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Abstract: Large-scale photovoltaic (PV) development has been widely promoted in north-
west China and has yielded notable economic and industrial outcomes. However, the
existing literature has not adequately examined the relationship between large-scale PV
development and regional economic growth, particularly in high-altitude and ecologically
fragile areas. This study selects eight prefecture-level cities in Qinghai Province from 2014
to 2023 and employs a static fixed-effects panel regression model to empirically investigate
the association between solar PV generation and regional economic performance. The
findings indicate a significant positive correlation between PV power generation and re-
gional GDP, with clear regional heterogeneity. In developed regions, the association is
stronger, while in less developed regions, the effect is positive but comparatively weaker.
Furthermore, the analysis reveals a nonlinear (inverted U-shaped) relationship between PV
generation and economic growth in less developed areas, with a critical threshold beyond
which the marginal economic benefit declines. These results provide empirical insights into
optimizing PV development strategies based on local economic conditions. Notably, the
study focuses on identifying statistical associations rather than establishing causality.

Keywords: large-scale photovoltaic development; economic growth; panel model

1. Introduction
The development and utilization of solar energy and other green and clean energy is

not only a key way to achieve the goal of “carbon peak” and “carbon neutral”, but also an
important strategy to promote regional economic growth. Policy support and technological
innovation have propelled the large-scale development of renewable energy generation [1].
As an important part of renewable energy, solar photovoltaic has developed rapidly in
recent years and has an increasing impact on the regional economy. Based on this, this paper
explores the mechanism of action of photovoltaic solar energy on the economy referring
to the existing relevant research methods on the economic impact of renewable energy
consumption. In much of the relevant literature, scholars have studied the relationship
between renewable energy and economic growth and proposed that renewable energy
consumption has a significantly positive impact on economic growth based on different
mechanisms [2–6]. Abbasi et al. (2021) stated that a positive association between renewable
electricity consumption and economic growth in Pakistan [7]. Based on the renewable
energy data of 22 countries from 2001 to 2020, Wang et al. (2023) used linear and nonlinear
panel research to conclude that wind, solar and hydro energy can effectively promote
economic growth and reduce carbon emissions, among which wind energy has the most
significant emission reduction effect, followed by solar energy and hydro energy has the
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lowest effect [8]. Shahbaz et al. (2020) studied the impact of renewable energy consumption
on economic growth in 38 renewable energy-consuming countries from 1990 to 2018. By
applying dynamic ordinary least squares (DOLS), fully modified ordinary least squares
(FMOLS), and non-causality methods, the empirical analysis validates the existence of
a long-term positive association between renewable energy consumption and economic
growth [9].

However, some scholars hold opposite opinions on this conclusion. Ocal et al. (2013)
adopted the ARDL method and the Toda–Yamamoto causality test. The relationship
between renewable energy consumption, capital, labor, and economic growth in Turkey
during the period 1990 to 2010 was analyzed and it was found that renewable energy
consumption has a negative impact on economic growth in Turkey [10]. By using panel
data, Marques and Fuinhas (2012) analyzed the impact of various energy types on economic
growth in 24 European countries from 1990 to 2007. The study found that although
renewable energy is widely considered to contribute to environmental protection, its use in
these countries has a negative impact on economic growth, mainly due to the excessive
burden on the economy due to the high cost of renewable energy promotion [11]. The study
of Moe (2010) similarly confirmed the negative impact of renewable energy costs on the
economy [12]. Tsangyao et al. (2015) used the data of G7 countries from 1990 to 2013 to test
the existence and direction of the causal relationship between renewable energy and GDP
growth with the help of the panel Granger causality method and concluded that there is a
unidirectional relationship between renewable energy consumption and economic growth.
In particular, for France, Canada, and Japan, the existence of a negative impact relationship
of renewable energy on GDP [13].

In addition, some scholars believe that renewable energy development has no signifi-
cant impact on economic growth. Payne et al. (2009) used the annual data of the United
States from 1949 to 2006 to compare and analyze the causal relationship between renewable
energy and non-renewable energy consumption and real GDP and found that there is no
Granger causality between energy consumption of any nature and real GDP, which indi-
cates that changes in energy consumption do not directly affect economic growth [2]. Vaona
(2012) analyzed the annual energy data of Italy from 1861 to 2000 and used the Granger
causality test to study the relationship between energy consumption and economic output,
and found that there was no significant causal relationship between economic growth and
renewable energy consumption [14]. Bao and Xu (2019) explored the causal relationship
between renewable energy consumption and urbanization and economic growth by ana-
lyzing the panel data of 30 provinces and 7 geographic regions in China from 1997 to 2015.
Panel causality tests, cross-sectional correlation tests, and slope uniformity tests were used
to find that China’s renewable energy consumption, urbanization, and economic growth in
one region may be affected by other regions. No causal relationship between renewable
energy consumption and economic growth was found in 53% of the provinces and 43%
of the geographical areas [15]. It can be seen that the research conclusions on the impact
of renewable energy on economic growth vary greatly with different regions, methods,
and research objects. Based on this, this paper focuses on the core scientific problem of the
impact of large-scale photovoltaic development on the regional economy.

Based on economic theory and existing research results, this paper takes Qinghai
Province, which has the highest large-scale photovoltaic power generation in China, as the
research object, and adopts various analysis methods such as static panel data regression
analysis, intermediary test, and threshold effect test. Scientifically evaluate the impact of
large-scale photovoltaic development on the regional economy, and put forward relevant
countermeasures and suggestions for the popularization of large-scale photovoltaic power
stations in the future. Therefore, this paper proposes the following hypotheses:
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H1. Large-scale photovoltaic development (photovoltaic power generation) promotes regional
economic growth.

H1a. There are regional differences (heterogeneity) in the impact of large-scale photovoltaic
development (photovoltaic power generation) on the regional economy, and its impact on economic
growth in developed regions is more significant than that in underdeveloped regions.

H1b. The impact of large-scale photovoltaic development (photovoltaic power generation) on the
regional economy is nonlinear. When PV power generation is below the critical value, large-scale
PV development has a significant impact on regional economic growth; when PV power generation
is above the critical value, this impact is insignificant or has a negative impact.

2. Study Area
Qinghai Province is located in the inland northwest of China, adjacent to Gansu

Province in the north and east, Xinjiang Uygur Autonomous Region in the northwest, Tibet
Autonomous Region in the south and southwest, and Sichuan Province in the southeast.
With a total area of 722,300 square kilometers, the province has jurisdiction over two
prefecture-level cities and six autonomous prefectures. By the end of 2023, the province’s
permanent population is 5.94 million. The terrain of Qinghai Province is generally high
in the west and low in the east, high in the north and south, and low in the middle. The
elevation in the west is high and steep, and it slopes to the east, descending in a ladder
type. The eastern region is the transition zone from the Qinghai–Tibet Plateau to the Loess
Plateau, with complex topography and diverse geomorphology. The mountains constitute
the basic skeleton of the province’s geomorphology. The total annual solar radiation of the
province is second only to that of the Tibetan Plateau, with an average annual total radiation
of 5860~7400 megajoules/m2 and sunshine hours of 2336~3341 h. Qinghai Province has
carried out large-scale PV development over the years benefiting from the abundant solar
energy resources. This long-term project has not only achieved remarkable economic and
industrial benefits but also promoted the sustainable development of the regional economy.
By 2023, the province’s installed capacity of new energy will reach 37.5429 million kW, with
a new installed capacity of 9.3971 million kW that year [16]. Compared with 2015, the total
installed capacity of new energy increased by more than six times, while the increase in
new installed capacity was nearly 10 times. The overall trend of installed capacity shows
rapid growth and increases year by year. Among them, the cumulative installed capacity
of solar power generation has reached 25,612,100 kW, making it the largest type of power
supply in Qinghai Province. In addition, the proportion of solar installed capacity in new
energy remains above 65% all year round and reaches 68.2% in 2023, but the proportion
shows a trend of decline year by year, mainly due to the rapid rise in wind power in the
new energy structure, increasing from 7.6% in 2015 to 31.5% in 2023. In terms of power
generation, according to the National Energy Administration, in 2023, the total power
generation of Qinghai province will be 100.82 billion KWH, showing an annual growth rate
of 1.6%. Specifically, hydropower generation was 39.83 billion kWh, down 6.7 percent from
last year; thermal power generation reached 15.88 billion kWh, representing a year-on-year
increase of 3%; solar power generation increased significantly to 29 billion kWh, up 13.3%
year on year; wind power generated 16.1 billion kilowatt-hours, up 3.3 percent year on year.
These data reflect that solar energy in Qinghai Province occupies a dominant position in the
local new energy structure and continues to promote the optimization and development of
the province’s new energy structure. Figure 1 illustrates the annual trends in photovoltaic
(PV) power generation (in billion kWh) and total regional GDP (in billion CNY) across all
prefecture-level cities in Qinghai Province over the period 2014–2023. The figure reveals a
steady and significant increase in both PV output and economic activity during the study
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period. The synchronized upward trends suggest a potential linkage between the growth
of renewable energy infrastructure and regional economic development. These observed
patterns provide preliminary empirical support for the hypothesis that large-scale PV
deployment contributes positively to regional economic performance, warranting further
econometric investigation.

Figure 1. Trends in PV power generation and regional GDP in Qinghai province (2014–2023).

3. Methodology
3.1. Specification of Model

The existing literature mostly uses ordinary least squares (OLS), generalized method
of moment estimation (GMM), panel threshold model, vector autoregressive model, and
other calculation methods to study the impact of renewable energy development on re-
gional economic growth [17,18]. Considering the possible bidirectional causal relationship
between renewable energy consumption and economic growth [19], in order to solve the
possible endogeneity problem, this study decides to use the static balanced panel linear
regression model for empirical analysis. Compared with other research methods, the static
panel data analysis can better deal with the individual effect [20]. Reduce the selection bias
of small samples and improve the accuracy of estimation [21]. In this paper, stada16 is used
for data processing and regression analysis. In addition, since the PV power generation in
Qinghai Province has only begun to increase since 2015 with the completion of large-scale
PV power station construction, the time span is relatively short, so it is not suitable for
vector autoregression and other methods. Combined with the main research objectives of
this paper and referring to the research methods of previous scholars [22–25], the static
balanced panel linear regression model is selected for empirical analysis. The model is
specifically expressed as:

Yit = β0 + β1X1it + β2X2it + β3X3it + . . . + β6X6it + µit (1)

where Yit represents the explained variable regional GDP; t represents time (2014–2023);
Xit sequentially represents explanatory variables and control variables; X1it represents
photovoltaic power generation; X2it represents total import and export trade; X3it represents
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fixed asset investment growth rate; X4it represents total fiscal revenue; X5it represents local
public fiscal budget revenue; X6it represents female employment in non-private units; βi
is the regression coefficient of explanatory variables; and β0 and µit are the constant term
and the random disturbance term, respectively.

3.2. Data Sources, Sample Selection and Variable Description

In this paper, the data of prefecture-level cities in Qinghai Province from 2014 to
2023 come from the Statistical Yearbook of Qinghai Province, the Statistical Yearbooks
of prefecture-level cities, and the Wind Database. Moreover, the sample size is 80 (in-
cluding 10 years of data from 8 prefecture-level cities), which approximately follows the
normal distribution.

This study aims to analyze the impact of large-scale PV development in Qinghai
Province on the regional economy from 2014 to 2023. Considering the specific geographical
and time scope of the study, eight prefecture-level cities in Qinghai Province were selected
as the research objects. The sample size is determined based on the following three con-
siderations. (1) Geographical coverage: there are eight prefecture-level cities in Qinghai
Province, and this study chooses to include the data of all prefecture-level cities in the
province to ensure the comprehensibility of geography. (2) Time span: the study covers
nearly 10 years, which includes the initial stage to the mature stage of large-scale photo-
voltaic development in Qinghai Province. (3) Data integrity: The selected data are all the
existing and available data of 8 prefecture-level cities in Qinghai Province during the study
period. This ensures the integrity of the data and the stability of the data studied. Therefore,
although the sample size of this paper is small (a total of 80 samples), the annual data of
each prefecture-level city are included in the analysis, ensuring the representativeness and
comprehensiveness of the data used in the research. In addition, since the data cover all
available information, they have a certain reliability.

Since this paper focuses on the study of the relationship between large-scale devel-
opment (photovoltaic power generation) and regional economic development in Qinghai
province, it aims to study the impact of photovoltaic power generation in Qinghai province
on regional economic development. Therefore, the index (gross regional product) character-
izing the regional economic development of Qinghai Province in recent years is selected as
the explained variable. Referring to the existing literature and considering the availability
of data, the provincial photovoltaic power generation index is selected as the core explana-
tory variable to measure the large-scale photovoltaic development in the alpine region.
Considering that there are other factors that may affect regional economic development,
the following control variables are selected based on the existing literature:

Total import and export trade: Import and export trade can help increase foreign
exchange earnings, expand production scale, increase employment opportunities, and
improve the welfare and living standards of domestic consumers. Increasing the supply
of goods and services helps to stabilize the domestic price level. In addition, import and
export trade also helps to promote the upgrading and technological progress of domestic
industries, improve the efficiency of resource allocation, and thus further promote economic
growth. A large amount of the literature supports its significant role in promoting economic
growth. Therefore, this paper chooses the total volume of import and export trade as one
of the control variables.

Growth rate of fixed asset investment: The impact of fixed asset investment on eco-
nomic growth is significant, involving capital formation, production efficiency, economic
structure, job creation, and many other aspects. The economic growth of developed coun-
tries has experienced a significant stage of investment growth, and investment plays an
important role in promoting the economic transition to the industrialization stage. In addi-
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tion, the increase in the proportion of fixed asset investment is the key factor to promote
economic development. Furthermore, the growth rate of fixed asset investment can reflect
the changes in the investment level of a country or region in infrastructure and production
capacity, so it is selected as a control variable.

Total fiscal revenue: Total fiscal revenue is the sum of funds obtained by the govern-
ment from tax, non-tax revenue, and other sources. By adjusting taxes and government
expenditures, fiscal policy can be used to regulate the economy and further influence
economic growth, so it is used as a control variable and core explanatory variable.

Budget revenue of local public finance refers to the fiscal revenue obtained by a cer-
tain level of government through tax and non-tax revenue (excluding governmental fund
revenue and transfer payment), which is included in public budget management. This
part of the revenue is left to local governments after deducting the tax shared by higher
governments, which is mainly used to manage local affairs and finance local construction
projects. The budget revenue of local public finance is a key indicator to measure the finan-
cial strength of local governments, reflecting the scale of independent financial resources of
local governments, which affects the regional economy through fiscal expenditure drive,
investment, income distribution, and other aspects. By including it as a control variable,
the actual effects of other variables in different fiscal capacity contexts can be assessed
more accurately.

Female employees in non-private units: There is a mutually promoting relationship
between female employment and economic growth. The employment status of women in
non-private units is of great significance in promoting gender equality and economic inclu-
sion, and may reflect the impact on macroeconomic and social policy changes. Especially
in less developed regions, female employment in the non-private sector is relatively stable,
which can directly reduce household poverty and help stabilize income and consumption.
Therefore, the above data are selected as control variables. Table 1 shows the variables
involved in the relevant empirical analysis and their corresponding descriptions.

Table 1. Variable type and variable description.

Variable Type Variable Description

Dependent Variable:

Regional Gross Domestic Product (Y) Annual regional GDP amount for each area
(unit: billion CNY)

Core Explanatory Variable:

Solar PV Electricity Generation (X1) Annual solar photovoltaic electricity
generation in each area (unit: billion kWh)

Control Variables:

Total Import and Export Trade Volume (X2) Annual total import and export trade volume
for each area (unit: ten million USD)

Fixed Asset Investment Growth Rate (X3) Annual growth rate of fixed asset investment
in each area (unit: percentage)

Total Fiscal Revenue (X4) Annual total fiscal revenue for each area (unit:
billion CNY)

Local Public Fiscal Budget Revenue (X5) Annual local public fiscal budget revenue for
each area (unit: billion CNY)

Non-Private Sector Female Employment (X6)
Annual number of women employed in

non-private sectors in each area (unit:
10,000 persons)



Sustainability 2025, 17, 4947 7 of 22

3.3. Empirical Strategy and Identification
3.3.1. Descriptive Statistics Analysis

Descriptive statistical analysis, as part of data preprocessing, helps to identify outliers,
missing values, and potential data entry errors in the data, ensuring the accuracy and
reliability of subsequent analysis. Through descriptive statistics, the central tendency,
the degree of dispersion, and the distribution pattern of the data can be better presented,
thus providing a basis for more in-depth statistical inference or hypothesis testing. The
descriptive statistical results of each variable are shown in Table 2 below.

Table 2. Descriptive statistics for variables in empirical analysis.

Variable Type Observations Mean Standard
Deviation Minimum Maximum

Dependent Variable:

Regional Gross
Domestic Product (Y) 80 356.1 423.4 35.70 1801

Core Explanatory
Variable:

Solar PV Electricity
Generation (X1) 80 13.85 28.10 0 135.7

Control Variables:

Total Import and
Export Trade
Volume (X2)

80 11.56 31.78 0 184.2

Fixed Asset
Investment Growth

Rate (X3)
80 7.086 17.85 −56.80 48.80

Total Fiscal
Revenue (X4) 80 173.6 105.2 58.00 554.5

Local Public Fiscal
Budget Revenue (X5) 80 29.05 40.64 1.892 153.9

Non-Private Sector
Female

Employment (X6)
80 3.199 4.069 0.516 14.78

3.3.2. Analysis of Correlation

In order to ensure the accuracy of multivariate analysis and avoid multicollinearity,
this paper first uses the Pearson correlation coefficient test to evaluate the linear relationship
between variables. A high Pearson coefficient indicates a strong linear correlation between
variables, which may affect the accuracy of regression analysis because standard regression
analysis requires that variables should be independent as much as possible to avoid
collinearity problems. In addition, in order to exclude spurious regression and ensure the
credibility of regression results, this paper uses Stata 15.0 software to conduct a correlation
analysis on regional GDP and its potential influencing factors. The detailed results of the
analysis are shown in Table 3, through which the stability of the model and the reliability
of the results can be ensured, providing a solid foundation for the subsequent regression
analysis. This section shows the explanatory variables and their degree of influence and
correlation on the gross regional product.
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Table 3. Correlation analysis of main variables.

Orrelation
Coefficient

Regional GDP
(Y)

Solar PV
Electricity

Generation
(X1)

Total Import
and Export

Trade Volume
(X2)

Fixed Asset
Investment

Growth Rate
(X3)

Total Fiscal
Revenue (X4)

Local Public
Fiscal Budget
Revenue (X5)

Non-Private
Sector Female
Employment

(X6)

Regional GDP
(Y) 1

Solar PV
Electricity

Generation
(X1)

0.2221 *** 1

Total Import
and Export

Trade Volume
(X2)

0.5713 ** 0.1313 * 1

Fixed Asset
Investment

Growth Rate
(X3)

0.2146 0.0665 ** 0.0239 1

Total Fiscal
Revenue (X4) 0.9285 ** 0.0595 ** 0.5344 * −0.2295 * 1

Local Public
Fiscal Budget
Revenue (X5)

0.7401 ** 0.1501 0.5449 ** −0.1801 ** 0.6671 * 1

Non-Private
Sector Female
Employment

(X6)

0.6387 ** −0.107 ** 0.7361 ** −0.1581 ** 0.6781 ** 0.5590 *** 1

Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed);
* indicates significance at the 0.1 level (two-tailed).

According to the Pearson correlation analysis results in Table 3, it can be seen that
the maximum absolute value of the correlation coefficient among explanatory variables is
0.6781. When the absolute value of the Pearson correlation coefficient among explanatory
variables is lower than 0.7, it can be considered that the multicollinearity problem is not
significant. This result indicates that there is no high linear correlation among the variables
that can affect the multiple regression analysis, so all explanatory variables can be included
in the same regression model for testing. This step ensures the stability of the model and
the reliability of the regression results, allowing accurate statistical analysis of the impact
of each explanatory variable.

In addition, according to the correlation analysis in the table, it can be seen that regional
GDP is related to core explanatory variables and other control variables: The correlation
coefficients of photovoltaic power generation, total import and export trade volume, fixed
asset investment growth rate, total fiscal revenue, local public finance budget revenue,
and female employment in non-private units are 0.2221, 0.5713, 0.2146, 0.9285, 0.7401,
and 0.6387, respectively. The correlation coefficients between all explanatory variables
(including control variables) and regional GDP have passed the statistical significance test,
indicating that these variables have a significant correlation with regional GDP. It can be
preliminarily determined that indicators such as photovoltaic power generation, fixed asset
investment growth rate, total fiscal revenue, local public fiscal budget revenue (X5), and
female employment in non-private units (X6) are positively correlated with regional GDP
(Y), but further analysis and verification are needed.

Although the current analysis reveals the correlation between each explanatory vari-
able and regional GDP, these results are limited to a single relationship between the vari-
ables and do not control the potential impact of other variables. To ensure the rigor of the
analysis and further explore the real influence among the variables, multiple regression
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analysis is needed. This will help to test the actual impact of each explanatory variable on
regional GDP after controlling other variables and verify the reliability of the preliminary
analysis results. Therefore, appropriate regression models will be used in subsequent
studies to systematically evaluate the impact of these variables on the explained variables
in order to obtain more accurate and comprehensive research conclusions.

3.3.3. Multicollinearity Diagnosis

To address concerns regarding multicollinearity due to the number of control variables
relative to the sample size, we conducted a variance inflation factor (VIF) analysis. As
shown in Table 4 of the revised manuscript, all VIF values are below the commonly accepted
threshold of 10 (with the highest VIF being 8.066). This suggests that while some correlation
exists—as expected in macroeconomic variables—it is within acceptable bounds and does
not pose a serious threat to model validity.

Table 4. Variance inflation factor (VIF) test results.

Variable Tolerance VIF

Solar PV generation (X1) 0.124 8.066

Total import-export trade volume (X2) 0.140 7.124

Growth rate of fixed asset investment (X3) 0.144 6.965

Total fiscal revenue (X4) 0.156 6.405

Local public budget revenue (X5) 0.223 4.488

Female employment in non-private units (X6) 0.303 3.299

According to the collinearity test results in Table 4, the variance inflation factor (VIF)
of all variables is lower than 9, which indicates that there is no serious multicollinearity
problem in the model. This result ensures the reliability and stability of the model regres-
sion, and allows us to reasonably analyze the relationship between explanatory variables
(such as photovoltaic power generation, total import and export trade volume, fixed asset
investment growth rate, total fiscal revenue, and the number of female employment in
non-private units) and explained variables (regional GDP). Therefore, the results of the
model can be regarded as reflecting the actual economic relationship between the variables
and having long-term robustness.

3.3.4. Panel Model Selection (F-Test, LM Test, Hausman Test)

To determine the most appropriate panel data model, this study first applies the F-test
to assess whether a pooled OLS model or a fixed effects model is more suitable. In this
context, the null hypothesis (H0) assumes that the pooled model is appropriate and that
there are no significant individual (cross-sectional) effects. The alternative hypothesis (H1)
supports the adoption of a fixed effects model. The procedure of the F-test—null hypothesis
(H0): if the p-value of the F-statistic is greater than the significance level (typically 0.05),
there is insufficient evidence to reject the null hypothesis, and the pooled OLS model is
preferred. Alternative hypothesis (H1): if the p-value is less than 0.05, the null hypothesis is
rejected, indicating that the fixed effects model is more appropriate. The F-test result shows
F-statistic is 9.31, the p-value is less than 0.05.

To determine the appropriateness of a random effects model relative to the pooled
OLS model, the Lagrange Multiplier (LM) test is applied. This test helps to assess whether
unobserved individual effects are present and statistically significant. Null hypothesis
(H0): if the p-value of the chi-square statistic is greater than 0.05, the random effects are
redundant, and the pooled model is preferred. Alternative hypothesis (H1): if the p-value is
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less than 0.05, the random effects model is more appropriate. The results of the LM test chi-
square statistic is 23.78 with a p-value of 0.0013, which is far below the 0.05 threshold. This
indicates strong evidence of significant random effects, thus rejecting the null hypothesis.
Therefore, a random effects model is preferred over the pooled model.

To decide between the fixed effects model and the random effects model for panel data
analysis, the Hausman test is conducted. This test evaluates whether the regressors are
correlated with the unobserved individual effects, which would violate the assumptions
of the random effects model. Null hypothesis (H0): if the p-value is greater than 0.05, the
random effects model is appropriate, as there is no correlation between the regressors and
the unobserved effects. Alternative hypothesis (H1): if the p-value is less than 0.05, the
fixed effects model is more appropriate, indicating the presence of endogeneity between
the regressors and the individual effects. The results of the Hausman test show the chi-
square statistic is 33.45 with a p-value of 0.0000, well below the 0.05 threshold. This leads
us to reject the null hypothesis and confirms that the fixed effects model is preferable to
the random effects model. The result highlights the presence of a correlation between
explanatory variables and unobserved effects, validating the fixed effects approach as it
better controls for such individual-specific heterogeneity. To further ensure the reliability
of the regression results, especially in light of potential heteroskedasticity, all subsequent
estimations are performed using heteroskedasticity-robust standard errors. This enhances
the stability and credibility of the statistical inference.

In order to ensure the high robustness of the regression results of this study, this paper
not only chooses the fixed effect model for analysis but also adopts the standard procedures
of panel data analysis, including the F-test, LM test and Hausman test, to determine the
most suitable model type. Through these steps, the fixed effects model was identified as
the most appropriate, mainly because it effectively controls for unobservable heterogeneity
that does not change over time.

3.3.5. Robustness Test

In addition, in order to further verify the robustness of the model, this study adopts
the least square dummy variable model to conduct additional regression analysis. The
LSDV model is a type of fixed effects model that deals with unobservable individual effects
by introducing dummy variables for each cross-sectional unit, which can more accurately
capture the stability of the influence of explanatory variables on the explained variables.
The robustness test can not only increase the accuracy of model prediction but also improve
the credibility of the effect of explanatory variables. The results are in the following Table 5.

Through the robustness test, it can be seen that the influence of explanatory variables
on explained variables shows stability and persistence. This result can further prove the
reliability of the research conclusion, indicating that the relationship between explanatory
variables and explained variables is highly robust under various model Settings.

Table 5. Robustness test of the model.

Variable Type Coefficient Standard Error t-Statistic

Dependent Variable: Regional GDP (Y)

Core Explanatory Variable:

Solar PV Electricity Generation (X1) 1.708 *** 0.593 2.88

Control Variables:

Total Import and Export Trade Volume (X2) 0.698 *** 0.219 3.18

Fixed Asset Investment Growth Rate (X3) 0.495 0.384 1.29

Total Fiscal Revenue (X4) 1.206 *** 0.419 2.88



Sustainability 2025, 17, 4947 11 of 22

Table 5. Cont.

Variable Type Coefficient Standard Error t-Statistic

Local Public Fiscal Budget Revenue (X5) 1.628 ** 0.790 2.06

Non-Private Sector Female Employment (X6) 5.474 ** 2.401 2.28

Constant 108.09 *** 27.858 3.88

Sample Size (N) 80

F-Statistic 67.36

p-value 0.0000

R-squared 0.8592
Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed).

3.3.6. Endogeneity Test of the Model

To assess whether the model suffers from endogeneity, we apply the Durbin–Wu–Hausman
(DWH) test. Unlike the traditional Hausman test, which may not be valid under conditions
of heteroskedasticity, the DWH test is more robust and generally recommended when such
conditions are suspected.

When there is no endogeneity in the model, the ordinary least squares (OLS) estimation
is more efficient and provides unbiased and consistent parameter estimates. In such a
case, the explanatory variables are uncorrelated with the error term, and OLS remains
valid. However, if one or more explanatory variables are endogenous—i.e., correlated
with the error term—the OLS estimates become biased and inconsistent. In this situation,
instrumental variable (IV) estimation methods such as two-stage least squares (2SLS) are
required to obtain valid results. These methods use instruments that are correlated with
the endogenous variables but uncorrelated with the error term, thereby correcting for
endogeneity bias.

In this study, the Durbin–Wu–Hausman test is used to determine whether endogene-
ity is present. The test evaluates the significance of the difference between OLS and IV
(e.g., 2SLS) estimates. Under the null hypothesis (H0), all explanatory variables are exoge-
nous, and OLS is consistent and efficient. If the null is rejected, it implies that at least one
variable is endogenous and IV methods should be used instead. If the null is not rejected,
it indicates that all variables can be considered exogenous, justifying the use of OLS. The
results are presented in Table 6.

Table 6. Durbin–Wu–Hausman test for endogeneity.

Test Description DW Statistic p-Value

2.118 0.489

As shown in Table 6, the DW statistic is 2.118, which is close to the ideal value of 2,
indicating no significant autocorrelation in the residuals. The p-value of 0.489 is well above
the conventional 0.05 significance threshold. Taken together, these results suggest no strong
evidence of endogeneity in the model. Therefore, OLS estimation is deemed appropriate,
and all explanatory variables—including both the core variable (solar PV generation) and
control variables—can be treated as exogenous. The OLS results can thus be considered
unbiased and consistent, providing a reliable foundation for economic interpretation and
subsequent policy recommendations.
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3.3.7. Test for Heteroskedasticity

To further ensure the robustness of the regression results and account for potential het-
eroskedasticity, the study employs the White test, which is a general test for heteroskedas-
ticity in a regression model.

Under the null hypothesis (H0), the model exhibits homoskedasticity (i.e., constant
variance of the error term). The alternative hypothesis (H1) posits the presence of het-
eroskedasticity. If the null hypothesis is rejected, it suggests that the variance of the
residuals is not constant, which may affect the efficiency of OLS estimates and the va-
lidity of hypothesis testing. If the null cannot be rejected, it indicates that the model is
homoskedastic and OLS inferences remain valid. The results are shown in Table 7.

Table 7. White test for heteroskedasticity.

chi2 (2) 6.640
Prob > chi2 0.062

Source chi2 df p
Heteroskedasticity 6.640 27 0.0538

Skewness 10.02 6 0.1239
Kurtosis 3.52 1 0.0809

Total 20.18 34 0.0598

As shown in Table 7, the test statistic for heteroskedasticity is 6.640 with 27 degrees
of freedom, and the associated p-value is 0.0538, which is slightly above the conventional
0.05 threshold. The overall White test also yields a p-value of 0.0598. These results suggest
that there is no strong evidence against homoskedasticity, though a mild presence of
heteroskedasticity cannot be entirely ruled out.

Given the borderline significance, the model is considered to exhibit acceptable ho-
moskedasticity, and the OLS estimations remain statistically valid. Nonetheless, to further
enhance robustness, the study adopts heteroskedasticity-robust standard errors in subse-
quent estimations. This ensures that even if mild heteroskedasticity exists, the regression
results remain reliable and efficient for inference.

4. Results
Empirical Results

The empirical analysis of this paper adopts Stata15.0 statistical software to perform
fixed effect regression analysis, with the purpose of evaluating the overall impact of
explanatory variables including core explanatory variables and control variables on regional
GDP (Y). Through detailed regression analysis, the model shows that after all control
variables are included,

The F-test value of 68.82 (p < 0.01) indicates that the regression model as a whole is
statistically significant, meaning that the group of explanatory variables jointly explain
variations in regional GDP at a high level of confidence. This does not imply individual
causality but suggests that the model captures meaningful associations between the in-
dependent variables and regional economic outcomes. As shown in Table 8 below. In
addition, the pseudo-judgment coefficient (R2) of the model is 0.8622, which means that the
variables included in the model can explain 86.22% of the variation in regional GDP, while
the remaining 13.78% of the variation has not been explained by the model. This indicates
that there may be other important variables or external factors not considered in the model,
which may also have an impact on regional GDP. Despite this unexplained variation, the
overall significance of the model ensures the validity and applicability of the chosen set of
variables in explaining regional GDP.
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Table 8. Regression analysis results.

Variable Type Coefficient Standard Error t-Statistic

Dependent Variable: Regional GDP (Y)

Core Explanatory Variable:

Solar PV Electricity Generation (X1) 1.727 *** 0.535 3.230

Control Variables:

Total Import and Export Trade Volume (X2) 0.674 *** 0.143 4.710

Fixed Asset Investment Growth Rate (X3) 0.487 0.451 1.080

Total Fiscal Revenue (X4) 1.156 *** 0.416 2.780

Local Public Fiscal Budget Revenue (X5) 1.658 *** 0.556 2.980

Non-Private Sector Female Employment (X6) 5.088 ** 2.077 2.450

Constant 106.74 *** 29.005 3.680

Sample Size (N) 80

F-Statistic 68.82

p-value 0.0000

R-squared 0.8622
Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed).

Firstly, according to the regression analysis in Table 8 above, regarding the influence of
the core explanatory variable photovoltaic power generation (X1) on the regional GDP (Y) of
each region in Qinghai Province, we observe that the regression coefficient of photovoltaic
power generation is 1.727, which has a significant positive impact and is statistically
significant at the level of 5%. This shows that when other conditions remain unchanged,
each additional unit of PV power generation in each region of Qinghai Province will
increase the regional GDP by 1.727 units on average. The reason may be that with the
gradual rise and further development of photovoltaic power generation, photovoltaic
power generation drives the scale of related industries to gradually increase, and then
drives the improvement of local fiscal revenue and gross national product. In addition,
the development of large-scale PV may be closely related to regional policy support,
technological progress, and market demand growth, which together act on the upgrading of
regional economic activities. With the expansion of the photovoltaic construction scale, the
increase in photovoltaic power generation, and the gradual reduction in cost, photovoltaic
power generation will become a key driving force to promote the optimization of economic
structure and green and low-carbon development of Qinghai Province.

Secondly, in terms of the influence of the control variables of total import and export
trade (X2) and fixed asset investment growth rate (X3) on the GDP of each region in Qinghai
Province, this paper analyzes the influence of the two variables of total import and export
trade (X2) and fixed asset investment growth rate (X3) on the GDP of each region in Qinghai
Province. The regression coefficients of the total import and export trade volume and the
growth rate of fixed asset investment are 0.674 and 0.487, respectively. With every unit
increase in the total import and export trade of each region in Qinghai province, the GDP
of each region in Qinghai province will increase by 0.674 units accordingly. However,
the regression coefficient of the growth rate of fixed asset investment fails to pass the
significance test, indicating that the growth rate of fixed asset investment is not the core
cause of the changes in regional GDP. Thirdly, the regression coefficients of the influence of
the total fiscal revenue (X4) and the local public budget revenue (X5) on the regional GDP
of Qinghai Province are 1.156 and 1.658, respectively. It shows that the regression results of
the variables of total fiscal revenue (X4) and local budget revenue of public finance (X5)
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are significant, that is, both total fiscal revenue (X4) and local budget revenue of public
finance have a significant positive impact on the GDP of all regions in Qinghai Province.
Moreover, the influence degree of the local public finance budget revenue on the regional
GDP of Qinghai Province is greater than that of the total fiscal revenue on the regional GDP
of Qinghai Province. Finally, the influence of the control variable, the number of female
employees in non-private units (X6), on the GDP of each region in Qinghai Province is
analyzed. The regression coefficient of the number of female employees in non-private
units is significantly positive, indicating that the higher the number of female employees in
non-private units is, the higher the GDP of each region is.

In order to explore whether there are regional differences in the impact of provincial
photovoltaic power generation on regional economic development, eight prefecture-level
cities in Qinghai Province are divided into developed regions and underdeveloped regions
according to the level of economic development and regional distribution, as shown in
Table 9 below:

Table 9. The eight prefecture-level cities in Qinghai Province are divided by economic development
degree.

Regional Distribution in Qinghai Province Prefecture-Level Cities

Developed Areas Xining City, Haidong City, Hainan Prefecture,
Haixi Prefecture (4 cities)

Less Developed Areas Haibei Prefecture, Huangnan Prefecture,
Guoluo Prefecture, Yushu Prefecture (4 cities)

In order to further explore the impact of the level of regional economic development
on the analysis results, this study divides the samples into two sub-samples according
to the level of regional economic development: developed regions and underdeveloped
regions. This subsample regression analysis method allows us to examine in detail how
the level of economic development moderates the relationship between PV generation and
gross regional product. Regression 1 and Regression 2 in Tables 10 and 11 below present
the results of the regression analysis for developed and less developed regions, respectively.
This sub-sample regression analysis can not only reveal the difference in the impact of
photovoltaic power generation on regional GDP under different economic development
backgrounds but also help to formulate more accurate regional economic policies. For
example, if the economic benefits of photovoltaic power generation are found to be more
significant in less developed regions, policy makers may consider increasing support for
photovoltaic projects in these regions to promote rapid local economic development. On
the contrary, if the contribution of PV to economic growth is greater in developed regions, it
may be necessary to further optimize the energy mix and improve the application efficiency
of PV technology in these regions. Through this sub-sample analysis, the regional economic
effects of PV power generation can be more accurately identified and utilized to provide a
basis for sustainable development policies.

According to the results of heterogeneity analysis in Tables 10 and 11, the positive
impact of photovoltaic power generation on regional economic development is significantly
different between developed and less developed regions. The regression coefficients of the
core explanatory variable photovoltaic power generation in regression result 1 (developed
regions) and regression Result 2 (underdeveloped regions) are 2.098 and 0.864, respectively,
which indicates that each unit increase in photovoltaic power generation in developed
regions can increase regional GDP by 2.098 units, while in underdeveloped regions, The
same increase results in an increase of only 0.864 units in the gross product. This indicates
that the economic utilization efficiency of PV energy is higher in more economically devel-
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oped regions, which may benefit from a more mature market structure, more advanced
technical support, and more efficient energy utilization strategies. In general, photovoltaic
power generation has a significantly positive effect on regional economic development,
in which provincial photovoltaic power generation in developed regions has a greater
impact on regional economic development and provincial photovoltaic power generation
in underdeveloped regions has a lower impact on regional economic development.

Table 10. Results of regression analysis of developed regions in Qinghai Province.

Variable Category Regression
Coefficient Standard Error t-Statistic

Core Explanatory Variable:

Photovoltaic Power Output (X1) 2.098 *** 0.752 2.79

Control Variables:

Total Import and Export Trade (X2) 0.903 *** 0.336 2.69

Growth Rate of Fixed Asset
Investment (X3) 0.965 ** 0.404 2.39

Total Fiscal Revenue (X4) 0.976 *** 0.328 2.98

Local Public Budget Revenue (X5) 1.464 *** 0.433 3.38

Number of Non-Private Sector
Employed Women (X6) 4.867 * 2.535 1.92

Constant 122.38 *** 32.643 3.749

Sample Size (N) 40

F-statistic 119.08

p-value 0.0000

R-squared 0.8809
Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed);
* indicates significance at the 0.1 level (two-tailed).

Table 11. Results of regression analysis of undeveloped regions in Qinghai Province.

Variable Category Regression
Coefficient Standard Error t-Statistic

Core Explanatory Variable:

Photovoltaic Power Output (X1) 0.864 * 0.457 1.890

Control Variables:

Total Import and Export Trade (X2) 0.495 ** 0.194 2.550

Growth Rate of Fixed Asset
Investment (X3) 0.678 0.477 1.420

Total Fiscal Revenue (X4) 1.420 ** 0.683 2.080

Local Public Budget Revenue (X5) 1.901 *** 0.548 3.470

Number of Non-Private Sector
Employed Women (X6) 7.858 *** 2.535 3.110

Constant 117.348 *** 32.687 3.59

Sample Size (N) 40

F-statistic 84.694

p-value 0.0000

R-squared 0.6198
Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed);
* indicates significance at the 0.1 level (two-tailed).
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The control variable analysis further reveals other drivers of regional economic de-
velopment. In developed regions, the growth rate of fixed asset investment significantly
contributed to economic growth, which may reflect that infrastructure and capital invest-
ment remain key drivers of economic growth in more mature economies. However, in less
developed regions, although the growth rate of fixed asset investment does not have a
significant positive economic impact, this may indicate that the economic growth of these
regions depends more on other factors, such as labor cost advantage, natural resource uti-
lization, or government policy support. Therefore, according to the results of the analysis,
the PV development policy should be customized according to the economic development
level and market conditions of the region to ensure the maximum benefit of PV energy
investment. For developed regions, the energy structure should be optimized and the
application efficiency of photovoltaic technology should be improved. For less developed
regions, more attention may be needed to infrastructure construction and improve technical
support and financial input for local photovoltaic projects to improve energy efficiency and
economic growth potential in these regions.

In order to further explore whether there is a nonlinear relationship between pho-
tovoltaic power generation and regional economic development, the quadratic term of
photovoltaic power generation is introduced into the model (photovoltaic power generation
* photovoltaic power generation) to conduct regression analysis on the data again. The
regression results are shown in Table 12 below.

Table 12. Results of the nonlinear relationship between photovoltaic power generation and regional
economic development.

Variable Category Regression
Coefficient Standard Error t-Statistic

Core Explanatory Variables:

Photovoltaic Power Output Squared (X12) −0.0611 ** 0.029 −2.08

Photovoltaic Power Output (X1) 4.982 *** 1.562 3.19

Control Variables:

Total Import and Export Trade (X2) 0.0093 ** 0.004 2.16

Growth Rate of Fixed Asset Investment (X3) 1.688 *** 0.528 3.198

Total Fiscal Revenue (X4) 0.0019 *** 0.001 3.691

Local Public Budget Revenue (X5) 0.0002 *** 0.000 3.89

Number of Non-Private Sector Employed
Women (X6) 0.0031 *** 0.001 2.87

Constant 116.0 *** 31.016 3.74

Sample Size (N) 80

F-statistic 78.830

p-value 0.0000

R-squared 0.9356
Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed).

According to the regression coefficients of the quadratic term and photovoltaic power
generation, it can be seen that the regression coefficients of the two variables are significant,
which indicates that photovoltaic power generation has a significantly positive effect on
regional economic development within a certain range. When the value of photovoltaic
power generation is greater than a certain range, photovoltaic power generation has a
significantly negative effect on regional economic development. The critical value is
(b/−2a) = (4.982/2/0.0611) = 40.77, which indicates that when the photovoltaic power
generation is less than 40.77, the photovoltaic power generation has a significantly positive
effect on regional economic development. When the photovoltaic power generation is
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greater than 40.77, the photovoltaic power generation has a significantly negative effect on
regional economic development.

Further explore the results of regional differences in regional economic development
according to the interaction item photovoltaic power generation * photovoltaic power
generation, as follows:

According to the analysis results in Tables 13 and 14, the interaction term and pho-
tovoltaic power generation in regression result 1 (in more developed regions) are not
significant, which means that there is no inverted U-shaped relationship between pho-
tovoltaic power generation and regional economic development. The interaction term
and photovoltaic power generation in the regression results (in underdeveloped areas)
are significant, which means that there is an inverted U-shaped relationship between pho-
tovoltaic power generation and regional economic development, and the critical value
is (b/−2a) = (48.19/2/11.6) = 2.08.

Table 13. Results of the nonlinear relationship between PV generation and regional economic
development in developed regions.

Variable Category Regression
Coefficient Standard Error t-Statistic

Core Explanatory Variables:

Photovoltaic Power Output
Squared (X12) −0.0597 0.038 −1.581

Photovoltaic Power Output (X1) 1.741 1.079 1.614

Control Variables:

Total Import and Export Trade (X2) 0.00865 *** 0.003 3.456

Growth Rate of Fixed Asset
Investment (X3) −3.9877 *** 1.528 −2.61

Total Fiscal Revenue (X4) 0.0003 0.000 0.93

Local Public Budget Revenue (X5) 0.00031 *** 0.000 2.64

Number of Non-Private Sector
Employed Women (X6) 0.0076 *** 0.002 3.28

Constant 123.157 32.668 3.77

Sample Size (N) 40

F-statistic 181.78

p-value 0.0000

R-squared 0.9408
Note: *** indicates significance at the 0.01 level (two-tailed).

Table 14. Results of the nonlinear relationship between PV generation and regional economic
development in non-developed regions.

Variable Category Regression
Coefficient Standard Error t-Statistic

Core Explanatory Variables:

Photovoltaic Power Output Squared (X12) −11.60 *** 3.021 −3.84

Photovoltaic Power Output (X1) 48.19 *** 11.233 4.29

Control Variables:

Total Import and Export Trade (X2) 0.00573 *** 0.002 2.36

Growth Rate of Fixed Asset Investment (X3) −0.0382 0.041 −0.940

Total Fiscal Revenue (X4) 0.00019 *** 0.00002 3.570
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Table 14. Cont.

Variable Category Regression
Coefficient Standard Error t-Statistic

Local Public Budget Revenue (X5) 0.00039 ** 0.00013 2.68

Number of Non-Private Sector Employed
Women (X6) 0.01828 *** 0.005 3.638

Constant 101.01 22.497 4.49

Sample Size (N) 40

F-statistic 171.94

p-value 0.0000

R-squared 0.9031
Note: *** indicates significance at the 0.01 level (two-tailed); ** indicates significance at the 0.05 level (two-tailed).

5. Discussion
The results show that large-scale photovoltaic development (PV power generation)

has a significant positive impact on regional economic development. Specifically, the
regression coefficient of the impact of photovoltaic power generation (X1) on the economic
value of the regional GDP (Y) of the eight prefecture-level cities in Qinghai Province is
1.727. The reason may be that photovoltaic power generation directly provides stable
and low-cost energy supply and employment opportunities and indirectly promotes the
comprehensive development of the regional economy by improving energy efficiency,
promoting environmental protection, stimulating scientific and technological innovation
and industrial upgrading, and improving social and economic infrastructure [26].

Further heterogeneity analysis reveals significant differences between developed
and less developed regions: in developed regions, each unit increase in PV generation
can increase regional GDP by 2.098 units, while in less developed regions, this figure is
0.864 units. The reason may be that in developed regions, due to more mature infrastructure
and higher technology absorption capacity, photovoltaic power generation has a more
significant role in promoting economic growth. However, in less developed regions,
although the increase in PV power generation also promotes economic growth, its impact
is relatively low, which may be due to the insufficient infrastructure and low technological
absorption capacity in these regions that limit the impact role of PV development on
the regional economy [27]. Developed regions, benefiting from more advanced power
grid infrastructure and efficient energy management systems, are better equipped to
integrate newly installed photovoltaic capacity and utilize the generated energy effectively.
Moreover, these regions often possess more mature energy markets, which facilitate the
commercialization and market-oriented development of photovoltaic electricity, thereby
further stimulating economic activity [28]. In less developed regions, weak infrastructure
often makes it difficult to effectively distribute and use the generated electricity, limiting
the economic potential of photovoltaic power generation [29]. Secondly, differences in
technological absorption and innovation capacity also play a critical role. Developed
regions typically demonstrate a stronger ability to adopt and apply emerging technologies,
supported by higher levels of educational attainment and greater investment in research
and development. This enables them to more effectively leverage photovoltaic technologies
and foster the growth of associated industries [30]. However, less developed regions
may lack the necessary technical support and expertise to fully leverage the benefits of
PV technology. Finally, differences in policy support and investment climate also play
a key role in the economic impact of PV. Developed regions tend to have more active
policy support and larger investment scales, which help promote the development of the
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photovoltaic industry. In contrast, less developed regions may have insufficient policy and
financial support, which restricts the widespread application of PV technology.

In addition, by introducing the square term of photovoltaic power generation for
regression analysis, it is found that the impact of photovoltaic power generation on the
regional economy shows an inverted U-shaped relationship. Specifically, an increase in
PV power generation boosts economic growth in the initial period, but when it exceeds
40.77 units, the impact on the economy turns negative. This indicates that at higher PV
generation levels, economic benefits may decrease due to factors such as misallocation of
resources or market saturation. Especially in less developed regions, the inverted U-shaped
relationship between photovoltaic power generation and regional economic development is
more obvious, and its critical value reaches 2.08 units. That is, when the photovoltaic power
generation in underdeveloped areas exceeds a certain range, its impact on the regional
economy will turn from positive to negative. This may be due to the fact that in the early
stage of large-scale PV development, its positive economic drive is mainly due to its lower
marginal cost and new technological opportunities. For example, large-scale photovoltaic
deployment has reduced the cost of electricity and promoted the rise in new industries
and the increase in employment while driving the development of related manufacturing
and service industries. However, when these technologies tend to mature and the market
is close to saturation, the economic value added by the newly installed unit capacity will
decrease due to the slowdown of technological progress and the decrease in market demand,
which is in line with the characteristics of the factor substitution effect. In addition, since
large-scale PV development and construction usually depends on specific geographical
and environmental conditions, such as light conditions and land use area, its high-density
development in a certain area may encounter natural resource bottlenecks, which will
also lead to the weakening of substitution effect [31]. These increased environmental and
social costs will offset their economic benefits to some extent. Further, as the proportion of
renewable energy in the energy structure increases, its stability and ability to regulate the
power grid become new challenges [32]. The intermittent and unpredictable nature of solar
energy requires that the grid must have sufficient regulation capacity or reserve capacity
to ensure the stability of power supply [33], which may require additional investments,
such as the construction of energy storage facilities, or more complex grid management
techniques. These factors, in aggregate, increase the cost of the overall energy system and
may somewhat undermine the economic attractiveness of renewable energy promotion.

6. Conclusions and Policy Recommendations
Based on the panel data of eight prefecture-level cities in Qinghai Province from

2014 to 2023, a static balanced panel model is used to explore the impact of large-scale
photovoltaic development on the regional economy. It is found that PV power generation
has a significant positive effect on the GDP of each region in Qinghai Province. Its regression
coefficient reaches 1.727. This means that for every additional unit of photovoltaic power
generation, the regional GDP of Qinghai Province is expected to increase by 1.727 units.
In addition, in order to deeply analyze the regional differences in provincial PV power
generation on regional economic development, eight prefecture-level cities in Qinghai
Province are divided into developed and underdeveloped regions.

Through the analysis of the difference between developed and less developed regions,
it is found that the promotion effect of photovoltaic power generation on economic growth
is more obvious in developed regions, and its coefficient is 2.098, while in less developed
regions, the economic impact of the same growth is small, the coefficient is only 0.864.
Furthermore, the study also finds that the influence of photovoltaic power generation on
the regional economy has nonlinear characteristics and presents an inverted U-shaped
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relationship. Specifically, when the value of photovoltaic power generation is less than
40.77, the photovoltaic power generation has a significantly positive effect on regional
economic development. When the value is greater than this, photovoltaic power generation
has a significantly negative effect on regional economic development. Moreover, the impact
is more significant in less developed areas, when the photovoltaic power generation exceeds
2.08. Its positive effect on economic growth will turn into a negative effect. Developed
regions do not show this inverted U-shaped relationship.

Based on the empirical findings, this study proposes a more focused and cost-sensitive
policy framework that accounts for regional disparities and the diminishing marginal
returns of large-scale photovoltaic (PV) deployment. First, PV development strategies
should be tailored to regional conditions. In less developed areas, efforts should prior-
itize addressing infrastructural and technical constraints through targeted, time-bound
support measures such as concessional financing and tax incentives, coupled with in-
vestments in grid access and labor capacity. Context-specific integration models, such as
“PV + agriculture/livestock”, may offer additional socio-economic benefits but should be
selectively promoted based on land suitability and local needs. In contrast, developed
regions—where economic returns to PV are higher—should focus on advancing grid inte-
gration, encouraging technological innovation (e.g., energy storage), and expanding energy
market mechanisms, including green certificates and carbon trading, to reduce reliance
on long-term subsidies. Second, PV deployment should be rationalized in scale. The
identified inverted U-shaped relationship between PV generation and economic growth,
particularly in less developed regions, signals the risk of overexpansion. Excess capacity
in areas lacking sufficient energy demand or grid absorption may lead to inefficiencies
and resource misallocation. Therefore, deployment decisions must be aligned with local
energy needs, land constraints, and market maturity. Third, policy design should balance
environmental and economic objectives. While PV contributes to emission reductions, large-
scale installations—especially in ecologically fragile regions—can impose environmental
costs that must be internalized through better site planning and ecological safeguards.
Lastly, governments must carefully manage fiscal trade-offs. Many interventions, such
as infrastructure investment, R&D, and subsidies, involve substantial public expenditure.
Prioritization through rigorous cost–benefit evaluation is essential to ensure that limited
resources are directed toward measures with the highest marginal returns. Future research
should support these goals by employing dynamic panel models to capture time-lagged
effects, spatial econometrics to analyze spillovers, and micro-level surveys to assess distri-
butional outcomes. Studies should also explore the interaction between PV development
and ecological restoration, particularly in high-altitude areas, and compare Qinghai’s expe-
rience with other renewable-rich regions in western China to deepen understanding of the
broader economic, social, and environmental implications of large-scale energy transitions.
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