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ABSTRACT

The Yellow River Basin is an important economic zone in China and an important
base for energy, chemical, raw materials and basic industries. However, the sloppy
development pattern of "high consumption and high pollution" in nine provinces
along the Yellow River Basin has become an important obstacle to achieving the
carbon peaking and carbon neutrality goals. Using the extended STIRPAT model and
combining scenario analysis and Monte Carlo simulation to build a prediction model,
the future trend of carbon emissions in the nine provinces of the Yellow River Basin
was predicted and the optimal path to reach the peak of carbons in the Yellow River
Basin was explored. The results show that the nine provincial areas in the Yellow
River Basin will not be able to reach the carbon peaking before 2035 under the
baseline scenario. By further comparing the carbon peaking conditions of provinces
under the low-carbon scenario and the technology breakthrough scenario, it is found
that the peaking time, carbon peak value and the number of provinces under the
technology breakthrough scenario are significantly better than those under the low-
carbon scenario. Under the technology breakthrough scenario, the energy efficiency
of the nine provinces in the Yellow River Basin will be greatly improved, the
innovation capacity will be significantly enhanced, and the synergistic emission
reduction mechanism and related policies between provincial areas will be perfected.
Technological breakthroughs will become an important engine for high-quality
development in the Yellow River Basin.

Keywords: Yellow River Basin; carbon peaking; scenario analysis; Monte Carlo

Simulation

1. Introduction

As the world's largest emitter of carbon dioxide, China has made great efforts to
combat climate change. In his speech at the General debate of the 75th session of the
UN General Assembly in September 2020, President Xi first proposed that China's

carbon dioxide emissions "strive to reach the carbon peaking by 2030 and work
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towards carbon neutrality by 2060". The Yellow River Basin is an important
economic zone in China and an important energy, chemical, raw material and basic
industrial base, but the "high consumption and high pollution" pattern of rough
development in the nine provinces along the Yellow River Basin has become an
important obstacle to achieving the carbon peaking and carbon neutrality goals.
Therefore, it is important to analyze the peak path of provincial carbon emissions to
achieve ecological protection and high-quality development in the Yellow River
Basin.

Kaya (1989) proposed the Kaya constant equation, which mainly decomposes
and analyzes the influence of factors such as economic, demographic, and energy on
carbon emissions. Ang (1997) proposed the Logarithmic Mean Divisia Index (LMDI)
to improve the Kaya constant equation and make up for the shortcomings of the Kaya
constant equation in the calculation. Fu (2021) decomposed the carbon emission
drivers of China's manufacturing industry based on the LMDI method and found that
economic development is the primary factor that makes carbon emissions increase.
Yang (2020) combined the Kaya constant equation with the LMDI method and
analyzed that carbon emissions and energy intensity in Inner Mongolia showed a
significant negative effect. Chen and Zhou (2020) used LMDI method to analyze the
drivers of carbon emissions in 29 provinces of China in terms of economic growth,
structural transformation, and technological upgrading.

Econometric research methods on the drivers of carbon emissions are multilevel.
Most of them focus on "IPAT" model (Cramer JC., 1997), STIRPAT model (York,
2003), Granger causality test and so on (Zeng, 2021). For the selection of influencing
factors of carbon emissions, most of them focus on energy intensity, industrial
structure, residents’ income improvement (Hao, 2016), and the adjustment of
economic openness to analyze the influencing factors of carbon emissions (Zhou
Peng, 2020). Tang et al. (2021) used STIRPAT model to analyze the driving factors
of carbon emissions in typical cities in China from the perspectives of per capita

income, energy intensity and urban population. Yin et al. (2019) used SVAR model
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to find that EU carbon trading prices and AQI have a direct impact on China’s carbon
trading prices. Harin (2020) used the STIRPAT model to empirically evaluate the
driving forces of CO2 emissions in ASEAN countries. Wang (2021) used a Random
Forest (RF) machine learning algorithm to assess urban carbon emissions in 73 cities
in three urban agglomerations in the Yangtze River Economic Belt, and found that
factors such as population, industry, technological level, consumption, and opening
up have different impacts on different cities. Based on the CGE model, Shi (2015)
found that the carbon trading mechanism has a significant role in promoting the
reduction of carbon intensity. The above researches often give people an illusion: the
change of carbon emissions is only caused by the change of economic and social
factors in the region, while Hu (2019) pointed out that trade activities make goods
transfer from production place to final consumption place, which changes the spatial
and temporal distribution characteristics of carbon emissions. Meanwhile, carbon
dioxide itself has a certain diffusion effect, further indicating that the increase in
carbon emissions in a certain area is caused by many reasons.

With the rapid development of economy, carbon emissions are also increasing
rapidly at a certain speed. When carbon emissions increase to a certain extent, the
trend of carbon emissions will change from rapid growth to gradual decline, and the
inflection point of this change is the peak value of carbon emissions. There are many
methods to predict the peak value of carbon emissions, which can be summarized into
three categories: The first category is to judge whether there is a long-term
relationship between carbon emissions and economic growth through the relationship
between the two factors, and then calculate whether the EKC curve will have an
inflection point, which is the turning point of carbon emissions change trend-carbon
emissions peak (Lin, 2009). The second category is to construct a carbon emission
model by analyzing the driving factors of carbon emissions. Combined with the
scenario analysis method, the change trend of carbon emissions under multiple
scenarios is simulated, and then the optimal path of carbon peak is selected. Wang

(2018) used the LMDI decomposition analysis method to conclude that the level of
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economic development is the main factor affecting China’s carbon emissions, and
then used six scenarios to predict the future development trend of China’s fossil fuels
and carbon emissions. Wang (2021) used scenario analysis to predict the condition of
reaching peak of each province in the Yellow River Basin from 2020 to 2050 under
three scenarios. The third category is to construct a prediction model to directly
analyze the future trend of carbon emissions, including gray forecasting, neural
network model and other prediction models. Wang (2016) used grey correlation and
grey prediction methods to analyze the influence of per capita GDP and energy
structure on carbon peak condition in Jilin Province. Gong (2022) used the established
carbon emission prediction model to analyze the drivers of the peaking and
decoupling between CO2 emissions and economic growth around 2030 in China.

There are many methods to predict the peaking of carbon emissions. Different
regions and different industries have different peak time of carbon emissions. Zhuang
(2017) predicted the traffic carbon peak in Guangdong Province and found that there
were some differences in the peaking time under different scenarios. Li (2019)
predicted that Tianjin’s carbon emissions could peak in 2025 under the scenario of
medium growth and strong emission reduction by constructing six scenarios. Wang
(2022) conducted a multi-scenario analysis of carbon emissions in the Pearl River
Delta urban agglomeration and found that cities such as Shenzhen and Zhuhai all peak
before 2020. Hu (2022) constructed an extended STIRPAT model and set four
scenarios to find that the carbon emissions of transportation industry in Hubei
Province will peak in 2030. Hu (2022) predicted the future trend of China’s carbon
emissions at a certain economic level based on the LSTM neural network model, and
analyzed the possibility of China completing the carbon peaking by 2030.

The existing researches mainly focus on the whole nation or the provinces with
more prominent economic development. Based on the high-quality development
strategy of the Yellow River Basin, it is of great significance to explore the driving
factors of carbon emissions in the provinces of the Yellow River Basin, and then

predict the future trend of carbon emissions. In addition, there is a spatial spillover
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effect of carbon emissions and economic development among provinces. The
coordinated emission reduction among provinces is particularly important. Therefore,
this paper focuses on the provinces in the Yellow River Basin, and uses Monte Carlo
simulation to make a dynamic and reasonable prediction of the peak time in the nine
provinces of the Yellow River Basin. On this basis, the collaborative emission
reduction mechanism among different provinces is explored, so as to make efforts for

the coordinated development of the whole Yellow River Basin.

2. Description of data sources

2.1 Description of variables and data sources

In this paper, panel data of nine provinces in the Yellow River Basin from 2000
to 2020 are selected as the research sample, and carbon emissions are estimated by
the emission factor method. The economic and social data involved in the paper are
obtained from the China Regional Economic Statistical Yearbook, the China Energy
Statistical Yearbook and the Statistical Yearbook of each province and region in the
past years, and the latitude and longitude information of different regions are
collected through Baidu Maps.

Explained variables. In this paper, the more common IPCC emission factor
method is used to measure carbon emissions in nine provincial areas along the Yellow
River Basin, among which, eight types of energy consumption, such as raw carbon,
coke, crude oil, gasoline, kerosene, diesel, fuel oil and natural gas, are mainly

collected and accounted for. The calculation formula is:

n.om 44
I => > (E;xNCV,xCC, xO)x— (1)

i-l j-1 12

Among them, | represents carbon emissions, 1 represents the i-th energy

source, ] represents the j-th province, and E; represents the consumption of the i-
th energy in the j-th province. NCV. represents the average low-level heat content of

the i-th energy sources, CC, represents the average carbon content per unit calorific
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value of the i-th energy sources, O, represents the carbon oxidation rate of the i-th

energy sources, and 44/12 is the ratio of the molecular weight of carbon dioxide to
the molecular weight of carbon.

Due to the differences in the current socio-economic situation in terms of
population size, resource factor endowment and economic development level, there
have also obvious regional heterogeneity in carbon emissions in the nine provinces
along the Yellow River Basin, and the trends of carbon emissions in the nine

provinces from 2000 to 2020 are analyzed.
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Figure 1. The trends of carbon emissions in nine provinces along the Yellow River
Basin from 2000 to 2020 years

As can be seen from Figure 1, carbon emissions of the nine provinces in the
Yellow River Basin showed an obvious upward trend in general, and the growth rate
is accelerating year by year. Shandong Province had the highest carbon emissions.
The growth rate of carbon emissions in Shandong was much faster than other
provinces. In addition, Shanxi, Inner Mongolia and Henan provinces had a high level
of carbon emissions and also show an overall increasing trend in spite of a slight
fluctuation. Shaanxi and Sichuan provinces had comparable emission levels from
2000 to 2009, carbon emissions of Shaanxi exceeded Sichuan from 2009 to 2020.

Ningxia, Gansu and Qinghai provinces had lower levels of carbon emissions, and
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Qinghai province has the lowest total emissions and a more moderate growth trend.

Explanatory variables. this paper uses per capita GDP (pGDP) to characterize
the economic development level and incorporates the quadratic term of per capita
GDP into the model to analyze the embodiment of environmental Kuznets curve
theory in the sample period. Industrial structure (/S) is measured by the share of the
secondary sector in total output, as the secondary sector is more dependent on fossil
energy and generates more carbon emissions compared to the primary and tertiary
sectors. The level of technology (7)) is characterized by energy intensity, i.e., energy
consumption per unit of GDP. The larger the population size (P) is, the greater the
demand for energy and thus the greater the pollutants produced and the greater the
pressure on the environment. The urbanization rate (U) is expressed as the share of
urban population in the total population. To eliminate the effect of heteroskedasticity,
the variables are all analyzed by taking logarithms. The meanings of the above

variables and unit descriptions are given in Table 1.

Table 1. Meaning of the variables and description of the units

targets symbolic connotation unit
Carbon emissions | Energy carbon emissions million tons
Population size P Total resident population Ten thousand people
per capita GDP pGDP GDP/total population Yuan/person
energy intensity T Total energy consumption/GDP million tons of standard

coal per million yuan

urbanization U Urban population/resident population %
rate
industrial IS Value added of the secondary sector/GDP %
structure

Among the many methods used to study the factors influencing carbon emissions,
the STIRPAT model constructed by Dietz and Rosa is more widely used (York, 2003).
The general form of the STIRPAT model is as follows:



195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

| =aP°AT 4 )

Where [ represents environmental pressure (Human impact); P represents
population size (Population); A represents economic level (Affluence), which is
represented by per capita GDP, and T represents technology level (Technology),
which is represented by energy intensity; a, b, ¢, and d are parameters to be estimated,
and #1is random error.

We use the expandable characteristics of the model to add the quadratic term of
per capita GDP, industrial structure, urbanization level, energy intensity and other
factors for more comprehensively analyzing the factors influencing carbon emissions.

The model is expanded in logarithmic form as:
In1 =Ina+ A In pGDP, + 3,(In pGDP,)*

3
+4,In1S, + B, InP, + B, InT, + S, InU,, + ¢ ®)

Where [ represents carbon emissions, pGDP denotes gross regional product per
capita. IS represents the share of gross secondary sector product in total GDP

(industrial structure), P represents population size, T represents energy intensity, and

U represents the level of urbanization (urban). g is the stochastic perturbation term.

2.2 Fitting Coefficient Measurements for the Yellow River Basin Provinces

We select each economic and social factor and carbon emissions of nine
provinces in the Yellow River Basin from 2000 to 2020, and apply equation (3) to
obtain the fitted equation for carbon emissions in each province. The historical data
of each province in the Yellow River Basin are time series data, and in the process of
calculating the fitted model for each, it is necessary to test the multicollinearity of
each explanatory variable. By calculating the variance inflation factor for the test, it
was found that the variance inflation factor of each variable in several provinces
appeared to be much greater than 10, which also verified again the existence of
multicollinearity among the variables. Therefore, we used the ridge regression
method to fit carbon emissions of each province in the Yellow River Basin with each

economic and social factor. The ridge trace plots of nine provinces were analyzed,
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and the K values when the ridge regression coefficients tend to be stable were selected,
so that the corresponding fitting equations were obtained as shown in Table 2.

Table 2. Regression coefficients for nine provinces in the Yellow River Basin

Shan He Shaan  Shan Si Inner Gan Qing Ning
variable

dong nan xi xi chuan  Mongolia su hai xia
Ina 0.763" - 1.685™ 1697  -3.424 0.412" 0.266°  -1.350"  -1.689"
InP 0.326™ 0286 0337  0.260”  0.368" -0.028" - 0.188™  0.341*"
InpGDP 0.229" 0.147  0.274" 0.280" 0.290" 0.312* 0.219°  0.266™" 0.315
(InpGDP)? 0215~ 0181  -0.015" 01370  -0.143" 0.282" 0.106~  0.194™ 0.139"
InT -0.245" - -0.220™  -0.125" -0.314* -0.300" - 0.023™  -0.204™"
InU 0.047" 0.162  -0.200™  0.266°  0.208™ -0.020™ 0.220° 0209  -0.187"
InIS 0.067™ 0100  -0.023" 0038  0.341™ -0.214" - 0.182" 0.484™
R? 0.991 0970  0.982 0.993 0.986 0.980 0.990 0.972 0.991
K-value 0.2 0.2 0.06 0.1 0.09 0.05 0.2 0.2 0.2

Note: Numbers in parentheses in the table represent t-test values and *, **, *** represent significant
at the 10%, 5%, and 1% levels, respectively.

The impact of each driver on carbon emissions varies widely among different
provinces in the Yellow River Basin, and there are also large differences in the impact
of different drivers on carbon emissions in the same province. The adjusted R? of each
province is close to 1, so the above fitting results are reasonable. The impact of
different drivers on carbon emissions varies widely across provinces.

Firstly, in terms of population size, except for Inner Mongolia and Gansu, all the
other seven provincial areas have a positive impact on carbon emissions. And the
extent of population size on carbon emissions is larger among the five influencing
factors, which further verifies the theoretical hypothesis that as population size
increases, the pressure on the environment also increases, which in turn leads to an
increase in carbon emissions.

Secondly, per capita GDP is also one of the main factors affecting carbon
emissions of the nine provinces in the Yellow River Basin, which has a greater impact
on carbon emissions. The primary coefficients of per capita GDP in the nine provinces
are positive, while the secondary coefficients of per capita GDP in Shaanxi and
Sichuan are negative, which also indicates that the relationship between per capita

GDP and carbon emissions in Shaanxi and Sichuan has an inverted "U" shape EKC
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curve. At the beginning of economic development, carbon emissions gradually
increase as the level of economic development increases, and after reaching a certain
level, carbon emissions increase. After reaching a certain level, carbon emissions will
decrease with the growth of economic development.

Thirdly, the energy intensity of the nine provinces in the Yellow River Basin has
a significant negative impact on carbon emissions, which further verifies the
theoretical hypothesis that carbon emissions will decrease as the level of technology
continues to increase.

Fourthly, the impact of urbanization on carbon emissions has been controversial
as different scholars have different analytical results. On the one hand, with the
accelerated urbanization, population explosion and transportation development, there
will be certain pressure on the environment, thus making carbon emissions increase.
For example, the urbanization rate coefficients of six provinces, namely Shandong,
Henan, Shanxi, Sichuan, Gansu and Qinghai, are all positive, i.e. the urbanization rate
has a positive contribution to carbon emissions. On the other hand, there are also
views that accelerated urbanization shortens transportation distances and promotes
the development of technology level, thus curbing the growth of carbon emissions.
For example, carbon emissions in Shaanxi, Inner Mongolia and Ningxia provinces
decrease with the increase of urbanization rate.

Finally, the elasticity coefficient of industrial structure also has positive and
negative effects, i.e., different drivers exhibit different effects in different provinces.
Therefore, we should formulate local energy-saving and emission reduction policies

according to the local characteristics of each province.

3. Scenario design for carbon emission prediction

3.1 Scenario design

Through the construction of the prediction model, it is concluded that different
influencing factors have different effects on carbon emissions in different provincial

areas, and the magnitude of the effect of different influencing factors on carbon
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emissions in the same province and region also varies. However, in general, per capita
GDP, population size, energy intensity, urbanization rate and industrial structure all
have significant effects on carbon emissions. Therefore, this paper sets three scenarios
based on the historical data of the above variables, existing policies and future
emission reduction targets, and other relevant economic and social factors: the
baseline scenario, the low-carbon scenario, and the technology breakthrough scenario.
The trends of each variable under the three scenarios are set separately. The data are
substituted into the prediction model of each province to analyze the trends of carbon
emissions in the Yellow River Basin from 2021 to 2035.

The baseline scenario is based on the historical data and relevant policies of the
Yellow River Basin at the current stage, and assumes that the Yellow River Basin will
develop at the current stage of economic and technological level development trends
from 2021 to 2035. The change ratio of each variable set under the baseline scenario
is used as a baseline data. Both the low carbon scenario and the technology
breakthrough scenario are set at either high or low levels under the baseline data of
the baseline scenario. The low-carbon scenario refers to the Yellow River Basin's
strategic planning for high-quality development, which attaches great importance to
low-carbon development, pays more attention to energy conservation and
environmental protection, and strictly controls the implementation of energy
conservation and emission reduction initiatives in relevant sectors. It ensures that
economic development does not take high speed as the main goal and promotes the
Yellow River Basin to maintain high quality economic development. The technology
breakthrough scenario is a further optimization under the setting of the baseline
scenario and the low-carbon scenario. By constructing a prediction model for each
province, it is found that the optimization of energy intensity plays a facilitating role
for energy conservation and emission reduction. The energy intensity can basically
characterize the level of technological development. Under the technology
breakthrough scenario, provincial areas in the Yellow River Basin have encouraged

technological innovation and the development of low-carbon, clean and green
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technologies, and the concept of low-carbon life of residents has been further

strengthened. This paper predicts the change of carbon emissions from 2021 to 2035

based on the 2035 visionary target. Combining China's national situation of taking

five years as a development stage, the projection period is subdivided into three stages:

2021-2025, 2026-2030 and 2031-2035. The future changes of the five main

explanatory variables in the prediction model of the nine provinces in the Yellow

River Basin are set separately.

Among them, the setting of future changes in the explanatory variables is based

on the evolutionary trends of historical data, existing relevant policies, previous

researches and the possible future changes in each explanatory variable. The main

references to the relevant policy basis are shown in Table 3.

Table 3. Relevant policy rationale for nine provinces in the Yellow River Basin

provinces

Policy basis

Shanxi

Inner
Mongolia

Shandong

Henan

Sichuan

Shaanxi

Gansu

Qinghai

Ningxia

In 2035, the per capita gross regional product to reach 20,000 U.S. dollars, GDP growth rate of
3.6 percent in 2020, in 2025, the urbanization rate reached 68 percent, and the rate of reduction
of energy consumption per unit of gross regional product in 2020 to complete the national
indicators issued in the same period.

GDP growth of 0.2% in 2020, an average annual growth rate of 5% between 2020 and 2025, an
urbanization rate of about 69% in 2025 and 72% in 2035, and a reduction rate of CO2 emissions
per unit of GDP in 2025 to meet national requirements.

The average annual growth rate of gross regional product in 2020-2025 will be 5.5 per cent, and
the urbanization rate will reach 68 per cent in 2025 and 75 per cent in 2035. The State's target of
reducing energy consumption per unit of GDP was achieved.

The average annual growth rate of gross regional product in 2020 will be 6.4 per cent, maintaining
a medium-to-high growth rate, the urbanization rate will be 55.43 per cent in 2020, the
urbanization rate will exceed 60 per cent in 2025, and the rate of reduction of energy consumption
per unit of gross regional product in 2020 will complete the targets set by the State in the same
period.

GDP growth of 2.8 per cent in 2020, with an average annual growth rate of 6 per cent in 2020-
2025, and an urbanization rate of 55 per cent in 2020 and 60 per cent in 2025. The target of
reducing energy consumption per unit of gross regional product set by the State is completed.

The regional GDP will reach 3.6 trillion yuan in 2025, the per capita GDP will reach about 90,000
yuan, the urbanization rate will reach 70% in 2030, energy consumption per unit of GDP will
drop to the national average, and total carbon emissions will steadily decrease after peaking by
2030.

The gross regional product will reach 9016.7 billion yuan in 2020, with a simultaneous growth
rate of 3.9 per cent, the urbanization rate will reach about 70 per cent in 2035, and energy
consumption per unit of gross product will drop to the national average.

The average annual growth rate for 2020-2025 will be around 5.5 per cent, the urbanization rate
will reach around 62 per cent in 2025, and the reduction of carbon dioxide emissions per unit of
gross domestic product will be controlled within the targets set by the State.

The average annual growth rate of gross regional product in 2020 will be 6.4 per cent, reaching
392.1 billion yuan, per capita GDP will reach US$8,500, the urbanization rate will reach about
60 per cent in 2020, and CO2 emissions per unit of GDP will be reduced and controlled within
the targets set by the State.
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3.2 Influencing factor setting

3.2.1 Population size setting

Based on the /4th Five-Year Plan and the 2035 vision for the nine provinces in
the Yellow River Basin, the rate of population change under the three scenarios was
developed as shown in Figure 2, with reference to the policy basis for population size
in each province in Table 3 and the relevant national policy constraints. Based mainly
on the National Population Development Plan (2016-2030), which mentions that the
national population will reach its peak in 2030, followed by a negative growth trend,
the evolution of the average annual growth rate of each province in the Yellow River
Basin is set to decrease sequentially in three stages: 2021-2025, 2026-2030 and 2021-
2035. A gap 0f 0.02% was set for the three scenarios in 2021-2025, and a gap 0 0.01%
and 0% for 2026-2030 and 2030-2035.

1
0.9
X 0.8
] 0.7
© 0.6
% 04
& 03
S 0.2
o 0.1
E 0
s 0.1 % shanxi Inner Shandong Henan  Sichuan Shaanxi Gansu Qinghai  Ningxia
B Mongolia ) ) )
= W 2021-2025 Low carbon scenario M 2021-2025 Baseline scenario
§_’ 2021-2025 Technology breakthrough scenarios 2026-2030 Low carbon scenario
W 2026-2030 Baseline scenario M 2026-2030 Technology breakthrough scenarios
W 2031-2035 Low carbon scenario W 2031-2035 Baseline scenario

W 2031-2035 Technology breakthrough scenarios

Figure 2. Set rate of population size change in nine provinces and districts in
the Yellow River Basin

3.2.2 Per capita GDP setting

In 2020, the GDP growth rate will reach 2.3%. Although the 14th Five-Year Plan
does not explicitly put forward the average annual GDP growth target, it proposes
that the average annual GDP growth should be kept within a reasonable range, and
the expected target will be put forward in each year depending on the situation.

Combining the economic and social development of the Yellow River Basin and the



335 national economic and social development bulletin of each province, the future trend
336  of per capita GDP growth rate of each province in the Yellow River Basin is set by
337  calculating the average annual growth rate of per capita GDP in each province during

338  the sample period and then taking its average value, as shown in Figure 3.
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340 Figure 3. Setting the rate of change of per capita GDP in nine provinces and
341 districts in the Yellow River Basin

342  3.2.3 Energy intensity setting

343 The historical data of the Yellow River Basin shows that the energy intensity of

344  the nine provinces has been in a state of gradual decline in Figure 4.
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346 Figure 4. Rate of change of energy intensity in nine provinces and districts in
347 the Yellow River Basin
348 In 2021, China's energy intensity will be reduced by about 3%. Under the carbon

349  peaking and carbon neutrality goals, provinces such as Ningxia and Henan have been
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optimizing and upgrading their energy structures, setting strict control standards on
the consumption of fossil energy such as coal. Therefore, the trend of energy intensity

must be gradually reduced in the future planning.
3.2.4 Urbanization rate setting

At present, China's urbanization has been in the middle and late stages of rapid
development, and is moving towards a new stage of overall quality improvement.
However, the momentum of urbanization development remains strong, and all
provinces are more confident in urbanization development, setting their own targets
for the /4th Five-Year Plan for urbanization. We set the growth rates for different
scenarios from 2021 to 2035 according to the urbanization rate targets mentioned in

the /4th Five-Year Plan of each province in the Yellow River Basin in Figure 5.
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Figure 5. Set rate of change of urbanization rate in nine provinces and districts
in the Yellow River Basin

3.2.5 Industrial structure setting

This paper characterizes the industrial structure in terms of the proportion of
GDP accounted for by the gross domestic product of the secondary industry. From
the analysis of China's industrial structure evolution over the years, it can be seen that
with the rapid growth of the economic level, the proportion of tertiary industry will
increase, while the proportion of industry-based secondary industry will decrease,

which is also consistent with the change law of industrial structure optimization and
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upgrading target. However, there are big differences in the development status of nine

provincial areas in the Yellow River Basin, and there are also differences in policy

formulation and implementation. This paper sets the changes of secondary industry

in nine provincial areas in the Yellow River Basin under the baseline scenario with

reference to the /4th Five-Year Plan of each province, as shown in Table 4.

Table 4. Annual average rate of decline in industrial structure in the nine provinces

and districts of the Yellow River Basin under the baseline scenario Unit: %

provinces 2021-2025 2026-2030 2031-2035
Shanxi, Sichuan 1.0% 0.8% 0.6%
Henan, Shandong, Ningxia 0.6% 0.5% 0.4%
Inner Mongolia, Shaanxi, 1.2% 1.0% 0.8%
Qinghai
Gansu 0.6% 0.5% 0.4%

According to the baseline scenario setting criteria, the ratio of future changes in

the industrial structure of the Yellow River Basin provinces under the three scenarios

is set as shown in Figure 6.
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Figure 6. Rate of change of industrial structure in nine provinces and districts in

the Yellow River Basin

4. Peak prediction of carbon emissions and analysis of peak path



385 4.1 Monte Carlo simulation
386 This paper introduces a more realistic approach-Monte Carlo simulation for
387  carbon peaking prediction. It is a dynamic simulation method that takes random
388  values of the baseline variables with certain probability, and later, under random
389  combinations, the variables of interest are efficiently computed. The advantage of
390 using Monte Carlo simulation is that it allows scientific forecasting of the relevant
391  variables under changing future scenarios based on historical data of the drivers.
392 Table 5. Probability distribution of risk variables in Shandong Province
year population per capita GDP energy urbanization industrial
intensity structure
growth probab growth probab growth proba growth proba growth probab
rate ility rate ility rate bility rate bility rate ility
2021- 0.30% 5% 5.20% 5% -4.19% 5% 1.52% 5%  -1.12% 5%
2025 0349 25% 550%  25% -342% 25%  192% 25% -1.05%  25%
0.36% 40% 5.88% 40% -3.26% 40% 1.83% 40% -1.00% @ 40%
0.32% 25% 5.29% 25%  -358% 25% 2.01% 25% -1.10% 25%
0.38% 5% 5.90% 5% 2.74% 5% 2.12% 5%  -1.02% 5%
2025- 0.05% 5% 4.20% 5% -3.63% 5% 1.21% 5%  -0.92% 5%
2030 0.06% 25% 4.65% 25%  -341% 25% 1.35% 25% -0.84% 25%
0.06% 40% 4.88% 40% -3.06% 40% 1.29% 40% -0.80%  40%
0.05% 25% 4.39% 25% -3.36% 25% 1.42% 25% -0.88% 25%
0.06% 5% 4.90% 5% -256% 5% 1.44% 5%  -0.79% 5%
2031- 0.01% 5% 3.20% 5% -355% 5% 0.95% 5%  -0.68% 5%
2035 0.01% 25% 3.69% 25% -3.00% 25% 098% 25% -0.63% 25%
0.01% 40% 3.88% 40% -2.86% 40% 093% 40% -0.60%  40%
0.01% 25% 3.49% 25% -3.14% 25% 1.02% 25% -0.66% 25%
0.01% 5% 3.90% 5% -268% 5% 1.10% 5%  -0.56% 5%
393 The scenario analysis is static, that is, the rates of change in population size, per
394  capita GDP, energy intensity, urbanization rate and industrial structure are held
395  constant in the scenario analysis. But in fact, the annual average change rate of the
396  above explanatory variables is not constant. In this paper, the risk analysis method is
397  introduced. 300,000 Monte Carlo simulations are conducted using Crystal Ball
398  software. The change rate of carbon emissions is taken as a risk variable, and five
399  discrete values and corresponding probability distributions were set for the change
400 rates of the above five explanatory variables in a period of 5 years. The distribution
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of the change rate of carbon emissions in the provinces of the Yellow River Basin was
calculated, and the maximum probability range of the average annual growth rate of
carbon emissions in each province was further determined under each scenario. The
discrete values are based on the previous scenario analysis, and the benchmark
scenario is set as the highest probability, and the other probability distributions are set
symmetrically, and the probability of the maximum and minimum values is set as 5%
respectively. The probability values are taken as 5%, 25%, 40%, 25%, and 5%,
respectively. Taking Shandong Province as an example, the probability distributions
of each explanatory variable are shown in Table 5. The probability distributions of

the other eight provincial areas are shown in Appendices 1 to 8.
4.2 Analysis of carbon emission peaking pathways

Based on the ratio of changes in the above five explanatory variables measured,
the future trend of carbon emissions in nine provinces is analyzed by substituting into
the carbon emission projection model of each province. The trend of carbon dioxide
emissions in the nine provinces in the Yellow River Basin from 2021 to 2035 under

the baseline scenario are shown in Figure 7.

160000 - .
Gansu Henan == Inner Mongolia

140000 Ningxia Qinghai Shahdong

= Shanxi Shaanxi

120000 A
100000 A
80000 -
60000 -

40000 A S

Carbon emissions (million tons)

20000 { X

O___I__I__I__I_I

202120222023202420252026202720282029203020312032203320342035

Figure 7. Carbon dioxide emissions in the Yellow River Basin under the
baseline scenario

According to Figure 7, the carbon emissions of the provincial areas in the Yellow

River Basin show a continuous growth trend under the baseline scenario and do not
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reach a peak in the forecast time, which further indicates that it is difficult to achieve
the goal of reaching the peak by 2030 with the existing policies alone.

The growth of carbon emissions in each province tends to slow down
significantly under the low-carbon scenario in Figure 8. The total carbon emissions
of the provinces in the Yellow River Basin are significantly lower than the baseline
scenario. Meanwhile, Gansu, Henan, Inner Mongolia, Shandong, Shaanxi and
Sichuan will peak in the low carbon scenario. Gansu, Henan and Shandong will peak
in 2029, 2023 and 2029 respectively, and Inner Mongolia, Shaanxi and Sichuan will
peak in 2035, 2034 and 2035 respectively. Although Ningxia, Qinghai and Shanxi do
not reach their peaks, the carbon emissions are significantly lower than they had been

in the baseline scenario.
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Figure 8. Carbon dioxide emissions in the Yellow River Basin under the low-
carbon scenario

As can be seen from Figure 9, under the technological breakthrough scenario,
carbon dioxide emissions in the nine provinces of the Yellow River Basin will have
the slowest trend and the lowest emissions under the three scenarios. Moreover, under
the technology breakthrough scenario, the carbon emissions of all the provinces will
peak by 2035 except Qinghai. Among them, the carbon emissions of Gansu, Henan,
Shandong and Sichuan will peak in 2028, 2023, 2028 and 2025, respectively. The
carbon emissions of Inner Mongolia, Ningxia and Shaanxi will all peak in 2034. The

carbon emissions of Shanxi province in 2032. The cumulative carbon emission under
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the technology breakthrough scenario is significantly lower and the peak time is

earlier than that under the low-carbon scenario.
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Figure 9. Carbon dioxide emissions in the Yellow River Basin under the
technological breakthrough scenario

In terms of overall peak attainment, there are provinces that will peak by 2030
in both the low-carbon scenario and the technology breakthrough scenario. Among
them, Gansu, Henan and Shandong will peak in 2030, and Sichuan Province will also
join the ranks of reaching the peak before 2030 under the technological breakthrough
scenario. Under the technology breakthrough scenario, the peak time of carbon
emissions in each province is obviously earlier than that under the low-carbon
scenario, and the peak time of carbon emissions is also slightly lower than that under
the low-carbon scenario. This further illustrates that technological progress plays a
significant positive role in carbon emissions. Finally, Qinghai Province does not reach
the carbon emission peak in 2035 under the three scenarios, which indicates that
Qinghai province has a heavy task to reach the carbon peak and needs to explore more

effective emission reduction measures.
5. Conclusions and policy recommendations

Based on existing policies and historical data, three scenarios are set, namely the
baseline scenario, the low-carbon scenario and the technological breakthrough

scenario. Monte Carlo simulations are combined with the scenario settings to



465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

calculate the maximum probability distribution range of the change rate of carbon
emissions in each province from 2021 to 2035. The change trends of carbon emissions
in nine provinces from 2021 to 2035 under the three scenarios are calculated. The
main conclusions are as follows:

The explanatory variables have different effects on carbon emissions in different
provinces of the Yellow River Basin. There are also differences in the effect
mechanism of the same influencing factor on carbon emissions in different provinces.
In different regions in different periods or in the same period, the impact of economic
growth and industrial structure on carbon emissions has obvious heterogeneity.

The carbon emissions of the provinces in the Yellow River Basin show a
continuous growth trend under the baseline scenario and do not reach a peak in the
forecast time, which further indicates that it is difficult to achieve the goal of reaching
the peak by 2030 with the existing policies alone. The growth of carbon emissions in
each province tends to slow down significantly under the low-carbon scenario. The
total carbon emissions of the provinces in the Yellow River Basin are significantly
lower than the baseline scenario.

under the technological breakthrough scenario, carbon dioxide emissions in the
nine provinces of the Yellow River Basin will have the slowest trend and the lowest
emissions. The cumulative carbon emission under the technology breakthrough
scenario is significantly lower and the peak time is earlier than that under the low-
carbon scenario. Therefore, the technology breakthrough scenario is selected as the
optimal peak path. Under the technological breakthrough scenario, the energy use
efficiency of nine provinces in the Yellow River Basin is greatly improved, the
innovation capacity is significantly enhanced, and the synergistic emission reduction
mechanism and related policies between provincial areas are improved.
Technological breakthroughs are an important engine to achieve high-quality
development in the Yellow River Basin. This further shows that technological
progress has a significant positive effect on carbon emissions.

By analyzing the spatial correlation and peak path of emission reduction policies,
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it is found that per capita GDP, industrial structure and energy intensity in the Yellow
River Basin have the greatest impact on carbon emissions. Therefore, the above three
variables are the key ideas for the coordinated emission reduction of provinces and
regions. The following policy recommendations are proposed:

The Government should strictly implement differentiated emission reduction
policies. The Yellow River Basin is a vast area, and there are certain differences in
various aspects such as economic development and resource content in different
regions, which makes the impact of economic growth and industrial structure on
carbon emissions has obvious heterogeneity in different regions at different periods
or in the same period. Therefore, the respective emission reduction targets should be
clarified and effective policies should be shared together. We should make our best
efforts to achieve high-quality development in the Yellow River Basin and the
national goal of "carbon peaking and carbon neutrality".

All the provinces should focus on the important "starting point" of coordinated
emission reduction, and create demonstration provinces and autonomous regions and
healthy competition mode. Local governments should clarify their own emission
reduction targets and share effective policies each other.

Focus on technological innovation, increase investment in R&D and create a
collaborative innovation model. Combined with the analysis of the carbon peaking
path in the Yellow River Basin, it is found that technological breakthroughs and
innovation are a key part of promoting provincial and regional peaking as soon as
possible. Local governments should support leading enterprises to form innovation
consortiums to drive innovation activities of other enterprises. Collaborative
innovation is used as a means to build joint prevention and control policies to reach
collaborative emission reduction targets and provide ideas for the construction of

high-quality development in the whole Yellow River Basin.
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625 APPENDIX

626 Appendix Table 1 Probability distribution of risk variables in Inner Mongolia
population per capita GDP energy intensity urbanization industrial structure
growth proba  growth  proba  growth  proba  growth  proba  growth probabil
year rate (esp.  bility rate bility  rate (esp.  bility  rate (esp.  bility  rate (esp. ity
in (math.  (esp.in  (math in (math in (math in (math.)
economi ) economi ) economi ) economi ) economi
cs) cs) cs) cs) cs)

0.83% 5% 4.16% 5% -3.19% 5% 1.50% 5% -1.42% 5%
0.86% 25% 4.80% 25% -2.94% 25% 1.52% 25% -1.26% 25%
0.88% 40% 5.08% 40% -2.80% 40% 1.45% 40% -1.20% 40%

2021-2025
0.84% 25% 4.57% 25% -3.08% 25% 1.60% 25% -1.32% 25%
0.89% 5% 5.18% 5% -2.74% 5% 1.82% 5% -1.15% 5%
0.24% 5% 4.06% 5% -3.63% 5% 1.21% 5% -1.15% 5%
0.27% 25% 4.35% 25% -2.73% 25% 1.42% 25% -1.05% 25%

2025-2030 0.29% 40% 4.58% 40% -2.60% 40% 1.35% 40% -1.00% 40%
0.25% 25% 4.12% 25% -2.86% 25% 1.49% 25% -1.10% 25%
0.30% 5% 4.66% 5% -2.56% 5% 1.64% 5% -0.96% 5%
0.05% 5% 3.00% 5% -2.55% 5% 1.14% 5% -0.90% 5%
0.08% 25% 3.40% 25% -2.52% 25% 1.21% 25% -0.84% 25%

2031-2035 0.06% 40% 3.58% 40% -2.40% 40% 1.15% 40% -0.80% 40%
0.07% 25% 3.22% 25% -2.64% 25% 1.27% 25% -0.88% 25%
0.09% 5% 3.86% 5% -2.68% 5% 1.30% 5% -0.76% 5%

627
628 Appendix Table 2 Probability distribution of risk variables in Shanxi
population per capita GDP  energy intensity urbanization industrial
structure
growt probab growth probab growth probab growth probab growth  probab
car h rate ility rate ility rate ility rate ility rate ility
y (esp. (math.) (esp.in (math.) (esp.in (math.) (esp.in (math.) (esp.in (math.)
in econo econo econo econo

econo mics) mics) mics) mics)
mics)

0.34% 5% 8.16% 5% -3.19% 5% 1.52% 5% -0.92% 5%
0.38% 25% 9.26% 25% -2.94% 25% 1.66% 25% -0.84% 25%
2021- 0.40% 40% 9.76% 40% -2.80% 40% 1.58% 40% -0.80% 40%
20 0.36% 25% 8.78% 25% -3.08% 25% 1.74% 25% -0.88% 25%

0.42% 5% 9.88% 5% -2.74% 5% 1.82% 5% -0.79% 5%

2025- 0.07% 5% 5.56% 5% -3.63% 5% 1.41% 5% -0.67% 5%



2030 0.09% 25% 5.96% 25% -2.73% 25% 1.53% 25% -0.63% 25%
0.10% 40% 6.26% 40% -2.60% 40% 1.46% 40% -0.60% 40%
0.09% 25% 5.63% 25% -2.86% 25% 1.61% 25% -0.66% 25%

0.15% 5% 6.36% 5% -2.56% 5% 1.64% 5% -0.59% 5%

0.05% 5% 4.00% 5% -2.55% 5% 1.15% 5% -0.46% 5%
0.08%  25% 4.26% 25% -2.52% 25% 1.22% 25% -0.42% 25%

2031- 0.06%  40% 4.46% 40% -2.40% 40% 1.16% 40% -0.40% 40%

2099 0.07% 25% 4.01% 25% -2.64% 25% 1.28% 25% -0.44% 25%
0.09% 5% 4.86% 5% -2.68% 5% 1.30% 5% -0.36% 5%
629
630 Appendix Table 3 Probability distribution of risk variables in Henan
population per capita GDP energy intensity urbanization industrial structure
growth proba  growth  proba growth  proba growth  proba  growth probabil
year rate bility rate bility  rate (esp. bility  rate (esp. bility  rate (esp. ity
(esp.in  (math.  (esp.in  (math in (math in (math in (math.)
economi ) economi ) economi .) economi ) economi
cs) Cs) Cs) cs) cs)
0.30% 5% 5.50% 5% -3.19% 5% 2.02% 5% -1.12% 5%
0.34% 25% 5.89% 25% -2.94% 25% 2.55% 20% -1.05% 25%
2021-2025 0.36% 40% 6.20% 40% -2.80% 40% 2.14% 50% -1.00% 40%
0.32% 25% 5.58% 25% -3.08% 25% 2.36% 20% -1.10% 25%
0.38% 5% 5.90% 5% -2.74% 5% 2.82% 5% -1.02% 5%
0.23% 5% 4.56% 5% -3.63% 5% 1.21% 5% -0.92% 5%
0.25% 25% 4.95% 25% -2.73% 25% 1.35% 20% -0.84% 25%
2025-2030 0.26% 40% 5.20% 40% -2.60% 40% 1.29% 50% -0.80% 40%
0.24% 25% 4.68% 25% -2.86% 25% 1.42% 20% -0.88% 25%
0.26% 5% 5.36% 5% -2.56% 5% 1.45% 5% -0.79% 5%
0.03% 5% 4.00% 5% -2.55% 5% 1.15% 5% -0.68% 5%
0.03% 25% 3.71% 25% -2.52% 25% 1.16% 25% -0.63% 25%
2031-2035 0.03% 40% 3.90% 40% -2.40% 40% 1.19% 40% -0.60% 40%
0.03% 25% 3.51% 25% -2.64% 25% 1.20% 25% -0.66% 25%
0.03% 5% 4.86% 5% -2.68% 5% 1.21% 5% -0.56% 5%
631
632

633



634 Appendix Table 4 Probability distribution of risk variables in Sichan
population per capita GDP  energy intensity urbanization industrial structure
growth  proba  growth  proba  growth  proba growth  proba  growth probabil
year rate bility rate bility rate bility rate bility  rate (esp. ity
(esp.in  (math. (esp.in  (math  (esp.in  (math  (esp.in  (math in (math.)
economi ) economi ) economi J) economi ) economi
cs) cs) cs) Cs) cs)
0.25% 5% 5.50% 5% -3.19% 5% 0.78% 5% -0.92% 5%
0.29% 25% 6.08% 25% 3.15%  25% 0.84% 25% -0.84% 25%
2021-2025 0.31% 40% 4.80% 40% -3.00%  40% 0.80% 40% -0.80% 40%
0.27% 25% 5.76% 25% -3.30% 25% 0.88% 25% -0.88% 25%
0.32% 5% 6.18% 5% -2.74% 5% 0.90% 5% -0.79% 5%
0.03% 5% 3.36% 5% -3.23% 5% 0.75% 5% -0.67% 5%
0.03% 25% 5.15% 25% 2.94%  25% 0.81% 25% -0.63% 25%
2025-2030 0.03% 40% 3.80% 40% -2.80%  40% 0.77% 40% -0.60% 40%
0.03% 25% 4.86% 25% -3.08%  25% 0.85% 25% -0.66% 25%
0.03% 5% 5.20% 5% -2.56% 5% 0.86% 5% -0.59% 5%
0.01% 5% 3.90% 5% -2.97% 5% 0.50% 5% -0.46% 5%
0.01% 25% 4.18% 25% 2.73%  25% 0.60% 25% -0.42% 25%
2031-2035 0.01% 40% 3.30% 40% -2.60%  40% 0.57% 40% -0.40% 40%
0.01% 25% 3.96% 25% 2.86%  25% 0.63% 25% -0.44% 25%
0.01% 5% 4.26% 5% -2.58% 5% 0.65% 5% -0.36% 5%
635
636 Appendix Table 5 Probability distribution of risk variables in Shaanxi
population per capita GDP energy intensity urbanization industrial structure
growth proba  growth proba growth proba  growth proba growth probabili
year rate (esp.  bility  rate (esp.  bility  rate (esp.  bility rate (esp.  bility  rate (esp. ty
in (math. in (math. in (math. in (math in (math.)
economi ) economi ) economi ) economi ) economic
cs) cs) cs) cs) S)
0.25% 5% 6.16% 5% -3.19% 5% 1.92% 5% -1.42% 5%
0.29% 25% 6.18% 25% -3.02% 25% 2.10% 25% -1.26% 25%
20212025 031%  40%  6.50%  40%  -2.87%  40%  2.00%  40%  -1.20% 40%
0.27% 25% 5.85% 25% -3.16% 25% 2.20% 25% -1.32% 25%
0.32% 5% 6.88% 5% -2.74% 5% 2.30% 5% -1.15% 5%
0.17% 5% 4.56% 5% -3.03% 5% 1.11% 5% -1.15% 5%
0.18% 25% 5.23% 25% -2.18% 25% 1.27% 25% -1.05% 25%
20252030 0-20%  40%  550%  40%  -2.67%  40%  121%  40%  -1.00% 40%
0.19% 25% 4.95% 25% -2.86% 25% 1.33% 25% -1.10% 25%
0.21% 5% 5.52% 5% -2.94% 5% 1.34% 5% -0.96% 5%




0.04% 5% 3.20% 5% -2.65% 5% 1.00% 5% -0.90% 5%
0.04% 25% 3.80% 25% -2.60% 25% 1.06% 25% -0.84% 25%
2031-2035 0.04% 40% 4.00% 40% -2.47% 40% 1.01% 40% -0.80% 40%
0.04% 25% 3.60% 25% -2.50% 25% 1.11% 25% -0.88% 25%

0.04% 5% 4.10% 5% -2.38% 5% 1.13% 5% -0.76% 5%
637
638 Appendix Table 6 Probability distribution of risk variables in Gansu
population per capita GDP  energy intensity urbanization industrial structure
growth  proba  growth  proba  growth proba growth proba growth  probabil
year rate bility rate bility rate bility rate bility  rate (esp. ity
(esp.in  (math  (esp.in  (math  (esp.in  (math  (esp.in  (math in (math.)
economi ) economi ) economi ) economi .) economi
cs) cs) cs) cs) cs)
0.47% 5% 4.30% 5% -3.19% 5% 2.00% 5% -1.12% 5%
0.50% 25% 4.56% 25% -2.73% 25% 2.20% 25% -0.63% 25%
2021-2025 0.52% 40% 4.80% 40% -2.60% 40% 2.10% 40% -0.60% 40%
0.48% 25% 4.32% 25% -2.86% 25% 2.30% 25% -1.10% 25%
0.52% 5% 4.88% 5% -2.74% 5% 2.40% 5% -0.58% 5%
0.35% 5% 3.40% 5% -3.63% 5% 1.41% 5% -0.90% 5%
0.36% 25% 3.61% 25% -2.52% 25% 1.50% 25% -0.53% 25%
2025-2030 0.37% 40% 3.80% 40% -2.64% 40% 1.43% 40% -0.50% 40%
0.38% 25% 3.42% 25% -2.46% 25% 1.57% 25% -0.88% 25%
0.39% 5% 3.82% 5% -2.56% 5% 1.60% 5% -0.49% 5%
0.04% 5% 1.60% 5% -2.55% 5% 1.02% 5% -0.76% 5%
0.04% 25% 3.14% 25% -2.31% 25% 1.13% 25% -0.42% 25%
2031-2035 0.04% 40% 3.30% 40% -2.20% 40% 1.08% 40% -0.40% 40%
0.04% 25% 1.62% 25% -2.42% 25% 1.19% 25% -0.66% 25%
0.04% 5% 3.32% 5% -2.18% 5% 1.20% 5% -0.36% 5%
639
640 Appendix Table 7 Probability distribution of risk variables in Qinghai
population per capita GDP  energy intensity urbanization industrial structure
growth  proba  growth  proba growth  proba growth proba  growth probabil
year rate bility rate bility rate bility rate bility  rate (esp. ity
(esp.in  (math  (esp.in  (math  (esp.in  (math  (esp.in  (math in (math.)
economi ) economi ) economi ) economi ) economi
cs) cs) cs) cs) cs)
0.30% 5% 4.70% 5% -2.19% 5% 2.00% 5% -1.42% 5%
2021-2025 0.33% 25% 5.05% 25% -1.89% 25% 2.20% 25% -1.26% 25%

0.38% 40% 5.30% 40% -1.80% 40% 2.10% 40% -1.20% 40%




0.31% 25% 4.77% 25% -1.98% 25% 2.30% 25% -1.32% 25%

0.42% 5% 5.35% 5% -1.74% 5% 2.40% 5% -1.15% 5%

0.16% 5% 3.40% 5% -2.63% 5% 1.41% 5% -1.15% 5%
0.16% 25% 3.61% 25% -1.68% 25% 1.50% 25% -1.05% 25%

0.17% 40% 3.80% 40% -1.60% 40% 1.43% 40% -1.00% 40%

2025-2030
0.16% 25% 3.42% 25% -1.76% 25% 1.57% 25% -1.10% 25%
0.18% 5% 3.82% 5% -1.56% 5% 1.60% 5% -0.96% 5%
0.03% 5% 4.00% 5% -1.55% 5% 1.02% 5% -0.90% 5%
0.03% 25% 2.05% 25% -1.47% 25% 1.13% 25% -0.84% 25%
2031-2035 0.03% 40% 2.30% 40% -1.40% 40% 1.08% 40% -0.80% 40%
0.03% 25% 2.07% 25% -1.54% 25% 1.19% 25% -0.88% 25%
0.03% 5% 2.32% 5% -1.38% 5% 1.20% 5% -0.76% 5%
641
642 Appendix Table 7 Probability distribution of risk variables in Ningxia
population per capita GDP  energy intensity urbanization industrial structure
growth  proba  growth  proba  growth  proba  growth proba  growth  probabil
year rate bility rate bility rate bility rate bility  rate (esp. ity
(esp.in (math  (esp.in  (math ~ (esp.in  (math  (esp.in  (math in (math.)
economi ) economi ) economi ) economi ) economi
cs) cs) cs) cs) cs)

2021-2025 0.80% 5% 440% 5% -3.19% 5% 145% 5% -1.12% 5%
0.82% 25% 4.75% 25% -294% 25% 1.53% 25% -1.05%  25%
0.84% 40% 5.00% 40% -2.80% 40% 1.46% 40% -1.00%  40%
0.80% 25% 4.50% 25% -3.08% 25% 1.61% 25% -1.10%  25%
0.86% 5% 5.10% 5% -2.74% 5% 1.62% 5% -1.02% 5%
2025-2030 0.15% 5%  3.50% 5% -3.63% 5% 1.01% 5% -0.92% 5%
0.18%  25% 3.80% 25% -2.73% 25% 1.11% 25% -0.84%  25%
0.19% 40% 4.00% 40% -2.60% 40% 1.06% 40% -0.80%  40%
0.17% 25% 3.60% 25% -2.86% 25% 1.17% 25% -0.88%  25%
020% 5% 420% 5% -2.56% 5% 1.24% 5% -0.79% 5%
2031-2035 0.03% 5% 2.70% 5% -255% 5% 0.85% 5% -0.68% 5%
0.03% 25% 2.85% 25% -2.52% 25% 0.90% 25% -0.63%  25%
0.03% 40% 3.00% 40% -2.40% 40% 0.86% 40% -0.60%  40%
0.03% 25% 3.70% 25% -2.64% 25% 0.95% 25% -0.66%  25%
0.03% 5% 4.00% 5% -2.68% 5% 096% 5% -0.56% 5%
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