simulated using Vensim-Ple
software. In this study, all data in the evaluation index system
were normalized to a range of 0–1. Ultimately, 162 future
predictions of water resource carrying capacity were obtained.

The indicators in the evaluation index system can be categorized
into three main types: development indicators, restriction indicators,
and coordination indicators. The development indicators are those
that are beneficial to the development of water resources carrying
capacity or socio-economic development, and the larger the value of
the development indicators, the higher the water resources carrying
capacity, such as the amount of available water resources and GDP,
etc. The restriction indicators are those that are not conducive to the
development of water resources carrying capacity, and after
normalizing the data of all the indicators, the scores of all the
indicators will be weighted and summed up, and according to the
status of the water resources carrying capacity, the water resources
carrying capacity index is classified into five categories, as shown
in Table 6.

3.4.2 Comprehensive evaluation of
different scenarios

Among the 162 different scenarios, five development scenarios
were selected for comparison: status quo trend, green water-saving,
socio-economic, agricultural development, and coordinated
development. The overall development trends of the water
resource carrying capacity index for Golmud City under these
five scenarios are shown in Figure 4.

3.4.2.1 Status-trend type
Using 2018 as the base year, the status quo trend scenario

(Scenario 29: population growth rate of 1%, irrigation area
growth rate of 2.50%, secondary industry annual growth rate of
6.25%, water use per unit area of 1.5, and industrial water reuse rate
of 0%) sets the parameters for 2019 to 2030 as follows: population
growth rate at 1%, irrigation area growth rate at 2.5%, secondary

industry annual growth rate at 6.25%, industrial water reuse rate at
20%, and water use per unit irrigation area decreasing to 1.5 billion
cubic meters per ten thousand hectares (hm2) by 2030. Under the
status quo trend scenario, the water resource carrying capacity index
gradually decreases, reaching 0.52 by 2030. This indicates that the
current socio-economic-agricultural-ecological development model
of Golmud City is not aligned with sustainable development.

3.4.2.2 Green water-saving type
The green water-saving scenario (Scenario 26: population

growth rate of 1%, irrigation area growth rate of 2.50%,
secondary industry annual growth rate of 6.25%, water use per
unit area of 1, and industrial water reuse rate of 6%) aims to improve
the ecological environment and conserve water. This scenario
appropriately reduces the water quota per unit of irrigation area,
with the quota gradually decreasing to 10,000 m³/hm2 by 2030 and
increases the industrial water reuse rate by 6% annually. Other
parameters remain the same as in the status quo trend scenario.
Under the green water-saving scenario, the water resource carrying
capacity index gradually increases, reaching 0.67 by 2030.

3.4.2.3 Socio-economic type
The socio-economic scenario (Scenario 143: population growth

rate of 5%, irrigation area growth rate of 2.50%, secondary industry
annual growth rate of 8.25%, water use per unit area of 1.5, and
industrial water reuse rate of 0%) aims to develop the secondary
industry without considering constraints from resources and the
environment, thereby achieving high levels of economic
development in terms of GDP and population growth.

3.4.2.4 Agricultural development type
The agricultural development scenario (Scenario 47: population

growth rate of 1%, irrigation area growth rate of 5%, secondary
industry annual growth rate of 6.25%, water use per unit area of 1.5,
and industrial water reuse rate of 0%) aims to develop agriculture
without considering environmental constraints, thereby achieving
high levels of agricultural development. The farmland irrigation area
growth rate is set at 5%, while other indicators remain the same as in

FIGURE 3
Direct view of sensitivity analysis results.
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the status quo trend scenario. Under the agricultural development
scenario, the water resource carrying capacity index decreases
gradually, reaching 0.47 by 2030.

3.4.2.5 Coordinated development type
The coordinated development approach (Scenario 4: population

growth rate 1%, irrigation area growth rate 1%, annual growth rate of
secondary industry 4.25%, water use per unit area 1.25, industrial water
reuse rate 6%) integrates the current trend type with the green water-
saving type, socio-economic type, and agricultural development type. It
comprehensively adjusts the parameters of the first four scenarios while
balancing environmental protection and sustainable economic
development. The growth rate of agricultural irrigation area is
reduced to 1%, and the annual growth rate of secondary industry is
reduced to 4.25%. By 2030, the water use per unit irrigation area is
reduced to 1.25 million m³/hm2. The water resources carrying capacity
index gradually increases, reaching 0.698 by 2030.

According to the development trend diagram, by 2030, the water
resources carrying capacity index shows distinct patterns across
different types of development strategies. The coordinated
development type exhibits the highest index, indicating robust
sustainability. Conversely, the socio-economic type, agricultural
development type, and current trend type all display declining
indices annually, contradicting sustainable development
requirements. Both the coordinated development and green
water-saving types show increasing indices annually, aligning
with sustainable development goals. Given that the coordinated
development type involves adjustments in social and economic
paradigms, and boasts a slightly higher water resources carrying
capacity index compared to the green water-saving type, along with
the largest ratio of water resources supply and demand, it suggests
that the coordinated development approach is more suitable for the
sustainable socio-economic development and water resource
utilization in Golmud city.

4 Conclusion

Based on the principle of water resources supply-demand
balance, a comprehensive study analyzed the water carrying
capacity of Golmud city. Using Vensim-Ple software, widely
utilized in water resources carrying capacity analysis, a system
dynamics model was constructed to dynamically simulate
162 scenarios encompassing water supply-demand dynamics,
pollution levels, and economic development in Golmud city. The
simulation results underwent normalization to derive a Water
Resources Carrying Capacity Index, which serves as a measure of
the city’s water resources sustainability. Analysis of the index trends
revealed the following conclusions:

(1) According to different development objectives, five scenarios
were selected from 162 scenarios for detailed analysis. The
findings indicate that continuing the current development
pattern will lead to unsustainable water resources carrying
capacity. In the scenario focusing on economic development,
although economic growth reaches its peak, water demand,
sewage discharge, and industrial water usage all increase
significantly and abruptly. Consequently, the Water
Resources Carrying Capacity Index declines rapidly to
0.35 by 2030. In the agricultural development scenario,
despite advancements in agriculture, the Water Resources
Carrying Capacity Index decreases annually to 0.47 by 2030.
The scenario emphasizing water conservation and
environmental protection shows considerable
improvements in water carrying capacity, although
economic parameters remain unchanged. The scenario
advocating for coordinated development across all sectors
exhibits the highest Water Resources Carrying Capacity
Index, achieving 0.698 by 2030. This comprehensive
scenario analysis underscores the critical importance of

TABLE 6 Classification of water resources bearing status.

Carrying capacity index 0–0.2 0.2–0.4 0.4–0.6 0.6–0.8 0.8–1

carrier condition extremely poor unhealthy normalcy first-rate fabulous

FIGURE 4
Changes in water resource carrying capacity index under different scenarios.
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balanced development strategies for achieving sustainable
water resource management.

(2) The study calculates Golmud City’s water resources carrying
capacity and suggests that adhering to the current
development model will lead to a decrease in this capacity,
indicating the city’s water resources would become
unsustainable. The evolution of Golmud City’s water
resources carrying capacity model and scenario predictions
reveal the following: In the scenario emphasizing economic
development, optimal economic growth is achieved, but the
water resources carrying capacity index declines rapidly. In
the agricultural development scenario, agriculture sees
significant growth; however, the water resources carrying
capacity index diminishes annually. In the scenario
focusing on water conservation and environmental
protection, there is notable improvement in water
resources carrying capacity, albeit with a slow increase in
the water resources carrying capacity index. However, this
scenario lacks adjustments to economic-related parameters,
making the water resources carrying capacity unsustainable.
In the scenario of coordinated development across all sectors,
the water resources carrying capacity index shows the most
robust development.

5 Discussion

Based on the theories of water resources carrying capacity and
system dynamics, this study analyzes and predicts the water
resources carrying capacity of Golmud city. The research involves
extensive and complex data, presenting challenges in organizing and
processing variable parameters due to inherent uncertainties.
Further issues to explore are as follows:

(1) Simplification of the Model: The system dynamics model of
water resources carrying capacity encompasses numerous
factors. Simplification involves retaining essential
influencing factors while unavoidably oversimplifying
relationships between variables. For instance, issues arise in
simplifying the impact of water price changes on water
resources carrying capacity or the influence of socio-
economic changes on climate variability.

(2) Model Parameter Issues: Influenced by regional factors where
Golmud is situated, some data are difficult to gather over long
periods, leading to incomplete data sequences. Moreover,
discrepancies exist in the same parameter across different
statistical sources, complicating precise and objective
estimation of missing data parameters. This increases
uncertainty in the system dynamics model.

(3) Interdisciplinary Boundaries: Analysis of water resources
carrying capacity spans multiple disciplines. There is a

need to explore breaking disciplinary boundaries from a
macro-comprehensive perspective, leveraging advanced
methods and technologies to achieve scientifically robust
research outcomes.
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