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Abstract

The Paris Agreement set long-term global climate goals to pursue stabilization of the global mean
temperature increase at below 2 °C (the so-called 2 °C goal). Individual countries submitted their own
short-term targets, mostly for the year 2030. Meanwhile, the UN’s sustainable development goals
(SDGs) were designed to help set multiple societal goals with respect to socioeconomic development,
the environment, and other issues. Climate policies can lead to intended or unintended consequences
in various sectors, but these types of side effects rarely have been studied in China, where climate
policies will play an important role in global greenhouse gas emissions and sustainable development is
amajor goal. This study identified the extent to which climate policies in line with the 2 °C goal could
have multi-sectoral consequences in China. Carbon constraints in China in the 2Deg scenario are set
to align with the global 2 °C target based on the emissions per capita convergence principle. Carbon
policies for NDC pledges as well as policies in China regarding renewables, air pollution control, and
land management were also simulated. The results show that energy security and air quality have co-
benefits related to climate policies, whereas food security and land resources experienced negative side
effects (trade-offs). Near-term climate actions were shown to help reduce these trade-offs in the mid-
term. A policy package that included food and land subsidies also helped achieve climate targets while
avoiding the adverse side effects caused by the mitigation policies. The findings should help
policymakers in China develop win—win policies that do not negatively affect some sectors, which
could potentially enhance their ability to take climate actions to realize the global 2 °C goal within the
context of sustainable development.

1. Introduction

The Paris Agreement reaffirmed the ultimate climate
goal of keeping the increase in global average temper-
ature to well below 2 °C above pre-industrial levels [1].
Individual countries submitted their near-term cli-
mate targets as part of their Nationally Determined

Contributions (NDCs). At the same time, the UN has
established Sustainable Development Goals (SDGs)
regarding poverty, hunger, gender, and other impor-
tant issues. SDGs and climate actions are strongly
related; in fact, climate action is SDG 13, and the
concept of sustainable development was included in
the Paris Agreement. This implies that governments

©2019 The Author(s). Published by IOP Publishing Ltd
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need to consider multiple objectives and be aware of
the fact that climate change mitigation measures can
have positive or negative consequences (i.e. co-bene-
fits and trade-offs) in various sectors. This interactive
nature of policies requires coordination between
societal groups to promote sustainable development
in its broadest sense.

SDGs could be used to shore up support for cli-
mate actions [2]. SDGs provide both challenges and
opportunities in terms of climate change mitigation
because trade-offs between the climate change mitiga-
tion and other sectors can be barriers, whereas co-ben-
efits can be incentives. Resolving the difficulties that
trade-offs present and taking advantage of the co-ben-
efits could enhance broader social acceptance of cli-
mate policies and promote climate actions in general.

Climate policy affects various SDG-related sectors,
such as energy security [3, 4], air quality [5, 6], human
health [7, 8], land management [9, 10], food security
[11-13], water scarcity [14, 15], and biodiversity [16].
In addition, the timing of climate change mitigation
and the implementation of policy instruments can
change the multi-sectoral consequences. For example,
weak short-term climate policy could lead to less
synergy and substantial trade-offs being locked into
the system [17]. Land resources are relevant, among
other reasons, for afforestation and the large-scale use
of bioenergy crops, both of which are considered as
major negative emission technologies required for
deep decarbonization [18]. Gao and Bryan [19], how-
ever, noted that substantial contributions from sectors
other than the land sector are needed, such as from
clean energy, food systems, and water resource man-
agement. Nevertheless, when implementing land-
based climate polices, careful design of land policies is
essential. Calvin et al [9] assessed the trade-offs in
achieving climate targets under five alternative bioe-
nergy and land-use policies and found that deforesta-
tion would be widespread if no complementary land
policy was implemented. Fujimori et al [20] suggested
that inclusive food policies should be considered toge-
ther with climate policies to avoid the food security
concerns often linked to climate change mitigation.

Consideration of as many SDG dimensions as pos-
sible can provide better insights to policymakers to
formulate better policies. This implies that a systema-
tic assessment framework of the impacts of climate
policies on multiple SDGs is necessary. Studies by von
Stechow et al[17], Jakob et al [21] and Iyer et al [22] are
examples of assessments of climate policies in multiple
sectors closely related to global SDGs.

Generally, assessing synergies and trade-offs is the
first step in studying this issue, and a next step is
searching for solutions to resolve sustainability issues.
Van Vuuren et al [23] analyzed how different combi-
nations of technological measures and behavioral
changes could achieve multiple sustainability goals.
Humpendéder et al [24] discussed methods of resolving
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sustainability trade-offs brought by large-scale bioe-
nergy production, such as forest or water protection
(but these caused increases in food prices) or agri-
culture intensification and fertilization efficiency
improvement. Bertram et al [25] discussed solutions
to reduce the sustainability risk for the 1.5 °C case
through regulation policies (alternative climate poli-
cies), early action, and lifestyle changes. Actual coun-
termeasures or policy implementations are mostly
made at national or even local scales, even though cli-
mate change is a global issue. Similarly, specific SDG
targets are set at the national level and on a national
scale. Within that context, national policy proposals
are essential to resolve sustainability issues associated
with climate actions but studies at the national level
are still limited. Gao and Bryan [19] is an exception
that explored land sustainability in Australia, but they
did not include the energy system in their modeling
scheme, and co-benefits such as air quality or energy
security improvement were not considered as part of
the sustainable pathway.

China is among the largest greenhouse gas (GHG)
emitters in the world. It can make great contributions
to and set a good example for the achievement of cli-
mate goals though successful decarbonization. Some
sustainability issues, however, have accompanied its
rapid economic development. For example, air pollu-
tion and associated health issues are severe [6], and
urbanization has encroached on croplands. In addi-
tion, China has the world’s largest population, and this
requires a focus on food security concerns and calls for
better land management [26]. This also means that the
number of people at risk of being exposed to sustain-
ability issues would be extremely high if China fails to
follow a sustainable development pathway. All of these
factors make China a good country to use as a case
study.

In this paper, we outline the multi-sectoral con-
sequences of SDG-related climate policies in China
and explore the pathways and solutions to counteract
the trade-offs. For this purpose, we used an integrated
assessment model and simulated future scenarios
through 2050. We focused on two research questions:
(1) What are the trade-offs and co-benefits associated
with climate policies with respect to SDGs? and (2) Are
there ways to implement sustainable climate policy
instruments in line with the 2 °C goal that will elim-
inate trade-offs? The study is novel in that it includes a
multi-sectoral analysis with respect to climate change
mitigation in China, and moreover, provides a con-
crete and numerical climate policy pathway for dimin-
ished SDG-related trade-offs. The findings should
help policymakers in China to consider win—-win solu-
tions that do not negatively affect other sectors
and thereby promote climate actions to realize the glo-
bal 2°C goal within the context of sustainable
development.
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Table 1. SDG-related indicators.
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SDG Indicator Calculation Standardization

Energy security TPES diversity Q; x In(Q;), where Q; is share of each type SWDI for energy security was standardized
of primary energy in Total Primary using (Value in Baseline/Value in
Energy Supply (TPES). Refer to SI scenario—1) x 100%.
figure 4.

Energy security TPES imports Total primary energy imports

Air quality SO, emission SO, emissions per year Other indexes were calculated using (Value in

scenario/Value in Baseline—1) x 100%

Air quality NOy emission NO, emissions per year

Air quality BC emission BC emissions per year

Food security Food price Consumer price of non-energy crops and

livestock

Food security People at risk of

People at risk of hunger

Each standardized index represents a co-bene-

hunger fitifitis negative and a trade-off if it is posi-
tive. The larger the index is, the more risk
occurs
Food security Food trade Total food imports/total consumption
dependence
Land management  Deforestation Forestarea
2. Methodology diversity index (SWDI) reflects diversity. Forest area
was selected as an indicator of sustainable forest
2.1.Model management because it is related to ecosystem con-

We used the China model of AIM/CGE (Asia-Pacific
Integrated Modeling/Computable General Equili-
brium), which has been widely used in climate
mitigation and impact assessment [8, 27-29]. AIM/
CGEis arecursive dynamic general equilibrium model
that includes 42 industrial classifications. The model
can simulate whole economic system including energy
and land use system wherein the equilibrium is
determined every year and capital stock is turned over
to the next year. Future socioeconomic assumptions
and parameter settings were based on Shared Socio-
economic Pathway 2, and was described in detail by
Fujimori et al [30]. Please refer to SI.A for a more
detailed model description.

2.2. Selections of multi-sectoral indicators

We selected nine indicators (table 1) that are relevant
to four SDG aspects other than climate action (SDG
13): combat hunger (SDG 2), reduce deaths from air
pollution (SDG 3.9), affordable and clean energy (SDG
7), and sustainable forest management (SDG 15.2).
For hunger, the number of people at risk of hunger is
the most relevant indicator; in addition, we used
indices for food price and food trade dependency. An
increasing food price index can be interpreted as
worsening conditions in low-income households. For
reducing deaths from air pollution, we considered the
annual emissions of three main air pollutants, SO,,
NO,, and black carbon (BC), which were the indica-
tors used in [23]. Energy security was considered as an
energy aspect for SDG 7. Indices for trade dependency
and energy diversity were quantified, representing two
aspects of energy security: sovereignty and resilience
[31, 32]. The total primary energy imports index
reflects trade dependency, and the Shannon-Weiner

servation [9, 33, 34]. The Shannon—Weiner diversity
index is calculated using outputs from the model. All
other indicators are derived directly from the model.
We could not calculate all of the indicators that were
relevant to the SDGs, and therefore nine representative
indicators were selected considering the model’s cap-
ability. The indicators we selected had some limita-
tions. For example, air-pollution concentrations are a
direct indicator of the pollution levels in China.
However, we could not calculate them in AIM/CGE
due to the limitations of the model. We also did not
have a species diversity index for biodiversity, but
rather used forest area as a proxy indicator.

To analyze these indicators, we compared mitiga-
tion scenarios with a baseline scenario for each year.
Note that the impacts of climate change, such as
increased flooding risk and a rising sea level, are not
specifically considered in our modeling framework
because the primary goal of this study was to explore
the direct consequence of climate change mitigation
actions. Also, there are some areas where both con-
sequences of climate change mitigation and climate
change impacts occur simultaneously. For example,
climate conditions may change crop yield, which is
associated with food security, but climate mitigation
may also change agricultural production costs. In this
case, we only considered the mitigation effects in the
model.

2.3. Scenario design

Three kinds of scenario were used in our analysis. In
the first set of scenarios, a carbon price (or carbon
emission cap) is implemented without considering
other sector conditions. With this group, our aim was
to identify the trade-offs and co-benefits of climate
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Figure 1. GHG emissions pathways for the three scenarios through 2050.
Table 2. Policy representations in the scenarios.
Targets in govern-
Scenarios ment plans 2015 2020 2030 Data source
All scenarios Bioelectricity 10300 MW 15 000 MW Renewables 13th 5 year plan [35]
Gas 66030 MW Energy 13th 5 year plan [36]
Nuclear 27170 MW 58 000 MW Electricity 13th 5 year plan [37]
Hydro 319540 MW 340 000 MW Renewables 13th 5 year plan
Wind 129000 MW 210 000 MW Renewables 13th 5 year plan
PV 43180 MW 105 000 MW Renewables 13th 5 year plan
Air pollutants SO,:19.74 Mt 15% off China Environment Statistic Year-
NO,:20.78 Mt (Cumulative) book, environmental protection
13th 5 year plan [38]
Forest cover 21.63% >23% >24% Chinaland planning [39]
NDCscenarios  Carbon intensity 40%—-45% 60%—-65%  NDC[40]
CO, peak Yes NDC
Non-fossil share 15% 20% NDC

policies. In the second set of scenarios, we added policy
instruments that resolve the negative side effects
identified in the first set of scenarios. In these
scenarios, we used the same climate change mitigation
targets (i.e. the same carbon price and GHG emissions
pathways). In the third set, we conducted a sensitivity
analysis to explore the robustness of our primary
findings.

With respect to the simple climate mitigation mea-
sures, we implemented two types of climate policy
assumptions that are consistent with the 2 °C goal, but
the timing of the start of implementation of stringent
actions differed. One assumed the current Chinese
NDC target is achieved by 2030 and then goes on to the
deep decarbonization target (2Deg(NDC)). The
other assumed that drastic emission reduction starts
immediately. This latter 2Deg(EarlyAct) scenario is
normally interpreted as a so-called cost-effective miti-
gation scenario for the global 2 °C goal. The emissions
trajectories for these assumptions and a Baseline sce-
nario (no carbon price assumed) are shown in figure 1.
The determination of carbon budget in China can be
found in SI.B. In addition to climate policies in the
form of carbon constraints in the model, we simulated

policies regarding energy, air, forest and NDC targets
based on government plans (table 2). The 2Deg(NDC)
scenario implemented NDC policies, such as CO,
peaking in 2030, increased non-fossil fuel share, and
the carbon intensity goal (60%-65% reduction from
the 2005 level). The energy policy in 2020 was assumed
to follow China’s thirteenth 5 year plan for hydro,
wind, PV, and nuclear energy. The afforestation policy
was assumed to achieve the forest area goal in 2020 and
2030 in all scenarios, based on China’s land-use plans.
The air-quality policy assumed SO, and NO,. emission
constraints in 2015 and 2020 in all scenarios based on
China’s thirteenth 5 year plan.

The second set of scenarios implemented subsidies
for forest land rent and food goods. We chose these
policy instruments because food security and land
management risk were identified as negative side
effects of the implementation of the simple climate
policy (see the Results). Note that we merely demon-
strate one example from the wide array of possible pol-
icy packages, and this is not intended to reflect
exhaustive measures. To configure the subsidy rate, we
used a trial-and-error procedure to determine the sub-
sidy level that canceled out the negative side effects
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Scenario category Research purposes

Scenario description

Baseline
Simple policy scenarios

impacts

Comprehensive policy
scenarios
subsidy

Sensitivity scenarios Test the robustness of our findings

Reference to derive multi-sectoral implications
Identify trade-offs and co-benefits of climate
policies on SDGs and test near-term action

Add complementary policies to combat trade-
offs: forest land rent subsidy and food price

No carbon prices

2Deg(NDC): reflects the tendency of current policy in
China before 2030 but meets 2 °C goal by the end of
this century

2Deg(EarlyAct): follows the least-cost mitigation
scenario

2Deg(EarlyAct)+Combine: 180% forest land rent sub-
sidy and 67% food price subsidy were assumed on the
basis of 2Deg(EarlyAct) scenario.

See table 4

Table 4. Sensitivity scenarios.

Scenario name Description

GDP_High SSP1 assumption, higher GDP
GDP_Low SSP3 assumption, lower GDP
POP_High SSP3 assumption, higher population
POP_Low SSP1 assumption, lower population
Trs_High SSP3 assumption, higher transportation demand
Trs_Low SSP1 assumption, lower transportation demand
Yield_High SSP1 assumption, higher yield
Yield_Low SSP3 assumption, lower yield

NoCCS CCS not available

NoBECCS BECCS not available

caused by the simple climate mitigation policy. We
aimed to design a scenario in which there was no
increase in the number of people at risk of hunger and
no deforestation compared with the BaU scenario.
Based on such a consideration, we selected a subsidy
rate that was just enough to eliminate the trade-off
effects. The actual subsidy rates chosen were 67% for
food price and 180% for forest land rent. The food
subsidy means that 67% of the consumer price of food
is paid by the government, reducing the price to 33%
of the unsubsidized price. The forest subsidy repre-
sents a government subsidy that is transferred to
households holding forests based on the area of the
forest. A 180% subsidy rate means that twice the rental
value of the land can be given as a subsidy for holding a
forest area. Table 3 summarizes the first and second
sets of scenarios.

We selected several major uncertain socio-
economic factors as presented in table 4, which are
often taken into account in integrated assessment
model studies. GDP_High, GDP_Low, POP_High,
and POP_Low represent socioeconomic development
conditions, which are drivers of GHG emissions as
well as drivers of air pollutant emissions, land use, and
other sustainable development factors. Trs_Low and
Trs_High represent people’s behavioral changes in
transportation toward a sustainable direction or a
non-sustainable direction. China’s economy is grow-
ing quickly and has rapidly urbanized, which has
resulted in an increase in the demand for transporta-
tion. The development of the transportation sector

could have large effects on future challenges related to
emission mitigation, air pollution, energy security,
and other factors. Yield_High and Yield_Low repre-
sent uncertainty in agricultural technology develop-
ment because agricultural land requirements may be
closely related to the future yields [41, 42]. The NoCCS
and NoBECCS sensitivity scenarios represent uncer-
tainties in the availability for carbon capture and sto-
rage (CCS) technology. Uncertainty related to CCSisa
current focus in the research community and will be
an important determinant for shaping both the energy
and land-resource systems [43]. All sensitivity scenar-
ios are based on 2 Deg(EarlyAct) + Combine scenario

3. Results

3.1. Positive and negative side effects of climate
policy

Figure 2 illustrates the indicators in the climate
mitigation only scenarios. All of the air quality and
energy security indices exhibit co-benefits. SO,, NO,,
and BC emissions in 2030 are 8.02, 10.2, and 0.72 Mt
in the 2Deg(EarlyAct) scenario, much better than
those of the Baseline (12.9, 15.2, and 0.98 Mt,
respectively) (supplementary figure SL1 is available
online at stacks.iop.org/ERL/14/124070/mmedia).
Those in 2Deg(INDC) scenario were between the two
(11.4,13.6,and 0.91 Mt, respectively). Time series data
indicated that carbon prices and pollutant emissions
are well interlinked (figures SI.1 and SI.2). In the
Baseline scenario, air pollutants peak in 2030 and then
sharply decrease, whereas the early action scenario
cuts off the near-term peaks. Thus, early climate action
is preferable from the perspective of reducing air
pollution. In terms of energy security, both the
primary energy diversity index and imports in
the mitigation scenarios are better than those in the
Baseline. For example, in 2050 they are 2.1 and 36.4 EJ
in 2Deg(EarlyAct), respectively, 1.32 and 61.6 EJ in
BaU scenario and 1.51 and 15.1 EJ in 2Deg(NDC)
(figure SI.3). For China, alarge use of renewable energy
such as wind and solar can improve energy security
significantly.
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Figure 2. Risk percentage change from the Baseline for the 2Deg(NDC) and 2Deg(EarlyAct) scenarios. (The results are in reference to
the Baseline using the standardization explained in table 1. A negative value indicates a co-benefit and a positive value indicates a
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We also identified adverse side effects in land man-
agement and food security (figure 2). 2030 and 2050
show similar tendencies, but the effect is smaller in
2030. The 2Deg(EarlyAct) scenario has less deforesta-
tion than that of 2Deg(NDC) in 2050, mainly due to
drastic emission reductions after 2030 in the 2Deg
(NDC) scenario that compensate for emissions before
2030 with delayed mitigation. The immediate near-
term emission reduction relieves the burden of carbon
constraints in the long term and lessens the need for
negative emission techniques that could harm land
sustainability.

The indicators overall suggest the operation of
trade-offs trade-off and food security in both the 2Deg
(EarlyAct) and 2Deg(NDC) scenarios, in which food
consumption decreases and the number of people
with hunger increases due to the carbon policies.
Toward 2050, income growth contributes to reducing
the number of people at risk of hunger (figure SL5) in
all scenarios. In the mitigation scenarios, land resour-
ces are demanded for energy crop production, which
is stimulated from the demand for biomass associated
with negative emissions. In addition, non-CO,

emissions in the agricultural sector can cause addi-
tional production costs. Both of these dynamics cause
increased food prices.

A large-scale biomass expansion can compete with
food production and afforestation via competition for
land resources. This is the central point where trade-
offs between climate change mitigation and other sec-
tors are observed. There is little incentive to grow bio-
mass in the Baseline scenario (figure SI.6), but in the
2Deg(EarlyAct) and 2Deg(NDC) scenarios, land com-
petition between energy crops, forest, and food begin
in 2020. By 2030, land use for energy crops is 49.7 mil-
lion ha in the 2Deg(EarlyAct) scenario and 24.0 mil-
lion ha in the 2Deg(NDC) scenario. To compensate
for the additional emissions in the near term, the car-
bon price is much higher by 2050 in 2Deg(NDC) than
in 2Deg(EarlyAct) (figure SI.2), which drives the
increase in the amount of land used for energy crops.
The forest area in the 2Deg(NDC) scenario in 2050 is
215.6 million ha, which represents a 10.1% decrease
from the Baseline. The forest areas in the 2Deg(Ear-
lyAct) and Baseline scenarios are 218.5 and 239.7 mil-
lion ha, respectively.
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Figure 3. Risk percentage change from Baseline for the 2Deg(NDC), 2Deg(EarlyAct) and 2Deg(EarlyAct) + Combine scenarios in
2050. The indicator calculations are the same as described in figure 2.

TPES diversity

TPES imports

BC emission

3.2. Necessity of a complementary policy package

To avoid the above-mentioned adverse side effects, we
implemented a complementary policy package as an
illustrative example. The land and food security
indicators, which became worse under simple climate
mitigation, remained near the baseline level with this
policy package (figure 3). Under forest and food
subsidy policies, all of the investigated indicators
achieved a zero trade-off in 2050 as compared with the
Baseline scenario. The cost for these policies can be
measured by macroeconomic indicators such as GDP
losses. In 2050 this policy package is actually cost
negative (i.e. it contributes to a greater GDP;
figure S1.7).

We also examined the cases where only the forest
protection policy or only the food policy is imple-
mented (see table SI.1 for additional scenario descrip-
tions). However, the forest-only policy addition
worsened food security in terms of people in risk of
hunger (figure SI.8), mainly because the forest protec-
tion policy tightened the land market and forced
decreases in the food production area. Similarly, the
food subsidy alone increased deforestation risk (figure
SL.9). Therefore, these two packages need to be imple-
mented simultaneously.

3.3. Sensitivity analysis

The results of the sensitivity analysis (figure 4) showed
the robustness of the sustainability of our chosen
climate mitigation pathway. In figure 4, the sensitivity
scenarios are shown into 3 groups. The NoCCS
scenario is shown alone because its impacts are larger
for some of the SDG-related indicators. And the
POP_High and GDP_Low scenarios are grouped

because they both have negative impacts on food
security. Excluding these 3 scenarios that need paid
special attention to, the remaining 7 were grouped
together.

The 10 sensitivity scenarios had a forest area in
2050 that ranged from 239.9 million to 254.1 million
ha, whereas that of the baseline was 239.9 million ha.
The uncertainty in deforestation, energy security (CCS
availability is an exception), and air pollution caused
by social development uncertainties is not as large as
the uncertainty caused by climate policy uncertainties.
Conversely, food security indicators are largely affec-
ted by socioeconomic conditions rather than the cli-
mate policies. In particular, the POP_High and
GDP_Low sensitivity scenarios showed much greater
negative impacts on hunger as compared to the
Baseline.

4. Discussion

We first identified sectors where simple climate
mitigation policies can have positive and negative side
effects. The land-related sectors, food security and
forest area, were negatively affected (trade-offs),
whereas the energy and air-quality related indicators
were positively affected (co-benefits). Early climate
action is preferable because it would increase the co-
benefits in the near term and decrease the trade-offs in
the mid-term. We then showed how an illustrative
complementary policy package would mitigate the
negative side effects. The policy package was formu-
lated by implementing subsidies targeted specifically
at food consumption and forest land area. The cost of
these measures was shown to be relatively small or

7
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Figure 4. Selected SDG-related indicators for the sensitivity scenarios outlined in table 4. All sensitivity scenarios are based on 2 Deg

even negative. We also confirmed that these findings
are robust to some socioeconomic factors.

To implement a 67% food-subsidy policy, the
government needs to allocate approximately 2%—-3%
of GDP each year. This could be financed partly by
carbon revenue. The remainder could be financed by
reducing government expenses and cutting invest-
ment projects that do not meet environmental stan-
dards. There are many difficulties in financing food
subsidies. This indicates the necessity of additional
complementary policies that will help to resolve the
food security problem, such as improvements in
agricultural technology that will lead to yield increa-
ses. It is important to stress that the complementary
policy is only an illustrative example and somewhat
naively represents the CGE model. There was
assumed to be no difference in the subsidy rates
between crops or forest types. The subsidy for food
was simply assumed to return to the producers to
keep the price down. Also, there was no differ-
entiated treatment for different income levels among
buyers. Spatial differences and local information
were not considered. Therefore, this policy package
was not meant to be exhaustive, and actual policy
implementation can be much more complicated and
encounter difficulties associated with specific local
circumstances. In addition, subsidies are not the
only way to accomplish the same result—regulatory
measures or even taxes could be used as well.

The question of how to promote near-term cli-
mate actions, for example, moving from the 2Deg
(NDC) pathway to 2Deg(EarlyAct) arises from the
results. The co-benefits in the near term can act as
incentives to promote climate policies for several rea-
sons. First, these co-benefits offset the costs of climate

policies by, for example, reducing the required legisla-
tion policy cost [44] or providing additional welfare
gain [6]. Second, as shown in our results, air quality
improvement and energy security gains can be realized
in the near term, but climate change gain is expected in
the future. Finally, co-benefits also have privatizing
effects [45]. The presence of co-benefits may some-
times actually be the main reason certain climate
change mitigation actions are taken [46]. Therefore,
we should utilize our understanding of co-benefits
across multiple sectors to promote more stringent cli-
mate policies in the near term.

Land resource limitations are a determinant in the
trade-offs among development-related indicators.
Our results confirmed that forest protection policies
can protect natural areas but could harm food secur-
ity. To address this concern, (1) additional measures
should be taken to tackle the energy-food-land nexus,
such as technology improvements in the agriculture
sector, better agriculture and land management, and
improved food trade policy; and (2) coordination is
needed between environmental policy, climate policy,
and food security policy [26]. Each of these requires
better governing and collaboration among multiple
government departments. Political and governmental
leaders need to be better prepared and trained for such
requirements.

This study has several limitations and several
future research directions are indicated. First, we only
show country-level indicators, but local-level condi-
tions should also be presented. For many SDGs, local
conditions are for the primary consideration of policy-
makers. In addition, climate policy strategies may vary
across local regions and have varying impacts on SDG-
related indicators. In future research, we plan to
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include spatial models with more local details. Second,
the SDGs incorporated in this study do not cover all
indicators. To have a more comprehensive under-
standing of side effects and provide more information
for policymakers, we should include as many aspects
as possible. For example, we plan on including indica-
tors such as water scarcity in future analyses. Finally,
we cannot compare the level of urgency between dif-
ferent indicators; that is, the relative importance of
SDG-related indicators is not represented. For exam-
ple, air pollution may be of high priority to the Chi-
nese government, but another factor may be more
important to others.

5. Conclusions

This study assessed the side effects of climate policies
on multiple SDG-related sectors and found a climate
policy pathway that is reconciled with SDGs. Energy
security and air pollution can have great co-benefits
from climate mitigation measures, whereas food
security and land resources experience trade-offs. To
resolve the trade-offs, early climate action is prefer-
able, and near-term climate action to reduce GHG
emissions is a critical factor because it also helps to
reduce trade-offs in the mid-term. We proposed a
subsidy mechanism for food goods and land rent as an
illustrative example of a complementary policy pack-
age that successfully diminished the negative side
effects while maintaining the co-benefits. In the mid-
term, policy coordination among the target spaces is
essential to prevent the negative impacts associated
with climate change actions.
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