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Abstract

:

COVID-19’s demand shocks have a significant impact on global CO2 emissions. However, few studies have estimated the impact of COVID-19’s direct and indirect demand shocks on sectoral CO2 emissions and linkages. This study’s goal is to estimate the impact of COVID-19’s direct and indirect demand shocks on the CO2 emissions of the Asia-Pacific countries of Bangladesh, China, India, Indonesia, and Pakistan (BCIIP). The study, based on the Asian Development Bank’s COVID-19 economic impact scenarios, estimated the impact of direct and indirect demand shocks on CO2 releases using input–output and hypothetical extraction methods. In the no COVID-19 scenario, China emitted the most CO2 (11 billion tons (Bt)), followed by India (2 Bt), Indonesia (0.5 Bt), Pakistan (0.2 Bt), and Bangladesh (0.08 Bt). For BCIIP nations, total demand shocks forced a 1–2% reduction in CO2 emissions under a worst-case scenario. Given BCIIP’s current economic recovery, a best or moderate scenario with a negative impact of less than 1% is more likely in coming years. Direct demand shocks, with a negative 85–63% share, caused most of the CO2 emissions decrease. The downstream indirect demand had only a 15–37% contribution to CO2 emissions reduction. Our study also discusses policy implications.
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1. Introduction


On 11 March 2020, the WHO declared the novel COVID-19 a pandemic [1]. Almost a year later, the WHO reports that more than 2.5 million people have died as a result of COVID-19, and approximately 114 million have been diagnosed [2]. Apart from the human cost, the COVID-19 pandemic has a massive economic cost, as lockdowns have halted production and logistics operations, as well as affected demand and supply of various products [3]. Obviously, the COVID-19 pandemic has a negative impact on global CO2 emissions [4]. COVID-19-related lockdowns reduced global CO2 emissions by nearly 7.9%, with an annual reduction of 4–7% expected during the pandemic [5].



Estimating the impact of COVID-19’s direct and indirect demand shocks on CO2 emissions can help us understand how much of a target sector’s direct demand and how much indirect demand for the target sector’s products and services are responsible for COVID-19-related potential CO2 reductions. Given that emissions typically rise following a crisis [6], our estimate can assist policymakers in developing smart demand-side long-term fiscal and monetary policies by accounting for the direct and indirect effects of demand shocks on CO2 emissions from various industries. Several sectors have underlined the positive relationship between sustainability and resilience [7,8]. Thus, extending current emission reduction patterns and avoiding the anticipated increase in CO2 emissions as a result of the pandemic may aid in achieving long-term resilience, even after the CO2 reducing effects of COVID-19-related demand shocks fade in the long run and in the aftermath of the COVID-19 disaster, become more resilient by seizing the opportunity to build a genuine, sustainable resurrection (in terms of CO2 emissions reductions) [9].



A great deal of research has been done on the effects of COVID-19 demand shocks on the environment and CO2 emissions. Conversely, intermediate industrial environmental and carbon linkages have been extensively researched in order to estimate the direct and indirect sources of sectoral environmental and carbon impacts. The decomposition of COVID-19-related total demand shocks into direct and indirect demand shocks, on the other hand, has been rarely reported in the related literature. Domestic intermediate sectoral supply chain disruptions caused by demand shocks in intermediate sectoral linkages, in particular, have been rarely reported in the related literature. The goal of this study is to close these critical research gaps. This study accomplishes these goals by first categorizing intermediate sectoral linkages based on their direct and indirect carbon impact on the final demand of a specific sector. Following that, the study calculates the novel COVID-19-related direct and indirect sectoral demand shocks’ impacts on carbon emissions in key Asia-Pacific economies such as Bangladesh, China, India, Indonesia, and Pakistan (BCIIP). In this case, a target sector is isolated from the rest of the economy using the hypothetical extraction method (HEM) in order to understand the role of COVID-19-related direct and indirect demand shocks on total and sectoral-level CO2 emissions in the BCIIP countries.



The rest of the article is organized as follows: Section 2 delves into the literature on industrial carbon linkages, general COVID-19 demand shock literature, and COVID-19 CO2 emissions impacts. Section 3 introduces the material sources and explains the methodology of our research. Section 4 summarizes the findings. Section 5 discusses the findings in light of previous findings, presents policy implications, and discusses limitations and future research. Finally, Section 6 presents the conclusions of our study.




2. Literature Review


The literature review section presents some of the relevant literature on COVID-19’s economic impacts. Furthermore, this section presents the most recent literature on COVID-19’s impact on CO2 emissions. In addition, this section depicts the literature on the environmental and CO2 linkages conducted using the well-known hypothetical extraction method (HEM). The section does not go over the literature on the classical multiplier method, which is used in some studies to estimate intermediate sectoral linkages. This is because, when compared to HEM, the classical method has been shown in the literature to be a subpar approach.



2.1. COVID-19 Related Supply Chain and Production Activity Distributions


Because of the current COVID-19 pandemic, governments have been forced to restrict not only people’s movement but also economic activity [10]. This has resulted in negative demand shocks, which have had a negative impact on all industrial operations. With the negative economic impact of COVID-19-related human activity restrictions in mind, many studies have concentrated on supply chain and production activity distributions. Chowdhury et al., for example, using a multiple-case-study approach, evaluated the effects of the COVID-19 pandemic on the food and beverage industry. The study estimated both the short-term and medium-to-long-term effects of the pandemic, as well as solutions for mitigating those effects [11]. Marimuthu et al. used a fuzzy-complex proportional assessment technique to quantify the impact of COVID-19 on mining activities in India [12]. Chen et al. calculated the impact of COVID-19-related consumer demand declines on the service industry. Based on a statistical survey of 940 firms in Hangzhou City, China, the authors created a risk factor analysis of business continuity management [13]. Cui et al. used a multi-sectoral computable general equilibrium model to examine the demand and supply-side effects of the COVID-19 pandemic on China’s transportation sectors [14]. Aside from specific sectors, several studies have also focused on the impact of COVID-19 related disruptions on entire supply chains. For instance, Shaheed et al. created a mathematical model to manage COVID-19-related supply chain interruptions in a three-stage supply chain network comprising suppliers, manufacturers, and retailers [15]. Karmaker et al. explored the drivers of a sustainable supply chain to address COVID-19-related supply chain disruptions in such a pandemic in Bangladesh [16]. Chowdhury et al. conducted a comprehensive review of the 74 relevant articles on COVID-19 related supply chain disruptions. As per their findings, the main methodologies used in these 74 articles are as follows; 31 articles based on author’s opinions; 27 articles focused on quantitative methodologies including simulation modelling, game-theoretical modelling, mixed-integer linear modelling, non-linear modelling, stochastic optimization, integrated mathematical and simulation model, principal component analysis and cluster analysis, and one study applied stepwise weight assessment ratio analysis; and 10 articles were focused on literature review.




2.2. COVID-19’s Environmental and CO2 Emissions Impact


Furthermore, numerous studies have been conducted on the various environmental aspects of COVID-19. The effects of COVID-19 on air pollution [17,18,19,20,21], the circular economy [1,9,22], sustainability [4,23,24], waste management [25,26], water use [27], renewable and green energy [28,29], climate change [30], transportation [31], and public awareness [32] have been extensively studied. Several studies, in particular, have estimated the COVID-19 pandemic’s impact on CO2 emission reductions. Turner et al., for example, estimated the observed impact of the COVID-19 lockdown on six counties in the United States’ “San Francisco Bay” region [33]. Based on satellite observations, Zheng et al. calculated China’s CO2 emissions during the COVID-19 pandemic [34]. Han et al. estimated the effect of COVID-19 on China’s CO2 emissions using national economic data [35]. Using real-time activity data, Liu et al. estimated the impact of COVID-19 on global CO2 emissions from various sectors [36]. Quéré et al. estimated the temporary daily reductions in CO2 emissions caused by the COVID-19 pandemic using government policy and activity data [37]. Shan et al. estimated the effect of COVID-19 on global CO2 emissions and supply chains using a multi-regional input–output model [38]. Quéré et al. forecasted post-COVID-19 CO2 emissions from fossil fuels [6].




2.3. Sectoral Environmental and Carbon Linkages


Both classical and more recent HEM have been widely used to estimate intermediate sectoral environmental linkages including water, energy, air pollutant, and CO2 linkages within and across economies. The HEM is generally regarded as the superior option because it allows us to estimate the relative magnitude of an industry’s (sector’s) economic (environmental) impact by removing it from a specific economy [39]. The modified hypothetical extraction method (MHEM) [40] is the most commonly used type of HEM at the moment. Blanco et al. assessed cross-temporal direct and indirect water yield in the Spanish region of Castile and León using the MHEM modeling technique [41]. Deng et al. calculated China’s intermediate sectoral water trade (linkages) using the HEM approach [42]. Duarte et al. estimated the sectoral water linkages in Spain using the MHEM [40]. Guerra and Sancho used the HEM to calculate the sectoral energy links in Spain [43]. He et al. calculated the air pollutant links in China using the MHEM technique [44]. Using the MHEM technique, Wang et al. quantified the air pollutant sectoral linkages in China [45].



The MHEM can assist us in estimating an economy’s various net carbon linkages [46]. Several studies have employed the MHEM approach to estimate the sectoral CO2 linkages for different economies and sectors. For example, Sajid et al. estimated the sectoral CO2 linkages of India from different types of energy and non-energy uses using the original, Cella’s [47], and modified HEM [39]. Sajid et al. used the MHEM to calculate the CO2 linkages of the transport sectors of the EU’s top carbon emitting nations [46]. Using the MHEM, Bai et al. calculated China’s industrial CO2 linkages [48]. Sajid et al. estimated Turkey’s demand and supply-driven CO2 linkages using the original, modified, and hybrid HEM [49]. Zhao et al. estimated China’s inter-regional sectoral CO2 linkages using the HEM [50]. Using the MHEM, Sajid et al. embedded Chinese industrial consumption-induced CO2 emissions into the household final demand [51]. Ali estimated Italy’s sectoral CO2 linkages using the classical multiplier, Cella, and the original HEM approaches [52]. Sajid estimated the drivers of Chinese households’ induced intermediate sectoral CO2 consumption emissions using MHEM in conjunction with structural decomposition and regional sensitivity analyses [53]. Sun et al. estimated China’s weighted backward and forward linkages using the “absolute weighted measurement” technique [54]. Sajid et al. calculated the mining sector carbon linkages of the world’s ten largest economies [55]. Sajid estimated Pakistan’s CO2 linkages and the impact of final demand on sectoral CO2 linkages using the MHEM and hypothetical extraction of final demand (HEOFD) methods [56].




2.4. Research Gaps and Significance


Despite the fact that significant work has been done in general on COVID-19-related impacts on supply chain and production activities, as well as CO2 emissions, much research has focused on sectoral environmental and carbon linkages. However, the following significant research gaps remain in the related literature. (1) The literature on COVID-19-related general economic activities and CO2 emission reductions does not usually divide total demand shocks into direct and indirect demand shocks. (2) The literature on the impact of COVID-19 on economic activities in general, and CO2 reductions in particular, does not typically classify the role of domestic intermediate sectoral supply chain disruptions based on the influence of direct and indirect demand shocks. (3) Traditionally, the literature on sectoral environmental and carbon linkages does not take into account the effects of direct and indirect demand shocks on intermediate sectoral linkages. (4) The case of the majority of BCIIP countries, with the exception of China, under COVID-19-related CO2 reductions has largely gone unstudied in the related literature.



This study addresses the aforementioned research gaps in the following ways. First, our study disaggregates COVID-19-demand-shock-related impacts into direct and indirect demand shock impacts within an economy, which are rarely investigated in the related literature (A sector’s direct CO2 emissions can be further subdivided into internal and forward (downstream) emissions. Current assessments of COVID-19’s impact on CO2 emissions overlook a critical factor: the extent to which indirect demand from other sectors can help a sector reduce its CO2 emissions, particularly when their demand is influenced by unexpected demand shocks such as the ongoing disaster of COVID-19). Second, the study categorizes intermediate sectoral supply chain disruptions based on the direct and indirect effects of sectoral final demand. These are not normally classified in both the general literature on sectoral environmental linkages and the COVID-19 economic and environmental impacts literature (Where a target sector’s internal linkages are driven by their own demand, which means their value is directly dependent on their own final demand value or demand shocks. However, forward, or downstream linkages, are more complicated, as they are not driven by a sector’s own demand but rather by the demand of the sector’s downstream importing sectors. As a result, these forward CO2 linkages depict the effect of indirect industrial demand on a sector’s CO2 emissions). Third, this study modifies the MHEM approach and introduces the impact of COVID-19-related direct and indirect demand shocks on intermediate sectoral linkages. Fourth, this study estimates the impact of COVID-19’s direct and indirect demand shocks on CO2 emissions in the major developing Asian economies of Bangladesh, China, India, Indonesia, and Pakistan (BCIIP) using the single regional input–output model (SRIO) and the Asian Development Bank’s (ADB) COVID-19 economic impact scenarios. COVID-19 has had the greatest impact on developing economies [4]. BCIIP countries are interesting cases not only because they are among the most important developing economies, but also because they are among the most populated, with approximately 45% of the world’s population residing in BCIIP [57], and from an environmental standpoint, they are among the most polluted nations [58].



The estimation of COVID-19 pandemic effects on the world’s most populated and polluted developing region can not only help with this region’s future carbon policy but also serve as a model for other countries. Second, by estimating the effects of demand shocks on inter- and intra-sectoral CO2 linkages, this study advances sectoral linkage estimation methods, particularly the HEM. Third, the study clarifies the concept of direct and indirect demand and demand shocks in the context of a country’s domestic economy. Appendix A Table A1 lists the full names of the sectoral abbreviations used in our study.





3. Materials and Methods


3.1. Materials


The data on the potential economic impact of COVID-19 on the various primary sectors of BCIIP countries were derived from the ADB’s “COVID-19 Economic Impact Assessment Template” [59]. The data, updated on 10 March 2020, contain the most comprehensive information on the expected economic impact of COVID-19 under various scenarios. As a result, the March version was used in this study to estimate COVID-19’s direct and indirect demand shock impact on CO2 emissions in BCIIP nations. In this version, the potential economic and sector-specific demand shock impact of the COVID-19 outbreak is presented in relation to the length of travel restrictions and steep decline in domestic demand. The ADB presents feasible scenarios for the best-case scenario for two months, the moderate case scenario for three months, the worst-case scenario for six months, and the hypothetical worst-case scenario for six months plus a three-month outbreak. The input–output (IO) data required to estimate the intermediate effects of COVID-19-related economic shocks were obtained from the EORA MRIO database’s national IO tables [60]. The most recent year, 2015, tables and related CO2 emissions accounts from EDGAR were used as a proxy for current CO2 emissions. In order to correspond with the ADB’s sectoral classification, the national IO tables were aggregated as shown in Supplementary Tables S1–S5. Other recent research on developing economies’ sectoral CO2 linkages has also preferred the use of the EORA MRIO database [56].




3.2. Methods


3.2.1. Environmentally Extended Input–Output Model


The Wasley W. Leontief input–output model [61] is commonly used as the foundation of the HEM method, which is used in this study to estimate sectoral CO2 linkages. The following is the basic equation for the environmentally extended input–output model.


   C N  =  t N     (  I −  A N   )    − 1    D N   



(1)




where    C N    denotes the CO2 emissions of a specific nation,  N . The intensity of the country’s sectoral carbon emissions is denoted by    t N   .  I  shows the appropriate size identity matrix. The country’s intermediate technology matrix is represented by    A N   . The Leontief inverse matrix of the country  N  is represented by    L N  =  (  I −  A N   )   . And    D N    is the country’s final demand for sectoral products and services. The    t N    is simply calculated by dividing country    N ′  s   total CO2 emissions by country    N ′  s  . total output.


   t r N  =    C r N     X r N     



(2)




where    t r N    represents the intensity of CO2 emissions from sector  r  in the country  N .    C r N    represents the total carbon emissions of sector  r  from the country  N . And    X r N    is the total output of the country’s sector  r .




3.2.2. Decomposition of the National Economy into the Target and Other Sectors


To estimate the sectoral carbon linkages, an economy should be divided into two groups, one representing the target sector  r  and the other representing the remaining sectors   − r  .


   [       C r N         C  − r  N       ] = [       t r N     0     0     t  − r  N       ] [        ( I −  A  r , r  N  )   − 1         ( I −  A  r , − r  N  )   − 1           ( I −  A  − r , r  N  )   − 1         ( I −  A  − r , − r  N  )   − 1        ] [       D r N         D  − r   − N        ]       =  [       t r N     0     0     t  − r  N       ]   [       L  r , r  N       L  r , − r  N         L  − r , r  N       L  − r , − r  N       ]   [       D r N         D  − r  N       ]    



(3)




where    [       C r N         C  − r  N       ]    represents the total carbon emissions of the country    N ′  s   target sector  r  and other sectors   − r  .    [       t r N     0     0     t  − r  N       ]    displays the carbon emission intensity of the country’s target and non-target sectors.    [       L r N         L  − r  N       ]  =  [       L  r , r  N       L  r , − r  N         L  − r , r  N       L  − r , − r  N       ]    depicts the Leontief inverse matrix for country    N ′  s   target and remaining sectors. And    [       D r N         D  − r   − N        ]    presents the final demand for the country’s target and other sectors.




3.2.3. Decomposition of Direct and Indirect Demand-Induced Emissions


A sector’s direct CO2 emissions are roughly equal to those induced by its internal and forward carbon links. Thus, direct CO2 emissions can be decomposed into intra-sectoral emissions resulting from direct final demand for a sector’s products and services and the forward CO2 emissions embedded in the final demand of downstream purchasing sectors. After reclassifying a country’s economy into target and non-target sectors, we can easily decompose the target sector’s total direct emissions into internal emissions caused by the sector’s own use, which is driven by final demand for its products or services and forward emissions caused by purchases by downstream importers of the sector’s products or services, driven by the respective demands of various downstream importing sectors.


  I  C r N  =  t r N    ( I −  A  r , r  N  )   − 1    D r N   



(4)






  F  C r N  =  t r N   L  r , − r  N   D  − r  N   



(5)






   C r N  = I  C r N  + F  C r N   



(6)




where   I  C r N    and   F  C r N    represent the country    N ′  s   internal and forward carbon linkages, respectively.    C r N    represents the target sector’s direct CO2 emissions. Forward carbon emissions can be further decomposed into sectoral destinations, i.e., the downstream indirect influencers of target sector CO2 emissions. Assume sector  d  is one of the sectors in the group representing non-target sectors   − r  . The virtual carbon export from the target sector  r  to the purchasing sector  d  can then be represented by the following equation.


  F  C r N  =   ∑   d = 0   n − 1   F  C  r → d  N   



(7)








3.2.4. CO2 Emissions Estimations after Adjusting for Direct and Indirect Demand Shocks


The above-mentioned Equations (4) and (5) can be modified to present the new emissions after adjusting for the potential COVID-19-related sectoral demand shocks on sectoral carbon linkages under various scenarios.


    I  C r N   ¯  =  t r N    ( I −  A  r , r  N  )   − 1      D r N   ¯   



(8)






    F  C r N   ¯  =  t r N   L  r , − r  N     D  − r  N   ¯   



(9)




where     I  C r N   ¯    and     F  C r N   ¯    represent the new internal and forward carbon linkages, respectively, after adjusting for negative demand shocks in the value of final demand.      D r N   ¯    and      D  − r  N   ¯    show the decrease in demand in the target and other sectors as a result of the COVID-19-related lockdown and other measures. The ADB employs the “no-COVID baseline” scenario to estimate the relative decrease in demand in other COVID-19 impact scenarios. The authors used the ADB’s COVID-19 related demand impact indicator for different scenarios to estimate the impact of decreases on the direct and indirect sectoral linkages of the BCIIP countries.




3.2.5. Estimation of the Impact of Direct and Indirect Demand Shocks


The total demand shock’s impact on CO2 emissions can be expressed simply as the difference between the baseline no COVID-19 emissions and the emissions after adjusting for demand shocks under a specific scenario.


  Δ  C r N  = Δ I  C r N  + Δ F  C r N  = F  C r N  −   F  C r N   ¯  =  (  I  C r N  −   I  C r N   ¯   )  +  (  F  C r N  −   F  C r N   ¯   )   



(10)







The following equations can be used to estimate the percentage contribution of direct and indirect demand shocks to total direct CO2 reductions for a given scenario.


  % D D  S r  =   Δ I  C r N    Δ  C r N     



(11)






  % I D  S r  =   Δ F  C r N    Δ  C r N     



(12)




where   % D D  S r    and   % I D  S r    represent the percentage contribution of direct and indirect demand shocks to total direct CO2 emissions reduction in a given scenario.






4. Results


4.1. Direct CO2 Emissions under the Baseline (No COVID-19) Scenario


Figure 1 depicts the direct sectoral CO2 emissions of the respective countries. As illustrated in Figure 1, China had the highest total CO2 emissions of all nations. It was followed by the countries of India, Indonesia, Pakistan, and Bangladesh. The MUC sector contributed the most to total national CO2 emissions in Bangladesh, China, India, Indonesia, and Pakistan, accounting for   61 % ,   85 % ,   82 % ,   76 % ,   and   51 %  , respectively. BTPS accounted for the second highest proportion of national CO2 emissions in Bangladesh, China, India, and Pakistan, accounting for   33 % ,   7 % ,   8 % ,   and   42 %  , respectively. However, Indonesia’s AMQ sector was the second highest emitter, accounting for nearly   10 %   of total national emissions.




4.2. The Impact of Negative Total Demand Shocks on Country-Wide and Sectoral CO2 Releases


Figure 2 depicts the effects of expected demand shocks on aggregate CO2 emissions by country under various scenarios. Appendix A Table A2 presents the effects of demand shocks on sectoral CO2 emissions under various scenarios. Apart from the worst-case scenario, no other scenario had a significant negative impact on CO2 emissions in Bangladesh, India, or Pakistan, as illustrated in Figure 2. However, when compared with the baseline scenario (no COVID-19), all other scenarios resulted in significant CO2 emission reductions for China and Indonesia. Whereas negative demand shocks had the greatest potential to reduce China’s overall CO2 emissions in the worst-case and hypothetical worst-case scenarios, with an impact of approximately   − 2 %  . However, for Indonesia, the worst-case scenario with a negative demand shock of approximately   − 1 %   had the greatest negative impact on CO2 emission reductions. When compared to the baseline scenario, negative demand shocks had the greatest impact on the BTPS and MUC sectors in Bangladesh and Pakistan. Under various scenarios, negative demand shocks had a significant impact on China and India’s MUC sectors, as well as on Indonesia’s MUC and HROS sectors.




4.3. Decomposition of Impacts from Direct and Indirect Demand Shocks


The impact of COVID-19 demand shocks on CO2 emissions can be further subdivided into direct and indirect demand shocks. The first type is driven by direct demand for a sector’s products, while the second is driven by indirect demand, i.e., demand for a particular sector’s downstream purchaser sector’s products and services. Figure 3 represents the contribution of direct and indirect demand shocks to total CO2 emission reductions under various scenarios. The decomposed direct emissions are presented in the supplementary file. Figure 3 shows that direct demand shocks accounted for a large portion of the total CO2 reductions under various scenarios. For BCIIP countries, the impact of direct demand shocks on total reduction ranged from   85 %   to   63 %  . Direct demand shocks with range values of   85 – 83 %   and   77 – 80 %  , contributed the most to total CO2 reductions in Bangladesh and Pakistan, respectively. The contribution of indirect demand shocks to direct CO2 reductions ranged from   15 %   to   37 %  . India and Indonesia had the greatest impact of indirect demand shocks on CO2 reductions, with range values of   31 – 37 %   and   28 – 41 %  , respectively.



Figure 4 shows the sector-specific impact of direct and indirect demand shocks on total CO2 emissions reductions under various scenarios. As shown in Figure 5, the impact of direct demand shocks was greater than the impact of indirect demand shocks in the majority of sectors in BCIIP countries. However, in some sectors in different countries, the contribution of indirect demand shocks was generally greater than the contribution of direct demand shocks under different scenarios. The CO2 emissions reductions for AMQ (range =   49 – 83 %  ) from Bangladesh, TS (range =   47 – 63 %  ) from China, AMQ (range =   48 – 55 %  ) and BTPS (range =   41 – 73 %  ) from Indonesia, and AMQ (range =   64 – 69 %  ) and TS (range =   50 – 75 %  ) from Pakistan, for example, were generally influenced more by indirect than direct demand shocks.




4.4. The Sectoral Sources of Indirect Demand


Although direct demand shocks were more important in reducing CO2 emissions under different scenarios, indirect demand shocks were also important in absolute terms, as shown above. Understanding the major sectoral sources of indirect demand can thus aid in the development of targeted mitigation policies. Figure 5 shows that demand for MUC, which had the highest forward CO2 emissions of all nations, received the majority of its indirect virtual CO2 demand from the AMQ for China, India, and Indonesia. However, BTPS was the source of the majority of MUC’s indirect demand in Bangladesh and Pakistan. Similarly, for AMQ, the MUC sector’s final demand was the largest driver of its downstream emissions in China, India, and Indonesia. While MUC was also the largest source of BTPS forward emissions in Bangladesh and Pakistan.





5. Discussion


5.1. Discussion of the Results


The COVID-19 pandemic has an impact on human activities, including energy consumption and CO2 emissions [10]. Many studies have been conducted on the effects of the novel COVID-19 pandemic on production [11,12,13,14] and supply chain disruptions [15,16]. Several studies have focused on CO2 emission reductions associated with COVID-19-related economic activity disruptions at the same time. Many studies have concentrated on the effects of lockdown-related demand (consumption) reduction on CO2 emissions at the national [35], provincial/regional [33,34], and international levels [36,37,38]. Few studies, however, have quantified the impact of direct and indirect COVID-19-related demand shocks on sectoral production and supply chain disruptions in general, as well as CO2 emissions and linkages in particular. Furthermore, the role of consumer demand from an industry’s downstream importers is an important but often overlooked aspect of the impact of COVID-19 demand shocks on sectoral CO2 emissions. This aspect is largely ignored in the literature on COVID-19’s overall impacts, and particularly in the literature on COVID-19’s effects on carbon and pollutant emissions. In this study, indirect demand shocks are defined as the effect of changes in demand for the target sector’s downstream purchasers on CO2 emissions. This study addressed these research gaps by estimating the impact of direct and indirect demand shocks on BCIIP’s important, densely populated, and polluted Asia-Pacific economies.



The study used MRIO [60] national input–output data and aggregated the input–output tables to correspond to the ADB [59] potential demand shock scenarios. Our findings revealed that the MUC sector was responsible for the greatest amount of emissions in all five countries. Aside from the worst-case scenario, no other scenario had a significant negative impact on CO2 emissions in Bangladesh, India, or Pakistan. However, when compared to the baseline (no COVID-19) scenario, all other scenarios showed a significant reduction in CO2 emissions for China and Indonesia. Direct demand shocks, on average, contributed more to total CO2 emissions reductions than indirect demand shocks. For all nations, the sectors with the highest emissions, such as the MUC, experienced the greatest reductions in emissions under various demand shock scenarios. Not only were these key sectors directly reducing emissions, but they were also indirectly driving a significant portion of other sectors’ emissions through inter-sectoral imports.



The impact of direct and indirect demand shocks on intermediate industrial linkages is rarely estimated in the literature on sectoral carbon linkages. The limited literature either estimates the impact on final demand of intermediate sectoral ties by completely removing them through hypothetical extraction of a sector’s final demand [56] or by embedding intermediate linkage emissions into various types of final demand [51]. The impact of direct and indirect demand shocks from disasters such as COVID-19, on the other hand, has not been considered in the related literature. As a result, the methodological approach used in this study is relatively new in the literature on sectoral (industrial) linkages, and thus it has implications that extend beyond the COVID-19 demand shock scenarios.



The long-term effects of the COVID-19 pandemic on emissions are unknown and are dependent on factors such as the success and rigor of public health programs, economic and human activity recovery, and long-term changes in human behavior [36]. Because of the uncertainties surrounding the duration, severity, and government lockdowns and restrictions associated with the current COVID-19 pandemic, various percentage CO2 emission reductions are presented in the related literature. According to Shan et al., compared to a no-pandemic baseline scenario, CO2 emissions for the 79 countries studied will decrease by   3.9 %   to   5.6 %   from 2020 to 2024 [38]. The low sensitivity test conducted by Quéré et al. predicted mid-point emissions reductions of   − 2.6 % ,   − 6.7 % ,   − 5.1 % ,   and   − 5.2 %   for China, the US, Europe (EU27 + UK), and India, respectively. However, their high sensitivity test predicted mid-point emissions reductions of   − 5.6 % ,   − 11 % ,   − 8.5 % ,   and −8.7% for these nations. Meanwhile, they forecast a   − 5.7 %   decrease in global CO2 emissions by 2020 [37]. COVID-19-related confinement measures, according to Quéré et al., will reduce global emissions by approximately   7 %   below 2019 levels by the end of 2020 [6]. According to our findings, in the worst-case scenario, CO2 emissions in Bangladesh, China, India, Indonesia, and Pakistan will be reduced by   − 1 % ,   − 2 % ,   − 1 % ,   − 1 % ,   and   − 1.4 % ,   respectively, in the coming years. However, given the current global GDP growth rate recovery and particularly significant improvements in GDP growth rates in all BCIIP countries in 2021 [62], it is more likely that COVID-19-related restrictions on global and BCIIP national CO2 emissions will have a minor impact in the future. As a result, the best and moderate case scenarios, which have a less than   1 %   impact on total national CO2 emissions reductions in BCIIP countries, are more likely for the coming years.



According to our findings, both direct and indirect negative demand shocks can play a significant role in decreasing direct CO2 emissions from respective sectors. The direct demand impact on CO2 reductions under different scenarios ranged from   85 %   to   63 %   for all BCIIP nations. While the impact of indirect demand shocks ranged from   15 %   to   37 %  . As demonstrated in the introduction section, the COVID-19 CO2 emissions literature typically does not disaggregate the effects of direct and indirect demand shocks on national CO2 emissions. However, authors such as Shan et al. have examined the effect of national and global lockdown measures on CO2 emissions, concluding that for the United States of America, the effect of self-lockdown resulted in   76.4 %   CO2 emission reductions in 2020, while disruptions in global supply chains resulted in   23.6 %   CO2 emission reductions [38]. Our findings also indicate somewhat similar patterns, with direct sectoral demand shocks causing significantly more reductions than indirect demand shocks from the decline in downstream sectoral demand (downstream supply chain). At the sectoral level, the MUC sector, which includes manufacturing, utilities, and construction, is not only the largest emitter in each of the five BCIIP countries but it also had the greatest negative direct and indirect impact on the respective economies’ sectoral CO2 emissions. These findings are consistent with those of other studies. Secondary industries, such as power generation and construction, have been shown to have the highest emissions in various economies [35,49,63]. The MUC sector has also been shown to have the greatest negative impact on direct CO2 emissions in a variety of other countries under various COVID-19 lockdown scenarios [35,38]. Furthermore, direct and indirect demand shocks had significant relative reductions in BTPS, AMQ and HROS total CO2 emissions under different scenarios. The subsequent decomposition of downstream sectoral emissions revealed a strong interdependence between the sectors with the greatest impacts. The downstream indirect demand for AMQ in China, India, and Indonesia (CII) was responsible for the majority of the indirect downstream emissions of MUC. Furthermore, downstream demand for BTPS accounted for the majority of MUC’s forward emissions in Bangladesh and Pakistan (BP). The MUC’s indirect demand accounted for the majority of indirect emissions for AMQ from CII countries and BTPS from BP countries.




5.2. Limitations and Future Research


It should be noted that final demand, or final demand shocks, can be classified into various categories, such as final demand from households, government, international trade, and capital formation. However, it is beyond the scope of this study to investigate the direct and indirect impact of various categories of final demand on the COVID-19 demand shocks associated with CO2 emissions. Furthermore, demand shocks can be studied in relation to various socioeconomic impacts on demand shocks and thus CO2 emissions. Further research into the role of different final demand categories and socioeconomic factors may yield some interesting findings on the direct and indirect effects of final demand shocks on sectoral CO2 emissions.





6. Policy Implications


The understanding of the impact of direct and indirect demand shocks on CO2 emissions in BCIIP countries can help policymakers develop long-term policies that go beyond the negative effects of COVID-19 demand shocks, which are diminishing over time. Policymakers can achieve this by improving key sectors’ direct and indirect demand patterns and levels, as evidenced by the magnitude of their direct and indirect negative impacts under various COVID-19-related demand reduction scenarios. According to the patterns in our findings, for BCIIP countries, a significant portion of the major sector CO2 emissions reductions under different scenarios came from indirect downstream sector demand. As a result, in order to maintain current COVID-19-related reduction patterns, in addition to direct demand from key CO2 producing sectors, indirect demand from downstream industries must be considered. In this case, the intermediate virtual exporters of industrial CO2 emissions, downstream importers, and direct and indirect final demand sources (such as households and government) should be targeted through a mechanism of shared carbon taxes or carbon permits. As a result, a distributed but effective reduction in CO2 emissions can be achieved, with all stakeholders sharing the burden of CO2 mitigation. Numerous previous studies have also argued for the distribution of industrial CO2 emissions through various mechanisms. It has been argued, in particular, that transferring the traditional burden from industrial producers to various other stakeholders is not only just, but may also be more effective, due to the shredded burden of CO2 emissions responsibility [49,56]. Recent evidence suggests that environmental levies (such as carbon taxes) will have a significant long-term impact on carbon emissions reduction. As a result, a fair and effective carbon taxation policy is critical for long-term resilience by sustaining current reduction patterns.



COVID-19 CO2 emission reductions have mostly transitory effects. And, as time passes, these effects will fade. According to studies, when certain countries lift COVID-19-related restrictions, emissions tend to spike [34]. Many studies have predicted that current CO2 emission reductions will be transient, with emissions returning to pre-COVID-19 levels if necessary steps are not taken [35,36]. As a result, capitalizing on the opportunity for long-term recovery would necessitate the adoption of low-carbon production models [9,64]. After the pandemic, the resurgence of both direct and indirect demand for various sectoral products and services to pre-COVID-19 levels, and possibly beyond, could offset any positive gains in sectoral CO2 emissions reductions achieved during the current pandemic. To avert a recession caused by the COVID-19 pandemic, the world’s leading economies and economic blocs have contributed billions of dollars in monetary and fiscal stimulus [65,66]. There is enormous potential for sustaining and improving current CO2 emission reductions if policymakers consider the environment in addition to the economy when developing fiscal and monetary policies. Rather than the restrictions on human activities experienced during the COVID-19 pandemic [36], which are unsustainable in the long run, monetary and fiscal measures may be required to achieve long-run sustainable growth through demand control, which may aid in the reduction of economies’ carbon intensity.



In this case, both long-term monetary and fiscal policies can be tailored to maintain current CO2 reduction trends in key CO2 emitting sectors. Monetary policy may, for example, include provisions for easy bank borrowing by lowering interest rates for industries and final consumers who agree to spend on green practices (such as renewable energy use, improved resource use efficiency, innovations [35,36,38], and investment in green (energy-efficient) infrastructure [6,29,36]). Similarly, long-term fiscal policy in the form of carbon taxes (both for producers and consumers [56]) and other COVID-19 economic recovery-related subsidies such as financial stimuli to sectors based on CO2 reductions, financial support to final consumers based on green behavior, and government investment in green infrastructure can aid in dealing with post-COVID-19 CO2 emissions. Shan et al. concluded that expected fiscal stimuli planned by various governments for economic recovery as a result of COVID-19 will either significantly increase CO2 emissions or help achieve net zero emissions by investing in clean energy sectors [38]. Taking into consideration the world’s expanding energy consumption and the issue of fossil fuel depletion [67]. A favorable monetary and fiscal policy toward green practices will aid in the development of new technologies for energy consumption control and the transition from conventional to biofuels, which are necessary to meet energy demands while limiting CO2 emissions [67].




7. Conclusions


COVID-19 is a worldwide catastrophe of epic proportions. The COVID-19 pandemic has the greatest impact on developing economies. Many studies have been conducted to estimate the effects of COVID-19-related disruptions on production and supply chains in general, as well as on carbon emissions in particular. Many studies, in particular, have been conducted on the impact of related demand shocks on CO2 reductions. The impact of direct and indirect demand shocks on specific economies, on the other hand, has rarely been estimated. Furthermore, the role of domestic intermediate sectoral supply chain disruptions caused by direct and indirect demand shocks has received little attention in the literature. Moreover, in the related literature on both the sectoral linkages and the COVID-19 related impacts, the domestic intermediate sectoral linkages have not been classified based on their direct and indirect demand shocks. Our study filled these critical reset gaps by estimating the CO2 reduction impacts of COVID-19-related intermediate sectoral supply chain disruptions caused by direct and indirect demand shocks. The BCIIP developing economies case was considered due to their significant contribution to the global population and pollution. The study first differentiated a country’s total emissions into those caused by intra-sectoral linkages and those caused by downstream forward sectoral linkages. The impact of total demand shocks was then disaggregated into intra-sectoral CO2 linkage reductions caused by direct demand shocks and inter-sectoral downstream CO2 linkages caused by indirect demand from a target sector’s downstream sectoral importers. According to the findings, China had the highest total CO2 emissions of any nation under the no COVID-19 scenario, followed by India, Indonesia, Pakistan, and Bangladesh. Aside from the worst-case scenario, no other scenario significantly reduced CO2 emissions in Bangladesh, India, or Pakistan. All other scenarios, however, resulted in comparatively significant CO2 emission reductions for China and Indonesia when compared to the baseline scenario (no COVID-19). The impact of direct demand shocks on CO2 reduction was generally greater in BCIIP countries than the impact of indirect demand shocks. The MUC, which had the highest downstream CO2 emissions of any country, received the vast majority of its indirect virtual CO2 demand from the AMQ for China, India, and Indonesia. However, BTPS accounted for the vast majority of MUC indirect demand in Bangladesh and Pakistan. Given the current state of the BCIIP’s economic recovery, a best or moderate scenario with a negative impact of less than 1% is more likely in the coming years. To be resilient in the face of COVID-19, current CO2 emission reductions must be sustained and improved over time. This can be accomplished through the development of a fair and effective carbon taxation policy that accounts for all intermediate sectoral and final demand sources, both direct and indirect. Furthermore, monetary and fiscal policies based on environmental impacts can help maintain or improve the COVID-19-related CO2 reduction pattern in the long run. When estimating the impact of direct and indirect demand shocks, our study did not take into account the distinct roles of different categories of final demand. Furthermore, the impact of various socioeconomic factors was not taken into account. Future research can thus consider both the role of final demand categories and socioeconomic factors in order to shed more light on the topic of CO2 reductions from COVID-19-related direct and indirect demand shocks.
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Table A1. Full names of the sectoral abbreviations used in this study.






Table A1. Full names of the sectoral abbreviations used in this study.





	Sectoral Abbreviations
	Full Names





	AMQ
	“Agriculture, Mining and Quarrying”



	BTPS
	“Business, Trade, Personal, and Public Services”



	HROS
	“Hotel and Restaurants and Other Personal Services”



	MUC
	“Light/Heavy Manufacturing, Utilities, and Construction”



	TS
	“Transport services”
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Table A2. Sector-wide reduction in CO2 emissions in Mt compared to the no COVID-19 baseline scenario.






Table A2. Sector-wide reduction in CO2 emissions in Mt compared to the no COVID-19 baseline scenario.





	
Items a

	
Bangladesh b

	
China

	
India

	
Indonesia

	
Pakistan






	
Best case




	
AMQ

	
−3.18 × 10−5

	
−2.60

	
−0.02

	
−0.07

	
0.00




	
BTPS

	
−5.85 × 10−4

	
−2.29

	
−0.02

	
−0.03

	
0.00




	
HROS

	
−2.10 × 10−4

	
−0.66

	
−0.03

	
−0.24

	
0.00




	
MUC

	
−1.29 × 10−3

	
−17.26

	
−0.19

	
−0.24

	
−0.01




	
TS

	
−1.42 × 10−5

	
−0.51

	
0.00

	
−0.01

	
0.00




	
Total impact

	
−2.13 × 10−3

	
−23.31

	
−0.26

	
−0.58

	
−0.01




	
Moderate case




	
AMQ

	
−7.22 × 10−5

	
−6.62

	
−0.04

	
−0.09

	
0.00




	
BTPS

	
−1.15 × 10−3

	
−5.91

	
−0.02

	
−0.04

	
−0.01




	
HROS

	
−3.22 × 10−4

	
−1.27

	
−0.06

	
−0.30

	
0.00




	
MUC

	
−2.82 × 10−3

	
−42.03

	
−0.32

	
−0.35

	
−0.01




	
TS

	
−2.62 × 10−5

	
−0.85

	
−0.01

	
−0.01

	
0.00




	
Total impact

	
−4.39 × 10−3

	
−56.67

	
−0.44

	
−0.79

	
−0.02




	
Worse case




	
AMQ

	
−1.23 × 10−4

	
−11.17

	
−0.06

	
−0.16

	
0.00




	
BTPS

	
−2.36 × 10−3

	
−13.34

	
−0.05

	
−0.07

	
−0.01




	
HROS

	
−6.41 × 10−4

	
−2.07

	
−0.10

	
−0.50

	
0.00




	
MUC

	
−5.05 × 10−3

	
−139.71

	
−0.66

	
−0.60

	
−0.02




	
TS

	
−4.87 × 10−5

	
−1.77

	
−0.01

	
−0.01

	
0.00




	
Total impact

	
−8.22 × 10−3

	
−168.06

	
−0.88

	
−1.34

	
−0.04




	
Hypothetical worst case




	
AMQ

	
−0.02

	
−11.18

	
−2.75

	
−0.60

	
−0.07




	
BTPS

	
−0.30

	
−13.34

	
−2.01

	
−0.57

	
−1.04




	
HROS

	
−0.04

	
−2.07

	
−0.52

	
−0.76

	
−0.08




	
MUC

	
−0.25

	
−139.82

	
−10.82

	
−2.90

	
−1.09




	
TS

	
−0.01

	
−1.77

	
−0.22

	
−0.04

	
−0.05




	
Total impact

	
−0.63

	
−168.18

	
−16.32

	
−4.88

	
−2.33








a Here, the above values in Mt present the difference between the sectoral values under different scenarios and the baseline scenario. b The scientific notation has been used to present the sector-wide impact of Bangladesh’s CO2 emissions under different scenarios as the values are very small, and therefore not suitable for presentation in a normal format.
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Figure 1. Direct CO2 emissions under the no COVID-19 baseline scenario. Source: Constructed by the authors. 
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Figure 2. Country-wide aggregated emissions under different scenarios. Here, the base-line scenario presents CO2 emissions under the assumption of no COVID-19 pandemic. Source: Constructed by the authors. 
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Figure 3. The contribution of direct and indirect demand shocks to CO2 emissions reduction under different scenarios. Source: Constructed by the authors. 
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Figure 4. The sector-wide contribution of direct and indirect demand shocks to CO2 emissions reduction under different scenarios. Source: Constructed by the authors. 
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Figure 5. The sectoral sources of indirect emissions for BCIIP countries. Source: Constructed by the authors. 
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