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Abstract: Recent literature  has explored the nexus between  macroeconomic policy uncertainty (MPU) and the environment in compliance with Sustainable Development Goals (SDGs). This study contributes to the literature by exploring the possible or negative environmental effects of MPU. The present study reviewed 117 research articles published from 2020 to 2025 to understand the multifaceted association between MPU and environmental sustainability,  having  considered  sectoral  and  spatial  dynamics,  asymmetric  responses,  and  heterogeneous responses  from  different  countries  and  regions.  The  findings  suggested  that  the  relationship  was  complex,  and varied upon the economic sector, emissions source, policy regime, and geographical location. MPU reduced the speed of transition from the first to the second phase of the Environmental Kuznets Curve (EKC). In the short run, MPU  can  reduce  emissions  due  to  temporary  economic  slowdowns.  Nevertheless,  it  can  be  responsible  for negative long-term environmental performance by delaying green investments, increasing fossil fuel reliance, and weakening  institutional  effectiveness.  Sectoral  analyses  revealed  that  MPU  raised  emissions  in  the  energy  and industrial sectors and reduced them in the agricultural sector. While strong institutional quality helped to mitigate emissions,  weak  institutions  raised  environmental  problems.  The  findings  of  this  review  suggested  that policymakers  should  design  adaptive,  sector-sensitive,  and  regionally  coordinated  environmental  strategies  to protect the environment from macroeconomic policy volatility. 
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1. Introduction

Macroeconomic  policy  uncertainty  (MPU)  is  a  prominent  factor  that  might  affect  both  environmental sustainability  and  energy  transitions  (Wang  et  al., 2023).  MPU  describes  the  level  of  unpredictability  of government  macroeconomic  policies,  which  can  affect  investment  decisions,  societal  behaviors,  economic activities, and the environment. In this regard, a lot of recent studies have investigated MPU and the environment nexus in the country-specific and panel studies. However, the literature has reported a mix of both positive and negative  relationships  between  MPU  and  environmental  outcomes.  For  instance,  in  times  of  high  MPU,  the business sector prefers survival and may not invest in Renewable Energy Generation (REG) (Hassan et al.,  2022), as infrastructure of renewable energy is very expensive and time-consuming to install. Moreover, the private sector might stop investments in green technologies and delay long-term planning due to the volatility of energy prices (Ali et al.,  2023). This perception would increase the dependence of the business sector on fossil fuels, which may increase emission levels and reduce environmental quality. Similarly, MPU also influences the energy sector to keep  its  dependence  on  fossil  fuels  instead  of  investing  in  REG  (Appiah-Otoo, 2021).  Thus,  MPU  can  be responsible for pollution emissions and is a hurdle to local and global environmental targets. 

In the short run, it is expected that the positive environmental outcomes of MPU could reduce industrial and economic activities, energy consumption, and pollution due to overall low investments in the business sector. At the consumption level, households may increase precautionary savings to  combat  the expected economic crisis https://doi.org/10.56578/cis140102 
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during  MPU,  which  can  reduce  demand  for  goods  and  services.  In  response,  production  activities,  energy consumption, and pollution might be reduced. Moreover, MPU can reduce construction activities and directly help in the reduction of emissions from the construction sector. The financial sector may become more risk-averse in times of a high MPU (Ivanovski  & Marinucci, 2021); it would reduce credit availability and overall economic activities. Lastly, MPU may weaken local and global trade due to the volatility of exchange rate (Selmey et al., 

2024).  It  may  also  adversely affect  transportation  and  other  activities  in  the  trading  sector.  Thus,  the  short-run effects of MPU can decrease aggregate demand, energy consumption, and pollution. 

As  per  the  above-discussed  channels,  MPU  can  have  mixed  effects  on  energy  consumption,  environmental outcomes,  and  the  Renewable  Energy  Transition  (RET).  These  effects  may  vary  across  sectors,  regions,  and governance contexts. Several review studies have examined the effect of economic policy uncertainty on different financial and economic indicators (Haq et al., 2021; Wang et al.,  2024b;  Wüstenfeld & Geldner, 2022).  However, existing  studies  addressed  uncertainty  in  narrow  contexts  by  examining  economic  and  financial  outcomes. 

Specifically, the effect of MPU on environmental sustainability and  the  RET was not reviewed. Therefore, the present  study  aims  to  fill  this  literature  gap  by  critically  and  comprehensively  reviewing  and  synthesizing  the channels that are responsible for shaping the connection between MPU, the environment, and  the RET. For this purpose, the study utilized a systematic review approach and selected 117 studies from the Scopus database. The findings  provided  a  deeper  understanding  of  how  MPU  could  influence  the  industrial  and  energy  sectors  by suggesting policies for promoting sustainable development in the policy-volatile global economy. 




2. Methodology 

The Scopus database was used to collect the literature via a systematic review approach (Liberati et al., 2009). 

The Scopus database was chosen due to its coverage of abundant peer-reviewed journals, broad interdisciplinary scope, quick indexing, and advanced search tools. Thus, these merits of the Scopus database are more than the merits of Web of Science, Google Scholar, or any other databases. Specifically, Scopus provides comprehensive coverage in the business, management, environmental science, and economic domains. Our objective is to find the studies  investigating  the  connection  among  MPU,  the  environment,  and  the  energy  sector  by  using  different sectoral, spatial, and regional dynamics. Thus, we utilized the keywords (TITLE-ABS-KEY("environment" OR 

"environmental  quality"  OR  "environmental  degradation"  OR  "environmental  sustainability"  OR  "ecological footprint" OR "pollution" OR "environmental impact" OR "environmental performance" OR "climate change" OR 

"global  warming"  OR  "greenhouse  gas  emissions"  OR  "CO2  emissions"  OR  "carbon  footprint"  OR  "carbon intensity" OR "methane emissions" OR "air pollution" OR "renewable energy" OR "fossil fuel consumption" OR 

"energy  transition"  OR  "energy  consumption"  OR  "clean  energy"  OR  "energy  efficiency"  OR  "sustainable energy"))  AND  (TITLE-ABS-KEY("economic  policy  uncertainty"  OR  "EPU"  OR  "policy  uncertainty"  OR 

"economic policy shocks" OR "fiscal policy uncertainty" OR "monetary policy uncertainty")). Later, we applied some  filters  including  “English”,  “Articles”,  “Journals”,  and  “Economics,  Econometrics,  and  Finance”.  After applying  all  filters,  345  articles  were  retrieved  for  detailed  screening.  Moreover,  we  focused  on  the  articles published from 2020 to 2025. 

The selection of research papers from 2020 to 2025 was justified by several critical global events, which were accountable for MPU and its effect on the environment. COVID-19 started in 2019 but its effect on fiscal and monetary policy interventions was realized in 2020. This event introduced uncertainty in policy directions and also influenced energy demand patterns, industrial activities, and pollution emissions. Similarly, geopolitical tensions, the Russia-Ukraine conflict, US-China trade frictions, and unrest in the Middle East have also contributed to MPU 

by disrupting global energy markets. For instance, these events were responsible for the fluctuation in oil prices, which also affected the RET landscape. Thus, these events may directly affect the MPU-environment nexus by altering investment flows toward green technologies, which could change carbon intensity but can increase the risks of energy insecurity. Moreover, inflationary pressures and interest rate shocks further compound MPU, which can affect investment decisions. Furthermore, the MPU dataset has undergone significant updates during  2020-2025 by increasing country-specific and sector-specific indices. Consequently, the literature on policy uncertainty expanded  rapidly  to  analyze newly  available datasets  across  different  contexts.  Hence,  the  focus  on  the period 2020-2025  allows  us  to  synthesize  the  most  recent  developments  and  assess  how  evolving  MPU  arising  from recent events could influence environmental sustainability worldwide. 

We thoroughly read the abstracts and conclusions of filtered articles to choose the studies for investigating the linkages  between  MPU  and  environmental  outcomes  such  as  CO2  emissions,  energy  consumption,  the  RET, ecological footprints, etc. We only selected studies on the macroeconomic environment and avoided studies at the firm level. Our selection criteria included empirical studies published in journals in English language regarding the area of “Economics, Econometrics, and Finance”. We ignored review studies and other types of articles, as well  as  research  articles  published  in  languages  other  than  English  or  disciplines  other  than  “Economics, Econometrics, and Finance”. Lastly, we selected 117 articles with a critical synthesis approach. Figures 1, Figure 

2,  and Figure 3 show some facts of bibliographic coupling and re-occurring keywords in the literature on economic 17
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policy uncertainty. 

Figure  1  presents  the  re-occurring  keywords  analysis  by  VOSviewer  software.  It  illustrates  the  intellectual structure of the literature by clustering keywords, which appear together in publications. The size of each node shows  the  frequency  of  keyword  occurrence.  The  thickness  of  the  connecting  lines  shows  the  strength  of  co-occurrence links. Different colors denote distinct clusters to reflect different thematic groups. The results showed that the keyword “economic policy uncertainty” was the most frequently occurring keyword, which represents its central  role  in  current  research  on  policy  uncertainty.  Moreover,  “uncertainty  analysis”,  “climate  policy uncertainty”,  and  “uncertainty”  were  among  the  most  frequently  re-occurring  keywords  in  the  literature,  thus forming a strong core cluster and were linked with various environmental proxies. The focus of the literature was on  the  conceptualization  and  measurement  of  uncertainty.  Other  clusters  showed  some  prominent  nodes  of 

“environmental policy”, “energy transition”,  and “green finance”;  this  indicated  that  uncertainty  was  the  most frequently  investigated  environmental  and  energy-related  issues.  A  cluster  with  “volatility”  and  “uncertainty shocks” emphasized the methodological approaches used in the literature of policy uncertainty. The presence of 

“governance” explained the interdisciplinary extension of uncertainty studies in the institutional domain. 





 

Figure 1.  Re-occurring keywords 



Figure  2  shows  the  bibliographic  coupling  of  researchers’ countries,  indicating  the geographical distribution and intellectual linkages of research contributions and common citations in the field of policy uncertainty. It shows the linkages of common citations in the publications of authors from different countries. China was found at the top of the list with the largest and most central node; authors from China occupied a central position in the citing of  research  on  policy  uncertainty.  The  strong  bibliographic  coupling  of  China  with  a  wide  range  of  countries reflects  that  Chinese  authors  are  at  the  top  in  citing  common  references,  thus  showing  the  strong  influence  of Chinese authors in citing and shaping the global research on policy uncertainty, environmental sustainability, and energy  transitions.  The  authors  from  the  US  also  took  a  prominent  and  significant  position  as  they  had  strong research and citation ties with authors in other advanced economies. The US also shows a strong contribution in citing policy uncertainty research. Apart from China and the US which dominated two strong positions, countries like  the  UK,  Germany,  Australia,  and  South  Korea  had  significant  nodes.  These  nodes  highlight  the  active engagement of their authors, in terms of common citations, with those from other developed or emerging countries in different clusters. 
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Figure 2. Bibliographic coupling based on researchers’ countries Figure 3.  Bibliographic coupling based on journals 
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Figure  3  presents  bibliographic  coupling  based  on  journals.  The  journal   Energy  Economics  was  found  in  a central place and also at the top of the list. This journal has cited common references, which have also been cited by other journals in the blue cluster. In the green cluster, “Resource Policy” and “Environment, Development, Sustainability” are carrying significant positions in terms of common citations, which have strong linkages with other  journals by  citing  the  same  references  in  the  green  cluster.  In  the  red  cluster, no  journal  could  achieve  a significant position. However,  Applied Economic Letters had a relatively better position in bibliographic coupling in comparison to other journals in the red cluster. Moreover, there is a large number of journals in the red cluster compared to the clusters of other colors. Many journals in the red cluster cited the same references in the domain of policy uncertainty. The journals with different scopes showed that the relationship between policy uncertainty, the RET, and the environment was a multidisciplinary topic and mostly published by journals in the domains of economics, energy, environment, and development. 




3. Literature Review 

This  section  explored  the  environmental  effects  of  MPU  across  multiple  dimensions  in  the  literature.  For instance,  some  studies  examined  this  relationship  in  the  Environmental  Kuznets  Curve (EKC)  hypothesis.  The literature also investigated the role of MPU in determining the RET, green innovation, and technological progress. 

The moderating effects of governance quality and institutional strength were discussed in some research. Having considered the different objectives stated in the selected studies, this section was then divided into five subsections. 



3.1 MPU and the Environment in the EKC Framework 



The EKC framework presents an inverted U-shaped effect of economic growth on environmental degradation. 

In the first phase, economies grow with industrialization, resource depletion, and fossil fuel consumption, which increases  environmental  degradation.  However,  in  the  second  phase,  economies  grow  with  structural transformation and technological innovation, which helps improve the environmental quality. MPU can delay the transformation  of  the  EKC  from  its  first  to  second  stage.  For  instance,  MPU  discourages  long-term  green investments,  which  may  delay  the  reliance  of  an  economy  on  fossil-fuel  dependence.  Secondly,  MPU  can  be responsible  for  weakening  the  enforcement  of  environmental  regulations,  which  may  slow  down  the  transition toward the second phase of the EKC. Thirdly, uncertainty amplifies risk premiums, which can raise the cost of financing renewable projects and can also delay the transition to the second phase of the EKC. 

This  subsection  discussed  those  studies  that  investigated  MPU  and  the  environment  nexus  in  the  EKC 

framework. For instance, Barra et al. (2025) examined the EKC by incorporating economic, climate, and energy policy uncertainties and validated the EKC. The EKC was affected by institutional quality, MPU, and international commitments. However, countries with weak institutions could not achieve the EKC turning point due to a high level  of  MPU.  Mushtaq  et  al.  (2024)  revealed  the  validity of  the  EKC  in  22  countries  from  1997–2021.  MPU 

reduced green investments and increased emissions; it discouraged capital-intensive clean energy investments and increased fossil fuel consumption, which was a deviation from the projected second phase of the EKC. Balsalobre-Lorente et al. (2024) examined the G20 and concluded the EKC in carbon and ecological footprint models. MPU 

and economic complexity intensified pollution. However, Geopolitical Risk Index (GPR) and Regional Economic Communities (REC) contribute to environmental improvements. Işık et al. (2023) examined Brazil, Russia, India, and China (BRIC) and G7 countries and found that REC, economic freedom, and MPU delayed the EKC turning point  in  G7  economies.  Thus,  the  EKC  did  not  hold  in  the  BRIC  nations.  Udeagha  &  Muchapondwa  (2023) validated the EKC in South Africa, and fiscal decentralization and green innovation reduced emissions. Moreover, long-run MPU and globalization worsened environmental outcomes. Ali et al. (2022) examined BRICS countries and  demonstrated  that  urbanization  raised  emissions  and  thus  the  EKC  was  validated. However,  the  long-term effect  of  MPU  slowed  down  the  transition  of  the  EKC.  Most  studies  in  this  subsection  reported  the  adverse environmental effects of MPU. 

Some studies also found the positive or mixed effects of MPU on the environment. For instance, Aslan et al. 

(2024) investigated the G7 and found that MPU reduced emissions due to declines in industrial activity in lower-middle quantiles. The EKC was substantiated. Cutcu et al. (2025) examined 17 economies and revealed that MPU 

improved  environmental  quality  at  lower  pollution  quantiles  and  reduced  it  at  higher  quantiles.  This  effect depended on threshold-specific EKC dynamics. Chu et al. (2023) analyzed the E7 economies and found that MPU 

and GPR degraded the environment in the short term. Long-term effects improved the environment through policy learning and institutional adaptation. The EKC model was found to be responsive to uncertainties. 

Table 1 and Figure 4 provide a summary of the environmental effects of MPU in the EKC Framework. This subsection concluded that a high level of MPU generally proved to be a hurdle in the transition of the EKC from its  first  to  the  second  phase. This  result  was  particularly more  pronounced  in  countries  with  weak  institutions. 

Moreover, a high level of MPU was found to be responsible for low green investments. 
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Table 1. Environmental effects of MPU in the EKC framework 



Environmental 

Regional 

References 

Key Mechanisms 

Effects of MPU 


Sample 

EKC validated with MPU, to improve 

Positive 

Aslan et al. (2024) 

G7 

environmental quality by reducing 

industrial activities. 

MPU discouraged green investments, 

Ali et al. (2022); Balsalobre-Lorente 

22 countries, 

increased fossil fuel use, delayed the 

et al. (2024); Barra et al. (2025);  Işık G20, G7, South 

Negative 

EKC turning point, intensified 

et al. (2023); Mushtaq et al. (2024); 

Africa, and the 

pollution, and worsened long-term 

Udeagha & Muchapondwa (2023) 

BRICS 

environmental outcomes. 

17 countries and 

The effects of MPU depend on pollution 

Mixed 

Chu et al. (2023); Cutcu et al. (2025) E7 

quantiles. 





Figure 4. Role of MPU in the environmental outcomes and the EKC 



3.2 MPU, Energy Sector, and Environmental Sustainability 



Fossil fuel consumption is largely responsible for environmental degradation, and MPU can affect the energy-environment nexus. For instance, MPU may increase economic unpredictability and can reduce investments in clean technologies with higher perceived risks. MPU can discourage the RET by raising financial costs associated with perceived risk and weakening investor confidence. Moreover, it can weaken environmental governance by prioritizing short-term stabilization and energy security, thus ignoring long-term sustainability. MPU can increase resource  misallocation  and  hamper  the  adoption  of  environmental  regulations.  On  the  other  hand,  MPU  may motivate innovation, institutional reform, and adaptive strategies in response to uncertainty, which may promote the RET. Thus, MPU has the potential to reduce environmental problems. 

Anser  et  al.  (2024)  examined  Sub-Saharan  Africa  (SSA)  and  revealed  that  MPU  reduced  emissions  by minimizing economic activities. Moreover, institutional variables played a critical role in mediating MPU effects. 

In the same vein, Chen & Nouseen (2025) found that institutional capacity promoted the RET in times of volatile MPU. In another study, Adedoyin et al. (2021) reinvestigated SSA and reported that MPU moderated the effects of  REC  and  non-REC  on  emissions.  MPU  reduced  environmental  harm  from  non-REC  and  supported  the environmental protection of REC. Selmey et al. (2024) found that MPU reduced emissions in BRICS whereas trade  raised  emissions.  Ahmed  et  al.  (2021)  scrutinized  the  US  and  concluded  that  REC  reduced  emissions. 

Decreasing MPU amplified the effect of REC in reducing emissions. 

Anser  et  al.  (2021b)  found  that  REC  reduced  ecological  footprints  even  in  the  presence  of  MPU  and  GPR. 

Erzurumlu & Gozgor (2022) analyzed 72 countries from 1960 to 2016 and found that higher MPU reduced energy consumption.  MPU  showed  a  potential  to  disrupt  energy  consumption  patterns  and  this  was  possible  through energy  policy  and  environmental  sustainability.  Ayad  et  al.  (2023)  analyzed  the  MENA  region  and  found  that 21

extreme MPU decreased emissions. Zhang et al. (2023a) documented feedback effects among MPU, ecological innovation, globalization, and emissions. Moreover, he pointed out that MPU reduced emissions. Fang et al. (2025) 

investigated the US and found that the interaction of MPU with Artificial Intelligence (AI) improved the RET. 

Thus, uncertainty promoted creative adaptation. Dastgeer et al. (2023) reported that REC raised environmental quality, and its interaction with MPU also mitigated ecological degradation. 

The literature also reported the adverse environmental effects of MPU. Kashif et al. (2025) reinvestigated the US  economy  and  found  that  bioenergy  reduced  emissions.  However,  MPU  and  natural  resource  depletion minimized the pleasant effects of bioenergy. Chiou et al. (2025) scrutinized the US and found that MPU raised CO2  emissions,  which,  in  the  long  run,  were  affected  by  income  growth  and  political  problems.  In  another dimension, Ivanovski & Marinucci (2021) and Shafiullah et al. (2021) investigated the US and reported that MPU 

was negatively associated with REC over a long period. Li et al. (2025) found that MPU slowed down clean energy progress  in  Arctic  Council  nations  in  the  early  stage  of  the  RET.  However,  this  impact  was  curtailed  by environmental technology and governance quality. Wang et al. (2024a) reported that MPU increased sectoral CO2 

emissions in medium and high quantiles. Thus, the effect of MPU differed in different sectors. Zhang et al. (2021) investigated BRICS and reported that MPU reduced REC. However, financial development (FD) and foreign direct investment (FDI) helped to reduce this effect. Owusu et al. (2024) analyzed the Nordic countries and reported that MPU and resource rents raised emissions. However, the RET reduced these effects. 

Oryani  et  al.  (2022)  stated  that  green  energy  improved  the  environment  in  South  Korea.  However,  MPU 

increased ecological degradation during economic transitions. Xu et al. (2024) stated that MPU raised fossil fuel usage and FD mitigated the adverse effects of MPU on energy consumption. Thus, FD and investment frameworks served as moderators. Adams et al. (2020) and Shabir et al. (2022) revealed the feedback between MPU and CO2 

emissions. MPU was affecting emissions while in turn environmental conditions and energy consumption were shaping policy uncertainty. Wei et al. (2023) scrutinized Russia and reported that MPU and economic expansion raised emissions. REC mitigated this effect. You et al. (2023) examined G-10 and reported that MPU increased ecological  degradation.  However,  energy  structure  shifts  and  resource  rents  reduced  environmental  problems. 

Farouq & Sulong (2024) investigated the Organization of the Petroleum Exporting Countries (OPEC) nations and found that MPU and oil price volatility reduced REG investment, yet financial globalization enhanced it. Yi et al. 

(2023) reported that FD and globalization supported REC but MPU reduced it. 

Selmey & Elamer (2023) investigated Egypt and found that greater economic policy stability and strategic REG 

investments reduced emissions. However, MPU enhanced environmental degradation. Pata et al. (2023a) reported that institutional quality could not affect renewable investments in G7 countries due to MPU. Zhang  & Razzaq 

(2022) investigated the BRICST (Brazil, Russia, India, China, South Africa, and Turkey) economies and MPU 

suppressed the RET. However, the environmental effects of FD and environmental regulations were pleasant. In comparison,  environmental  regulations  played  the  most  significant  role  among  others.  Khan  &  Su  (2022) 

investigated the G7 and found that MPU reduced REG investments across all quantiles. Particularly, this effect was found to be highest in the US and Italy. Zeng & Yue (2022) analyzed BRICS and reported that MPU depressed REC and increased non-REC. Zhou et al. (2022) explored China, India, and the US and found that REC mitigated emissions while MPU raised them. 

Khan et al. (2022) investigated East Asia and reported that MPU raised CO2 emissions. However, REC and FDI inflows reduced emissions. Chu & Le (2022) explored the G7 and found that MPU raised the negative effects of energy intensity. Moreover, MPU reduced the positive effects of REC and economic complexity. Xue et al. (2022) 

investigated France and confirmed that MPU increased emissions and reduced the benefits of clean energy policies. 

Iqbal  et  al. (2023)  compared  this  relationship  in  developed  and  developing  countries  and  showed  that  MPU 

increased  CO2  emissions  in  both  cases.  However,  REC  and  urbanization  improved  environmental  quality.  In a methodological innovation, Syed & Bouri (2022) examined the US and reported that high MPU raised emissions. 

Saadaoui et al. (2023) also investigated the US and found that aggregate demand shocks increased emissions under MPU. However, a low MPU enabled oil supply or demand-specific shocks to reduce emissions. 

Rong & Qamruzzaman (2022) investigated the top five oil-importing countries and found that MPU reduced the RET in the long run. However, technological innovation and oil price volatility moderated this relationship by promoting renewable energy growth. Jiao et al. (2022) and Qamruzzaman et al. (2022) discovered that MPU and GPR reduced the adoption of green technologies. However, FDI and government debt stimulated clean energy development, and MPU reduced these effects. Zhang et al. (2023c) investigated the REC-poverty-finance nexus in China and found that green finance reduced energy poverty through clean energy deployment. However, MPU 

reduced these gains by discouraging green investment. Serfraz et al. (2023) investigated Pakistan and found that both  clean  energy  and  FD  attracted  clean  FDI.  However,  MPU  reduced  it.  Jiang  et  al.  (2023)  investigated  E7 

countries and concluded that MPU reduced green growth. However, institutional quality and REC promoted green growth. Wang et al. (2023) identified that REC and urbanization were major emission-reducing factors. However, MPU, GPR, and economic growth raised environmental problems. Nakhli et al. (2022) did a causality analysis and found feedback between MPU and CO2 emissions in the US. Economic uncertainty accelerated emissions, which also  influenced  policy  dynamics  in  response.  Wu  et  al.  (2024)  investigated  the  influence  of  MPU  on  loading 22

capacity in fast-growing economies and confirmed that MPU deteriorated environmental quality in lower quantiles. 

However, REC improved environmental outcomes, and trade openness could not affect them. Khan et al. (2024) analyzed  the  BRICST  nations  from  1990  to  2020  and  reported  that  REC  improved  ecological  sustainability. 

However, GPR, MPU, and FD reduced ecological sustainability. 

The literature also reported mixed effects of MPU on the environment. For instance, Pata (2024) reported time-variant results. While the short-run MPU enhanced the RET, the long-run MPU reduced sustainable investment. 

In another interesting finding, Saliba (2024) reported that energy-specific uncertainty supported the RET; however, global  MPU  reduced  this  effect.  Li  et  al.  (2023)  found  that  Climate  Policy  Uncertainty  (CPU)  and  MPU  are context-dependent. They might sometimes encourage REC or hinder it. The net effect depended on the centrality of political commitment and adaptive governance in navigating energy transitions. Vitenu-Sackey & Acheampong (2022)  found  the  heterogeneous  impact  of  MPU  across  developed  countries.  These  effects  were  found  to  be stronger  in  high-emission  countries  and  weaker  in  low-emission  countries.  Udeagha  &  Muchapondwa  (2022) 

investigated  South  Africa  and  revealed  that  MPU  reduced  the  environmental  benefits  of  REC  and  innovation. 

However, MPU surprisingly improved the environment with the interaction of complexity. Some studies could not find a significant environmental effect of MPU. Meng et al. (2024) and Naeem et al. (2024) investigated financially developed economies and discovered that FD and the RET significantly reduced ecological footprints, which could not be affected by MPU. Similarly, Appiah-Otoo (2021) could not validate the statistically significant effect of MPU on REC. 

Table 2 and Figure 5 show the summary of the effects of MPU on the environment and energy sector. In this subsection,  most  literature  concluded  that  MPU  reduced  the  clean  energy  investment  and  environmental sustainability. However, the degree of impact was heterogeneous across regions and contexts, institutional capacity, technological innovations, FD, and other macroeconomic complexities. The studies emphasized promoting stable policy  frameworks,  regulatory  clarity,  and  targeted  incentives  to  accelerate  the  RET,  which  could  mitigate environmental degradation under MPU. Innovation may be accelerated in some settings. However, MPU generally dampened  investors’  confidence  and  the  RET  in  the  long  run.  Moreover,  institutional  quality,  FD,  and  policy predictability reduced the effect of MPU. 

Table 2. Environmental effects of MPU and the energy sector 

Environmental 

References 

Regional Sample 

Key Mechanisms 


Effects of MPU 

Renewable energy, FD, 

Adedoyin et al. (2021); Ahmed et al. (2021); institutional capacity, 

Anser et al. (2021b); Anser et al. (2024); 

MENA, the US, Sub-

green innovation, and 

Ayad et al. (2023); Chen & Nouseen (2025); Saharan Africa, the 

economic complexity 

Positive 

Dastgeer et al. (2023); Erzurumlu & Gozgor 

BRICST, the BRICS, 

mitigated the negative 

(2022); Fang et al. (2025); Selmey et al. 

and 72 countries 

environmental effects of 

(2024); Zhang et al. (2023a) 

MPU. The RET, REC, and 

FDI reduced emissions. 

Adams et al. (2020); Chiou et al. (2025); 

Chu & Le (2022); Farouq & Sulong (2024); Iqbal et al. (2023); Ivanovski & Marinucci 

(2021); Jiang et al. (2023); Jiao et al. (2022); 

Kashif et al. (2025); Khan & Su (2022); 

The US, E7, Arctic 

Khan et al. (2022); Khan et al. (2024); Li et Council, the BRICS, the 

MPU reduced the progress 

al. (2025); Nakhli et al. (2022); Oryani et al. 

BRICST, South Korea, 

of clean energy, the RET, 

(2022); Owusu et al. (2024); Pata et al. 

G7, Russia, G-10, the 

REC, green technology 

(2023a); Qamruzzaman et al. (2022); Rong OPEC, China, Egypt, 

adoption, and green 

Negative 

& Qamruzzaman (2022); Saadaoui et al. 

India, East Asia, 

investments. MPU raised 

(2023); Selmey & Elamer (2023); Serfraz et developed countries, 

emissions, ecological 

al. (2023); Shabir et al. (2022); Shafiullah et developing countries, 

degradation, and fossil 

al. (2021); Syed & Bouri (2022); Wang et and oil-importing 

fuel use. 

al. (2024a);  Wang et al. (2023); Wei et al. 

countries 

(2023); Wu et al. (2024); Xu et al. (2024); Xue et al. (2022); Yi et al. (2023);  You et al. 

(2023); Zeng & Yue (2022); Zhang & Razzaq (2022); Zhang et al. (2021); Zhang et al. (2023c); Zhou et al. (2022) MPU effects varied by 

Li et al. (2023); Pata (2024); Saliba (2024); 

South Africa and 

region, governance, 

Mixed 

Udeagha & Muchapondwa (2022); Vitenu-

developed countries 

technology, economic 

Sackey & Acheampong (2022) 

fluctuations, and sectors. 


23

[image: Image 11]





Figure 5. Role of MPU in the energy sector and environmental sustainability 3.3 MPU, Green Innovation, Technological Progress, and Environmental Sustainability The  sustainable  technology  development  needs  long-term  stability  and  predictable  policy  frameworks,  as  it requires long-term investment. However, uncertainty-induced risk can reduce investment in green innovation and technological progress, thus forming a hurdle to environmental improvement.  As regards the positive aspect of policy uncertainty, MPU can adopt adaptive strategies, which can be promoted by governments and firms to hedge against policy volatility. Thus, MPU may stimulate innovation, research and development (R&D) activities, and technological progress. However, the net effect of MPU depends on governance quality in an economy. 

MPU might reduce the incentives for sustained investment in green technologies. For instance, Attí lio (2025) 

empirically confirmed that MPU weakened green innovation. Moreover, GPR was the strongest inhibitor of green innovation.  Deng  et  al.  (2024)  scrutinized  the  connection  between  MPU,  technology,  environment,  and environmental  taxation  and  concluded  that  MPU  increased  environmental  degradation.  Technology  and environmental  taxes  significantly  enhanced  sustainability.  Ali  et  al.  (2023)  analyzed  the  Organization  for Economic Cooperation and Development (OECD) countries and found that MPU, FD, and energy use increased emissions. However, green innovation and institutional quality reduced them. Wei et al. (2022) investigated China and demonstrated that cities with lower technological development faced more energy efficiency losses during a high MPU. Yu et al. (2024) reinvestigated China and found that MPU interaction with green building intensity reduced the efficiency of carbon emissions. 

Wang  et  al.  (2021)  explored  137  countries  and  confirmed  that  MPU  increased  carbon  emissions.  However, international cooperation and proactive national policy engagement could work as key strategies to mitigate the environmental  costs  of  MPU.  Shah  et  al.  (2024)  investigated  East  Asia  and  the  Pacific  and  found  that  MPU 

increased emissions with rising AI adoption. Borojo et al. (2024) examined 25 emerging economies and revealed that MPU reduced green growth. However, technological innovations and good governance mediated this impact. 

Some  studies  reported  the  positive  environmental  effects  of  MPU,  which  was  supported  by  technology.  For instance,  Borojo  et  al. (2024)  discovered  that  innovations  and  governance  quality  promoted  green  growth. 

Moreover, the green growth indicator reduced the adverse effects of MPU. Ullah et al. (2022) studied the role of globalization  in  shaping  the  MPU-environment  nexus  and  concluded  that  MPU  reduced  emissions  in  low  and highly globalized economies. 

A lot of studies reported the mixed or asymmetrical effects of MPU on the environment. Hussain et al. (2025) 

examined  the  BRICS countries and revealed that high MPU reduced emissions in Brazil and China, yet raised them in India and Russia. Thus, national energy infrastructure and development stages played their role in this nexus.  Xin  &  Xin  (2022)  did  a  cross-country  analysis  and  uncovered  that  MPU  reduced  pollution  by  limiting investment and economic activities. Further, MPU hindered innovations, which were responsible for long-term pollution. However, countries with R&D investment reversed this effect. In a methodological innovation, Zhang 24
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&  Xiao  (2024)  investigated  the  US  and  identified  non-linear  and  asymmetric  effects  of  MPU  on  ecological innovation  and  emissions.  Similarly,  Javed  et  al.  (2023)  scrutinized  the  asymmetric  impact  of  MPU  and  green technology innovation on CO2 emissions in Italy and found that positive shocks in green innovation helped reduce emissions. However, negative shocks in green innovation and MPU worsened environmental outcomes. Durani et al. (2023)  and  Zhang  et  al. (2023b)  confirmed  that  the  environmental  benefits  of  technology  were  quantile-dependent  and  asymmetric.  Thus,  the  importance  of  long-term  green  investment  strategies  was  realized during MPU. 

Table 3 and Figure 6 exhibit the summary of the environmental effects of MPU, including green innovation and technological progress in the analysis. This subsection highlighted that MPU reduced environmental sustainability by decreasing green innovation and technological advancement in times of high MPU. Thus, MPU discouraged investment in R & D and innovation, thus reducing technological progress and increasing environmental problems. 

However, these effects depend on R & D capacity, institutional quality, and policy framework in an economy. 



Table 3. Environmental effects of MPU, including green innovation and technological progress in the model Environmental 

References 

Regional Sample 

Key Mechanisms 


Effects of MPU 

Positive shocks in green innovation 


reduced emissions. Technological 

Borojo et al. (2024); Ullah et 

Global and cross-

innovations and good governance 

Positive 

al. (2022) 

country 

mitigated MPU effects. Institutional 

quality and globalization supported green 

growth and R&D investment. 

Ali et al. (2023); Attí

lio 

Emerging economies, 

(2025); Borojo et al. (2024); 

the US, Japan, China, 

MPU weakened green innovation and 

Deng et al. (2024); Shah et al. 

Negative 

the OECD, Global, 

increased environmental degradation with 

(2024); Wang et al. (2021); 

and East Asia and the 

lower energy efficiency. 

Wei et al. (2022); Yu et al. 

Pacific 

(2024) 

MPU effects varied by country, 

Hussain et al. (2025); Xin & 

Brazil, China, India, 

Mixed 

development stage, energy infrastructure, 

Xin (2022) 

Russia, and the US 

governance, and R&D investment levels. 

Durani et al. (2023); Javed et 

al. (2023); Zhang et al. 

MPU had asymmetric effects on the 

Nonlinear 

The US and Italy 

(2023b); Zhang & Xiao 

environment. 

(2024) 







Figure 6. MPU, green innovation, technological progress, and environmental sustainability 
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3.4 Environmental Effects of MPU: The Role of Governance 



Governance may serve as a moderating factor in the nexus between MPU and the environment. For instance, with weak institutions and governance, MPU can expedite environmental degradation by discouraging regulatory enforcement caused by corruption. On the other hand, strong governance can support regulatory quality, political stability, and corruption control, hence reducing the environmental problems of MPU. Strong governance could support adaptive policy reforms in times of MPU and would promote renewable adoption. 



Table 4.  Environmental effects of MPU and governance 



Environmental 

References 

Regional Sample 

Key Mechanisms 


Effects of MPU 

Governance capacity, institutional 

quality, political stability, corruption 

Barra & Falcone (2024);  Cui et al. 

Global and the 

Positive 

control, and environmental policy 

(2024) 

BRICS 

reduced the negative effects of MPU 

on the environment. 

Farooq et al. (2023);  Hania et al. 

GCC, Arctic 

(2025); Hnainia & Mensi (2025); 

MPU raised energy consumption, 

region, the BRICS, 

Negative 

Khan et al. (2025); Ng et al. (2024); 

emissions, pollution, environmental 

Asia, 20 

Sadiq et al. (2024); Zhang et al. 

harm, and damage of mental health. 

economies, and G7 

(2024a); Zhang et al. (2024b) 

Assamoi & Wang (2023); Kilinc-

MPU effects varied by divergent 

Mixed 

China and the US 

Ata et al. (2025) 

institutional and economic structures. 







Figure 7. MPU, governance, and environmental sustainability 



Barra  &  Falcone  (2024)  investigated  136  nations  and  confirmed  that  political  orientation  and  governance capacity  mitigated  the  environmental  inefficiencies  produced  by  MPU.  Cui  et  al.  (2024)  examined  the  BRICS 

nations and concluded that the interaction of institutional quality with energy productivity reduced the negative environmental impact of MPU and GPR. Some studies reported the mixed effects of MPU. For instance, Assamoi 

& Wang (2023) analyzed China and the US and found that rising MPU degraded environmental quality. However, the  interaction  of  MPU  with  environmental  policy  reduced  these  effects.  Strong  and  consistent  environmental regulations  reduced  the  effects  of  MPU.  Kilinc-Ata  et  al.  (2025)  recognized  that  high  MPU  raised  short-run environmental benefits in China, and the US experienced a long-term deterioration effect. These results reflected divergent institutional and economic structures in both economies. 

Most studies reported the adverse environmental effects of MPU. Hnainia & Mensi (2025) investigated the Gulf Cooperation  Council  (GCC)  region  and  demonstrated  that  MPU  raised  energy  consumption.  However,  strong governance, particularly regulatory quality and government effectiveness, reduced these effects. Sadiq et al. (2024) 

examined the BRICS countries and reported that MPU raised emissions. However, strong corruption control and 26

the REC reduced these effects. The investigation of the BRICS countries conducted by Farooq et al. (2023) found that MPU  increased CO2 emissions. However, political stability moderated this relationship by reducing the environmental effects of MPU. Moreover, FD,  FDI, and natural resource rents shaped the environmental implications of MPU. Khan et al. (2025) explored the Arctic region and reported that the interaction between urbanization and MPU exacerbated emissions. However, governance reduced these environmental damages. 

Ng et al. (2024) assessed and reported that long-run MPU reduced environmental and social capital as it could be moderated by institutional development frameworks. Zhang et al. (2024b) identified feedback between MPU 

and pollution in 20 economies. Moreover, MPU had a strong effect on developing economies with high corruption, low trade openness, and high climate vulnerability. Hania et al. (2025) investigated G7 countries and found that MPU damaged public mental health and environmental sustainability. They suggested a holistic governance model to integrate mental health and environmental stability under MPU. Zhang et  al. (2024a) proposed that MPU 

increased the environmental harm of mineral rent exploitation, which was due to resource governance under MPU. 

Table 4 and Figure 7 incorporate governance indicators into the analysis and summarize the environmental effects of MPU. This subsection underscored that strong institutions and effective governance might act as a crucial channel to moderate the adverse environmental impacts of MPU. They could enhance resilience against geopolitical and economic shocks by enabling consistent policy enforcement, adaptive regulation, and strategic resource allocation. The effectiveness of governance in mitigating the negative environmental effects of MPU 

could be strengthened by promoting energy efficiency measures. The importance of institutional quality has been highlighted as a foundational element for sustainable environmental management under policy uncertainty. 

3.5 Heterogeneous Environmental Effects of MPU and Context-Based Factors The literature noted the heterogeneous environmental effects of MPU in different sectors. Thus, these effects significantly vary across sectors and regions, due to the degree of spatial and sectoral heterogeneity. The literature also reported a mixed or nonlinear effect of MPU on the environment. 

Adebayo (2025) examined the US  and found frequency- and sector-specific variations in the relationship between MPU and emissions. Ayhan et al. (2023) explored G7 countries and found substantial variation across countries and quantiles. For instance, MPU  decreased emissions in Italy, Japan, and the US.  However, it  had adverse effects in Canada, Germany, France, and the UK. These effects were shaped by energy consumption at higher quantiles. In their examination of the OECD countries, Zahra & Badeeb (2022) revealed that green energy reduced ecological footprints. On the other hand, MPU  reduced ecological footprints in the UK, USA, and Germany, and had insignificant effects in Australia and Canada. Thus, differential institutional and economic resilience shaped the effects of MPU. Borozan & Borozan (2022) found significant short-run MPU  effects on energy in the G7. However, the long-run effects could not be validated. 

MPU  reduced CO2 emissions in China at the aggregate level (Liu & Zhang, 2022),  yet this effect was insignificant in central and western provinces as  weaker institutional responses were observed in these less developed regions. Pata et al. (2023b) examined MPU and GPR across sectors during the Russia-Ukraine conflict and found that MPU  reduced emissions in most sectors due to economic slowdowns. However, GPR was responsible for rising emissions in the transportation sector. Moreover, MPU-reduced emissions were more prominent compared to GPR in the electricity and transport sectors. In the nonlinear analysis, Ashena & Shahpari 

(2022) found the asymmetrical effects of MPU upon their investigation of Iran. For instance, positive shocks raised CO2 emissions and negative shocks reduced them. Another research by Brini et al. (2024) on Africa reported that positive MPU shocks reduced environmental quality whereas negative shocks improved it. Short-run effects were found to be negligible. Some studies shed light on the positive environmental effects of MPU. For instance, Anser et al. (2021a) examined the world’s top ten carbon emitters and reported that MPU reduced emissions. Yang et al. 

(2022) analyzed Chinese provinces and found that MPU  reduced pollution by reducing consumption, and this effect was more prominent in economically developed regions. 

As regards the negative environmental effects of MPU, Mohanty et al. (2025) investigated G20 economies to arrive at the result that MPU, nuclear energy, and the oil sector raised emissions. Agricultural growth reduced emissions under MPU while the industrial and service sectors raised the environmental effects of MPU. Yang et al. (2024) applied spatial analysis to 282 Chinese cities and found that MPU increased emissions intensity in local and neighboring regions through spillovers. Wen & Zhang (2022) reported that MPU elevated emissions in fiscally constrained  Chinese  cities  with  local  governments’  scale-back environmental enforcement. Thus, institutional fragility emerged under MPU  at  the subnational level. Ma et  al. (2024) examined highly polluted nations and revealed that MPU raised ecological footprints. Li et al. (2024) scrutinized the BRICS and found that MPU and non-REC increased ecological footprints. However, GPR and REC mitigated them. Arshad et  al. (2024) 

investigated the moderating effect of financial inclusion and found that this mitigated the negative environmental impact of MPU. The study of Qamruzzaman (2023) on India and China noted the use of remittances as a moderator. 

MPU  reduced environmental quality. Remittances proxy for external economic shocks moderated the environmental effects of MPU. Odugbesan & Aghazadeh (2021) applied multiple proxies of MPU, including fiscal, 27
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monetary, exchange rate, and trade policy shocks, which increased pollution in Japan. Anwar et al. (2024) reported that REC and FD reduced the harmful effects of MPU and technological shocks in the “Fragile Five” countries, i.e., Turkey, Brazil, India, South Africa, and Indonesia. Shah & Zha (2025) examined the BRICS countries and demonstrated that MPU and stringency of environmental policy raised the energy rebound effect. 

Table 5 and Figure 8 illustrate the heterogeneous environmental effects of the MPU. This subsection exposed that  the  environmental  effects  of  MPU  were  highly  heterogeneous,  depending  on  sectoral  features,  regional conditionality, and asymmetric policy responses. The literature signified that a single strategy was not sufficient to mitigate the environmental effects of MPU, which could be tackled by context-specific, flexible, and sector-aware environmental governance. Therefore, tailored strategies taking into account of local institutional capacity, economic structure, and development level can effectively mitigate the negative environmental effects caused by MPU. 



Table 5. Environmental effects of the MPU, including various proxies in different models 



Environmental 

References 

Regional Sample 

Key Mechanisms 


Effects of MPU 

MPU reduced emissions in some 


sectors and countries due to economic 

G7 and Chinese 

Positive 

Anser et al. (2021a); Yang et al. (2022) 

slowdowns, energy mix, institutional 

provinces 

resilience, and reduction in energy 

consumption. 

Anwar et al. (2024); Li et al. (2024); 

G20, Chinese 

Ma et al. (2024); Mohanty et al. 

MPU raised emissions and ecological 

cities, highly 

(2025); Odugbesan & Aghazadeh 

footprints due to sectoral, spatial, 

Negative 

polluted nations, 

(2021); Qamruzzaman (2023); Shah & fiscal constraints, and policy 

the BRICS, India, 

Zha (2025); Wen & Zhang (2022); 

stringency. 

China, and Japan 

Yang et al. (2024) 

Adebayo (2025); Ayhan et al. (2023); 

MPU effects varied by country, 

Borozan & Borozan (2022); Liu & 

G7, the OECD, 

Mixed 

shocks (positive/negative), and time 

Zhang (2022); Pata et al. (2023b); 

China, and the US 

frame (short vs. long run). 

Zahra & Badeeb (2022) 

Ashena & Shahpari (2022); Brini et al. 

MPU impacts showed asymmetrical 

Nonlinear 

Africa and Iran 

(2024) 

effects on emissions. 







Figure 8. MPU, context-based factors, and environmental sustainability 




4. Synthesis of the Literature 

The literature signified the role of MPU in the EKC framework. For instance, MPU can delay the first phase of the  EKC  by  discouraging  investments  in  cleaner  technologies  and  renewable  energy.  Thus,  MPU  can  be responsible  for  the  invalidity  of  the  EKC  hypothesis.  Moreover,  MPU  may  reduce  the  speed  of  structural 28

transformation in an economy, hence delaying the transition of an economy from the first to the second phase of the EKC. On the other hand, reducing MPU can ensure stable policy regimes, which can accelerate the transition of an economy from the first to the second phase of the EKC by promoting the RET, environmental regulations, and technological innovation. 

Recent literature has explored the relationship between MPU and the environment by using different proxies. 

The broad conclusion of the literature review signified that MPU could not affect the environment uniformly across different  countries,  regions,  sectors,  and  time  horizons.  Its  effect  was  conditioned  by  spatial  interdependence, sectoral  compositions,  policy  frameworks,  and  context-specific  analyses.  At  the  sectoral  level,  the  literature signified  that  MPU  affected  differently  in  terms  of  energy  consumption  patterns  and  industrial  structures.  For instance,  MPU  reduced  emissions  in  the  agriculture  and  renewable  energy  sectors  during  MPU.  However,  the results  were  found  to  be  opposite  in  industry  and  services.  These  different  sectoral  results  exposed  that  MPU 

improved the environment due to investment delays, shifts in energy mix, and changes in regulatory prosecution. 

The methodological approach provided multifaceted results from analyses of quantile regression approaches, the asymmetric approach, and the nonlinear effects of MPU. In the asymmetric approach, positive and negative shocks  of  MPU  showed  different  environmental  effects.  For  example,  emissions  declined  with  positive  MPU 

shocks  in  certain  countries  due  to  reduced  industrial  output.  However,  emissions  were  increased  due  to  weak environmental forecasting.  The magnitude and direction of these effects often differed in different quantiles of emission  distributions,  which  reflect  a  different  prevailing  environmental  state  and  policy  stringency  in  any economy.  In  the  spatial  analyses,  significant  spillovers  of  MPU  were  found.  MPU  in  one  county  might  raise environmental risks in neighboring areas, and integrated supply chains and common ecosystems are responsible for it. Therefore, spatial econometric models showed that local and regional policy coordination was essential to manage these spillovers. Institutional quality, environmental regulations, and fiscal pressures also moderated the MPU-environment relationship. 

The  temporal  dimension  also  plays  a  critical  role.  For  instance,  the  short-run  effects  of  MPU  are  often characterized by economic slowdowns and reduced emissions. In the long run, MPU postpones green investments and regulatory rollback, which increase ecological footprints. Moreover, the interaction effects of MPU with GPR, volatility of oil price, stringency of environmental policy, and financial inclusion are further responsible for the different results. For instance, MPU can either increase or mitigate environmental harms, depending on the policy environment, resource endowments, and structural resilience of the economy. The positive environmental effects of REC, institutional quality, and innovations help to raise the possibility of the positive environmental effects of MPU. 




5. Conclusions 

MPU has great potential to determine the environmental quality in any economy, and the recent literature has extensively  explored  this  relationship  with  mixed  findings.  This  research  aims  to  review  this  relationship  by following a systematic review approach, which helped select 117 articles. The findings of the study exposed the complex,  context-dependent,  and  nonlinear  relationship  between  MPU  and  environmental  sustainability.  MPU 

affected  the  environment  through  different  channels,  including  economic  slowdowns,  investment  delays, regulatory loops, and behavioral reactions. The results were found to be different across different sectors, regions, and time horizons. For instance, MPU reduced emissions in the agriculture sector due to a reduction in economic activities and increased emissions in energy-intensive and industrial sectors. Spatial analyses showed the spillover effect of MPU on the environment due to interregional economic linkages and institutional heterogeneities, which highlighted  the  need  for  coordinated  political  actions  at  local,  national,  and  regional  levels.  Moreover,  the relationship  was  found  to  be  asymmetrical,  indicating  that  policy  responses  differed  in  accordance  with  the asymmetrical  results.  MPU  has  a  dynamic  relationship  with  GPR,  energy  policy,  fiscal  response,  and environmental policy. 

The findings of this review suggested that MPU was responsible for delaying long-term investment in green projects. In the policy debate, strengthening institutional frameworks like improving the rule of law, transparency, and  accountability  can  provide  predictability  in  policy  environments,  hence  reducing  the  volatility  faced  by investors  and  promoting  long-term  investment  in  projects of  renewable  energy  and  technologies.  Furthermore, well-informed and consistent fiscal and monetary policies may reduce the volatility of MPU  and minimize the disruptive impact of MPU on the environment in an economy. Moreover, the findings  implied that governments should  design  flexible  environmental  policies  to  be  matched  with  both  positive  and  negative  shocks  in  MPU. 

Additionally,  environmental  regulations  and  their  concomitant  regional  coordination  may  reduce  the environmental  effects  of  MPU.  The  promotion  of  financial  inclusion,  REG  investment,  and  technological innovation  could  also  provide  solutions  to  improve  environmental  performance  under  MPU.  Given  the  sector-specific effects of MPU, policymakers should design sector-specific policies. For instance, subsidies should be provided for the RET, and taxes should be imposed on fossil fuel energy, transportation, and industrial sectors. 

Policymakers should consider the environmental spillovers of MPU while designing cross-border environmental 29

agreements and regional emission caps. The government should promote inclusive finance, which could support green  investments  and  REC  adoption.  R&D  should  be  promoted  to  reduce  the  environmental  effects  of  MPU. 

Moreover,  MPU  should  be  combined  with  other  uncertainties,  like  GPR  and  oil  price  shocks,  to  establish  a comprehensive environmental sustainability framework. 

The  analysis  of  sectoral  heterogeneity  of  MPU  environmental  effect  is  scant  in  the  present  MPU  literature. 

Future research should therefore explore this aspect further. Investigating the complementarity of MPU with other uncertainties like GPR and oil price shocks would extend the scope of the MPU literature. Furthermore, employing mixed-method approaches in combination with spatial and non-spatial analyses would allow comparison of  the results.  The  robustness  of  the  findings  could  be  enhanced  by  including  spatial  spillovers  of  MPU  on  the environment of neighboring countries or regions in the analysis. 
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