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Effectiveness of carbon dioxide emission
target is linked to country ambition and
education level
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In response to the Paris Agreement, a growing number of countries, 123 in total, have committed to
carbon reduction targets. While existing research has assessed various policies’ effectiveness in
achieving these targets, the potential of the act of goal-setting itself as a policy instrument has been
underexplored. Here we leveraged a comprehensive panel dataset spanning 163 countries from 2011
to 2022 and employed a rigorous difference-in-difference model. Empirical findings reveal that both
proposing carbon reduction targets and setting higher targets effectively reduce emissions intensity.
The mechanism driving the impact of carbon reduction targets on CO2 emissions centers on the level
of education, rather than renewable energy capacity, requiring further investigation to themechanism.
Subsequent analysis establishes connections between target levels and renewable energy capacity.
Our results advocate for dynamic updates of carbon reduction targets aligned with renewable energy
capacity when formulating climate objectives.

Due to rapid industrialization and the escalating demand for energy, the
release of carbon dioxide and other greenhouse gases has played a pivotal
role in driving global shifts in temperature. In more specific terms, the
human-induced increase in global surface temperatures has amounted to
approximately 1.07 °C between the periods 1850–1900 and 2010–20191.
This shifting climate landscape ushers in a higher frequency of extreme
weather events2, resulting in property damage3,4 diminished agricultural
productivity3,5. Moreover, scientific evidence underscores the detrimental
effects of climate change on both physical and mental well-being6. To
address these challenges, the Intergovernmental Panel on Climate Change
(IPCC) has established an ambitious target of limiting global warming to
1.5 °C above pre-industrial levels7. To achieve this goal, a reduction of
approximately 45% in global net anthropogenic CO2 emissions from 2010
levels is imperative by 2030, with the subsequent achievement of net zero
emissions in the latter half of the century8.

Recognizing the gravity of climate change, national governments
worldwide have taken proactive measures. In 2015, 193 parties united in
their commitment to combat climate change by signing the Paris
Agreement9. Signatories to this agreement pledge to submit Nationally
Determined Contributions (NDCs) and strengthen their efforts through
ongoing progress assessments. By 2022, 147 countries had submitted their
first NDCs, with 123 of these nations establishing individual carbon

reduction targets in the NDCs (hereinafter referred to as carbon reduction
targets). Unlike technical companies that can provide direct technical
solutions, governments rely on a range of management tools to meet their
carbon reduction objectives. Existing research has delved into policy
instruments such as carbon taxes10,11, emission trading10,12, and regulatory
frameworks13,14 to effectively attain these goals.

In this context, the concept of goal-setting emerges as a valuable
management tool to address greenhouse gas emissions. At the individual
level, research has established a strong correlation between self-set goals and
personal performance, spanning work-related achievements and academic
grades15–18. Such goal-setting impacts also extend to organizational perfor-
mance enhancement19,20. While nations can be viewed as aggregations of
individuals and entities, limited researchhas explored the impact of national
targets, particularly in the realm of climate governance. Nevertheless, evi-
dence suggests the efficacy of goal-setting in enhancing public administra-
tion and policy implementation21–23. However, the utilization of goal-setting
theory in climate change governance remains underexplored, with recent
studies focusing on its application in city-level climate governance24.
Another study examined the localization of the European Union’s sus-
tainable target and found the EU’s target had a discursive effect on the
national and local levels25. Lastly, at the international level, goal-setting
policy in the form of Sustainable Development Goals has received
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considerable attention in the area of global governance26, although empirical
evidence to support their effectiveness remains scarce.

This study aimed to solve the following three questions that previous
research has failed to answer. First, could carbon reduction targets be
conducive to reducing carbon emissions, and does the difficulty of the target
affect the effectiveness? Viewing carbon reduction targets as mitigation
policies rather than mere objectives, we analyze their impact on emissions,
extending goal-setting theory to the national level. Leveraging a panel
dataset encompassing 163 countries spanning 2011 to 2022, we assess the
influence of NDCs on elevating, diminishing, or leaving carbon emissions
unchanged. Secondly, if carbon reduction targets prove effective as policy
tools, what mechanisms underlie their impact on emissions? We primarily
investigate whether the development of renewable energy could serve as a
critical mediator. As renewable energy development is a central strategy for
climate mitigation, its role as a mediator aligns with goal-setting theory27,28.
Lastly, if goal-setting has the potential to enhance emission reduction, how
should a country formulate its target? This inquiry examines the key factors
shaping existing carbon reduction targets. In doing so, this evaluation offers
fresh insights to policymakers on effectively employing carbon reduction
targets as policy instruments and explores the viability of goal-setting theory
in climate governance.

Results and Discussion
Emission reduction targets effectively reduce carbon emission
intensity
In this study, considering data gaps in some of the variables, 163 countries
during 2011-2022 are chosen as the research sample to construct panel data.
Among them, 123 countries that hadat least proposedone carbon reduction

targetwere selected as the treatment group;meanwhile, 40 countries that did
not present carbon reduction targets were designated as the control group,
shown in Fig. 1.

Considering the diversity in the timing of carbon reduction target
proposals across countries, we adopted a two-way fixed effects (TWFE)
difference-in-differences methodology to assess the influence of carbon
reduction targets onCO2 emissions intensity. Previous researchhas pointed
out that considerable disparities in treatment timing and its dynamic effect
over time may introduce potential bias into the estimates of TWFE29.
However, in our case, 75 countries in the treatment group proposed their
targets in 2016, while 33 countries proposed in 2017 and 15 in other years.
Moreover, there is limited variation in treatments at different timings. Thus,
the potential bias caused by any staggered treatment periods and inap-
propriate comparisons is very limited.

CO2 emissions intensity (CI) ismeasured by carbon emission perGDP
per capita. Besides the binary variable (D) indicating the emission target, we
also consider another variable capture the difficulty of emission target
measured by the average reduced emission intensity (CRT). Controlled
variables include economic development (PGDP), economic structure
(IMP, SER, IND), education level (EDU) and income inequality (INC), along
with the country-specific constants and year-specific constants. Detailed
econometric models and ourmethodology for constructing our sample can
be found in the Methods section.

As shown in Fig. 2, the estimated coefficients for variables D and CRT
exhibited a strong negative significance at the 10% and 1% level. Thus,
proposing a carbon reduction target corresponded to an average reduction of
0.0128 kilograms of CO2 emissions per GDP in the country. Additionally, for
the increment of one kilogram in CO2 emissions per GDP within the annual
carbon reduction target, there was a corresponding reduction of 0.230
kilograms in CO2 emissions per GDP. These findings underscore the sub-
stantial efficacy of carbon reduction targets as an impactful policy instru-
ment, transcending symbolic gestures. Notably, higher targets are associated
with more profound emission reductions. The GDP per capita and income
inequality also had negative and significant coefficients at 5% level.

To validate the applicability of TWFE estimator, we also tested the
alternative models. As shown in Supplementary Table 4, only those coun-
tries with the implement in 2016 being selected as a single treatment period
to perform TWFE regression, the estimated coefficients for D and CRT
remained negative and statistically significant, consistent with the baseline
model. Although sample sizes are smaller for other treatment periods, their
estimated coefficients also exhibit negativity.

Fig. 1 | The distribution of carbon reduction targets and carbon emissions of 163
countries. a Countries with carbon emission reduction targets over time of control
group (green) and treatment group (in red); b Carbon emission intensity over time
of control group (green) and treatment group (pre in yellow and post in red). Treated
(Pre) indicates when a target has not been proposed and Treated (Post) indicates
when the target has been proposed.

Fig. 2 | Effect of reduction target on carbon emission. Light blue spike line
represents the 99% confidence interval. CRT-carbon emission reduction target;
PGDP-GDP per capita; IMP-share of import in GDP; SER-share of service sector in
GDP; IND-share of industrial sector in GDP; INC-income inequality level; EDU-
education level.
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The foundational principle underpinning the application of the
difference-in-differences model hinges on the concept of the parallel trend
test. Based on the results of parallel trend test, as depicted in Fig. 3 and
Supplementary Table 5, the estimated coefficients on the dummy variables
showed no significant difference from the base year (zero value) before
policy implementation, thus supporting the parallel trend hypothesis. This
result indicates that the difference-in-differences model was appropriate to
evaluate the treatment effect of policies. In the year of policy implementa-
tion, a pivotal shift was discerned, as the coefficients exhibited a marked
negative influence. Notably, this impact endured beyond the initial policy
enactment, implying a sustained trend in the reduction of CO2 emission
intensity.

The result of placebo test was shown in Fig. 4. Most of estimation
coefficients were distributed around 0, with a p-values greater than 0.1.
Therefore, the placebo carbon reduction target has no significant impact
among these 1000 samples. The placebo test consequently passed, and the
negative impact of carbon reduction targets on carbon emissions is not
accidental.

The robustness of our model was demonstrated through individual
control variable elimination (Fig. 5a, b), with Education playing a pivotal
role. Moreover, modifying the education variable from tertiary enrollment
rate to secondary enrollment rate still yielded a significant model outcome
(Fig. 5c), thereby reinforcing our study’s key conclusion. These results were
displayed in Supplementary Table 6. To further test the robustness of the
results and eliminate the potential endogeneity of the core independent
variable, the result of the lagged test was shown in Supplementary Table 7.
The coefficients for variables D and CRT exhibited a negative significance,
basically unchanged compared with the baseline model in Supplementary
Table 3, effectively supporting the negative effect of carbon reduction targets
on carbon emissions.

TheCOVID, being a public health crisis, has had aprofound impact on
the carbon emissions. The results are presented in SupplementaryTable 8 to
test thepotential effects of theCOVID.However, it is observed that variables
about COVID did not exhibit significant influence. The coefficients of
variablesD and CRT demonstrate negative significance and remain largely
unchanged compared to the baseline model in Supplementary Table 3,
further validating the robustness of the baselinemodel. The effect ofCOVID
on emission is potentiallymediated through economic activities whichwere
already controlled in the model through variable GDP per capita. Fur-
thermore, to gauge the influence of the Ukraine-Russia conflict, we con-
ducted additional tests by excluding the years affected by this significant
global event. The regression results presented in Supplementary Table 11
also reinforce the robustness of the baseline model.

The mechanism underlying this phenomenon is likely intricate, but
from the robustness test, it appears to be closely linked to education but the

causality between education and effectiveness of carbon reduction targets
could not be easily concluded based on models available in this study.

We propose potential explanations here. Firstly, a clearly defined
carbon reduction target transforms a vague organizational intention into a
dedicated consensus, laying the groundwork for systematic and compre-
hensive action plans. In contrast, without a clear target, carbon reduction’s
ambiguous nature might clash with the country’s economic development
goals, leading to conflicts and inefficiencies. By factoring in education,
consensus-building could occur at different levels, aligningmultiple targets,
including economic development, and fostering operational efficiency.

A nationally articulated climate change mitigation target not only
establishes explicit expectations but also furnishes governments and
enterprises with a strategic framework for action. Education plays a pivotal
role in interpreting these expectations across varied tiers. As targets gain
clarity, the likelihood of their attainment amplifies, spurring proactive for-
mulation of supportive policies and early innovative action by enterprises.
Moreover, measurable national objectives prompt local authorities to
actively contribute to carbon reduction, as these targets becomemetrics for
gauging performance and prospects for advancement. Propagation of these
targets through media channels heightens environmental consciousness,
motivating citizens to adopt eco-friendly lifestyles. Ultimately, carbon
reduction targets act as affirmative signals, with education potentially
influencing their interpretation, galvanizing a diverse spectrum of stake-
holders to engage actively in carbon reduction endeavors, culminating in a
remarkable curtailment of CO2 emission intensity.

However, education, depending on the indicator and content, also has
other complicated relationships with climate change. For example, previous
research shows that education is associatedwith energy efficiency education
in leftist parties and reduces emissions30, not through climate targets ana-
lyzed in this study. Research also shows that educational attainment is a
strong predictor of climate change awareness31, which might directly affect
the population lifestyle and the emission. Therefore, the relationship among
education level, climate target effectiveness and emission may not be a
straightforward causality.

Renewable capacity is not a mediator
Drawing inspiration from the tenets of goal-setting theory, it becomes
apparent that certain goal mediators—such as choice, effort, ability, per-
sistence, and self-efficacy—play a pivotal role in potentially mediating the
impact of goals on performance dynamics27. Switching our perspective to
the realmof carbon emission reduction, the pivotal role of renewable energy
inmitigating carbon emissions is a well-established fact32,33. The impetus for
the development of renewable energy sources is often rooted in the strategic
orchestration of corresponding policies. This phase of the analysis tested
whether the renewable energy development is the key mediator of the
carbon reduction target partially explaining its effect. With historical

Fig. 3 | Result of parallel trend test. Blue line represents the 95% confidence
interval.

Fig. 4 | Result of placebo test. Red dashed line corresponds to the P value of 0.1.

https://doi.org/10.1038/s43247-024-01373-z Article

Communications Earth & Environment |           (2024) 5:209 3



renewable installed capacity data from IEA, a classic mediation model is
constructed and tested. See more details in the method section. The model
result as shown in Fig. 6 and also in Supplementary Table 9, tells that
renewable energy installed capacity did not yield a significant association
with carbon reduction targets. The percentile confidence interval of indirect
effect, (−0.00118, 0.000230), contained zero. The postulation of amediating
role of renewable energy deployment in the relationship between carbon
reduction targets and carbon emissions could not be substantiated.

There are several expressions for the underlying assumptions for
mediation analysis. Here we describe the assumptions following Acharya,
et al.’s approach, two assumptions–sequential confoundedness and no
intermediate interactions34. The sequential unconfoundedness assumption
holds when no omitted variables for the effect of treatment on the outcome
andmediator, conditional on the pretreatment confounder, and no omitted
variables for the effect of the mediator on the outcome, conditional on the
treatment, pretreatment confounders, and intermediate confounder. This
assumption is challenging to satisfy in the observational study, so we con-
ducted a sensitivity analysis for assessing how large deviations from this
assumption have to be to change the results of our study. As shown in Fig. 7,
it indicated that a significant omitted confounder is required to reverse the
result of mediating effect test, further supporting that the renewable energy
development may not serve as a strong mediator. No intermediate inter-
actions assumption basically assumes that no mediator-outcome con-
founder is itself affected by the treatment. Although this assumption does
not affect the estimation of the direct effect, it is likely that there are other

mediators not specified in the model, violating this assumption. Thus, it is
possible that the renewable development still acts as amediator amongother
mediators while not detected by the current model.

Given the discussion above, a substantive explanation is that some
other mediators seem to have an indirect effect on carbon emission. One
plausible explanation for these findings is that carbon reduction targets do
not always explicitly prioritize renewable energy development. Public sector
goal-setting often exhibits complexity, as seen in previous research on the
public domain23. When these goals lack a specific directive for renewable
energy development, it’s possible that public sectors may not directly align
their efforts in that direction; particularly since renewable energy develop-
ment is often associated with the private sector in many countries. Fur-
thermore, while renewable energy development remains a pivotal strategy
within the energy sector to combat climate change, previous reviews have
indicated that numerous countries tend to prioritize enhancing energy
efficiency before heavily investing in renewable energy initiatives. This trend
has been observed over recent decades35. As a result, the intricacies of policy
priorities and sector-specific considerations might contribute to the
observed lack of a mediating role for renewable energy deployment in the
context of carbon reduction targets.

The mediator model also revealed a notable positive and statistically
significant relationship between renewable energy capacity and carbon
emission intensity.This observation sheds light onprevious concerns voiced
in the research domain. Specifically, it suggests that the positive impact of
renewable energy development on economic growth, alongside an increase

Fig. 5 | Results of robustness test. aDrop PGDP, IMP and SER respectively; bDrop
IND, INC and EDU respectively; cDisplay the coremodel with full control variables,
and replace tertiary enrollment rate with secondary enrollment rate to represent
education level. Light spike line represents the 99% confidence interval. CRT-carbon

emission reduction target; PGDP-GDP per capita; IMP-share of import in GDP;
SER-share of service sector in GDP; IND-share of industrial sector in GDP; INC-
income inequality level; EDU-education level.
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in non-renewable energy consumption, may have partially obscured the
mitigation effect of renewable energy on carbon emissions. This phenom-
enon, which has been discussed in earlier studies35,36, underscores the
complex interplay between renewable energy growth, economic expansion,
and carbon emissions.

Furthermore, it’s important to acknowledge that the subset of countries
demonstrating substantial renewable energy capacity is relatively small
within the larger pool of 163 countries. Consequently, the attenuating
influence of these countries on overall carbon emissions might be out-
weighed by the progress of other nations with slower renewable energy
development trajectories. Additionally, it’s worth noting that ability, a
pivotal concept in goal-setting27, can manifest as both a mediating and
moderating factor. Variability in abilities across the diverse landscape of 163
countries, encompassing factors such as technical prowess, developmental
costs, and human resource availability for renewable energy initiatives,
could further obscure the discernible impact of renewable energy capacity
on carbon emissions.

Update the emission reduction target with renewable
development
It’s imperative to underscore that the establishment of carbon reduction
targets necessitates a holistic comprehension of broader socio-economic
factors operating at various levels. Tounlock the full potential of goal-setting
as a policy instrument, particularly in determining the appropriate level of
goal difficulty, our analysis extends further. We have introduced an addi-
tional model specification designed to unravel the key factors that influence
the goal-setting process. These factors encompass dimensions such as
income inequality and renewable energy capacity, whichwield considerable
influence in shaping the formulationof these critical targets.Weconstructed
threemodels consideringdifferent lagswhen factors affect thedifficulty level
of carbonemission target. The results of themodel canbe found inFig. 8 and
Supplementary Table 10.

Renewable energy installed capacity exhibited a positive and significant
association with carbon reduction targets at the 5% level in all threemodels.
This result suggests that countrieswithhigher renewable energy capacity are
more inclined to setmore aggressive carbon reduction targets.Oneplausible

explanation is that higher renewable energy capacity instills confidence in
countries, given its efficacy in curbing carbon emissions. This finding
underscores the policy implication that carbon reduction targets should be
tailored to align with a country’s renewable energy capacity. In essence,
nations with robust renewable energy capabilities should consider setting
ambitious carbon reduction targets, leveraging target-setting as a strategic
policy tool for achieving decarbonization goals.

Conclusion
The global drive to address climate change has led to a rising number of
countries incorporating carbon reduction targets into their Nationally
Determined Contributions (NDCs), a response to the urgency outlined in
the ParisAgreement. Amid this context, comprehending the range of policy
tools available for encouraging carbon emission reduction becomes
imperative. While previous research has predominantly viewed carbon
reduction goals as end objectives, a gap persists in our understanding of
whether the act of goal-setting itself could function as an effective policy
instrument. Drawing from the tenets of goal-setting theory, which posits
that goals can enhance performance evenwithin the public sector, this study
explores the potential of target-setting as a tool within climate governance.

Ourfindings underscore that target-setting can indeed serve as apotent
policy tool for climate governance. Through a meticulous difference-in-
difference model, we establish that proposing carbon reduction targets and
their associated difficulty level correlate with a reduction in carbon emission
intensity. Notably, this effect persists and intensifies after the policy’s
implementation.

Surprisingly, our analysis does not reveal amediating role of renewable
energy capacity, often considered a primary measure for emission reduc-
tion. Instead, we speculate that the reduction mechanism may involve
factors such as improved administrative efficiency and social cohesion, both
interwoven with education. However, validation of these hypotheses
requires further investigation. Accumulated empirical evidence could pave
the way for extending the application of goal-setting theory to the realm of
climate governance, especially given the inductive development approachof
goal-setting theory27.

Enhanced alignment with the ambitious 1.5 °C target is conceivable if
countries without carbon reduction targets take steps to establish such
targets, guiding their emissions reduction efforts. Additionally, countries
that have already set targets can adapt and reinforce thembased on evolving
conditions. Our analysis of influencing factors for target-setting suggests
that the difficulty level of targets correlates with renewable energy capacity.
Consequently, we recommend that nations with robust renewable energy
capabilities consider setting ambitious carbon reduction targets, updating
them in tandem with renewable energy growth.

Setting ambitious targets marks just the initial step in the complex
journey of climatemitigation, and it is vital to recognize that targets alone do

Fig. 6 | Result of mediation effect. a The coefficients of the mediationmodel; b The
result of indirect effect and direct effect through a bootstrap test. Light blue spike line
represents the 99% confidence interval.

Fig. 7 | Sensitivity analysis. Average causal mediation effect as a function of degree
of violation of sequential unconfoundedness assumption. Shaded region shows 95%
confidence intervals.
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not guarantee desired results. Success hinges on the subsequent strategies
and policies enacted to attain these goals. Our study does not diminish the
importance of these subsequent strategies; rather, it underscores that climate
governance and efforts commence at the very moment of goal-setting, not
merely after the goals are set.

Furthermore, the process of announcing national targets within the
international community entails intricate negotiations and commitments.
While our analysis primarily focused on a selection of domestic factors
influencing target-setting, it is paramount to emphasize that we do not
diminish the paramount importance of international climate negotiations.
On the contrary, we firmly believe that our analysis can contribute to these
negotiations, reinforcing the foundations of the Paris Agreement. This
landmark agreement relies on the collective commitment of nations to
submit their targets, andour research aims to enrich this global effort toward
a sustainable future.

Our analysis presents certain limitations that warrant further
exploration. As with many empirical studies, our research may be suscep-
tible to omitted variables not accounted for in the model, potentially
impacting our findings.While the parallel trends test offers evidence of pre-
treatment parallel trends, the possibility of endogeneity arising from
unobservable factors cannotbe entirely ruledout. Future research endeavors
could aim to identify suitable instrumental variables to bolster the robust-
ness of our results.

The annual granularity of the dataset prevents the analysis of shorter-
term effects, impeding the investigation of interactions between climate
targets and other policies. To address this, a more detailed analysis at a
finer temporal resolution could examine how different administrative
bodies and branches of government respond to national climate targets,
shedding light on the potential improvement in administrative efficiency.
Moreover, the study’s current horizon might not fully encompass the
profound impacts of climate targets, given that major projects and policy
interventions could extend beyond the time frame of the dataset. Lastly,
while we couldn’t substantiate themechanism of carbon reduction targets
affecting CO2 emissions in this analysis, future research might delve into
this by incorporating government efficiency data as a reflection of policy
response.

Methods
The econometric model
The concept of goal-setting theory has been meticulously nurtured within
the domain of industrial/organizational (I/O)psychology, growing from the
bedrock of rigorous empirical investigations. Over time, it has ascended to
become one of the foremost theories in the expansive realm of I/O psy-
chology. Consistent with a participative goal in the goal-setting theory27, a
multitude of nations have proactively integrated an array of carbon
reduction targets into their Nationally Determined Contributions (NDCs)

Fig. 8 | Factors affecting target-setting. aUsing the cross-sectional data of the year
when the target was proposed; b Using the data from two cross-sections (the year
when the target was proposed and the year before the target was proposed);
c Adopting the data representing three cross-sections (the year when the target was
proposed, one year and two years before the target was proposed). Light blue spike

line represents the 99% confidence interval. CRT-carbon emission reduction target;
PGDP-GDP per capita; IMP-share of import in GDP; SER-share of service sector in
GDP; IND-share of industrial sector in GDP; INC-income inequality level; EDU-
education level.
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as a direct response to the climate mitigation benchmarks set forth by
the IPCC.

Pioneering research has unveiled the far-reaching impact of goal-
setting across both individual and organizational strata. Goals function as
dynamic motivators, propelling goal performers toward their
accomplishment17–19. This knowledge underpins our hypothesis that the
instrumental role of goal-setting might extend to its utilization as a policy
instrument for the reduction of carbon emissions. Beyond the individual
and organizational context, goal-setting exhibits a discursive influence at the
national level. This influence reverberates through localized policies enacted
at both the national and local tiers, all with the shared objective of fostering
goal achievement25. Concurrently, the efficacy of public policy imple-
mentation gains augmentation through the infusion of goal-setting
principles23. These insights collectively suggest that national-level goal-set-
ting might engender a comparable mechanism, triggering discursive effects
that facilitate both policy enactment and goal realization. Further reinfor-
cing the utility of goal-setting, recent findings at the municipal level bolster
its standing as a potent tool in the realm of climate governance24. On the
international stage, the Sustainable Development Goals (SDGs) stand as a
premier paradigm for embedding goal-setting into the fabric of global policy
and climate governance frameworks26,37. This naturally prompts the
expectation that SDGs would exert a pronounced influence on nation-level
governance dynamics. Emanating from the premise that a nation embodies
an amalgamof cities and functions as a principal actor in global governance,
the potential impact of national carbon reduction targets on a country’s
dynamics aligns with similar mechanisms. Anchored in the above analyses,
our research endeavors culminated in the formulation of Hypothesis 1 and
Hypothesis 2.

Hypothesis 1: Setting a carbon reduction target could have a negative
impact on CO2 emission intensity.

Hypothesis 2: A more ambitious target could lead to more reduction in
CO2 emission intensity.

Considering the diversity in the timing of carbon reduction target
proposals across countries, we adopted a TWFE difference-in-differences
methodology to assess the influence of carbon reduction targets on CO2

emissions. The assessmentwas grounded in the following regressionmodel:

CIi;t ¼ αþ β1Di;t þ γCRT i;t þ δXi;t þ λt þ μi þ εi;t ð1Þ

where CIit represented CO2 emission per unit of Gross Domestic Produc-
tion (GDP) in country i during year t. The focal independent variable Di,t,
constituted a binary variable representing the presence of a carbon reduc-
tion target. It held the value of 1 in the years when country i had already put
forth its carbon reduction targets, and 0 otherwise. CRTi,t symbolized the
complexity of theproposed target, quantified as the annual average emission
reduction intensity.

Additionally,Xi,t encompassed an array of control variables, described
in more details in the following. In parallel, λt and μi signified sets of year-
specific and country-specific variables, capturing fixed effects that accoun-
ted for unobservable characteristics varying either across years but not
countries, or across countries but not years. In concert, εit denoted the
idiosyncratic error term, manifesting variability across both countries
and years.

Mediating effect of renewable capacity
If we consider the viability of the emission reduction target as a policy
instrument, the subsequent inquiry revolves around elucidating the
underlyingmechanisms.Drawing inspiration fromthe tenets of goal-setting
theory, it becomes apparent that certain goal mediators—such as choice,
effort, ability, persistence, and self-efficacy—play a pivotal role in potentially
mediating the impact of goals on performance dynamics27. Switching our
perspective to the realm of carbon emission reduction, the pivotal role of
renewable energy in mitigating carbon emissions is a well-established
fact32,33. The impetus for the development of renewable energy sources is
often rooted in the strategic orchestration of corresponding policies.

Consequently, it stands to reason thatwhen a nation sets a carbon reduction
target, it might logically be accompanied by a complementary renewable
energy target. This inference leads us to consider renewable energy as a
potent mediator—a conscious endeavor by countries to align their actions
with the pursuit of carbon reduction targets.

This line of reasoning finds support in prior research, which has
underscored that the presence of renewable energy targets effectively
expedites the expansion of renewable energy infrastructure38,39. Similarly,
at the organizational level, investigations have illuminated a noteworthy
and affirmative correlation between the adoption of climate change
mitigation targets by companies andheightened investments in renewable
energy ventures40. Building on these insights, we extrapolate that the
establishment of national carbon reduction targets could subsequently
propel the development of renewable energy sources, thereby engendering
a consequential contribution to the overarching objective of curtailing
carbon emissions. With these considerations in mind, we posit our
Hypothesis 3.

Hypothesis 3: Carbon reduction targets reduce CO2 emission mediated
through renewable installed capacity.

To corroborateHypothesis 3, as elucidated in the preceding theoretical
analysis, we embarked on a mediating effect evaluation. To this end, we
adopted the causal steps approach, akin to previous research
methodologies41 that performed a bootstrap test to further ascertain the
presence of a mediating effect. To test the veracity of Hypothesis 3, we
established additional Eqs. 2 and 3 as outlined below:

REi;t ¼ η0 þ η1Di;t þ γCRTi;t þ δXi;t þ λt þ μi þ εi;t ð2Þ

CIi;t ¼ φ0 þ φ1Di;t þ φ2REi;t þ γCRTi;t þ δXi;t þ λt þ μi þ εi;t ð3Þ

Where REi,t was the renewable energy capacity as the mediating variable,
andother variableswere set as inEq. 1.The coefficientβofEq. 1was the total
effect of the independent variable Di,t on the dependent variable CIi,t.
Meanwhile, the coefficient η1 in Eq. 2 was the effect of the independent
variable Di,t on the mediating variable REi,t. The coefficient φ2 in Eq. 3 was
the effect of themediating variable REi,t on the dependent variableCIi,t after
controlling for the effect of the independent variable Di,t. In addition, the
coefficient φ1 was the direct effect of the independent variable Di,t on the
dependent variable CIi,t after controlling for the effect of the mediating
variableREi,t. Together, Eqs. 1–3weremeticulously formulated to scrutinize
and validate the premises of Hypothesis 3.

Model about how targets are determined
Should goal-setting emerge as a potent policy tool for climate governance, a
consequential inquiry emerges: how should these targets be established in
practice?Weduly acknowledge that theprocess of target setting is a complex
endeavor involving meticulous research and intricate negotiations. Never-
theless, distilling a subset of factors that exert influence on the goal-setting
process can provide invaluable insights for informed policymaking. With
the intent of unraveling the key determinants that shape the establishment
of carbon reduction targets, we devised the ensuing model for compre-
hensive evaluation.

CRTi ¼ αþ βX0
i þ μi þ εit ð4Þ

where CRTi was the intensity of carbon reduction target proposed by
country i, described inmore detail in the following.X’i are a series of control
variables which include carbon emission intensity CIi, renewable energy
capacityREi and other control variables as in Eq. 1 exceptCRT. Considering
that goal-setting is influencedbymore than just the data from the yearwhen
the target was proposed, we created three models to facilitate comparison.
The first model took the cross-sectional data of the year when the target was
proposed, while the second model used the data from two cross-sections
(the year when the target was proposed and the year before the target was
proposed), and the last model adopted the data representing three cross-
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sections (the year when the target was proposed, one year and two years
before the target was proposed).

Data description
CO2 emission intensity (CI) was measured by CO2 emission per GDP (kg
CO2e per USD). This particular approach, focusing on emission intensity
rather than absolute emissions, serves to account for the influences of var-
ious factors intricately linked with population growth and economic
development. Data pertaining toCO2 emissions intensity across the span of
163 countries and the years spanning 2011 to 2022 was meticulously
sourced from EDGAR (Emissions Database for Global Atmospheric
Research) Community GHG Database42. Within this dataset, we success-
fully compiled a comprehensive set of 1884 country-year observations,
encompassing instances of limited data availability.

The term DID (Difference-in-Differences) is encapsulated by the
dummy variable Di,t which signifies the presence of carbon reduction tar-
gets. Specifically, for the control group, Di,t = 0 while for the treatment
group, Di,t = 1 in when country i had already introduced carbon reduction
targets, andDi,t = 0 otherwise. As previously indicated, the treatment group
encompasses countries that have submitted NDCs (Nationally Determined
Contributions), while the control group comprises nations that did not
submitNDCs during the research timeframe. It’s noteworthy that countries
submitting NDCs without explicit targets were excluded from the analysis,
leading to a final count of 117 countries in the treatment group and 46
countries in the control group. We have also acknowledged U.S.’s Di,t and
CRT about its withdrawal from and rejoining of the Paris Agreement and
changed the values of these variables accordingly.

CRT constitutes a continuous treatment parameter, signifying the
complexity of the target. It operates in conjunction with the primary
independent variable Di,t to offer a more nuanced insight into how the
target’s intricacies influence carbon emissions. This variable is defined as the
annual average emission reduction intensity (ω) as depicted in Eq. 5, in
which ωa symbolizes the carbon emission intensity in the year of target
proposal a andωb denotes the carbon emission intensity in the target year b.

ω ¼ ωa � ωb

� �
= b� að Þ ð5Þ

For the control group,CRTit = 0. For the treatment group,CRTit =ω in
the years when country i had already proposed the carbon reduction targets
and CRTit = 0 otherwise. This continuous treatment variable possesses the
capacity to effectively encapsulate the range of variations in target difficulty,
thereby reflecting a pivotal aspect of the goal-setting theory.

For numerous countries, the computation of carbon reduction can be
directly deduced from the figures outlined in the NDCs. For targets that
deviate from a “business-as-usual” scenario within the NDCs, carbon
emission forecast data were sourced from Liu and Raftery43. The carbon
emission intensity for the target year was determined by dividing carbon
emissions for the said year by the projected GDP for that period. The GDP
projections were drawn from the Centre for Economics and Business
Research44.

The mediating variable was designated as renewable energy installed
capacity (RE). This encompassed a spectrum of renewable sources,
including bioenergy, solar energy, wind energy, hydropower, geothermal
energy, and marine energy. Our data collection spanned the period from
2011 to 2022 across 163 countries, utilizing the comprehensive renewable
energy capacity figures furnished by the International Renewable Energy
Agency45.

The vector of control variables, Xi,t, has several components. The first
component is economic development, quantified through GDP per capita
(PGDP). Prior investigations have underscored the influence of economic
growth relative to population expansion on carbon emission intensity46–48.
Three further variables about economic structure (IMP, SER and IND),
respectively corresponding to import share, the size of the service sector and
the industry sector have been proven to affect emissions significantly. Pre-
vious research has indicated that trade openness and foreign direct

investment can elevate emissions through pollution-intensive
investments49,50. Meanwhile, reduced reliance on the industry sector and a
flourishing service sector have been linked to emissions reduction13,51.
Another variable about education, (EDU), quantified by the gross enroll-
ment ratio of tertiary education, plays a pivotal role. This ratio signifies total
enrollment in tertiary education relative to the corresponding population
age group. Earlier studies on the influence of advanced human capital,
peroxided by the number of tertiary schooling years, exert a negative effect
on CO2 emissions52. Enhanced education is linked to environmental
awareness, driving the adoption of eco-friendly technologies53, as well as
fostering innovative approaches to energy consumption and technology
development54. All the above five variables were retrieved from the World
Development Indicators database55.

The final control variable, income inequality (INC), gauged by the
share of pre-tax national income among the top 10% of equal-split adults,
was derived from theWorldWealth and IncomeDatabase56. Addressing the
complex relationship between inequality and carbon emissions, prior stu-
dies have yielded divergent outcomes; nevertheless, the effect is statistically
significant and should be controlled. Some researchers reported a positive
relationship between inequality and carbon emission57,58; contrariwise,
others found that when incomewasmore evenly distributed, the poor had a
higher propensity to consume energy and other products, leading to an
increase in total carbon emissions59. Meanwhile, some scholars argued that
the link between inequality and carbon emissions might not be linear and
might also vary with the degree of inequality60,61.

Descriptive statistics
Given the multifaceted nature of our variables, the possibility of inter-
dependency issues necessitated scrutiny. Our investigation encompassed
descriptive statistics and correlation analyses, detailed in Supplementary
Table 1 and Supplementary Table 2. Correlation coefficients remained
below 0.6, with the exception of PGDP and EDU which reached 0.740. The
variance inflation factorswere less than6,with the exceptionofPGDPwhich
reached 0.740, indicating that the problem of multicollinearity among the
study variables is not a concern.

Within the scope of variables and data availability, our study harnessed
a total of 1173 complete observations across year-country combinations.
While some variables experienced missing data, our dataset robustly cap-
tures global emissions trends. From 2011 to 2022, the 1173 year-country
observations accounted for approximately 90% of global carbon dioxide
emissions during all the period.

Applicability test
Our analysis commenced with the application of various regression meth-
odologies—pooled regression (OLS), fixed-effect model (FEM), and
random-effect model (REM)—utilizing STATA. As a precursor, we sub-
jected the fixed-effect model (FEM) to an F test, resulting in a P value of
0.0000 (< 0.05), indicating the substantial rejection of the null hypothesis
“H0: all ui = 0”, and FEMwas significantly better thanOLS. LM test of REM
regression yielded a P value of 0.0000 < 0.05, which also supported rejecting
the null hypothesis “H0: all σu

2 = 0” and indicating that the pooled regression
should not be used. The result of the Hausman test had a P value of 0.0000,
which robustly rejected the null hypothesis of “difference in coefficients not
systematic.” This outcome indicated that the fixed-effect model should be
used. By generating time dummy variables and testing the joint significance
of time dummy variables (a P value of 0.0021 < 0.05), we rejected the null
hypothesis of “no time effect” and determined that the time fixed effect
should be included in the model. Therefore, a two-way fixed effects model
was finally used.

Parallel trend test
The foundational principle underpinning the application of the difference-
in-differencesmodel hinges on the concept of the parallel trend test.Within
this study’s framework, we operate under the presumption that the carbon
emission intensity of both the treatment group and control group countries
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followed parallel trajectories prior to the implementation of national carbon
reduction targets. This supposition of parallel trends is scrutinized via the
event study approach, akin to methodologies adopted in prior research
endeavors62–64. A certain year before thepolicyor the current period of target
implementation needs to be selected as the baseline reference period to
encapsulate the foundational disparity between the geographical domains
where the event transpired and where it did not. Thus, we embarked on
estimating the subsequent equation:

CIi;t ¼ αþ
X3

τ¼�6;τ≠�1

βτDummyi;τ þ γCRTi;t þ δXi;t þ λt þ μi þ εit

ð6Þ

WithinEq. 6, thepolicy variable stands as a relative temporal construct,
characterized by the temporal distance from the policy intervention within
the respective time interval. This configuration captures the fluctuation in
policy effect in the period τpreceding or ensuring the implementation of the
treatment. For the control group, the dummy variable is designated as 0,
whereas for the treatment group,Dummy adopts a value of 1, indicating that
the policy was enacted τ years ago or will be enacted after τ years; otherwise,
its value remains at 0. Since the carbon emission intensity in the current
period of policy effective date may already be affected by the carbon
reduction targets, the first year preceding the policy instead of the current
period of policy is taken as the base period.We dropped the first lagged year
Dummyi,1 representing the first year preceding the policy and considered it
as baseline reference period, which could avoid the multi-collinearity. The
remaining variables echo the composition of Eq. 1. Consequently, the
regression coefficient βτ of Dummy when τ < 0 signifies statistical insig-
nificance, affirms a lack of meaningful difference from the baseline period
and thereby corroborates the tenets of the parallel trend hypothesis.

The placebo test
The placebo test is an analysis conducted using a “false” dummy variable of
carbon reduction target to test whether the reduction of carbon emission
intensity reduction could be significantly affected. If it is still significantly
negative, it indicates that the effect of carbon reduction target in the bench-
mark regression is not reliable and may be caused by other unobservable
factors. In order to further rule out the effect of other unknown influential
factors, the placebo test was conducted through 1000 times of random
sampling. Each time, 117 countries were randomly selected using the
“sample” command in STATA from all samples as the “false” treatment
group, and the remaining 46 countries were used as the control group. The
corresponding target proposal time of each treatment group was also ran-
domly generated, indicating that a new treatment group was constructed with
randomly selected countries and proposal times. The value of “false” dummy
variables is then set according to the treatment groups and proposal times.

Data availability
The authors declare that all the data used in this analysis could be found at
(https://doi.org/10.6084/m9.figshare.21748160). Specifically, the data for
emission intensity can be found at https://edgar.jrc.ec.europa.eu/. National
Determined Contribution data can be found at https://unfccc.int/
NDCREG. Future GDP forecast can be found at https://cebr.com/service/
macroeconomic-forecasting/. Historical renewable capacity data can be
found at https://www.irena.org/Data/Downloads/IRENASTAT. Historical
GDPper capita, GDP share of different sectors, and education level data can
be found at https://databank.worldbank.org/reports.aspx?source=World-
Development-Indicators. The income inequality data can be found at
https://wid.world/data/.

Code availability
All custom code used to generate results that are reported in this paper and
central to its main claims are available on Figshare (https://doi.org/10.6084/
m9.figshare.21748160). The analysis was carried out using STATA.
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