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Abstract: Improving the quality of forest, water, farmland, and other types of land use with outstand-
ing ecosystem optimization, restoration functions (ecological lands) and reducing anthropogenic
carbon emissions are recognized as the two main approaches of current mainstream climate change
policies. The paper aims to evaluate and compare the value neutrality within these two main types
of policy responses to climate change. To do that, a case study was conducted at the Yangtze River
Economic Belt, China. We first summarized the implementation status of all climate change policies
in the study area and collected data related to climate and economy at the policy pilot sites. Next,
the coupling relationship between climate and socio-economic conditions at policy pilot sites was
calculated by the Tapio model. Finally, we constructed dummy variables that reflected the status of
policy implementation, to estimate the value neutrality of mainstream climate change policies and
their impact on the coupling relationship by DID models. The results showed that the proportion of
policies related to ecological lands that significantly improved the coupling degree between climate
and socio-economic conditions of the pilot sites is more than that of carbon emission-related ones.
Moreover, the average coupling degree between climate and socio-economic conditions of the pilot
sites of ecological land policies was significantly increased by 3.99 units after policy implementation,
which is 27.8% higher than that of carbon emission reduction policies. Generally, the two main
findings directly evidenced that the climate change policies aimed at improving the area and quality
of ecological lands were more conducive to the coupling development of the climate-economy nexus
than the policies focusing on restricting carbon emissions, which provides important enlightenment
for the establishment of relevant environmental policies around the world.

Keywords: ecological land; carbon emission; value neutrality; climate change policy

1. Introduction

In order to deal with the negative impacts of climate change [1], national governments
around the world have issued policies to curb the harm on human health and destruc-
tion of natural resources caused by it [2,3]. The optimization of management of forests
and water ecosystems and the reduction of greenhouse gas emissions were recognized
as the priority areas of climate change response policies [4,5]. On the one hand, forest,
water, farmland, and other types of land use with outstanding ecosystem optimization
and restoration functions are defined as ecological lands [6,7]. Promoting the area and
quality of ecological lands significantly improved the regional climate change adaptability
and effectively resisted extreme weather events and natural disasters [8]. On the other
hand, a large number of confirmed basic scientific correlations evidenced that the concen-
tration of greenhouse gases in the earth’s atmosphere directly affects the global average
temperature [9,10]. Since the industrial revolution, the concentration of greenhouse gases
has been rising, and the global average temperature has also increased [11]. Therefore,
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reducing greenhouse gas emissions (especially carbon dioxide) from human activities
was considered to be an effective approach to reduce the pace and side-effects of climate
change [12,13].

The environment optimization capability of climate change policies with different
content and objectives has been widely reported in the literature. Dhakal [14] and Ander-
sson [15] evidenced that the policies related to carbon emission reduction optimized the
climate environment by controlling greenhouse gases and aerosol particles and cutting off
the source of climate pollutants emissions. Agrell etal. [16] and Tan et al. [17] suggested that
the policies with ecological land as the core restored the chemical and hydrological cycle of
ecosystems by optimizing land-use cover and further promoted the stable development
of regional ecosystem. In contrast, as the world economy is generally facing downward
pressure, doubts about whether climate change response policies will affect economic
development are rising continuously [18,19]. The conclusions of a great number of studies
pointed out that environmental policies with the main purpose of limiting carbon emissions
led to economic fluctuations and reduced economic output and consumption levels at the
same time [20,21], and the policies with ecological land and ecosystem restoration at the
core brought a huge funding gap for local governments and increased the local financial
burden [22].

Therefore, comprehensive assessment of the impact of climate policy on both sides of
“environment” and “economy” has become the research focus of the field of environmental
policy assessment and government decision making [23,24]. At present, most of the
research sheds light on evaluating and comparing the impacts of environmental policies
on economic phenomena and climatic events [25], specifically related to economic growth,
urbanization process, population structure, and environmental systems [26]. The research
methods and models mainly included traditional econometric models (VAR, PVAR), the
Kuznets curve (EKC), the environmental economic model (DICE/RICE), the dynamic
stochastic general equilibrium model (DSGE), and the agent-based model (ABM) [27-32].
In general, these works have made great contributions to the estimation and prediction of
the future efficiency of environmental policies, surface temperatures, and carbon emissions
all over the world.

However, since the climatic, environmental, and economic impacts of climate change
policies were various and reflected in different aspects, it was also claimed that the dynamic
two-way coupling relationship between environmental system and economic system is the
essence of environmental policy assessment [33]. On this basis, this study attempted to
put forward a new framework to evaluate the two-way effectiveness and value of climate
change policies from the perspectives of both environment and economy. We proposed the
concept of value neutrality in policy assessment and defined the environmental policy that
coordinates the development trends of the climate and the economy systems to achieve a
two-way coupling state as a value neutral policy. Furthermore, by quantifying the capability
of climate change policies on coupling the operation states of the climate—economy nexus,
the value neutrality could be further judged. Therefore, there are two specific objectives of
this study: (1) designing a new approach to quantify the value neutrality of policy responses
to climate change; and (2) comparing the value neutrality of climate change policies related
to ecological land protection and carbon emission reduction in the case study area (Yangtze
River Economic Belt of China). The results of this study are expected to provide empirical
evidence for policy makers to further understand the two-way effectiveness and value of
climate change policies from perspectives of both environment and economy.

The remaining parts of the paper proceed as follows. The Materials and Methods
Section introduces the basic dataset and modeling framework. The Results Section illus-
trates the calculation results and robustness tests of value neutrality analysis on the climate
change policies in a case study from Yangtze River Economic Belt. The Discussion and
Conclusions Sections synthesize the main findings and policy implications from this work.
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2. Materials and Methods
2.1. Research Procedure

We designed a four-step research procedure to evaluate the value neutrality of policies
related to ecological land protection and carbon emission reduction in a case study of
Yangtze River Economic Belt, China (Figure 1).
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Figure 1. Research procedure.

In the first and second steps, we collected the climate and socio-economic data of the
Yangtze River Economic Belt from 2008 to 2017 and quantified the level of climate and
socio-economic conditions, respectively, based on the relative climate index and entropy
weight method. In the third step, we calculated the coupling relationship between the
climate and socio-economic conditions of the Yangtze River Economic Belt from 2008 to
2017 by using the Tapio model. In the fourth step, by sorting out the implementation status
of climate change policies proposed in the white paper of “China’s policies and actions for
addressing climate change” from 2008 to 2017, we estimated the impacts of mainstream
climate change policies on the coupling degree between the subsystems of climate and
economy by Difference-in-Difference (DID) model and further judged the value neutrality
of policies related to low carbon and ecological land with various contents, objectives, and
implementation strategies.

2.2. Data and Study Area

The case study was conducted at the Yangtze River Economic Belt, including
11 provinces (municipalities): Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hu-
nan, Chongging, Sichuan, Yunnan, and Guizhou.

This area was chosen for two reasons. First, the climate condition in this area is
complex. The Yangtze River Economic Belt is across China (east-west direction) and covers
three major climate zones. The case study in this region effectively eliminated the impact
of climate zones on the accuracy of the analysis results. Second, the contradiction between
climate and development is prominent in the Yangtze River Economic Belt [34]. While
carrying out the policies of traffic system reconstruction and industrial structure optimiza-
tion, the Chinese government also calls for the construction of this area as a demonstration
zone for the protection and restoration of ecological environment systems [35]. Therefore,
under the dual pressures of economic development and environmental governance, it is
representative to study the coupling relationship between climate and economy at the
Yangtze River Economic Belt.
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The data regarding socio-economic conditions of the 11 provinces (or municipalities)
in the Yangtze River Economic Belt was collected from the National Bureau of Statistics of
China, which contained the annual data of urban population, finance, social life and space.
The climate data came from the National Meteorological Science Data Center of China
Meteorological Administration, including monthly temperature (°C), relative humidity
(%), wind speed (m/s), and sunshine duration (h) at 48 meteorological stations within the
Yangtze River Economic Belt.

It is worth mentioning that the spatial distribution of meteorological stations in
the study area is uneven and the density is insufficient. The regional meteorological
data outside the stations had to be estimated by certain mathematical methods from
the observation values of adjacent stations [36]. In this work, we applied the Inverse
Distance Weighted (IDW) method to interpolate the climate data [37]. The resolution of
the interpolation grid was set as 0.03 longitude x0.03 latitude according to the accuracy of
original data, and a total of 2105 grids were constructed within the study area (Figure 2).
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Figure 2. Study area.

2.3. Relative Climate Index (RCI)

Referring to China’s local national standard of “DB46/T461-2018” [38], the Relative
Climate Index, which is based mainly on the Temperature Humidity Index [39] and Wind
Effect Index [40], was chosen to be the quantitative method of climate condition. The
specific calculation formulas are shown in Formulas (1)-(3):

THI = 1.8t +32 — 055(1 — h)(1.8t — 26) )

K=8555 — (10y/v— v+1045)(33 — t) @)
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RCI = 0.65THI + 0.35K @)

where, THI denotes temperature humidity index; K denotes wind effect index; RCI denotes
relative climate index; t denotes monthly average temperature (°C); i denotes monthly
average relative humidity (%); v denotes monthly wind speed (m/s); s denotes monthly
average sunshine duration (hour). The climate condition with the RCI value distributed in
[—244.25, —24.5] is defined as suitable climate condition according to China’s local national
standard “DB46/T461-2018” [38].

Using the Formulas (1)—(3), we could judge whether the monthly climate condition of
the 2105 interpolation grids in the Yangtze River Economic Belt reaches the suitable level
from 2008 to 2017. Furthermore, we calculated the length of the climate suitable period,
the coverage of climate suitable zone, and the climate inequality of each province in the
Yangtze River Economic Belt during the study period. The specific calculation formulas
are as shown in Formulas (4)—(6):

xk Ik

LEN =_n=11 (4)
nj
AREA :% x 100% )
i
1 m  LEN

INEQ =— X In(——— 6
Q insi n( F ) (6)

(The Theil entropy index was originally designed as a statistic to measure economic
inequality. It has also been used to measure other social inequalities, such as apartheid [41].
Recently, it has also been introduced into the problem of uneven spatial distribution of
climate and environmental indicators [42,43].) where, LEN denotes the length of climate
suitable period (month); AREA denotes the coverage of climate suitable zone (%); INEQ
denotes the Theil index of climate inequality [—1, 1]; i denotes the serial number of
provinces; k denotes the serial number of interpolation girds; ll]f denotes the number of
months with suitable climate in grid k of province i within 12 months; s; denotes the
number of girds with suitable periods longer than 4 months in province i; n; denotes the
total number of girds in province i.

2.4. Entropy Weight Method

Before measuring the coupling relationship between climate and socio-economic
conditions under climate change policies, we need to further convert the calculation results
of the climatic indicators (LEN, AREA and INEQ) and socio-economic data into indices
reflecting the level of regional climate and socio-economic condition. In this study, we
constructed an evaluation index system based on entropy weight method to form the
climate index and economy index. Entropy weight method is an objective weighting
method based on Shannon’s information entropy theory. In this method, we need to first
judge the impact of each index on the evaluation target subjectively [44]. Formulas (7) and
(8) present the method for standardizing the positive and negative indices, respectively.

Positive indicator (i.e., the larger the index value, the better the evaluation result):

Xi]'I X,]—mzn{X]}/max{X]} *min{X]’} (7)
Negative indicator (i.e., the larger the index value, the worse the evaluation result):

Xij= max{X;} — X;j/max{X;} — min{X;} 8)

According to the variation degree of each indicator, the entropy weight of each in-
dicator was calculated by using the information entropy, and then the weight of each
indicator was modified by the entropy weight, so as to obtain the objective weight of each

indicator [45].
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In addition to the three climate indicators (LEN, AREA, and INEQ) mentioned in
Section 2.2, we also selected 16 indicators to reflect the developing level of population,
finance, social life, and space to construct evaluation index systems on climate and economy
with the help of entropy weight method. The definition, information entropy, redundancy,
and weight of 19 indicators are shown in Table 1. Finally, using the entropy weight
method, we quantified the climate and socio-economic conditions of the Yangtze River
Economic Belt from 2008 to 2017 into two indicators: C (Climate condition) and S (Socio-
economic condition).

Table 1. Evaluation index systems of climate and socio-economic conditions.

System

Subsystem Index Description (Unit) Effect Entropy  Redundancy  Weight

Climate Condition

Temporal LEN

Length of periods with
suitable climate (Month)
Coverage rate of areas

Positive 0.976 0.024 0.169

Q) Spatial AREA with suitable climate (%) Positive 0.891 0.109 0.767
Inequality INEQ Theil Index (Range: [0,1]) Negative 0.991 0.009 0.065

Fiscal expenditure per o
FE capita (10,000 RMB) Positive 0.939 0.061 0.063

Resident consumption .
RC level per capita (RMB) Positive 0.929 0.071 0.073

Finance Real GDP per capita e
GRP (RMB) Positive 0.943 0.057 0.059

Disposable and
DI discretionary income Positive 0.925 0.075 0.078
(RMB)

Proportion of urban .

PU Positive 0.964 0.036 0.037

Socio-economic

Condition

®

Population

population (%)
Social employees in
SE enterprises, and Positive 0.925 0.075 0.077
institutions (%)
Private enterprises and
individual employees (%)
Population density
(Person/km?)
Number of students in
colleges and universities
(Person /100,000
population)
Receiving international
IT tourists (Millions of Positive 0.939 0.061 0.062

people)

PI Positive 0.912 0.088 0.091

PD Positive 0.944 0.056 0.057

Cu Positive 0.975 0.025 0.026

Society Collection of public

CP libraries (Volumes /10,000 Positive 0.859 0.141 0.146
population)
Medical and health
MH institutions (Units/10,000 Positive 0.961 0.039 0.040
population)
BA Urban built-up area (%) Positive 0.956 0.044 0.046
Construction land .
CL (km?,/10,000 population) Positive 0.904 0.096 0.099
GC Green coveragerate of oo 0.990 0.010 0.010
built-up area (%)

RA Road area (m?/ person) Positive 0.965 0.035 0.036
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2.5. Tapio Decoupling Model

The Tapio model, which had been widely used in the measurement of coupling
relationships, was applied to measure the link between climate (C) and economy (S) [46].
The formula of the Tapio model is shown in Formula (9):

_ AS;4/S

“AC_1/C ©)

where, ¢ denotes the coupling coefficient between the climate and socio-economic condi-
tion; AS;_1 and AC;_; denote the changes of climate and economy index from time t — 1
to t, respectively; S and C denote the climate condition and socio-economic condition of
time ¢, respectively.

Furthermore, the coupling relationship between climate and socio-economic condition
were divided into 8 types (A-H) according to signature of AS;_1/S and AC;_1/C and the
value of ¢. According to Figure 3, when the change rate of socio-economic index and
climate index are on the positive and negative sides respectively, the coupling coefficient
is negative, and the two are in a strong decoupling relationship. When the change rate
of socio-economic index (S) and climate index (C) are both located in the positive or
negative side, the coupling coefficient is positive, and the type of coupling relationship
depends on the distance from the coupling coefficient to 1. Specifically, when the coupling
coefficient is distributed in [0.8, 1.2], climate and economy are in a state of coupling and
are coordinated. When the coefficient is distributed in [0, 0.8], the greater the coupling
coefficient, the stronger the coupling relationship. When the coefficient is distributed in
[1.2, +oc0], the smaller the coefficient, the stronger the coupling relationship. Moreover, the
Jenks natural breaks optimization was applied to reclassify the coupling degree into integer
grades of 1-10 according to the coupling coefficient between climate and socio-economic
condition [47]. The reclassification results are shown in Table 2. The higher the numerical
grade of the coupling coefficient, the relationship between the variation trends of climate
and socio-economic condition is more coordinated and sounder.

4au, /U y=1.2x

y=x
Expansive A v=0.8x
negative e ’
G decoupling Expansive

coipling

Strong
negative
decoupling C
Weak
decoupling
F <710 A€, ,/C

Weak
negative

decoupling H
D E Strong

decoupling
Regessive Recessive
coup ling decoupling

Figure 3. Tapio model.
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Table 2. Classification rank of decoupling coefficient.

Coupling Degree Value of ¢ Definition
1 (—o0, —10.412]
2 (—10.412, —7.629] Decouplin
3 (—7.629, —0.480] ping
4 (—0.480, 0]
5 (0, 0.156] and (30.091, +o0]
6 (0.156, 0.289] and (19.743, 30.091]
7 (0.289, 0.424] and (3.237, 19.743] Relative coupling
8 (0.424, 0.520] and (1.832, 3.237]
9 (0.520, 0.8) and (1.2, 1.832]

10 [0.8,1.2] Coupling
Note: Jenks natural breaks optimization algorithm is applied to reclassify the coupling degree (value of ¢).

2.6. Difference-in-Difference Model

The Difference-in-Difference (DID) model was introduced to estimate the impact of
climate change policies on the coupling relationship between regional climate condition
and economic development and judge the value neutrality of polices. The DID model has
been widely used in econometrics to quantitatively evaluate the implementation effect
of public policies or projects [48,49]. DID is a quasi-experimental design that makes
use of longitudinal data from treatment and control groups to obtain an appropriate
counterfactual to estimate a causal effect. DID is typically used to estimate the effect of a
specific intervention or treatment (such as a passage of law, enactment of policy, or large-
scale program implementation) by comparing the changes in outcomes over time between
a population that is enrolled in a program (the intervention group) and a population that is
not (the control group) (see in Figure 4).

Treatment Effect:

(Yo-Yi)-(Ye-Yoo)

For

Yu

Yoo

Yi Control
i Treatment

t ts Time

Figure 4. Spatial and temporal distribution of decoupling indices.
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3. Results
3.1. Model Construction

In this work, the DID model was introduced to estimate the impact of policies and
actions for addressing climate change proposed by the Chinese government from 2008 to
2017 on the coupling relationship between climate and economy within the white paper of
“China’s policies and actions for addressing climate change” [50].

Specifically, the main contents regarding experimental sites of from 2008 to 2017 are
shown in Table 3. From 2008 to 2017, four main climate change policies of Low Carbon
Province (2010), Low Carbon Community (2012), Ecological Civilization Construction
(2015), and Ecosystem Protection and Restoration (2016) had been proposed by the Ministry
of Ecology and Environment of the People’s Republic of China in the main pilot sites of
Hubei, Yunnan, Chongqing, Guizhou and Sichuan, which provided us with experimental
conditions for a quasi-natural experiment to adopt the DID model. Among them, the first
two policies are aimed at controlling regional carbon emissions, while the latter two are
mainly committed to ecological land restoration, especially forests land. So far, this study
constructed a two-way fixed-effect DID model as shown in Formula (10):

Yir= B+ B Policy;,+aX;+ti+si+e; (10)

where, i and t denote the serial number of province and year, respectively. Y;; denotes
the dependent variables and represents the reclassification results of the coupling index
between climate and socio-economic condition (Table 2). Policy;; denotes the dummy
variable of the status of policy implementation. Since one province was chosen as the
policy pilot site, the corresponding value of dummy variable Policy;; was taken as 1.
Otherwise, the corresponding value was taken as 0. f; and s; denote the time and space
fixed effect, respectively. X;; denotes the instrumental variables including the value and
change of climate and socio-economic condition indices. For the model, the signature
and value of 1 and the significance of Policy; are crucial to the estimation of net effect
of environmental policies. Specifically, the definitions and descriptive statistics of the
variables included in the DID model are shown in Table 4.

Table 3. Major environmental policies and regarding experimental sites.

Policy

Main Contents Starting Time Experimental Sites

Low Carbon Province
(LCP)

Low Carbon Community
(LCQO)

Ecological Civilization Construction  (2) Increasing forest resource reserves;

(ECC)

Ecosystem Protection and
Restoration
(EPR)

(1) Establishing the low-carbon
industrial system; (2) Constructing the
greenhouse gas emission dataset and
management system
(1) Building zero-carbon architectures;
(2) Utilizing new low-carbon energy

sources; (3) Popularizing 2012 Chonggqing
environmental-friendly building
materials
(1) Improving forest coverage;

2010 Hubei, Yunnan

(3) Restoring the function of wetland 2015 Guizhou

ecosystem
(1) Constructing national park
(2) Strengthening forest and river
ecosystem protection (Yangtze river) 2016 Sichuan
(3) Restoring biodiversity of forest and
river ecosystem
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Table 4. Descriptive statistics of variables.

Variables Definition Min. Mean Max.
CCI Change rate of climate condition index —2.084 —0.108 0.633
CI Climate condition index 0.430 1.008 1.623
CSEI Change rate of socio-economic index —0.268 0.096 0.421
SEI Socio-economic index 0.086 0.288 0.799
CPR Coupling index after reclassification 0 5.343 10
LCP Dummy variable of policy of Low Carbon Province (0, 1) 0 0.162 1
LCC Dummy variable of policy of Low Carbon Community (0, 1) 0 0.061 1
ECC Dummy variable of pol.lc'y'of The Construction of Ecological 0 0.061 1
Civilization (0, 1)
EPR Dummy variable of pO%le of Ecosystem Protection and 0 0.000 1
Restoration Program (0, 1)
PLA Variable that determines Whether an area is located in Plateau 0 0.091 1
Climate Zone
SUB Variable that determmfzs whether an area is located in 0 0.727 1
Subtropics Climate Zone
WAR Variable that determines vyhether an area is located in Warm 0 0.182 1
Climate Zone
In addition, considering that much attention has been drawn to the significant impact
of climate zones on local climate and socio-economic conditions, the variables of PLA, SUB,
and WAR were set to eliminate errors and improve the accuracy of the estimation. When
the experimental sites are located in the plateau, subtropics, and warm climate zones, the
values of variables PLA, SUB, and WAR were taken as 1, respectively.
3.2. Parametric Estimation
The results of global DID models are shown in Table 5. In Table 5, models (1), (3),
(5), and (7) were constructed to estimate the impacts of policies of Low Carbon Province,
Low Carbon Community, Ecological Civilization Construction, and Ecosystem Protection
and Restoration on the coupling development trend between climate and socio-economic
conditions without adding instrumental variables, while models (2), (4), (6), and (8) were
the same but included adding instrumental variables.
Table 5. Results of DID model.
Variables (W) ) 3) @ (5) (6) (7) (€)]
3.111 2.611
Lcp (1.848) (1.596)
2.900 3.121*
Lcc (1.915) (2.189)
3.567 * 3.725 **
ECC (2.381) (2.639)
4.386 * 4.255 **
EPR (2.577) (2.649)
ccl o 1.181 ** - 1.289 ** - 1.313 ** o 1.222 **
(3.510) (3.897) (4.025) (3.776)
- o 0.233 o 0.107 o 0.035 . 0216
(0.456) (0.222) (0.074) (0.444)
CSEL B ~0.830 o 0.074 B 0.723 . 1.355
(—0.262) (0.023) (0.267) (0.509)
SEI o —0.413 o 0.249 o 0.553 - ~0.239
(—0.239) (0.174) (0.394) (—0.164)
(Intercept) 6.778 ** 6.305 ** 5.667 ** 5.672 ** 5.467 ** 5.435 ** 5.414 ** 5.288 **
p (10.016) (5.513) (15.201) (6.556) (20.963) (7.382) (22.386) (7.190)
R? 0.059 0.173 0.049 0.198 0.069 0.227 0.066 0.210

Note: * represents that 0.01 < p-value < 0.05; ** represents that 0 < p-value < 0.01; the number in brackets represents the T-value.
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The outputs of the models indicated that the four main types of climate change policy
all had a positive impact on the coupling development trend whether or not the instru-
mental variables were added. After adding the instrumental variables, the three policies
(except Low Carbon Provinces) showed positive impacts on the coupling index at the
significance level of 5%. Specifically, by observing the parametric estimation results of the
models with better goodness-of-fit and instrumental variables, the coupling relationship
between climate and socio-economic condition in experimental sites of Low Carbon Com-
munity, Ecological Civilization Construction, and Ecosystem Protection and Restoration
were 3.121 (5% significance level), 3.725, and 4.235 units (1% significance level) higher than
the control group.

These findings illustrated that the proportion of policies related to ecological lands that
significantly improved the coupling degree between climate and socio-economic conditions
of the pilot sites is more than that of carbon emission-related ones. Moreover, the average
coupling degree between climate and socio-economic conditions in the pilot sites of eco-
logical land policies was significantly increased by 3.99 units after policy implementation,
which is 27.8% higher than that of carbon emission reduction policies.

In general, these two main results directly evidenced that the climate change policies
aimed at improving the area and quality of ecological lands were more conducive to the
coupling development of the climate—economy nexus than the policies focusing on restrict-
ing carbon emissions, which provides important enlightenment for the establishment of
relevant environmental policies around the world.

3.3. Robustness Test: Climate Zones

The accuracy of the results of DID models was based on the premise that the control
and experimental groups showed the same change trend [51]. Therefore, the verification
of whether there was a similar change trend in the coupling degree between climate and
socio-economic conditions within the research objects in this study was the priority issue.
If there were significant differences in the coupling relationships between climate and
socio-economic condition of cities in different climate zones, the conclusions drawn by
DID model could not pass the robustness test. Therefore, the climate zone variables of PLA,
SUB, and WAR were set in three additional DID models. The results of spatial robustness
test are presented in Table 6.

Table 6. Robustness test: climate zones.

Variables 9 (10) aamn
—0.336
PLA (—0.455)
~0.275
SUB (—0.614)
0.563
WAR (1.063)
ot 1.268 ** 1.258 ** 1.276 **
(3.8726) (3.806) (3.872)
- 0.250 0.144 0.197
(0.502) (0.297) (0.412)
0.683 0.549 0.566
CSEI (0.253) (0.203) (0.211)
- —0.406 ~0.294 ~0.658
(—0.277) (—0.207) (—0.450)
(Intercept 5.310 ** 5.565 ** 5.315 %
P (7.039) (6.373) (7.086)
R2 0149 0.150 0.157

Note: ** represents that 0 < p-value < 0.01; the number in brackets represents the T-value.

In Table 6, models (9)-(11) were constructed to verify the differences in the impact
of climate change policies on coupling development trends between climate and socio-
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economic condition in plateau, subtropics, and warm climate zones, respectively. The
results showed that the significance levels of PLA, SUB, and WAR were all greater than 5%
and there was no significant difference in the coefficients, significance of other instrumental
variables, or the goodness-of-fit between models (9)—(11) and (1)—(8). This further indicated
that no matter which climate zone the pilot site was located in, there was no statistical dif-
ference in the coupling development trend between climate and economy at the provincial
level. These outputs documented that the coupling coefficients of pilot sites involved in
the study showed a common change trend. Therefore, the estimated results of DID models
in Table 5 passed the common trend test.

3.4. Robustness Test: Time Effects

In addition, if the outputs of DID models are robust, which means the differences in
coupling coefficients of the research objects were caused by the promulgation of climate
change policies, the significant differences in climate and socio-economic condition between
the pilot sites, and the control sites should only appear before and after the time points when
the policies are launched. Therefore, this study further assumed that the first promulgation
time of policies in each pilot province of the Yangtze River Economic Belt is 1 and 2 years
ahead of schedule, and the time effect of DID models was verified by judging whether the
coefficients of virtual dummy variables were significantly positive. The results of temporal
robustness tests are presented in Table 7.

Table 7. Robustness test: time effects.

Variables 12) (13) (14) (15) (16) a7)
POLICY 1.901 B 2412 B 2,691 B
Al (1.1.50) (1.745) (1.877)
POLICY B ~1.503 B 1.964 B 1.687
A2 (—0.686) (1.428) (1.188)
1.286 1.207 +* 1.340 +* 1212+ 1.360 ** 1.386 **
DCL (3.761) (3.556) (3.847) (3.683) (4.072) (3.934)
1.622 0.127 0.014 0.076 0.225 0.220
CL (0.330) (0.257) (0.029) (0.155) (0.456) (0.439)
DURE 0.597 0.202 0.184 —0.052 0.169 0.367
(0.190) (0.064) (0.064) (—0.017) (0.061) (0.123)
0.077 —0.007 0.427 0.246 0.032 0.057
URB (0.053) (—0.005) (0.299) (0.172) (0.022) (0.038)
(ntercepyy T4 5.490 ** 5.575 ** 5.572 % 5.512 ** 5.517 *
(5.815) (4.941) (7.213) (6.912) (7.324) (7.065)
R 0.164 0.157 0.194 0.180 0.192 0.172

Note: ** represents that 0 < p-value < 0.01; the number in brackets represents the T-value.

In Table 7, model (12), (14), and (16) were constructed to estimate the impacts of climate
change policies in cases that the policies were launched 1 year in advance, while model (13),
(15), and (17) represent the results of 2 years in advance. The results presented in Table 7
indicated that the policies did not significantly affect the coupling development trend in the
hypothetical scenario since the significance levels of coefficients POLICY A1 and POLICY
A2 in model (12)—-(17) were all greater than the threshold value of 5%. These results further
illustrated that the impacts of climate change policies on the coupling development trend
only existed before and after the promulgation of each policy, and the temporal robustness
of DID models was verified, as well.

In summary, the effect of climate change policies on coupling the development trend
of climate—economy nexus only occurred after the implementation of the policy. Therefore,
the main results of this study on the value neutrality in China’s environmental policies are
robust and reliable.
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4. Discussions

The empirical results in Section 3 indicated that China’s climate change policies, except
for Low Carbon Provinces, effectively promoted the coupling trend between climate and
socio-economic conditions in China, showing strong value neutrality. However, the policies
with different content and objectives showed a significant difference in the impacts on
the environment-development nexus. Specifically, the environmental policies targeting
improving the area and quality of ecological lands with forests as the core (Ecological
Civilization Construction and Ecosystem Protection and Restoration) are more conducive
to the coupling development of the environment-development nexus and show stronger
value neutrality than the policies focusing on restricting carbon emissions (Low Carbon
Provinces and Low Carbon Community). There are two possible explanations for this.

On the one hand, the more specific implementation contents might be the key to
the stronger value neutrality of ecological land policies. Within the case study area, the
carbon emission policies proposed by the provincial governments of China didn’t include
the implementation path to achieve the low-carbon goals. The governments of Hubei
and Yunnan province only take the establishment of the low-carbon industrial system
and the construction of greenhouse gas emission dataset as the core and objectives of
carbon emission reduction policies. This result ties well with recent studies on China’s
policy of carbon emission. It has been demonstrated that proposing targets for industrial
transformation and developing environmental plans is not effective in moderating regional
carbon emission levels. Starting with the carbon trading process and improving the core
technology of carbon dioxide emission are reasonable approaches to deal with climate
change [52,53]. In contrast, the policies related to ecological land protection stipulated
specific objects and strategies to optimize the area and quality of forests, water, and other
types of land-use with outstanding ecosystem optimization and restoration functions.
Improving the regional forest coverage, forest reserves, and establishing national parks,
which could comprehensively improve the biodiversity and ecological vitality of regional
forest and water ecosystems, were recognized as the three main approaches to deal with the
negative impact of the dramatic climate change. This is also reported in Sotirov and Storch’s
investigation on European forest policies; the objectives, tools, and practices of forest
policies in France, Germany, the Netherlands, and Sweden have demonstrated effectiveness
and stability over the past decades. The implementation guidelines of these policies, which
directly address timber production, timber harvesting, sustainable forest management, and
biodiversity conservation, are an important guarantee of their effectiveness [54,55].

On the other hand, the stronger value neutrality of climate change policies related to
ecological land protection might be the result of the upgrade in implementation strategy
of China’s environmental policies and the promotion of citizens” environmental aware-
ness. Carbon emission reduction policies were mainly released before 2012, while the
main content of climate change response policies after 2015 turned out to be ecological
land protection. Tang and Chen [56] summarized that Chinese central government re-
garded environmental protection as the main task in China’s future growth after 2015, and
the motivation of local government’s environmental governance was also increasing. In
addition, the continuous improvement of public attention to environmental protection
and the rapid development of new media had also promoted the rapid increase of Chi-
nese citizens’ ecological protection awareness, which has greatly promoted the efficient
implementation of environmental policies in recent years [57]. As a result, the climate
change policies related to ecological lands launched after 2012 could effectively promote
the coupling development trend between climate and socio-economic conditions. Overall,
our assumptions on the link between environmental awareness and value neutrality of
climate change policies are in accordance with findings reported in previous literature.
As the environmental policies of urban residents improve, the regional environmental
quality and the efficiency of environmental policy implementation will increase in parallel.
In addition to this, environmental awareness and environmental policy have a mutual
influence mechanism with each other [58-60]. Moreover, since the impact of the upgrading
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of citizens’ environmental awareness on the implementation efficiency of environmental
policies is sometimes ignored, environmental education and climate protection publicity
should also be carried out together with the proposal of environmental policies.

In addition, it is important to highlight that although the empirical results of this
study suggest the climate change policies aimed at improving the area and quality of
ecological lands were more conducive to the coupling development of the climate—economy
nexus than the policies focusing on restricting carbon emissions, the shortcomings and
expertise of both types of climate change policies had also been widely reported in related
literature. Specifically, climate change policies related to ecological land run the risk of
creating conflicts of interest in biological resources while addressing the negative impacts of
climate change by restoring regional ecosystems and biodiversity, especially in the Pacific
Northwest [61]. While the policies related to carbon emissions are seen as having a negative
economic impact in the short term, they promote the use of natural gas and renewable
energy and the transformation of the energy structure in the long term [62].

5. Conclusions and Policy Implications

In this paper, we proposed a quantitative framework to measure the effectiveness of
climate change policies and compared the value neutrality of policies aiming at reducing
carbon emissions and optimizing forests. Taking the Yangtze River Economic Belt in
China as an example, we clarified the impact of climate change policies on the coupling
development trend between regional climate and socio-economic conditions and judged
the value neutrality of these policies.

The results showed that the proportion of policies related to ecological lands that
significantly improved the coupling degree between climate and socio-economic condi-
tions of the pilot sites is more than that of carbon emission related ones. Moreover, the
average coupling degree between climate and socio-economic conditions in the pilot sites
of ecological land policies was significantly increased by 3.99 units after policy implemen-
tation, which is 27.8% higher than that of carbon emission reduction policies. Together,
these findings confirmed that the climate change policies aimed at improving the area
and quality of ecological lands were more conducive to the coupling development of the
climate-economy nexus than the policies focusing on restricting carbon emissions.

Based on the above conclusions, we put forward the following policy implications for
the Chinese government. Firstly, the coupling index between climate and socio-economic
conditions among policy pilot sites before and after policy implementation should be
considered as the indicators of policy effectiveness evaluation. Compared with the direct
statistics of environmental and economic data, coupling relationship is more conductive
to judge the long-tern comprehensive impact of policy implementation on the regional
climate-economy nexus and evaluate the value neutrality within the climate change poli-
cies. Secondly, the objectives and implementation strategies of climate policies should
be specific. For example, the policies aiming at reducing carbon emissions could take
optimizing the carbon cycle system of new building materials, improving the utilization
rate of low-carbon energy in the industrial system, and actively promoting the utilization
rate of public transport as the primary implementation strategies. In general, taking the
coupling relationship between economic and environmental systems in pilot regions into
consideration and refining specific measures for policy implementation are summarized as
two potential improvement directions for global future policy responses for climate change
from this pilot study.

The main academic contribution of this study is to design a new evaluation framework
for the value neutrality of climate change policies from the perspective of dynamic coupling,
and quantitatively compare the difference in the effectiveness of the current mainstream
climate change policies. It brings a new perspective and methodology for the future
evaluation of environmental policies and provides a quantitative basis for the formulation
and implementation of future climate change policies.
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Due to the limitations in data and methods to measure the implementation mode
of environmental policies, the relationship between implementation mode and efficiency
of policies was not included in the regression models. This is the main deficiency of this
paper. Therefore, clarifying the impact mechanism of different implementation modes on
the effectiveness of environmental policies will be the future direction of this study.
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