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ABSTRACT 

This paper focuses on the total factor water resources utilization efficiency (WRUE) as the research 
object, employing the Stochastic Frontier Analysis (SFA) model based on the transcendental 
logarithmic production function to measure the WRUE of nine provinces in the Yellow River Basin of 
China from 2012 to 2021, obtains WRUE values for each province. And then, we perform a 
regression analysis of influencing factors using the Tobit model. The results indicate that: (1) The 
average value of WRUE of nine provinces in the Yellow River Basin is 0.541, which deviates greatly 
from the fully effective frontier of SFA, with an overall downward trend during the study period. (2) 
There is a significant polarization of WRUE among the provinces. Inner Mongolia exhibits the highest 
WRUE at 0.978, close to the SFA efficient frontier, while Ningxia has the lowest WRUE at only 0.314; 
the remaining provinces display efficiency values between 0.4 and 0.6. (3) Among the influencing 
factors affecting the WRUE, the value added of the primary industry, per capita disposable income, 
and the number of reservoirs have a significant positive impact on the WRUE. In contrast, the value 
added of the secondary industry, local financial environmental protection expenditures, 
comprehensive water supply production capacity, and per capita daily water consumption negatively 
affect the WRUE. 

KEYWORDS 

Yellow River Basin; Water Resources Utilization Efficiency; SFA Model; Tobit Regression; Analysis 
of Influencing Factors. 

1. INTRODUCTION 

China faces the challenge of a relative shortage of water resources[1]. Although the total amount of 
water resources in the country is 2663.4 billion cubic meters, according to the statistics of the China 
Water Resources Bulletin, the total water consumption in 2022 reached as high as 599.7 billion cubic 
meters, and the per capita comprehensive water consumption is only 425 cubic meters[2]. Many 
regions are facing severe water resource utilization problems. As a major grain production base and 
important economic region, the Yellow River Basin has water resources as an important foundation 
for its economic development[3]. The water shortage problem not only imposes significant 
constraints on agriculture, industry and the tertiary sector, but also has a great restriction on regional 
ecological protection and high-quality development[4]. Data from the National Bureau of Statistics 
shows that the total water consumption in the Yellow River Basin is 123.61 billion cubic meters, of 
which agricultural water consumptiion is 77.93 billion cubic meters (accounting for 63.05%), 
industrial use is 13.22 billion cubic meters (10.69%), domestic use is 20.57 billion cubic meters 
(16.64%), and ecological use is 11.89 billion cubic meters (9.62%). This indicates that agriculture is 
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the main water resource utilization sector in the Yellow River Basin, while industrial, domestic, and 
ecological water consumption are relatively low. 

Regarding the current state of water resource utilization efficiency in the Yellow River Basin, 
agricultural irrigation models require significant water consumption[5], and China's irrigation 
infrastructure and modern techniques are relatively underdeveloped, leading to high water 
consumption but low utilization efficiency in agriculture. In industry, rapid development during 
China’s industrialization has resulted in sharp increases in water consumption, while many industrial 
enterprises in the Yellow River Basin waste water significantly[6–8]. Water-saving technologies and 
clean processes are not yet widely adopted, leading to high wastewater discharge and low water 
recycling rates[9]. In domestic and ecological water use, urbanization has increased household water 
consumption, prompting the government to strengthen urban water supply infrastructure and 
management to enhance stability and reliability[10,11]. Efforts have been made to raise public 
awareness about water conservation and promote rational water use, but there is still room for 
improvement in water utilization efficiency. 

The report of the 20th CPC National Congress emphasized the importance of "promoting green 
development, fostering harmony between humanity and nature, and coordinating the governance of 
water resources, water environment, and water ecology." The serious shortage and pollution of water 
resources have become prominent ecological issues[12]. To address these challenges and advance the 
construction of a "Beautiful China," measures can be taken to control total water usage, enhance water 
resource management and pollution control, and improve WRUE[13]. Increasing WRUE is seen as a 
fundamental approach to resolving the contradiction between insufficient water resource capacity and 
economic development[14]. As a critical water resource replenishment area, improving WRUE in the 
Yellow River Basin is vital for China's economic growth and the well-being of its people. However, 
the basin faces longstanding supply-demand conflicts, water pollution, and ecosystem degradation, 
which severely hinder sustainable regional development[15]. Additionally, excessive water resource 
development and irrational usage lead to waste and loss, while declining water quality adversely 
affects agricultural irrigation and domestic water supply[16,17], presenting significant challenges in 
the basin.In this context, enhancing water utilization efficiency and optimizing water resource 
allocation and management have become crucial for resolving water resource issues in the Yellow 
River Basin. 

This study focuses on the nine provinces within the Yellow River Basin, measuring regional water 
resource utilization efficiency and analyzing its influencing factors. The aim is to provide a scientific 
basis for watershed-level water resource management decisions and to support policy-making aimed 
at improving WRUE. 

2. MEASUREMENT OF WRUE 

2.1. Stochastic Frontier Model 

In traditional terms, the production function represents the maximum output achievable given a set 
of input factors. It is based on known input and output variables, reflecting the optimal production 
function that indicates the most efficient production level under ideal conditions, referred to as the 
technical frontier or production frontier. This serves as the deterministic component in the SFA model, 
expressed in the following basic form: 

 

  Y୧ = f(x୧, β)                                (1) 
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where Y is the output, i is the cross-sectional unit, x represents the input factors, and β is the 
coefficient to be estimated. 

In reality, production efficiency can be affected by various factors. The inability to reach the 
maximum output frontier arises primarily from two reasons: First, internal technical inefficiencies-
where not all production can achieve optimal efficiency-are measured by a technical inefficiency term 
u, indicating the relative production efficiency level due to technological inefficiency, with 0≤u≤1, 
and assumed to follow a truncated normal distribution. The second reason encompasses generally 
unavoidable stochastic factors, such as natural disasters or financial crises, which are included in the 
model as a stochastic disturbance term v, assumed to follow a normal distribution and independent 
of u. 

       

 Y୧ = f(x୧, β)e୴౟ି୳౟                             (2) 
    

Here, u represents the technical inefficiency term, while v is the stochastic disturbance term. Together, 
they constitute a composite disturbance term that indicates the difference between actual output and 
maximum possible output. This model integrates both stochastic error terms and deterministic frontier 
functions, allowing the measurement of production function residuals to reflect the difference 
between actual output and maximum possible output, thereby assessing the portion of output growth 
unexplained by input factors (such as capital and labor). Consequently, technical efficiency (TE) can 
be expressed as the ratio of expected output to the expected value of the stochastic frontier: 

              

   TE୧ =
୉[ଢ଼]

୉[୤(୶౟,ஒ)]
                               (3) 

 

Substituting equation (2) into (3) yields: 

                    

    TE୧ =
୉[୤(୶౟,ஒ)ୣ౬౟ష౫౟]

୉[୤(୶౟,ஒ)ୣ౬౟ష౫౟丨୳౟]ୀ଴
= eି୳౟                     (4) 

 

The parameter γ represents the proportion of the variance attributed to technical inefficiency within 
the composite disturbance term, expressed as follows: 

                               

     γ =
஢౫

మ

஢౫
మ ା஢౬

మ                                 (5) 

 

where 0≤γ≤1. The estimated value of γ can also serve as a basis for evaluating the appropriateness of 
the SFA model setup. Since external stochastic factors are uncontrollable, the focus of the research is 
primarily on internal technical causes. A higher γ indicates a larger share of technical inefficiency, 
making the use of the stochastic frontier model more reasonable. 

2.2. Form of the Production Function 

The specific forms of frontier production functions include the Cobb-Douglas production function, 
translog production function, generalized elasticity of substitution production function, and boundary 
production function. The translog production function is a nonlinear production function capable of 
capturing the nonlinear relationships between production factors, providing a more flexible data fit. 
It can approximate the true production function through Taylor series expansion and is widely 
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applicable, showing a degree of tolerance to parameter estimation errors, thus yielding relatively 
reliable results. 

Therefore, this study selects the translog production function as the frontier production function, 
expressed in its basic form as: 

 

ln 𝑦௜ = 𝛽଴ + 𝛽ଵ ln 𝑥 + +𝛽ଵଵ(ln 𝑥)ଶ + v୧ − u୧                  (6) 
 

When the model includes three explanatory variables 𝑘௜ , 𝑙௜, 𝑤௜, the translog production function is 
represented as: 

 

ln 𝑦௜ = 𝛽଴ + 𝛽௞ ln 𝑘௜ + 𝛽௟ ln 𝑙௜ + 𝛽௪ ln 𝑤௜ + 𝛽௞௞(ln 𝑘௜)ଶ + 𝛽௟௟(ln 𝑙௜)
ଶ + 𝛽௪௪(ln 𝑤௜)

ଶ +
           𝛽௞௟(ln 𝑘௜)(ln 𝑙௜) + 𝛽௞௪(ln 𝑘௜)(ln 𝑤௜) + 𝛽௟௪(ln 𝑙௜)(ln 𝑤௜) + v୧ − u୧         (7) 

 

In this equation, y represents economic output, k denotes capital input, l signifies labor input, and w 
indicates water resource input. The β parameters are to be estimated. 

2.3. Variable Selection 

This study employs the SFA model to measure the total factor water resource utilization efficiency in 
nine provinces of the Yellow River Basin from 2012 to 2021. The selected input and output variables 
are as follows, and corresponding data processing is conducted to ensure the accuracy and reliability 
of the indicator data: 

(1) Economic Output Variable y: The "Gross Regional Product" (GDP) of each province is used to 
reflect the level of economic development. To eliminate the effects of inflation, 2012 is set as the 
base year, and the GDP deflator index is applied to calculate real output. 

(2) Capital Input Variable k: The "Capital Stock" is chosen, representing the total fixed asset 
investment in a region, which reflects the region's productivity level and the accumulation of 
production equipment. Based on the relationship between capital formation and depreciation, this 
study utilizes the perpetual inventory method for data processing, calculated as follows: 

             

     𝑘௜௧ = (1 − 𝛿௜)𝑘௜ ௧ିଵ + 𝐼௜௧                        (8) 
 

where k is the capital stock for region i in year t, I represents new investment in year t, and 𝛿 is the 
depreciation rate. 

(3) Labor Input Variable l : The "Total Number of Employees" is selected to reflect the scale of labor 
resources and employment levels in a region. The employment for the current year is calculated as 
the average of the total number of employees at the end of the previous year and the end of the current 
year to enhance data validity. 

(4) Water Resource Input Variable w: The "Total Water Consumption" of each province is utilized 
to measure the utilization of water resources, serving as an input variable to examine its impact on 
efficiency. 

2.4. Data Sources 

The nine provinces through which the Yellow River flows are: Qinghai, Sichuan, Gansu, Ningxia, 
Inner Mongolia, Shaanxi, Shanxi, Henan, and Shandong. To obtain the data for the aforementioned 
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variables, this study primarily collects necessary information from the National Bureau of Statistics, 
local statistical bureaus, the Ministry of Water Resources' "China Water Resources Bulletin," and the 
"China Statistical Yearbook." Specifically, GDP and total employment data are sourced from the 
National Bureau of Statistics, capital stock data from the "China Statistical Yearbook," and total water 
usage data from the "China Water Resources Bulletin." 

2.5. Empirical Results and Analysis 

Measurement Results of WRUE in the Yellow River Basin, 

Based on the data obtained, the SFA model was computed using Stata 17, resulting in the parameter 
estimates shown in Table 1. 

The p-values for labor input and water resource input are both 0.000, indicating that these two input 
factors have a significant direct impact on output. The positive interaction coefficient of 0.66 between 
capital and labor suggests a complementary relationship, meaning that an increase in capital 
investment further promotes labor input. Conversely, the interaction coefficient between capital and 
water resource input is -0.62, indicating a substitution relationship. The γ value of 0.85 demonstrates 
a significant proportion of technical inefficiency, justifying the use of the stochastic frontier model. 
A positive η (>0) indicates an improvement in water resource utilization efficiency. 

 

Table 1. Parameter Estimation Results 

 

The measurement results of WRUE for the nine provinces of the Yellow River Basin from 2012 to 
2021 are presented in Table 2. 

Overall, the mean total factor water resource utilization efficiency across the nine provinces of the 
Yellow River Basin is 0.541, showing a substantial deviation from the SFA's fully efficient frontier. 
There is a declining trend from 2012 to 2021, with an overall decrease of 0.2. Regionally, significant 
polarization is observed in water resource utilization efficiency among the provinces. Inner Mongolia 
exhibits the highest efficiency, with an average of 0.978, closely approaching the SFA efficient 
frontier. Shaanxi follows with an average efficiency of 0.664, while Ningxia has the lowest efficiency 
at only 0.314, showing a considerable deviation from the optimal frontier. The remaining provinces 
in the Yellow River Basin have efficiencies ranging from 0.4 to 0.6. 
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Table 2. WRUE in the Yellow River Basin (2012-2021) 

Province 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 Average 

Inner Mongolia 0.967  0.970  0.973  0.976  0.978  0.980  0.982  0.984  0.985  0.987  0.978  

Shaanxi 0.530  0.564  0.597  0.627  0.657  0.684  0.710  0.734  0.756  0.777  0.664  

Shandong 0.432  0.469  0.505  0.540  0.573  0.605  0.636  0.664  0.691  0.717  0.583  

Sichuan 0.360  0.398  0.435  0.472  0.508  0.543  0.576  0.608  0.638  0.667  0.521  

Shanxi 0.318  0.356  0.393  0.431  0.468  0.504  0.539  0.572  0.604  0.635  0.482  

Gansu 0.284  0.322  0.359  0.397  0.434  0.471  0.507  0.542  0.575  0.607  0.450  

Qinghai 0.279  0.316  0.354  0.391  0.429  0.466  0.502  0.537  0.570  0.603  0.445  

Henan 0.271  0.307  0.345  0.383  0.420  0.457  0.494  0.529  0.563  0.595  0.436  

Ningxia 0.157  0.188  0.221  0.256  0.293  0.330  0.368  0.405  0.443  0.479  0.314  

Average 0.400  0.432  0.465  0.497  0.529  0.560  0.590  0.619  0.647  0.674  0.541  

2.5.1. Economic Explanation for Regional Differences in WRUE 

The total factor water resource utilization efficiency has shown a downward trend from 2012 to 2021. 
This decline can be attributed to the rapid economic development during this period, where the pursuit 
of economic returns often overshadowed the need for controlled water resource input and a lack of 
water conservation awareness, leading to overall low WRUE levels. 

Significant regional disparities in WRUE exist among the nine provinces in the Yellow River Basin. 
Inner Mongolia ranks highest in WRUE, thanks to its strict water resource management policies and 
the implementation of responsibility systems for total water usage and intensity control, which have 
effectively reduced wasteful practices and improved WRUE. Data indicates that while water resource 
input in Inner Mongolia has been decreasing year by year, economic output has been increasing, 
reflecting its high efficiency in water utilization. 

Ningxia, located in the arid northwest, suffers from scarce and unevenly distributed surface water 
resources, compounded by weak water infrastructure and overall low technological levels, resulting 
in the lowest WRUE. Comparatively, Shaanxi, Shandong, and Sichuan are more economically 
developed within the Yellow River Basin and have advanced water management technologies, 
resulting in relatively high WRUE. 

In contrast, Shanxi, Gansu, Qinghai, and Henan exhibit lower efficiencies, which can be explained 
by significant industrial water pollution challenges leading to deteriorating water quality. 
Additionally, poor management of industrial and urban water use, inadequate wastewater treatment, 
and challenges posed by climate change and drought contribute to insufficient water supply, further 
impacting WRUE. To further investigate the specific causes, the following section analyzes the 
factors influencing water resource utilization efficiency. 

3. ANALYSIS OF INFLUENCING FACTORS OF WRUE 

3.1. Selection of Indicators and Data Sources 

The regional differences in WRUE are influenced not only by input and output indicators, but also 
by various external factors, including technological advancements, policies and institutional 
frameworks, and socio-economic factors. The introduction of advanced water-saving technologies 
and improvements in irrigation infrastructure play a crucial role in enhancing WRUE. Effective water 
resource management policies, pricing mechanisms, and usage regulations can incentivize water 
conservation behaviors and optimize water resource allocation, thereby improving WRUE. Regions 
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with higher population density, elevated economic development levels, and more optimized industrial 
structures typically demonstrate higher WRUE. 

Considering the impacts of technology, institutional frameworks, and socio-economic conditions, as 
well as the availability and accuracy of data, this study primarily focuses on the following variables: 

(1) Industrial Structure: To avoid multicollinearity, this study utilizes "value added of the primary 
industry" and "value added of the secondary industry" to measure regional differences in industrial 
structure. The primary industry mainly encompasses agriculture, while the secondary industry mainly 
covers manufacturing; together, they account for 73.74% of total water consumption in the Yellow 
River Basin. The industrial structure affects regional water usage, which in turn influences WRUE. 

(2) Local Government Environmental Protection Expenditure: Higher government spending on 
environmental protection reflects a greater emphasis on sustainable ecological development. This 
promotes the formulation of scientific and rational water management policies and guides the 
effective allocation and utilization of water resources. 

(3) Per Capita Disposable Income: This indicator reflects individual income levels. As per capita 
disposable income rises, residents become more conscious of quality of life and environmental 
protection, fostering a conservation mindset regarding water resources and leading to more efficient 
usage. 

(4) Comprehensive Water Supply Production Capacity: This is calculated based on the design 
capacity of water supply facilities, encompassing extraction, purification, and distribution. Areas with 
abundant and easily accessible water resources often experience greater waste, resulting in lower 
WRUE. Conversely, regions where water is scarce tend to have higher WRUE. 

(5) Per Capita Daily Water Consumption: This measures the average daily water usage per person. A 
high per capita daily consumption typically indicates excessive water use, which can lower WRUE. 
Additionally, in economically underdeveloped regions, the lack of advanced water-saving 
technologies often leads to higher consumption levels to meet basic needs, further diminishing 
WRUE. 

(6) Number of Reservoirs: As a critical infrastructure component, reservoirs facilitate the regulation 
and storage of water resources. By adjusting reservoir storage and discharge, they can provide stable 
water supplies during droughts while storing excess water in wet seasons, thereby enhancing WRUE 
and promoting rational allocation. 

The data for these indicators can be obtained from the National Bureau of Statistics, the "China Water 
Resources Bulletin," and the "China Statistical Yearbook." Specifically, data on "value added of the 
primary and secondary industries" and "per capita disposable income" come from the National Bureau 
of Statistics, while "local government environmental protection expenditure" is sourced from the 
"China Statistical Yearbook." Data on "comprehensive water supply production capacity," "per capita 
daily water consumption," and "number of reservoirs" are obtained from the "China Water Resources 
Bulletin." 

3.2. Tobit Model and Variable Explanation 

Given that the total factor water resource utilization efficiency calculated using the SFA model ranges 
between 0 and 1 and the distribution of the composite random error term is asymmetric, using 
Ordinary Least Squares (OLS) would not yield reliable estimates of the technical inefficiency term 𝑢. 
Since u follows a non-negative truncated normal distribution, this study employs the Tobit model for 
regression analysis. 

The Tobit regression is designed for datasets with censored values, separating the observed portion 
(which follows a truncated normal distribution) from the unobserved portion (which follows a normal 
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distribution). The aim is to quantitatively assess the main factors influencing the WRUE in the Yellow 
River Basin. The model is expressed as: 

          

TEW = β଴ + ∑ β୩X୩ + u୧
୩
୧ୀଵ                        (9) 

 
where TEW represents total factor water resource utilization efficiency, and i=1,2,…,k denotes each 
influencing factor. The random error term u is assumed to follow a normal distribution. 

In this model, water resource utilization efficiency is the dependent variable, while the selected 
influencing factors-such as "value added of the primary industry," "value added of the secondary 
industry," "local government environmental protection expenditure," "per capita disposable income," 
"comprehensive water supply production capacity," "per capita daily water consumption," and 
"number of reservoirs"-serve as independent variables X୩,k=1,2,…,7. The Tobit regression model 
will thus estimate the contribution of each factor to WRUE. 

4. EMPIRICAL RESULTS AND ANALYSIS 

Using Stata 17 for regression analysis of the Tobit model, the parameter estimation results are 
summarized in Table 3. 

 

Table 3. Tobit Regression Results 

technical inefficiency Coefficient Std.err. t P>|t| [95% conf. interval] 
value added of the primary industry 0.1859358 0.0426027 4.36 0 0.1012008 0.2706708 

value added of the secondary industry -0.1226259 0.0444083 -2.76 0.007 -0.2109523 -0.0342995 
local government environmental protection expenditure -0.1303148 0.0482005 -2.7 0.008 -0.2261836 -0.0344459 

per capita disposable income 0.5789979 0.0469965 12.32 0 0.4855238 0.6724721 
comprehensive water supply production capacity -0.2006665 0.0579526 -3.46 0.001 -0.3159319 -0.0854011 

per capita daily water consumption -0.412948 0.0826139 -5 0 -0.5772637 -0.2486323 
the number of reservoirs 0.0992052 0.0369188 2.69 0.009 0.0257751 0.1726352 

_cons -2.223937 0.6126973 -3.63 0 -3.442567 -1.005307 
var 0.0109882 0.001638   0.0081688 0.0147806 

 

The regression results indicate that the value added of the primary industry, per capita disposable 
income, and the number of reservoirs have a significant positive impact on water resource utilization 
efficiency, while the value added of the secondary industry, local government environmental 
protection expenditure, comprehensive water supply production capacity, and per capita daily water 
consumption negatively affect efficiency. 

Economic Interpretation of Regression Results: 

(1) Value Added of the Primary Industry: The estimated coefficient is positive and significant, 
indicating that the rational use of agricultural water in the industrial structure affects water resource 
utilization efficiency. An estimated coefficient of 0.19 suggests that a one-unit increase in primary 
industry value added leads to a 0.19 unit increase in total factor water resource utilization efficiency. 
As agriculture is the main water-consuming sector in the Yellow River Basin, promoting water-saving 
irrigation methods is beneficial for improving efficiency. Reducing the proportion of high-water-
consuming industries is a key approach for building energy-efficient industries. 

(2) Value Added of the Secondary Industry: The estimated coefficient is negative but not significant. 
This may be due to the high pollution levels associated with industrial activities, which often involve 
pollutant discharge and wastewater generation. Without appropriate environmental protection 
measures, this leads to water resource depletion and lowers efficiency. The lack of significance could 
stem from a small sample size, poor data quality, or an incomplete model specification, suggesting a 
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need to expand the sample size, improve measurement methods, or introduce additional relevant 
control variables for a more comprehensive analysis. 

(3) Local Government Environmental Protection Expenditure: The estimated coefficient is negative 
and also not significant. While increased government funding for environmental protection should 
incentivize enterprises to conserve water and reduce emissions, the lack of targeted investment—such 
as in green technology development and wastewater treatment—may have resulted in insufficient 
environmental protection outcomes. 

(4) Per Capita Disposable Income: The estimated coefficient is positive and significant, with a value 
of 0.57. This indicates that a one-unit increase in per capita disposable income results in a 0.57 unit 
increase in total factor water resource utilization efficiency. Economic growth and rising incomes 
enhance people's awareness of the rational use and conservation of water resources. Higher income 
levels encourage residents to invest in water-saving devices, adopt conservation measures, and 
support water management and protection initiatives, thus improving overall WRUE. 

(5) Comprehensive Water Supply Production Capacity: The estimated coefficient is negative and 
significant, with a value of -0.2. This implies that an increase in comprehensive water supply capacity 
leads to a 0.2 unit decrease in total factor water resource utilization efficiency. The negative 
relationship indicates that expanding supply capacity does not correlate with increased WRUE, 
potentially leading to excessive consumption and waste due to insufficient management practices. 

(6) Per Capita Daily Water Consumption: The estimated coefficient is also negative and significant, 
suggesting that higher daily water consumption contributes to overuse and waste of water resources, 
further reducing WRUE. 

(7) Number of Reservoirs: The estimated coefficient is positive but not significant. This suggests that 
other influential factors may have a more substantial impact on water resource utilization efficiency, 
overshadowing the effect of reservoir numbers. However, reservoirs play a crucial role in managing 
and utilizing water resources by providing stable supplies and adjusting for seasonal variations. 
Therefore, they have the potential to enhance WRUE through better water resource management. 

5. RESEARCH CONCLUSIONS AND POLICY RECOMMENDATIONS 

5.1. Research Conclusion 

Based on the empirical results from the SFA and Tobit models, the following conclusions can be 
drawn regarding the total factor water resource utilization efficiency in the Yellow River Basin from 
2012 to 2021: 

(1) The average total factor water resource utilization efficiency across the nine provinces in the 
Yellow River Basin is 0.541, indicating significant deviation from the SFA efficient frontier. This 
suggests that there is considerable room for improvement in current water resource utilization 
practices. Enhancements in technology and management methods can further increase efficiency, 
revealing systemic issues such as inadequate water resource management and poor policy 
implementation. Strengthening water resource management is crucial for achieving higher efficiency 
levels and promoting sustainable development in the Yellow River Basin. 

(2) There is a general downward trend in water resource utilization efficiency in the Yellow River 
Basin during the study period, reflecting inefficiencies in resource allocation. This decline can be 
attributed to factors such as poor water resource management, water pollution, outdated technology, 
and over-extraction of water resources. Increased awareness and action from both the government 
and the public are needed to address these issues for sustainable and efficient water use. 

(3) There is significant polarization in WRUE among the provinces. Inner Mongolia has the highest 
efficiency at 0.978, closely approaching the SFA frontier, followed by Shaanxi at 0.664. In contrast, 
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Ningxia has the lowest efficiency at only 0.314, indicating substantial deviation from optimal 
performance. Other provinces fall within the range of 0.4 to 0.6. These differences highlight varying 
water resource management practices, economic structures, and social developments, necessitating 
targeted improvements in lagging provinces. 

(4) Among the driving factors, the value added from the primary industry, per capita disposable 
income, and the number of reservoirs positively influence water resource utilization efficiency. 
Conversely, the value added from the secondary industry, local government environmental protection 
expenditure, comprehensive water supply production capacity, and per capita daily water 
consumption have negative impacts. This indicates that growth in agriculture, rising resident incomes, 
and reservoir construction contribute positively to efficiency, while industrial development, 
insufficient environmental expenditure, overcapacity in water supply, and increased daily 
consumption negatively affect it. 

5.2. Policy Recommendations 

Based on the above conclusions, the following policy recommendations aim to enhance water 
resource utilization efficiency in the Yellow River Basin: 

(1) To improve overall WRUE and narrow the gap between average values and the frontier, the 
government should formulate comprehensive policies for basin-level water resource management. 
This includes establishing unified management systems across provinces, understanding socio-
economic relationships and water resource characteristics, designing incentive mechanisms, and 
ensuring efficient allocation and utilization of water resources. A robust monitoring network should 
be established to collect data on water resource status, allowing for regular assessments of quality 
and efficiency levels, and implementing incentives or penalties based on performance. 

(2) Given the observed decline in WRUE, the government should reform water resource management 
systems and increase funding for research and innovation. This will support the adoption of advanced 
water utilization technologies and facilities. Public awareness campaigns should focus on the 
importance of water conservation, encouraging both enterprises and residents to adopt water-saving 
practices. Furthermore, laws and regulations promoting sustainable water management should be 
established, ensuring coordinated economic and environmental development. 

(3) To mitigate the significant differences in WRUE, policies should encourage high-efficiency 
provinces to assist those with lower efficiency levels. Efficient water allocation should focus on areas 
with the highest returns. For regions like Ningxia, government oversight and strategic water resource 
reserves can enhance efficiency. In water-scarce areas like Henan, establishing water trading markets 
or quotas can promote fair competition and support efficiency improvements. Local governments 
should analyze the factors contributing to low efficiency and adopt successful management practices 
from more efficient provinces. 

(4) Given the positive impacts of agricultural value added, per capita income, and reservoir 
construction, the government should promote improvements in irrigation infrastructure, encourage 
efficient agricultural practices, and provide subsidies for water-saving technologies. Additionally, 
strengthening the social security system and enhancing reservoir management capabilities are vital. 
To counter negative influences, the government should increase environmental regulation and 
investment, promote green manufacturing, and optimize water supply system designs to ensure 
effective water provision. Implementing pricing incentives for water use can also encourage residents 
to use resources wisely. 
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