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Carbon Sensitive Productivity, Climate and Institutions 

 

Abstract 

Climate and institutions might be crucial in lowering the vagaries of climate change impacts 

in terms of productivity. This study measures the relationships of productivity measures 

adjusted for the regulation of carbon emission and institutions together with climate change 

throughout the world. This paper finds there is higher potential for reduction of CO2 

emissions in developing countries at lower cost. However, the cost to reduce emissions 

lowers their growth potential in terms of lost productivity growth. Better institutions help to 

lower the negative impacts of climate change by improving the process of technological 

adoption in developing countries. Climate change reduces the productivity growth in 

developing countries by lowering the process of technological adoption, and better 

institutions result in higher productivity. 
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1. Introduction 

The complexities of the climate-economy interrelationship have made it difficult to assess the 

impacts of climate change. Economic impacts of climate change occur through affecting the 

productivity of factors of production. Though the link between temperature and productivity 

is mentioned in classic writings of Montesquieu 1750, Marshall 1890, and Huntington 1915, 

among others, it is less discussed in the literature on the impacts of climate change (Dell et al, 

2012). The present paper is intended to address this gap through measuring the relationship 

between climate change measured as an average temperature over the last 30 years and the 

cumulative total factor productivity of 88 countries over 1994- 2008.1 

The costs of carbon abatement and the impact of abatement on productivity are likely to vary 

across countries due to differences in technology, which influences the productivity of inputs; 

differences in resource availability that influence the mix of energy, capital and labor used by 

these countries; and differences in public policies/pressures to improve environmental quality. 

This study intends to quantify these costs of abatement and impacts on productivity by 

measuring productivity under different scenarios such that: carbon emissions are not 

regulated (i.e., strong disposability of CO2 emissions), and these emissions are regulated (i.e., 

weak disposability of CO2 emissions). The paper will provide insight on the extent to which 

diffusion of technological progress and innovations can be relied upon to mitigate carbon 

emissions and on the validity of concerns about the economic impact of carbon abatement 

(Kumar and Khanna 2009). 

Moreover, it is thought that institutions determine incentive structure in an economy and 

shape the direction of economic growth (North, 1991). In the empirical literature on 

economic growth, Acemoglu et al. (2001, 2003, 2005) find that the growth rate is higher in 

those countries that have better institutions, measured in terms of property and contracting 
                                                           

1 The difference between climate and weather is that weather reflects short-term conditions of the atmosphere, 
while climate is the average daily weather for an extended period of time at a certain location. 
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rights. Institutions determine choices and provide incentives, and are therefore important in 

lowering the vagaries of climate change measured in terms of climate change impacts and 

mitigation costs. This paper intends to address this question by measuring the relationship 

between productivity measures, adjusted for the regulation of carbon emissions and 

institutions together with climate change variables. 

We find that productivity growth is occurring both in developed and developing countries, 

and the divergence in productivity growth helps to explain the growing inequalities across 

countries. Though there is higher potential for reduction of CO2 emissions in developing 

countries at a lower cost, the cost to reduce emissions lowers the growth potential of these 

countries in terms of lost productivity growth. Under strong disposability, better property 

rights help lower the impacts of climate change on developing countries by improving the 

process of technological adoption. Climate change lowers the productivity growth in 

developing countries by lowering the process of technological adoption, and better property 

and contracting rights result in higher productivity. 

The paper is organized as follows: Section 2 provides a brief sketch of the related literature 

on productivity measurement, climate change impacts and the role of institutions. This 

section also describes the empirical strategy followed in the paper. Section 3 presents the 

productivity results. Section 4 presents the regression results related to the impacts of climatic 

and institutional factors on the productivity measures. Concluding remarks are provided in 

Section 5.  

2. Background and Empirical Strategy 

There are three areas of literature related to the present paper: literature on the measurement 

of efficiency and productivity under strong and weak disposability of CO2 emissions; 

literature on the impacts of climate change on economic activities; and literature on the role 

of institutions in economic growth and sustainable development. 
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There are several studies on the measurement of efficiency and productivity changes at micro 

and macro levels that produce desirable and undesirable outputs simultaneously during the 

production process. Some of these studies have treated the undesirable outputs as inputs2, 

while others have treated them as a synthetic output such as pollution abatement (e.g., Gollop 

and Robert, 1983). Murty and Russell (2002) noted that the treatment of undesirable outputs 

as inputs is inconsistent with the material balance approach. The approach, adopted by 

Gollop and Robert to treat the reduction in undesirable output as desirable output, creates a 

different nonlinear transformation of the original variable in the absence of base-constrained 

emission rates (Atkinson and Dorfman, 2005). To overcome this problem, Pittman (1983) 

proposed that desirable and undesirable outputs should be treated non-symmetrically. 

Following Chung et al. (1997), we use the directional output distance function to calculate 

production relationships involving desirable and undesirable outputs while treating them 

asymmetrically.3 We also refer to Halkos and Tzeremes (2013b), who investigated the CO2 

emissions governance relationship in a nonparametric context. 

This analysis was undertaken for a set of 88 countries including 26 developed countries and 

62 developing countries for the period 1994-2008. In the absence of direct data on the costs 

of carbon abatement, we relied on a distance function approach. This approach recognizes 

pollution as an undesirable output that is not freely disposable; rather it is weakly disposable, 

that is, some productive resources have to be given up in order to reduce the level of 

pollutants. The extent to which a country would need to sacrifice its desirable output to 

reduce pollution represents its opportunity cost of pollution reduction, referred to here as 

environmental efficiency (EE). Countries that are less constrained are considered to be more 

                                                           

2 See Pittman (1981), Cropper and Oates (1992), Kopp (1998), Reinhard et al. (1999), and Murty and Kumar 
(2004). 
3 Recently the same approach is followed by many studies including Kumar (2006), Kumar and Khanna (2009), 
Kumar and Managi (2009, 2010) which use macro level data sets. 
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environmentally efficient because they have chosen a more appropriate mix of desirable 

outputs, undesirable outputs and inputs.  

Studies on the economic impacts of climate change can be put in to three categories: sectoral 

studies, studies using integrated assessment models (IAM), and econometric studies trying to 

establish a direct link between income and climate change variables. Sectoral studies examine 

climate’s role in specific sectors, primarily agriculture (Deschênes and Greenstone 2007; 

Madison et al 2007; Mendelssohn 1994; Schlenker et al 2006) and health (Chima et al 2003; 

Bosello et al 2006), and then attempt to construct an overall prediction of climate change 

impacts by aggregating these sectors. Faced with these different sectoral channels, the IAM 

approach takes some of these channels, specifies their effects and then adds them up (e.g., 

Mendelsohn et al. 2000, Nordhaus and Boyer 2000, Tol 2002, Nordhaus 2010). IAM 

approach is based on many assumptions about which effects to include, how each of these 

effects operates, and how to add them up. Dell et al (2012) and Horowitz (2009) take a direct 

approach measuring the impact of temperature and precipitation on the national income. They 

econometrically estimate a reduced form equation measuring a relationship between income 

and temperature. In these two studies, the difference lies in the measurement of the 

temperature variable. Dell et al. examines annual variation in temperature in the second half 

of the 21st century, whereas Horowitz takes a monthly average temperature over 1960 - 2005 

to measure the impact of climate change on income. This paper econometrically estimates a 

reduced form equation measuring the relationship between temperature measured as an 

average of data from 1980 through 2008 and various measures of productivity and its 

components under different scenarios. 

There are important ongoing debates in the growth empirics literature on whether geography 

is the main determinant of economic growth or whether it is institutions that determine the 

growth trajectory of the country. Attempts to resolve this debate have centered on the use of 



 7 

linear cross-country regressions where the dependent variable is GDP per capita while 

proxies for institutional quality, macroeconomic policies, and geographic endowments form 

the set of explanatory variables. Acemoglu et al. (2001), Easterly and Levine (2003), and 

Rodrik et al. (2004) conclude that institutions determine the growth trajectory in a country 

rather than does its geography while Sachs (2003) and Nordhaus (2006) argue that geography 

is the main determinant of the growth rate in a country. 

Institutions are the ‘rules of the game’ that shape political, economic and social interaction in 

a society and establish the incentive structure in an economy (North, 1991). Property right 

regimes, in particular, are important factors in institutional analysis (North, 1991). However, 

it takes resources to define and protect property rights and to enforce agreements. Property 

rights determine who can participate in decision-making and ultimately use resources. For 

example, a subsidy or tax cannot be defined independently of property rights. Thus, well-

defined property rights could lead to efficient resource use (Bromley, 1995).  Our empirical 

strategy is to use regression analyses to measure the impacts of institutions on productivity 

and its components under strong and weak disposability in the presence of climatic factors. 

These regressions provide an understanding of the role of institutions in mitigating the 

impacts of climate change and emissions mitigation strategies. 

3. Carbon Sensitive Efficiency and Productivity Growth 

We obtained normalized data on five variables, namely GDP, CO2, labor, capital stock and 

commercial energy consumption for 88 countries 4 , a mix of developed and developing 

                                                           

4 Names of the countries are as follows: Developed Countries: Australia, Austria, Belgium, Canada, Cyprus, 
Denmark, Finland, France, Greece, Iceland, Ireland, Israel, Italy, Japan, Luxembourg, Malta, Netherlands, New 
Zealand, Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United Kingdom, United States.  

Developing Countries:  Albania, Algeria, Angola, Argentina, Bahrain, Bangladesh, Benin, Bolivia, Botswana, 
Brazil, Bulgaria, Cameroon, Chile, China, Colombia, Costa Rica, Ecuador, El Salvador, Ethiopia, Gabon, Ghana, 
Guatemala, Haiti, Honduras, Hungary, India, Indonesia, Iraq, Jamaica, Jordan, Kenya, Lebanon, Malaysia, 
Mexico, Mongolia, Morocco, Mozambique, Namibia, Nepal, Nicaragua, Nigeria, Oman, Pakistan, Panama, 
Paraguay, Peru, Philippines, Poland, Romania, Senegal, South Africa, Sri Lanka, Sudan, Tanzania, Thailand, 
Togo, Tunisia, Turkey, Uruguay, Vietnam, Zambia, Zimbabwe. 
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countries for the period 1994-20085, to measure efficiency and productivity growth. Out of 

these five variables the first two, GDP and CO2, are considered as proxies of good and bad 

outputs, respectively, and the remaining three are used as inputs. Data on the GDP, CO2, 

labor force and capital stock was collected from Extended Penn Tables (Version 4) and 

energy consumption from the World Development Indicators (WDI, World Bank). GDP and 

capital stock are measured in 2005 US dollars, whereas CO2 and energy consumption are 

measured in thousand metric tons. The labor force data comprise millions of workers. This is 

part of larger database called World Resource Table (WRT) (see Kanie and Managi, 2014; 

Miyama and Managi, 2014; Yang et al., 2014). 

The cumulative growth rates of all variables used in the study for both groups, i.e., developed 

and developing countries, are presented in Table 1. The growth rate of all variables during the 

study period was higher in developing countries relative to developed countries. Note that the 

growth rate of CO2 emissions was substantially lower than that of energy consumption in the 

developed countries, but the opposite is the case in developing countries. This phenomenon 

implies that in the developed countries, energy consumption has decoupled from CO2 

emissions. This situation, in turn, implies that most carbon-mitigating technological progress 

is concentrated in the developed world, which corroborates the fact that approximately 80 

percent of all clean energy innovations are concentrated in just six developed countries: the 

US, Japan, Germany, Korea, France and the UK (Jishnu, 2011).  

Among the large, populous countries, the highest cumulative growth in GDP was achieved by 

China, Vietnam, India and South Africa. Zimbabwe experienced a decline in GDP and CO2 

emissions during this period, which can be attributed not only to a decline in capital stock and 

the consumption of energy, but also to a decline in the quantum of labor. Though the highest 

growth rate of CO2 emissions was observed in Namibia, China and India are among the 

                                                           

5 The choice of period and countries is based on the availability of complete balanced panel data.  
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developing countries and Norway in the developed countries that experienced the highest 

growth rates in carbon emissions. Note that Singapore experienced a decline in CO2 

emissions and energy consumption, though during this period in the country GDP, capital 

stock and labor force were growing. This reflects the decoupling of growth from energy 

consumption as well a clean technological growth. A similar type of growth trajectory is 

visible in the UK, Sweden, Denmark, Bulgaria and Romania, but at a lesser intensity. In the 

US, the cumulative growth rate of CO2 emissions and energy consumption was 4.49% and 

11.89%, respectively.6  

Managi (2011) discusses the various measures of efficiency and productivity under strong 

and weak disposability conditions (see Chung et al., 1997 in detail). The methodology 

constructs a best practice frontier from the data 7. Note that we estimate the directional 

distance function under constant returns to scale as, from an ecological perspective, economic 

activity is commonly characterized by constant returns to scale (Halkos and Tzeremes 2013, 

Picazo-Tadeo et al. 2012).8 Table 2 sums up the main results, which describe the cumulative 

performance of each group 9 . Recall that index values greater (less) than one denote 

improvements (deterioration) in the relevant performance.10 

Conventional Productivity Growth 

Technology in any given period is represented as an output directional distance function, 

which measures the level of inefficiency. Recall that the zero value of a directional distance 

                                                           

6 Figures on the growth rates of variables at the country level could be obtained from the authors. 
7 In the computation of ML index we followed multiple year "windows" of data as the reference technology to 
minimize the problem of infeasible solutions. 
8 For detailed literature favoring constant returns to scale for measuring technical efficiency using DEA see, 
Kuosmanen, 2003; Tone and Sahoo, 2003; Zelenyuk and Zheka, 2006; Picazo-Tadeo et al. 2012; Halkos and 
Tzeremes 2013a; Sahoo and Tone, 2013.  
9 Cumulative performance for each of the country and disaggregated results for each country are available from 
the authors on request.  
10 During the study period, the carbon regulations were not in vogue in all the countries, therefore, neither weak 
disposability nor strong disposability presents the true state of the world. For example, there was some 
regulation in European countries, but there was no regulation in the developing countries like India. For the 
countries where carbon regulations are in practice, strong disposability is a counterfactual scenario and weak 
disposability is the counterfactual scenario for the other countries. 
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function implies that a country is operating at the production frontier. The value of the 

directional output distance function in 1996 was zero for 12 countries, namely Australia, 

Costa Rica, Greece, Ireland, Italy, Luxembourg, Malta, Norway, Sudan, Switzerland, the 

United Kingdom and the United States; in 2008 the number of countries having a directional 

distance function value equal to zero was only 7, namely Greece, Ireland, Luxembourg, 

Malta, Peru, Singapore, and the United States, implying that these countries were using the 

best combination of inputs and outputs. Here, Greece, Malta and the United States are on the 

frontier in both years. Note that in both years even some of the developing countries are on 

the frontier. This implies that these countries are being stymied not by a lack of resources but 

rather the inefficient use of resources, or this may be happening because we used the DEA 

method, which fails to identify the true frontier at a low level of resources (see Kumar and 

Russell, 2002; Managi et al. 2004). 

Next, we calculated Malmquist-Luenberger (ML) productivity indexes as well as the 

efficiency change and technical change components for each country in our sample (see 

Managi et al. (2005) for methodology). Instead of presenting the disaggregated results for 

each country and year, we discussed the summary of the cumulative performance of each 

country over the entire 1994-2008 time period.11 The cumulative ML index value of 1.16 

indicates that the cumulative productivity growth for the sample countries was 16 percent. On 

average, this growth was due to technical change; the world witnessed an average technical 

progress of 25 percent over the study period (Table 2). This cumulative progress in total 

factor productivity (TFP) is 20 percent for developed countries whereas in developing 

countries it increased by 15 percent. From these overall averages of progress in TFP changes 
                                                           

11 We used cumulative measures for two reasons. One, cumulative measure of productivity is economically 
meaningful, as it gives us information about how much productivity is accumulated over time. Two, (i) most of 
the data on geographic and institutional variables is invariant over the study period, (ii) climatic factors are long 
term variables rather than yearly changes and their impact is supposed to be cumulative- yearly variables 
represent weather changes, (iii) it was the mid-nineties when the discussion on mitigation policies started; 
accordingly, we wished to explore the impact of climatic factors on the final 15 years’ productivity growth.  
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in countries it may be argued that all effective GDP growth in the post-1994 period was due 

to input accumulation and technological changes. The figures on the standard deviation of the 

indexes show that there is much diversity among the developed countries relative to 

developing countries with respect to changes in TFP and its components.  

Figure 1 provides the productivity growth in major economies including the US, Japan, the 

group of OECD countries, China and India. This figure shows that developing economies 

such as China and India observed high productivity growth relative to the US, Japan and the 

OCED countries. In both China and India, productivity growth was the product of the catch-

up effect and technological progress. However, in China the catch-up effect is stronger than 

technological progress, and opposite is the case for India. In the US, all growth in 

productivity (approximately 18%) is attributed to technological progress, and throughout the 

study period US was found on the production frontier. 

Carbon Sensitive Productivity Growth 

Under weak disposability of CO2 emissions, we find 14 countries were at the frontier in 1996. 

These 14 countries include the 12 countries that were on the frontier under strong 

disposability in addition to Guatemala and Haiti. In 2008, 13 countries were on the frontier. 

Australia, Costa Rica, Haiti, Italy, Norway, Sudan, and the United Kingdom were replaced by 

El Salvador, Peru, Singapore, Sweden and Zambia. On average, inefficiency scores are 

higher when CO2 emissions are strongly disposable in comparison to the cases when this 

pollutant is weakly disposable (see Table 2). It reveals the potential to increase the production 

of desirable output and reduce the undesirable outputs with the given bundle of inputs. The 

measure of inefficiency under weak disposability of pollutants can alternatively be 

interpreted as a potential win-win opportunity to reduce pollutants while increasing GDP, 

given a country’s distance from the best practice frontier. This win-win opportunity for CO2 

is higher for developing countries than for developed countries. 
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The estimates of carbon efficiency as EE12 represented as the ratio of production inefficiency 

under weak disposability to strong disposability of CO2 emissions show that most countries 

observe a value less than one, i.e., there are carbon inefficiencies. The results imply that, on 

average, most of these countries have carbon-binding production technologies. For example 

in 2008, the average scores were 0.75 and 0.80 for the developing and developed countries, 

respectively. In the case of major economies the US observed non-binding production 

technology whereas China had the most binding production technology, followed by India. 

This implies that major economies such as China and India can reduce CO2 emissions at a 

lower cost than the US, Japan or the OCED group, but if emissions regulation conditions are 

imposed without any compensation these developing economies also lose the most in terms 

of lost GDP (Figure 1, last panel). 

When countries’ efficiency scores differ under the assumption of weak disposability and 

strong disposability of CO2, they suffer costs associated with emissions reduction technology. 

That is, if these countries were to reduce their emissions, they would have to sacrifice their 

GDP. Once this inefficiency is translated into loss of desirable output, the results indicate that 

developing countries such as Zimbabwe, Ethiopia, Mozambique, Togo, Tanzania, Zambia, 

Kenya, Nepal, etc. would have to lose most of their GDP to expenses relating to production 

technologies. As a whole, countries in our sample would lose 23% of their GDP in 2008 on 

average because of carbon-binding production technology. The relative output loss because 

of the imposition of costly abatements for developing countries is higher than the overall 

average of the entire sample. 

Again, we observe that all countries have lower growth in TFP when CO2 is considered to be 

an undesirable output in comparison to conventional TFP growth. This finding corroborates 

                                                           

12 Estimating EE as a ratio of inefficiency scores based on strong and weak disposability of CO2 emissions 
provides the measure of relative environmental efficiency across the countries, though the countries are 
following differing disposability conditions in practice. 
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with Kumar and Khanna (2009); they find similar results for the period 1971 to 1992 when 

there was no binding on the carbon emissions of any country. Kopp (1998) finds that between 

1970 and 1990 developed countries experienced technical progress in a way that economizes 

on CO2 emissions, but developing countries did not. This variation in findings may be due to 

differences in estimation methods and in the group of countries. The ratio of TFP measures 

under weak and strong disposability condition can be interpreted as the intertemporal 

efficiency showing how well environmentally friendly technologies and managements are 

utilized (e.g., Jaffe et al., 2003, Kumar and Managi, 2010).  

The cumulative change in the productivity index, when CO2 was weakly disposable, was 14 

percent. This cumulative TFP measure was the sum of a positive change in innovation of 10 

percent and a positive efficiency change of 4 percent. In developed countries, it was 

technological changes that governed the change in overall productivity index in most of the 

countries whereas in the developing countries carbon sensitive productivity growth is 

governed by the diffusion in technologies, i.e., catch-up effect was dominating. 

Figure 1 also shows the carbon sensitive productivity growth for major economies. Note that 

all these economies experience lower TFP growth when the carbon emissions are binding, but 

the decline in TFP growth is substantial in the case of China and India. Under this scenario, 

the US observed the highest productivity growth, which is entirely attributed to technological 

progress. Moreover, when the disposal of carbon emissions are binding, all productivity 

growth in China and India is due to technological diffusion rather than technological 

progress; the growth of technological diffusion in India is higher than that in China. This 

corroborates the fact that most green technological progress has remained confined to 

developed countries (Jishnu 2011).  

4. Impact of Climate Change and Institutions on Productivity Growth 
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The main objective of this study is to investigate the impact of climate change on 

productivity growth and determine how better institutions help in alleviating the impacts. The 

discussion in the preceding section shows that productivity differs across nations but the 

studies investigating the cause of difference in productivity growth across nations generally 

have ignored climate as one of the major determinants of productivity growth. Modern 

theories of economic growth recognise the fact that differences across nations in per capita 

income is due to productivity differences, but they assume that per capita income or the 

growth rate of per capita income is the function of conventional factor accumulation (such as 

capital per worker) in addition to technologies. In the last decade, studies show that starting 

with Hall and Jones (1999), economists have started to consider institutions and governance 

together with geographic factors as the determinants of differences in per capita income or 

productivity across nations. In recent studies, Nordhaus (2006) recognizes that climatic 

factors matter most in determining the growth of a nation’s per capita income. 

To examine the relationship between productivity and its determinants, the study considers 

variables such as level of productivity in the initial year, average temperature in a country 

over the period of 1980 to 2008, soil quality in a country, average protection against 

appropriation of property rights (AVEXPRO) and Simeon extended index of formalism 

(SDFORMALISM). The source of data on soil quality is the Nordhaus’s g-econ project. A 

low value of the index of soil quality implies high water level. We have included soil quality 

as a proxy for other geographic control variables such as location.  

There could be many other determinants of productivity growth, but the other explanatory 

variables could be influenced by temperature and institutions or uncorrelated with included 

variables. If the excluded variables are related to the included variables then they should not 

be considered as regressors, and if they are not related to included variables, then the 
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excluded variables have no impact on the accuracy of results in measuring climatic and 

institutional variables role (Horowitz 2009).13  

The convergence theory could be restated in the relationship between productivity and lagged 

technical inefficiency. This relationship would predict those countries that were near the 

production frontier would see a lower level of productivity growth than those farther away. 

Therefore, the positive relationship between productivity level and lagged productivity level 

would indicate the presence of convergence hypothesis (Lall et al. 2002, Kumar 2006). A 

positive relation between cumulative productivity (CP) and initial productivity shows 

divergence across countries and a negative relation between CP components and initial 

inefficiency indicates divergence across countries. 

As our interest was measuring the impact of climate on productivity, a measure of long-run 

average temperature was the most useful single climate variable. Dell et al (2012) used 

population-weighted average yearly temperatures to measure the relationship between per 

capita income and temperature. Yearly temperatures can be a measure of weather changes 

rather than climate change; however, weather changes are a manifestation of climate change, 

and population weighted averages have some element of endogeneity also. Horowitz (2009) 

used long-run average temperature, based on monthly average temperature data from 1960 

through 2005, in the capital city as reported by the U.N.’s World Meteorological 

Organization. On the Horowitz measure, a question remains as to what extent the capital city 

is representative of the conditions under which economic activities in a country take place. 

Nordhaus (2006) used the geographic average of temperature but his unit of observation was 

a one-degree latitude/longitude cell, instead of excluding countries and cells without 

economic data. If one is interested in using country-level data, then a country’s temperature 

averaged over the entire country will include economically irrelevant areas. We used the 
                                                           

13 On the omitted variables bias, Dell et al. (2014) argue that the problem including more control variables may 
not necessarily unbiased estimates.  
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temperature data from the Nordhaus’s g-econ project. 14  The Nordhuas g-econ project 

provides temperature data at one-degree latitude/longitude cell averaged over the period of 

1980 to 2008. To have country-level data, we excluded the cells without economic data. 

Similarly, to examine the relationship between productivity growth and institutions, we 

regressed conventional productivity growth or carbon sensitive measures of productivity 

growth and its components against AVEXPRO and SDFORMALISM. Data of AVEXPRO 

and SDFORMALISM was obtained from Acemoglu et al (2005). AVEXPRO is considered 

to be a measure of property rights and SDFORMALISM measures the degree of complexity 

in a country for carrying out economic contracts.15 A higher value of AVEXPRO implies 

greater protection against the appropriation of property rights and a higher value of 

SDFORMALISM indicates a system that is more complicated for carrying out economic 

contracts. Various studies by Acemoglu and his colleagues show that the AVEXPRO is 

positively associated with the growth of per capita income in a country whereas a higher 

value of SDFORMALISM lowers the growth of financial transactions in a country.    

Table 2a provides the descriptive statistics of the determinants of productivity and its 

components for both developed and developing countries. In developed countries, the 

average temperature is approximately 10 0C, whereas in the developing countries group the 

temperature is approximately 21 0C - more than their counterpart group. Similarly, in the 

developed countries the index value of soil quality is 48.5 though in the developing countries 

group the average value of soil quality index is approximately 80. Note that in respect to both 

climatic factors there is higher variability in the developed country group relative to the 

developing countries group. Opposite is the situation with respect to institutional variables in 

developed and developing countries. In the developing countries the value of AVEXPRO is 

substantially low and SDFORMALISM is higher relative to the developed countries group, 
                                                           

14 See http://gecon.yale.edu/ for dataset and detailed description. 
15 For the definitions, sources and details of AVEXPRO and SDFORMALISM, see Acemoglu et al (2005). 

http://gecon.yale.edu/
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and there is high variability with respect to these variables in developing countries in 

comparison to developed countries. Given the high difference in the averages and variability 

among the determinants of productivity across these two groups of countries, we run separate 

regressions of each of the group as well as a regression for all observations for cumulative 

productivity growth and its components under both scenarios. Generally the regressions are 

run using a Tobit model that recognizes the censored nature of productivity and its 

determinants that, by definition, are constrained to zero towards the left. Simar and Wilson 

(1999) show that productivity and its component scores are correlated with the explanatory 

variables and the estimates obtained using Tobit model will be inconsistent and biased. We 

used the approach proposed in Simar and Wilson (2007) with a truncated regression. We 

assumed that the distribution of error term is truncated normal with zero mean (before 

truncation), unknown variance, and (left) truncation point determined by the condition ui ≥ 1 

− á(determinants) − qiâ − vi. We computed the bootstrapped standard errors for the estimates 

of parameters. The regression results are presented from Table 3 to 5. 

Tables 3a and 3b provide the parameter estimates of productivity determinants under strong 

and weak scenarios, respectively. We found a positive association between cumulative 

productivity and its initial level, which helps in explaining the growing inequality between 

countries. Divergence is happening even within the developing countries under both 

scenarios. Soil quality levels impact productivity growth positively in developed countries 

whereas temperature levels affects developing countries negatively. A negative association 

between temperature level and cumulative productivity level for the sample of developing 

countries under strong disposability indicates that climate change impacts are more 

pronounced in developing countries. That is, high-temperature countries tend to have lower 

productivity growth and low-temperature countries have higher productivity growth. This 

relationship has been known since at least the 18th century (Montesquieu 1750) and has been 
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further established using national data by Dell et al (2012) and Horowitz (2009) and sub-

national data by Nordhaus (2006) in the context of the income-temperature relationship. 

There are, of course, many possible reasons why hotter countries have lower productivity 

growth, such as climate’s effects on disease, agriculture, capital depreciation, worker 

productivity, or human behavior, say in the form of culture or institutions. Nordhaus (1994) 

discusses a wide range of pathways for how temperature has been viewed as a factor in 

economic activity, particularly at the individual level, as when worker or student performance 

is affected by ambient temperature. Moreover, note that the negative relationship between 

temperature and conventional productivity is governed by the negative relationship between 

catch-up effect and temperature, though conventional technological progress is positively 

associated with temperature (Figure 2). The negative relationship between temperature and 

carbon-sensitive productivity is the function of both the negative relationships between 

temperature and technological diffusion and temperature and technological progress (Figure 

3), although we observe a positive relationship between temperature and technological 

diffusion when the average temperature is more than 20 0C. 

Truncated regression results show that better property rights and less complex systems help 

in increasing the productivity level of developed countries under both scenarios (Table 3a 

variant2 and Table 3b, variant2 and variant2). This implies that the country that has better 

protection against expropriation against property will do better in terms of productivity 

growth, and complex systems lower productivity growth. This finding corroborates the 

results of various studies performed by Acemoglu and his colleagues and Hall and Jones 

(1999), although they find a relationship between the growth rate of an economy and 

institutions. 

Table 4 presents the regression results for the determinants of efficiency change (catch-up 

effect). Under strong disposability, neither divergence nor convergence is observed in either 
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of the groups. However, if the disposal of emissions is restricted, then there is convergence in 

technological adoption across countries and within the groups of developed and developing 

countries. When the disposal of CO2 emissions is free, temperature increases lower 

technological diffusion in developing countries, but better property rights help in lowering 

the impact of climate change and spread diffusion. Soil quality is not related to technological 

diffusion. Less complex systems improve diffusion in developed countries (Table 4a 

variant1). The process of diffusion is negatively affected in developed countries due to 

climate change under weak disposability of the emissions. However, better property rights in 

developed countries helps in improving the process of technological diffusion (Table 4a 

variant2). 

Tables 5a and 5b provide the regression results for the determinants of technological change. 

Under strong disposability there is divergence in innovation in developed countries but 

convergence in developing countries. However, if disposal is costly, divergence in innovation 

is common in both groups. Better property rights help in improving innovations in developed 

countries under weak disposability (Table 5b varint2) and in developing countries under 

strong disposability (Table 5a, varint2). However, innovations are not related to temperature 

changes under either scenario. 

5. Conclusions 

Temperature and institutions determine choices and provide incentives, therefore, they are 

important in lowering the vagaries of climate change measured in terms of climate change 

impacts on productivity. Their relationships to productivity are analyzed in the literature 

(Montesquieu 1750; Acemoglu and Johnson, 2005). However, they are less discussed in the 

literature on the impacts of climate change (Dell et al, 2012). This paper intends to measure 

the relationships with productivity measures adjusted for the regulation of carbon emissions 

and institutions together with climate change variables. 
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In this study, productivity growth has been found both in developed and developing 

countries; however, differences in productivity growth have increased between these groups 

of countries over a period of time. When CO2 is considered, there is higher potential for 

reduction of CO2 emissions in developing countries at lower cost. However, the costly 

disposable of emissions lowers their growth potential in terms of loss in productivity. Under 

scenarios where carbon emissions are not regulated, better property rights help in lowering 

the impacts on climate change through improving the process of technological adoption in 

developing countries. Climate change reduces productivity growth in developing countries by 

lowering the process of technological adoption, and better property and contracting rights 

result in higher productivity. 

In addition, we find a potential win-win opportunity to reduce CO2 while increasing GDP, 

given that a country’s distance from the best practice frontier is higher for developing 

countries than for developed countries. The countries in our sample would lose 23% of GDP 

in 2008 on average. This is because of carbon-binding production technology. The relative 

output loss by the imposition of costly abatements for developing countries is higher than the 

overall average of the entire sample. 
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Figure 1: Cumulative productivity change in some major economies 
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Figure 2: Relationship between temperature and productivity change under strong disposability of CO2 

emissions 
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Figure 3: Relationship between temperature and productivity change under weak disposability of CO2 

emissions 
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Table 1: Growth rates of key variables in 2008 over 1994 

  GDP CO2 Energy labor Capital 

overall 66.79 38.44 36.73 24.27 82.76 

developed 40.86 4.01 11.81 13.41 54.51 

developing 125.37 90.16 75.38 26.81 143.35 
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Table 2: Descriptive Statistics of Various Measures of Productivity in 2008 over 1994 

 Developed Countries Developing Countries 

Variable Mean 

Std. 

Dev. Min Max Mean 

Std. 

Dev. Min Max 

EFFCHS 0.98 0.15 0.74 1.43 0.92 0.21 0.39 1.40 

TCS 1.22 0.17 1.00 1.73 1.26 0.18 1.04 1.89 

PCS 1.20 0.28 0.75 1.97 1.15 0.25 0.54 1.80 

EFFCHW 1.00 0.13 0.75 1.43 1.05 0.11 0.75 1.42 

TCW 1.22 0.15 1.02 1.69 1.06 0.17 0.90 1.83 

PCW 1.22 0.24 0.76 1.91 1.11 0.20 0.80 1.76 

ENVEFF 
0.80 0.20 0.19 1.00 0.75 0.24 0.13 1.00 
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Table 2a: Descriptive Statistics of Variables used in Regressions  

 Developed Countries Developing Countries 

Variable Obs Mean 

Std. 

Dev. Min Max Obs Mean 

Std. 

Dev. Min Max 

Soil Quality 26 48.50 34.07 0 139.67 62 79.37 40.88 12.88 182.68 

Temperature 26 10.36 7.20 -7.08 26.60 62 21.10 6.23 0.24 28.16 

AVEXPR 25 9.48 0.67 7.23 10.00 57 6.55 1.28 1.64 9.00 

SDFORMALISM 26 3.09 0.80 1.58 5.25 53 4.08 1.01 1.68 5.91 
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Table 3a: Determinants of Productivity Change under Strong Disposability of CO2 Emissions  

  All Countries Developed Countries Developing Countries 

Variable Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 

Productivity96 1.044 0.748 0.666 2.326 3.939 2.754 1.012 0.641 0.684 

  1.99 1.77 1.74 1.41 3.15 1.75 1.95 1.51 1.84 

Temperature -0.003 -0.008 -0.005 0.002 -0.002 0.004 -0.009 -0.014 -0.014 

  -0.71 -1.4 -1.68 0.23 -0.12 0.33 -1.58 -2.65 -3.09 

Soil Quality -0.002 -0.002 -0.001 -0.004 -0.003 -0.003 -0.001 -0.001 -0.001 

  -2.14 -1.85 -1.83 -2.34 -3.21 -2.53 -1.59 -1.23 -1.45 

Sdformalism 0.014     -0.119     0.043     

  0.46     -1.37     1.47     

AVEXPR   0.021     0.181     0.002   

    0.71     1.67     0.08   

Constant 0.215 0.815 0.675 -0.619 -0.909 -1.481 0.229 0.857 0.827 

  0.38 1.85 1.64 -0.3 -0.49 -0.86 0.41 2.07 2.04 

sigma 0.229 0.245 0.243 0.221 0.216 0.238 0.209 0.229 0.228 

  9.37 10.24 11 5.96 5.11 5.28 9.61 10.58 11.17 

Observations 79 82 88 26 25 26 53 57 62 

Log 

pseudolikelihood 4.189 -1.137 -0.425 2.37 2.79 0.479 7.636 3.04 3.79 

Note: values in second row represents t-statistics 
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Table 3b: Determinants of Productivity Change under Weak Disposability of CO2 Emissions 

  All Countries Developed Countries Developing Countries 

Variable Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 

Productivity96 1.794 2.04 1.894 2.511 4.22 2.894 1.703 2.066 1.871 

  3.2 4.19 3.86 1.64 4 1.86 2.69 4.17 3.76 

Temperature -0.004 -0.006 -0.004 -0.002 -0.007 -0.001 -0.005 -0.003 -0.002 

  -1.39 -1.27 -1.53 -0.22 -0.57 -0.05 -1.8 -1.2 -0.92 

Soil Quality -0.0014 -0.001 -0.001 -0.003 -0.003 -0.003 -0.001 -0.0003 -0.001 

  -2.25 -1.86 -1.86 -2.02 -2.8 -2.03 -1.46 -0.6 -0.83 

Sdformalism -0.021     -0.11     0.005     

  -0.77     -1.53     0.17     

AVEXPR   -0.015     0.198     -0.022   

    -0.7     1.97     -1.26   

Constant -0.438 -0.641 -0.637 -0.803 -0.994 -1.589 -0.508 -0.754 -0.717 

  -0.71 -1.3 -1.25 -0.43 -0.62 -0.94 -0.74 -1.62 -1.41 

sigma 0.173 0.184 0.183 0.198 0.185 0.214 0.142 0.155 0.159 

  7.04 7.05 7.48 6.21 4.94 5.11 5 5.99 6.63 

Observations 79 82 88 26 25 26 53 57 62 

Log 

pseudolikelihood 26.479 22.53 24.48 5.259 6.749 3.236 28.30 25.46 25.758 

Note: values in second row represents t-statistics 
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Table 4a: Determinants of Efficiency Change under Strong Disposability of CO2 Emissions 

  All Countries Developed Countries Developing Countries 

Variable Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 

Efficiency96 -0.029 -0.002 -0.008 0.211 0.256 0.194 -0.037 -0.027 -0.029 

  -0.87 -0.06 -0.26 0.96 0.92 0.84 -1.08 -0.84 -0.92 

Temperature -0.006 -0.006 -0.007 -0.007 -0.008 -0.006 -0.009 -0.01 -0.013 

  -1.55 -1.46 -2.72 -1.05 -0.9 -0.82 -1.71 -2.23 -3.42 

Soil Quality -0.001 -0.001 -0.001 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 

  -1.04 -1.21 -1.54 -2.03 -1.55 -1.72 -1 -1.26 -1.6 

Sdformalism -0.027     -0.071     -0.039     

  -1.46     -1.75     -2.15     

AVEXPR   0.011     0.061     0.046   

    0.57     1.41     2.29   

Constant 1.007 1.02 1.134 1.317 1.662 1.068 1.056 0.924 1.314 

  13.56 4.6 20.61 7.42 3.42 12.08 8.07 4.17 11.51 

sigma 0.167 0.181 0.180 0.122 0.131 0.133 0.174 0.183 0.189 

  10.95 11.54 12.01 5.72 4.6 4.86 9.85 10.36 10.77 

Observations 79 82 88 26 25 26 53 57 62 

Log 

pseudolikelihood 29.367 23.686 25.85 17.85 15.438 15.628 17.437 15.829 15.12 

Note: values in second row represents t-statistics 
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Table 4b: Determinants of Efficiency Change under Weak Disposability of CO2 Emissions 

  All Countries Developed Countries Developing Countries 

Variable Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 

Efficiency96 0.144 0.133 0.144 0.392 0.513 0.379 0.107 0.098 0.108 

  2.93 3.01 3.13 2 1.83 1.74 1.78 1.62 2.1 

Temperature -0.001 -0.002 -0.001 -0.008 -0.010 -0.008 0.002 0.002 0.001 

  -0.32 -0.46 -0.23 -1.52 -1.42 -1.3 1 0.94 0.72 

Soil Quality -0.0003 -0.001 -0.0004 -0.001 -0.001 -0.001 -0.0003 -0.0004 -0.001 

  -0.77 -1.29 -1.26 -1.56 -1.44 -1.35 -0.74 -0.94 -1.43 

Sdformalism 0.006     -0.05     0.0118     

  0.38     -1.39     0.6     

AVEXPR   -0.009     0.070     0.005   

    -0.77     1.99     0.35   

Constant 1.006 1.13 1.032 1.263 1.772 1.088 0.941 0.974 1.022 

  14.98 7.79 25.03 7.97 4.52 15.79 8.48 8.36 21.94 

sigma 0.109 0.111 0.109 0.103 0.102 0.109 0.100 0.104 0.103 

  8.09 8.88 9.04 5.45 4.42 4.73 6.96 8.25 8.72 

Observations 79 82 88 26 25 26 53 57 62 

Log 

pseudolikelihood 62.88 64.109 69.68 22.316 21.52 20.74 46.67 48.22 53.03 

Note: values in second row represents t-statistics 
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Table 5a: Determinants of Technical Change under Strong Disposability of CO2 Emissions 

  All Countries Developed Countries Developing Countries 

Variable Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 

Efficiency96 0.056 0.041 0.049 -0.492 -0.441 -0.499 0.069 0.062 0.063 

  2.29 1.59 2.08 -2.1 -1.98 -2.19 2.56 2.53 2.55 

Temperature 0.004 0.001 -0.003 0.005 0.002 0.005 0.004 0.0017 -0.005 

  1.54 0.21 -1.72 1.36 0.48 1.43 1.33 0.62 -1.8 

Soil Quality -0.001 -0.0004 -0.0002 -0.002 -0.002 -0.002 0.0003 0.0004 0.001 

  -1.02 -0.62 -0.41 -2.19 -2.96 -2.46 0.57 0.67 0.8 

Sdformalism -0.024     -0.029     -0.013     

  -1.14     -0.68     -0.53     

AVEXPR   0.023     -0.071     0.045   

    1.43     -1.08     1.78   

Constant 1.26 1.407 1.164 1.432 2.024 1.33 1.122 1.42 1.045 

  15.87 8.58 21.82 7.71 3.06 18.53 10.24 7.1 12.02 

sigma 0.149 0.165 0.163 0.121 0.118 0.123 0.144 0.158 0.161 

  8.71 8.35 7.76 7 7.54 7.07 6.49 6.83 6.35 

Observations 79 82 88 26 25 26 53 57 62 

Log 

pseudolikelihood 38.34 31.22 35.018 18.048 17.867 17.64 27.615 24.348 25.238 

Note: values in second row represents t-statistics 
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Table 5b: Determinants of Technical Change under Weak Disposability of CO2 Emissions 

  All Countries Developed Countries Developing Countries 

Variable Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 Variant1 Variant2 Variant3 

Efficiency96 -0.304 -0.335 -0.332 -0.547 -0.487 -0.561 -0.276 -0.327 -0.302 

  -3.46 -4.27 -4.52 -2.12 -1.86 -2.13 -2 -3.21 -3.22 

Temperature -0.0003 1.59E-06 -0.0004 0.002 -0.001 0.003 -0.002 -0.001 -0.001 

  -0.12 0 -0.2 0.74 -0.16 0.89 -1.01 -0.45 -0.56 

Soil Quality -0.001 -0.0003 -0.0004 -0.002 -0.002 -0.002 0.0001 0.0003 0.0002 

  -1.09 -0.54 -0.85 -2.31 -3.07 -2.4 0.28 0.73 0.46 

Sdformalism -0.029     -0.050     -0.022     

  -1.64     -1.47     -0.9     

AVEXPR   0.003     -0.076     0.008   

    0.23     -1.23     0.53   

Constant 1.349 1.215 1.247 1.501 2.062 1.323 1.301 1.153 1.199 

  21.25 8.34 32.09 9.16 3.32 20.15 14.78 8.93 19.67 

sigma 0.129 0.146 0.142 0.115 0.115 0.121 0.124 0.146 0.142 

  5.34 6.41 6.44 7 6.06 6.18 3.41 4.72 4.69 

Observations 79 82 88 26 25 26 53 57 62 

Log 

pseudolikelihood 

49.286 41.52 46.74 19.437 18.539 18.11 35.25 28.928 33.06 

Note: values in second row represents t-statistics. 
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