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Abstract: Human development is an ultimate goal of societies all over the world, but now days 

nobody could argue that such development should “meet the needs of the present without 

compromising the ability of future generations to meet their own needs”. This paper, suggests a 

measure of the environmental efficiency of human development through an example of 59 

developed countries by considering both inputs to human development and its outputs. The inputs 

considered are spending on health and on education, and natural resources depreciation. Special 

interest is given to CO2 emissions, which are a by-product of industrial development and contribute 

to some of our comforts. The outputs are the traditional human development components. Out of 

this context, three data envelopment analysis models are compared. In the first model, CO2 

emissions are considered as an input to human development. In the second model, CO2 emissions 

are considered as an undesirable output. The third model ignores CO2 emissions. Based on the 

generated results, we propose a classification of countries into six categories.  

Keywords: Human Development; CO2 emissions; Data Envelopment Analysis; Undesirable output; 

BCC Model 

JEL Classifications: C67, O44, Q56 

1. Introduction 

Efficiency in general describes the extent to which time or effort is well used for the intended 

task or purpose. The objective of this paper is to evaluate the environmental efficiency of human 

development (HD) by describing the extent to which some dimensions that contribute to this 

development (effort) are used to achieve the intended task as described by the traditional 

dimensions of HD. Our analysis concerns a sample of 59 countries with high development index for 

which data is available. An important environmental dimension used in this analysis is the level of 

CO2 emissions. 

The world has been facing many problems, such as climate change and disparities in HD 

within the same country or between countries.  The Human Development Index (HDI) is the oldest 

and the most referenced index that measures disparities between countries. The United Nations 

(UN) has been producing the HDI every year since 1990 to measure average achievements in basic 

HD in one simple composite index, and rank countries. It is based on three dimensions: long and 

healthy life, which is measured by life expectancy at birth (LEI); knowledge, which is measured by 

educational attainment (EdI); and a decent standard of living, which is measured by revenue per 

capita (GDP Index). 
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In this paper, we consider three input components that contribute to HD. These components 

are; first, state commitment to health, which contributes directly to the dimension of a long and 

healthy life and indirectly to the other HD dimensions; second, state commitment to education 

because this parameter contributes to knowledge; and third, natural resources depreciation (e.g., air, 

water, and forest), which is a very important contributor to industrial development and comfortable 

life. We choose to represent natural resources depreciation by CO2 emissions because it is the most 

used measure at an international level and data is available for it. Notably, the question is whether 

we should consider natural resources depreciation as an input or as an undesirable output. In fact, 

several researchers; such as Zhou et al. (2008) present CO2 emissions as an “undesirable output” 

accompanying development, whereas if we think of CO2 emissions as a depreciation of a resource, 

it could be considered as an input to HD. 

The rest of this paper is organised as follows. Section 2 presents the human development 

index. Section 3 presents the data envelopment analysis (DEA) models. A description of the data is 

given in Section 4. In Section 5, the efficiency results are compared, and a classification of 

countries is presented in Section 6. A conclusion follows in Section 7. 

2. The Human Development Index 

The HDI tries to capture and simplify description of HD, it can evolve through time depending 

on the availability of data and emerging needs. In the following we present how the HDI has been 

computed up to 2009, then we present the principal adjustments made to HDI computation in 2010. 

2.1. Computation of the HDI 

The computation of the HDI was based on an arithmetic mean of three sub-indices. Each of the 

sub-indices represents one of the HD components. 

                  

Where I1 = life expectancy index, I2 = education index, and I3 = income index. 

The computation of each sub-index is presented in the following box. 

                        
H = life expectancy at birth (in years) by country 

Hmax = 85 years 

Hmin = 25 years 

 

 

   
 

 
     

 

 
     

 

E1 = (Lit – Litmin) / (Litmax – Litmin) = index for 

functional literacy by country 

Litmax = 100 

Litmin = 0 

E2 = (Enrol – Enrolmin) / (Enrolmax– Enrolmin) = 

index for combined elementary and secondary net 

enrolment rate by country 

Enrolmax = 100 ,   Enrolmin = 0 

                        Y = real per capita income 

 

It is worth mentioning that the “max” and the “min” values concerning each dimension were 

fixed by the UNDP. 
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2.2. Principal adjustments made to the HDI 

In 2010, the human development report (HDR) introduces several minor, but still significant, 

adjustments in the newly available datasets that further strengthen the HDI’s statistical integrity.  

Out of this context, the indicators used to measure progress in education and income and the 

aggregation method have been changed. Table 1 summarises the changes made to the HDI in the 

2010 report (2010). 

Table 1. Changes made to the HDI in 2010 

Dimension 

Previous 2010 

Indicators 

Transformation 

Indicators 

Transformation 

Min 

Value 
Max value 

Min 

Value 

Max 

value 

Health 
Life expectancy at 

birth 

 

25 

 

85 

Life expectancy 

at birth 

 

20 

 

83.2 

Knowledge 

Adult literacy rate 

(%) 

 

0 

 

100 

Expected years 

of schooling 

 

0 

 

20.6 

Combined gross 

enrolment ratio (%) 

 

0 

 

100 

Mean years of 

Schooling 

 

0 

 

13.2 

Standard of 

living 

GDP/Capita 

(PPP US$) 
100 

40.000 

CAPPED 

GNI/Capita 

(PPP US$) 
163 108.211 

Aggregation Arithmetic Mean Geometric Mean 

Source: Explanation note on 2010 HDR composite indices (2010) 

As we can see, the adult literacy rate is replaced by the expected years of schooling. The 

combined gross enrolment was renamed as mean years of schooling, and gross national income 

(GNI) replaces gross national product (GNP). The motivation behind these modifications is 

available in the 2010 HDR. Also, the aggregation proposed in 2010 is based on a geometric mean. 

This new aggregation is motivated by the fact that a poor performance in any dimension is directly 

reflected in the HDI, and there is no perfect substitutability across dimensions. The transformation 

given above does not mean that, up to 2009, the HDI’s ranking of countries was not correct, but it 

does mean that the interpretation of the HDI should be slightly different. 

3. Presentation of the DEA Models 

In this section we first give a glimpse on Data Envelopment Analysis (DEA) followed by a 

presentation of the models used in this paper. 

3.1. Data envelopment analysis 

DEA is a non-parametric method based on mathematical programming that was first 

introduced by Charnes, Cooper and Rhodes (1978). It is used to assess the relative efficiency of a 

number of similar organizations or entities called decision making units (DMU) using a common set 

of inputs to generate a common set of outputs. If xkj represents the magnitude of input k for DMU j, 

yij represents the magnitude of output i for the same DMU , then the basic CCR model is formulated 

as the following: 

                   

 

   

 

   

 

                              
   

 
   ,                 
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Where the decision variables are 

ho    :  the relative efficiency of DMU o; 

     :  the weight to be determined for input k; 

      :  the weight to be determined for output i;  

The parameters s and m are respectively the number of outputs and the number of inputs; n  is 

the number of decision making units; and   is a small positive value. 

This model is transformed into a linear program, and then is run n times, one for each DMU. 

Efficiency is being achieved if ho = 1.  

The CCR model assumes constant return to scale (CRS), where the DMUs are operating under 

optimal conditions, and an increase in input is accompanied by a proportional increase in output. 

The variable return to scale (VRS) version of the model also called (BCC) was introduced by 

Banker, Charnes and Cooper (1984).  Either the CCR or the BCC model could be presented under 

different forms such as the envelopment (primal) problem or the multiplier (dual) problem. 

Different other forms exist; see Cook & Seiford  (2009) for further discussion of the different forms 

of DEA models. 

Another aspect of DEA which is pertinent to our study is related to the fact that with both 

models data values are fixed and known. One important question is related to sensitivity analysis, in 

other words, if some of the inputs/outputs of a given DMU are altered, how this influences the 

efficiency status. As mentioned by Cook & Seiford (2009), several research directions have been 

taken such as problem size issues, direct data perturbations, indirect data perturbations, and super 

efficiency. In this analysis, we are mainly interested by the direct data perturbation where the 

research pertains to the reduction or perturbation in the level of CO2 emissions. 

3.2. Presentation of the models used 

In this paper, we propose a classification of countries. The analysis used to classify countries is 

based on the contribution of CO2 emissions in a country’s development efficiency based on a 

perfect substitutability DEA model. Thus, the objective functions of the DEA models adapted to our 

analysis should be based on arithmetic aggregations.  

Liu et al. (2010) investigated the theoretical issues of undesirable inputs and outputs. The 

theoretical issues depend on the different mathematical models used to represent these inputs and 

outputs. Some studies suggested that an undesirable output “z” should be replaced by its 

multiplicative inverse “1/z”. Other studies suggested that an undesirable output should be 

considered as an input. The problem is that the different mathematical representations consequently 

change the physical input-output relationship.   

Generally, the choice of inputs and outputs is based on the strong disposability properties 

(Zhou et al., 2008). Inputs follow the property, ‘‘the less the better’’. Outputs follow the property, 

“the more the better”. Nevertheless, studies based on an environmental DEA technology concept 

assume that outputs are weakly disposable.  A common feature of these studies is that both 

desirable outputs and undesirable outputs, such as CO2 emissions, are simultaneously considered. 

Of these studies, most pertain to such issues as productivity estimation with pollutants considered, 

and to environmental performance. 

We propose to compare two approaches. In the first approach, CO2 emissions are considered 

as natural resources depreciation. In this case, CO2 emissions represent an input component (see 

table 2). In the second approach, CO2 emissions are considered as “an undesirable output” that 
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accompanies development (see table 3). In this situation, the inverse of the amount of CO2 

emissions represents the output.  

Table 2.  CO2 emissions as an Input to development 

Inputs Outputs 
Per capita public expenditure on health (PEH) Life expectancy index (LEI) 

Per capita public expenditure on education (PEE) Education index (EdI) 

Per capita CO2 emissions Per capita Gross Domestic Product (GDP) 

Table 3. CO2 emissions as an undesirable Output 

Inputs  Outputs 
Per capita public expenditure on health (PEH) Life expectancy index (LEI) 

Per capita public expenditure on education (PEE) Education index (EdI) 

 Per capita Gross Domestic Product (GDP) 

 The inverse of per capita CO2 emissions 

 

As mentioned above, The HDI is based on Life Expectancy Index (LEI), Education Index 

(EdI) and on the GDP index. We consider GDP per capita rather than the GDP index because the 

GDP index is based on the logarithm of the GDP, which reduces the real difference between 

countries. Notably, one advantage of the DEA method is that there is no need to normalise data. 

Another advantage is its invariance to measurement unit. Nevertheless, when dealing with some 

ratio data, the convexity assumption is no longer respected (Emrouznajad & Amin, 2009). The 

inputs and outputs presented in the above tables consider this assumption. 

It is worth mentioning that a country with relatively very low spending on health and 

education could appear efficient even with a high level of CO2 emissions because of the 

disposability property. In our analysis we are not interested by opposing efficient countries to 

inefficient ones but we are rather interested by the role of CO2 emissions compared to other 

dimensions in the efficiency or inefficiency of a given country. 

The VRS model is more suitable for our problem. In fact, in the early stages of development, it 

is expected that an increase in input is accompanied by a larger increase in output, and in the later 

stages of development, it is expected that an increase in input is accompanied by a smaller increase 

in output.  

We propose to measure efficiency and to compare the sensitivity of each of the DEA models to 

the CO2 emissions dimension.  We use three multiplier input-oriented VRS models (See model 2.2 

of Chapter 2 of the Handbook of Data Envelopment Analysis, (2004)). The three models are 

presented below, where VRS Model 1 (M1) considers CO2 emissions as an input, VRS Model 2 

(M2) considers CO2 emissions as an undesirable output, and VRS Model 3 (M3) considers as inputs 

only the health and education expenditure dimensions. In other words, M3 ignores CO2 emissions. 

VRS Model 1 (M1) is formulated as the following:  

                 

 

   

 

                  
     and 

                                 
   

 
   ,                
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VRS Model 2 (M2) is formulated as the following: 

                 

 

   

   
 

   
  

             
    and 

            
 

   
                    

   
 
   ,                 

Where zj represents the level of  CO2 emissions of country j and, wo represents the return to scale.  

In this context, when wo is negative, the DMU is operating under increasing return to scale 

(IRS). Otherwise, it is operating either under decreasing or constant return to scale.  

When CO2 emissions are not considered, model (M3) is formulated as the following:  

                 
 
      

             
    and 

                                    
   

 
   ,                 

       
Each of the above models is run n times, where n represents the number of countries under 

consideration.  

Since the decision variables are the weights attributed to the inputs and to the outputs, a poor 

or a good performance in a one of the components is directly reflected in the weight attributed to 

that component.  

4. Data Description 

Our analysis concerns the year 2004, given that our main source is the 2007/2008 HDR, and 

that reports published later are not as comprehensive as the 2007/2008 report (2007) with regard to 

the data considered in this paper. The sample comprises 59 countries with a high level of human 

development (HDI ≥ 0.8) according to the UNDP.  Countries are chosen based on their human 

development and on the availability of data. 

Table 4 gives a statistical description of the inputs and the outputs for the countries under 

consideration. For information, the statistical description of the HDI is also shown. The last two 

lines present the first and last quartiles which are necessary to identify countries with high/ low or 

acceptable inputs and outputs.  

Table 4. Statistical description of the inputs and the outputs 

  HDI CO2 PEH* PEE* LEI EdI GDP 

Max 0.965 79.300 503.719 296.096 0.950 0.990 69961 
Min 0.800 1.100 17.055 24.495 0.750 0.710 5700 
Ave 0.886 10.551 121.062 112.613 0.858 0.928 21475 
StDv 0.054 11.651 97.161 69.657 0.053 0.060 11197 
Med 0.879 7.700 76.599 95.482 0.870 0.950 19629 

VC 0.061 1.104 0.803 0.619 0.061 0.065 0.521 
Q1 0.842 5.350 42.281 55.396 0.820 0.900 12644 
Q3 0.943 10.450 190.716 164.501 0.900 0.970 29421 

* In 1000 PPP $US 
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From the data description, we see that the variability coefficient (VC) is greater than 15% for 

the dimensions CO2 emissions, PEH, PEE and GDP. This means that data are not homogeneous 

(Veysseyre, 2001) with regard to these components, even though it concerns countries classified as 

developed in terms of HD. 

Table 5 presents the top three and the last three countries with regard to each component. 

Table 5. Top three countries and last three for each component 

Component Countries 

CO2 
Top: Qatar, Kuwait, UAE  

Bottom: Cuba, Panama, Uruguay 

PEH 
Top: Luxembourg, Norway, Iceland  

Bottom: Romania, Malaysia, Trinidad Tobago 

PEE 
Top: Norway, Denmark, Iceland 

Bottom: Romania, Panama, Uruguay 

LEI 
Top: Japan, Iceland, Switzerland 

Bottom: Bahamas, Saint Kitts and Nevis, Trinidad 

EdI 

Top : Norway, Australia, Iceland, Finland, Netherlands, 

Denmark, and New Zealand 

Bottom : UAE, Oman, Antigua Barbuda 

GDP 
Top: Luxembourg, USA, Iceland 
Bottom: Tonga, Cuba, Panama 

 

We observe that Iceland, classified first in terms of HD, is among the top three in all the input 

and output components, except for CO2 emissions. UAE is classified within the top three in terms of 

CO2 emissions and within the last three in terms of EdI. From this perspective, we could say that 

Iceland is following a “clean” development while UAE is not following a sustainable development. 

Such a preliminary observation should be verified through the analysis presented below. 

5. Analysis of Efficiency Results 

As mentioned above, CO2 emissions could be considered as “input” to development or as an 

undesirable “output”. In this section, the results generated by the two approaches are compared in 

order to choose the approach that we consider most suitable for the classification that will be 

proposed in Section 6. 

To do so, we present a description of efficiencies results, followed by statistical tests to 

measure the correlation between the scores, and the correlation between country ranks. The DEA 

models were solved using Lingo 11.0, while the statistical tests were generated using XLSTAT. 

5.1. Description of efficiency results generated by the two models 

Table 6 presents a comparison of efficiency results under M1, M2, as well as M3. Both 

average efficiencies and the number of efficient countries are shown. The CRS results are used to 

determine the scale efficiency. The last two lines give the number of countries operating under 

constant or decreasing return to scale (DRS) and the number of countries operating under increasing 

return to scale (IRS). 
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Table 6. Comparison of efficiencies results 

Table 6 shows that the average efficiencies, as 

well as the number of efficient countries, are smaller 

when M2 is used.  The results show also that when 

CO2 emissions are ignored, the statistical description 

of the generated scores are very close to the statistical 

description of the results generated using M2. It 

seems that M1 is more sensitive to CO2 emissions 

than M2. In fact, with M1 the scores of 27 countries 

are not affected (compared to M3); the maximal 

change in efficiency is 0.38 (Bahamas), and the 

average change is 0.08. With M2, the scores of 46 countries are not affected; the maximal change in 

efficiency is 0.23 (Tonga), and the average change is 0.02.  

Few countries are operating under increasing return to scale. These are as follows: 

 Under M1: Uruguay, Mexico, Oman, Panama,  Antigua and Barbuda, Malaysia, Romania, 

and Mauritius  

 Under M2: Singapore, Qatar, Bahamas, Tonga, Panama, and Romania 

 Under M3: Singapore, Qatar, Bahamas, Panama, Romania 

All of these countries are ranked within the last quartile in at least one of the inputs and/or 

outputs. Qatar is the country with the highest level of CO2 emissions. 

5.2. Comparison of the scores generated by M1 and M2 

Table 7. Correlation tests 

In this sub-section, we first 

compare the correlation between the 

generated scores using the Pearson 

test. Next, we compare the 

correlation between countries ranks 

using the Spearman test (see Table 7). With the Pearson test, at a 0.05 significance level, the null 

hypothesis of no correlation between the scores generated by the two models is rejected. Thus, the 

correlation between the scores is significant. With the Spearman test, at a 0.05 significance level, 

the null hypothesis of no correlation between the scores generated by the two models is also 

rejected. In other words, the rank correlation is also significant.  

From the analysis presented above, it is clear that M1 brings the effect of CO2 emissions to 

surface better than M2, thus M1 will be adopted for countries classification. 

  

  M1 M2 M3 

CRS Ave 71% 53% 52% 

Nbr 11 7 6 

VRS Ave 91% 85% 84% 

Nbr 26 20 21 

Scale Ave 78% 63% 63% 

Type drs 51 53 54 

irs 8 6 5 

 Pearson Spearman 

Observed value 0.834 0.857 

p-bilateral value < 0.0001 < 0.0001 

Alpha 0.05 0.05 
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6. Presentation of the Classification Matrix 

We suggest a 4×3 classification matrix of countries with high HD, based on their sensitivity to 

the inclusion/exclusion of CO2 emissions followed by an analysis of the information given in the 

matrix. The basic idea is that if the efficiency and/or the rank of a country are better when CO2 

emissions are considered (M1), then CO2 emissions represent “a positive point” for the country 

under consideration, witnessing a relatively “clean” development. 

6.1 Presentation of the classification matrix 

Countries are classified into a 4×3 matrix (see Figure 1 below). The columns of the matrix are 

as the following: 

 countries that are efficient under M1 and M3,  

 countries that are efficient under M1 only,  

 and countries that are inefficient under both M1 and M3. 

The rows of the matrix are as the following: 

 countries that have a better or the same rank with M1, 

 countries that have a better or the same rank with M1 with low spending on health and 

education, (within the first quartile) 

 countries that have a worst ranking with M1, 

 and countries that have a worst ranking with M1 with low spending on health and 

education.  

Seven groups of countries are identified among 12 possible groups (see Figure 1 below). 

 

Better or no change 

in ranking 

Australia, Finland, Iceland, 

Ireland, Japan, Republic of 

Korea, Lithuania, 

Luxembourg, Netherlands, 

New-Zealand, Norway, and 

Spain, 

France, Latvia, 

Sweden,  

Switzerland,  

Austria, Bahamas, Barbados, 

Cyprus, Hungary, Malta, 

Portugal, Saint-Kitts and 

Nevis, Seychelles 

Better or no change 

in ranking (low 

spending on health 

and education) 

Chile, Cuba, Malaysia, Qatar, 

Singapore, Romania, Trinidad 

and Tobago, UAE, Uruguay 

Costa-Rica, 

Mauritius, 

Tonga  

 

 

 

Worst ranking 

with M1 

  Belgium, Canada, Croatia, 

Czech Republic, Denmark, 

Estonia, Germany, Greece, 

Israel, Italy, Kuwait, Poland, 

Slovakia, Slovenia, UK, USA 

 

Worst ranking 

with M1(low 

spending on health 

and education) 

  Bulgaria, Oman, Mexico, 

Argentina, Antigua and 

Barbados, and Panama 

 Efficient with M1&M3 Efficient with 

M1 

Inefficient 

Figure 1. Countries classification matrix  
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6.2 Analyses of the classification matrix 

In the following, it is said that a country has an acceptable level of an input (CO2 emissions, 

health expenditure, and education expenditure) if the value of the input is between the first and the 

last quartile, otherwise we would say “a high input level” (above the fourth quartile) or a “low input 

level” (below the first quartile). From a pure quantitative perspective, and in order to achieve 

efficiency, “the lower the better” should be the “property” for the inputs. But, from a sustainable 

development perspective, inefficiency attributed to high or acceptable health and education 

expenditure could be “less unappreciated” since it contributes to the development of “a solid 

knowledge base” at the medium and long term. In the contrary, “the lower the better” should always 

be the desired property” for the level of CO2 emissions. With regard to the outputs (health index, 

education index, and GDP), the expressions acceptable level, high level, and low level are used in 

the same way as above and the only property is “the higher, the better”. Even though, in our 

analysis we give special attention to the health and education indexes.  

It should be recalled that DEA is based on “relative” efficiency and consequently, “relative” 

levels of CO2 emissions. This means that if the emissions of all the countries under consideration 

are all “high” from an environmental perspective, there is a risk to retain high “absolute levels” of 

emissions as acceptable. From the data description we see that the variability in the level of CO2 

emissions between countries under consideration is high therefore such a risk of misinterpretation 

does not exist. 

If we take a glance to each quadrant of the matrix presented above, it appears that the countries 

in the “upper left” quadrant are not necessarily those with a low level of CO2 emissions. We also 

observe that countries in the “lower right” quadrant are not necessarily those with a high level of 

CO2 emissions. Thus, it is interesting to take a closer look to countries in each quadrant. 

6.2.1 Countries which are efficient under M1&M3  

This sub-division comprises 21 countries which are not necessarily the best in terms of CO2 

emissions. The first group is composed of 12 countries characterised by a high commitment to 

health and education, and the second group is composed of 9 countries with a relatively low 

commitment to health and education. 

Countries in the 1
st
 quadrant  

Twelve countries are classified in the 1
st
 quadrant. Four of them have a high level of CO2 

emissions. These countries are: Luxembourg, Norway, Australia, and Finland. One of them 

(Luxembourg) is even among the top 10% in terms of CO2 emissions. Only one country (Lithuania) 

has low level emissions.  The seven other countries could be considered as having a relatively 

acceptable level of emissions. These countries are: Ireland, Japan, Korea Republic, the Netherlands, 

New Zealand, Iceland, and Spain. As we mentioned above, those countries are relatively achieving 

high “outputs” given their “inputs” even though their PEH and PEE are also high. In fact they are 

all ranked beyond the first quartile in terms of health and education expenditures. 

Since countries in this group are efficient, any reduction in the level of one of the inputs would 

confirm their efficiencies as long as their outputs are kept unchanged. It is preferable that countries 

with a high level of emissions reduce the level of this output to an acceptable level in order to have 

a less “unsustainable development”.  

Countries in the 2
nd

  quadrant 

The efficiencies of these nine countries are mainly due to their very low PEH and PEE rather 

than their environmental awareness (low CO2 emissions). Three of them are among the top 10% in 

terms of CO2 emissions. They are Qatar which has the world record in terms of CO2 emissions, the 
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UAE, and Trinidad & Tobago. A fourth one (Singapore) is also ranked within the first quartile. 

Four countries in this group have a low level of emissions. These countries are: Romania, Chile, 

Cuba, and Uruguay. Finally, Malaysia is the only country with an acceptable level of emissions. 

We observe that eight countries have a low level of PEH and six countries have a low level of 

PEE. The other observation is that none of these countries is ranked among the top ones in terms of 

any of the outputs. This confirms the fact that their efficiency could be misleading since it is due 

only to their low public engagement to health and education.  

It appears that countries in this group, mainly those with a high level of emissions could try to 

reduce their emissions and increase their commitment to health and education.  

In Table 8 we try to answer the following question: if the health and education expenditures of 

each of the countries with a high level of emissions increases to achieve the lowest acceptable level, 

would they remain efficient under M3? If not, with how much should each of them reduce its 

emissions in order to become efficient under M1? An acceptable level of spending is the minimum 

level above the first quartile, which is equivalent to 42 for PEH and 55 for PEE. 

Table 8. Change in the level of inputs for three countries in the 2
nd

 quadrant 

 

Country 

Change in efficiency under 

M3 with an acceptable level 

of spending 

Level of CO2 emissions in 

order to be efficient under 

M1 

 Before After Before After 

Qatar 1 .92 79.3 13.4 

UAE 1 1.00 34.1 - 

Trinidad and Tobago 1 .71 24.9 2.3 

Singapore 1 1.00 12.3 - 

 

From the table above, it appears that the UAE and Singapore would remain efficient with an 

acceptable level of health and education expenditures; in fact their level of expenditure is not very 

far from the acceptable one. Qatar, with Trinidad and Tobago lose their efficiencies because their 

commitment to health and education is very low. Their emissions should be reduced by more than 

eight times in order to remain efficient, which is quite difficult. Reducing CO2 emissions should not 

be the only strategy but should be coupled with an increase in some outputs. 

6.2.2 Countries which are efficient under M1 only  

This sub-division comprises 7 countries belonging to the 3
rd

 and 4
th
 quadrant. In the first group 

we find countries with high commitment to health and education. The second group is made of 

countries with relatively very low outputs. 

Countries in the 3
rd

 quadrant  

These countries are: France, Sweden, Switzerland, and Latvia. All of them have an acceptable 

level of CO2 emissions. What make these countries special is that their PEH and PEE are relatively 

much higher than their emissions. Also, if we take a closer look to their “outputs” we observe that 

their LET and EdI contribute to their HD more than their GDP’s. We believe that these countries 

(even though no efficient under M3) could represent a good example of “sustainable” development. 
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Countries in the 4
th

  quadrant 

These three countries are efficient under M1. A closer look to the data shows that this is 

mainly due to a very low level of CO2 emissions. In fact Tonga and Costa Rica have the lowest 

level of emissions. Nevertheless, the efficiency of these countries under M1 could be misleading 

since they are ranked within the first quartile in terms of each of the outputs. They‘re health and 

education expenditures are also low.  

Countries in this group should try to increase their public engagement to health and education 

in order to be able to increase their education and health indexes in the medium and long term.  

6.2.3 Countries that are inefficient whatever the model used 

The thirty one countries which are inefficient whatever the model used are separated into three 

groups. The first group, presented in quadrant 5, is composed of 9 countries with an acceptable 

dedication to health and education. The second group, as presented in quadrant 6,  is composed of 

16 countries with high commitment to health and education and the third group (quadrant 7)  is 

composed of 6 countries with low engagement to health and education. 

Countries in the 5
th

 quadrant  

These countries are inefficient what-ever the model used but with better ranking under M1. In 

fact, their PEE and PEH are relatively higher than their CO2 emissions. All of them have a high 

(Austria) or an acceptable engagement for health and education and an acceptable level of CO2 

emissions. With exception of Austria, their inefficiencies are mainly due to a low level of their 

outputs.  Even though countries in this group are not efficient, they are probably in “the right 

trajectory to efficiency” and given their engagement to health and education, it’s expected that they 

would have better output levels in the medium and long term. 

Countries in the 6
th

 quadrant 

What is interesting about this group of countries is that they have diversified development 

profiles. In fact in this group we find Canada which is classified 6 in terms of HD and we also find 

Croatia which is classified 44 in terms of HD. Among these countries, only six have a high level of 

CO2 emissions.  These countries are; Kuwait, USA, Canada, Estonia, and Czech Republic. The 

other 10 countries in the group could be considered as having a relatively acceptable level of 

emissions.  

Table 9. Change in the level of CO2 emissions of countries in the 6
th
 group 

 EMISSIONS  EMISSIONS 

Country Actual Projected Country Actual Projected 

Kuwait 37.1 6.8 Denmark 9.8 8.7 

USA 20.6 9.9 Germany 9.8 6.9 

Canada 
20 8.8 

United 

kingdom 
9.8 6.7 

Estonia 14 5.1 Belgium 9.7 7.0 

Czech 

Republic 
11.4 4.0 Greece 8.8 8.4 

Israel 10.4 6.7 Slovenia 8.1 6.0 

Poland 8 2.5 Italy 7.8 7.3 

Slovakia 6.7 2.4    

Croatia 5.3 1.9    
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Most of the countries in this group have acceptable outputs levels with two exceptions; Kuwait 

has a low EdI and Croatia has a low GDP. Countries in this group could join the 2
nd

 group if they 

reduce their emissions. Table 9 shows with how much each of them should reduce its emission to 

join the 2
nd

 group. 

We observe that for some countries (column 1), the road is quite long in order to join the 2
nd

 

group. Reducing CO2 emissions should not be the only strategy but should be coupled with an 

increase in some outputs. The other countries need a relatively small environmental effort to join 

the 2
nd

 group. 

Countries in the 7
th

 quadrant 

This group concerns countries with low engagement to health and education. Among these 

countries, Oman has a high level of CO2 emissions while Argentina, Mexico, and Panama are 

ranked within the first quartile in terms of CO2 emissions. The two other countries have an 

acceptable level of emissions. With exception of Argentina, all the countries in this group are 

ranked within the last quartile in at least one of the outputs.  

It is worth mentioning that when we alter the level of an input or the level of an output of a 

given country, this could affect the scores of other countries since we are dealing with relative 

efficiency. In our analysis we alter the data of one country at a time and we verified that it did not 

affect the other efficiency results. 

7. Conclusion 

This paper suggested a different manner to look to human development by considering both 

the dimensions that contribute to HD and the traditional dimensions used to measure this 

development. One important dimension that could be considered either as an input to development 

or an output to it is CO2 emissions, a “necessary evil” for HD. In this context, three DEA models 

were proposed. These models were used to measure the efficiencies of 59 countries classified as 

developed countries by the UNDP. The analysis of the results generated by these models allow us to 

propose a classification of countries into six categories based on whether their follow a sustainable 

development or not. Future research will try to consider other inputs to HD (if data is available). It 

will be also interesting to analyse the change in efficiency over time since development is really 

build through years. Finally, a detailed analysis of the energetic policy of the countries considered 

in this paper could be further considered to explain our results. 
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