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1 Introduction 
Currently observed phenomenal increases in oil prices have seriously impacted the 
economic performances of majority of the countries of the world. This concern is more 
serious with oil importing developing countries, which have to spend enormous amount of 
their precious foreign exchange earnings on oil imports. In other words, the imported oil 
dependent developing countries are more vulnerable to this increase. Even within these 
countries, the vulnerability levels can vary depending on how much they are dependent on 
oil as an energy source, inherent capabilities derived out of strong economic and social 
well-being and access to alternate and modern technologies. Thus vulnerability of a country 
depends on its capacity to absorb, adopt, adapt, afford and mitigate the effects of oil price 
increases. Even this capacity is not static and it can vary with time. A country can be less 
vulnerable in the short-term but same thing cannot be said in the long-term scenario.    
 
In general vulnerability is defined as the degree to which a system (human or natural) is 
susceptible to, or unable to cope with, adverse effects of an event. The three commonly 
accepted aspects of vulnerability are hazards, resistance and damage. The hazards are 
basically environmental (or external) variables, which are not under the control of a given 
country and they are the resultant outcomes of international events. The resistance is 
derived out of economic variables basically representing the fundamental strength of the 
economy. The damage is the acquired vulnerability over a period of time represented by 
social variables captured through level of human development. A vulnerability index for a 
country capturing the influences of all these variables would be a useful tool for many 
purposes like identifying specific problems, devising defense mechanisms, evolving 
strategic alternatives and planning for the future eventualities. 
  
2 An oil-price vulnerability index 
Is it possible to quantify the extent of this vulnerability? The degree of vulnerability will 
depend on many other factors such as the GDP growth rate, for example, and on the extent 
of foreign exchange reserves. And the extent to which poor people are vulnerable will vary 
accordingly, for example, to the types of energy they use. Factors and variables that 
influence a country’s vulnerability to oil price changes, particularly in terms of impacts on 
poor households, are multiple and varied. These factors could be macroeconomic variables, 
such as GDP growth and foreign exchange reserves position, to more micro-level indicators, 
such as dominance of traditional fuels in the energy mix and incidence of poverty. This 
paper discusses such an attempt to develop a composite oil-price vulnerability index1 
(OPVI) for the 24 developing countries of the Asia-Pacific region. 
 
As a first level of classification, it may be possible to say that three kinds of factors (albeit 
not comprehensive) that can influence oil price vulnerability are economy-related, energy-
related and social-related. Broadly, however, most of these major factors can be subsumed 
under two categories: economy-related and energy-related. With this preliminary 
understanding a set 15 variables have been identified to be influencing the oil price 
vulnerability level of a country. The data required for measuring these variables have been 
obtained from various secondary sources (Table 1). Among the 15 variables, the variables 
like Real GDP growth rate, GDP per capita, Balance of payments - current account, Budget 
balance, Import cover, Share of net oil fuel subsidy/tax revenue in GDP, Contribution of 
                                                 
1 The methodological structure of the OPVI exercise benefited from clear guidance from Dr. Hafeez Pasha and 
Ms. Anuradha Rajivan UNDP/RCC, who provided review comments and suggestions to ensure a robust 
methodology. 
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food and beverages to inflation, Trade as % of GDP, The Gini Index and Human 
Development Index could be broadly classified under economic variables and the variables 
like Oil intensity of GDP, Oil import dependence, Share of oil in primary energy 
consumption, Oil reserves to production ratio and Share of transport in oil consumption 
could be classified under energy related variables. 
 
Table 1: Data used for Ranking and categorization of countries on the basis of OPVI (oil 
price vulnerability) 
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Afghanistan 12.0 1,440 -1.50 -1.5 6.23 0.24 7.68 0.06 0.0 100.00 59.04 91.16 68 35.50 0.346 

Bangladesh 6.2 2,135 -0.30 -3.3 2.21 0.17 4.89 0.07 22.6 91.98 27.17 43.00 40 31.8 0.530 

Bhutan 12.7 4,437 -3.10 -7.1 9.76 0.77 1.90 0.09 0.0 100.00 11.88 91.36 82 34.1 0.538 

Cambodia 5.0 2,534 -5.60 -1.5 2.54 1.01 2.68 0.05 0.0 100.00 95.04 95.85 139 40.4 0.583 

China 10.0 8,004 7.20 -0.4 13.26 0.40 0.66 0.23 12.1 44.43 22.00 39.00 69 44.7 0.768 

Fiji 2.6 6,610 -0.13 -2.9 2.46 8.53 0.95 0.31 0.0 100.00 74.51 97.56 78.9 49 0.758 

India 8.3 3,550 -2.10 -6.4 9.73 1.54 2.29 0.20 19.5 67.96 32.53 33.00 45 32.5 0.611 

Indonesia 5.2 4,753 0.20 -1.0 5.13 -0.50 7.38 0.28 12.5 2.12 52.95 53.00 63 34.3 0.711 

Iran, Islamic Rep. Of 5.4 8,441 10.00 6.7 19.41 -7.63 6.73 0.40 91.2 -163.51 48.26 51.00 69 43.0 0.746 

Lao People's Dem. Rep. 7.3 2,260 -14.60 -5.7 3.77 1.46 5.53 0.07 0.0 100.00 11.77 65.74 58 34.6 0.553 

Malaysia 5.5 11,914 15.60 -2.6 6.18 -1.15 1.11 0.23 11.0 -49.51 41.20 67.18 223 49.2 0.805 

Maldives 13.0 8,284 -37.60 -18.1 2.41 0.70 1.06 0.69 0.0 100.00 100.00 36.28 172  0.739 

Mongolia 6.5 2,322 4.30 3.9 2.43 8.81 11.41 0.37 49.5 95.11 23.88 49.62 160 30.3 0.691 

Myanmar 7.0 1,753 4.10 -4.0 3.96 1.82 13.99 0.12 7.4 50.00 37.94 77.00 1.1  0.581 

Nepal 1.9 1,761 3.30 -1.8 7.96 1.24 2.79 0.13 0.0 100.00 51.05 38.00 49 47.2 0.527 

Pakistan 6.2 2,830 -3.90 -4.2 3.61 2.36 4.32 0.21 15.6 80.56 34.67 77.00 35 30.6 0.539 

Papua New Guinea 3.7 2,460 6.80 0.0 3.31 2.48 0.99 0.25 9.3 -177.78 80.60 43.14 98 50.9 0.523 

Philippines 5.0 5,160 2.40 -1.0 4.17 1.41 4.58 0.25 16.4 92.60 53.74 67.00 99 46.1 0.763 

Samoa 4.0 1,225 -0.02 -0.4 4.29 3.54 4.83 0.17 0.0 100.00 83.54 86.12 78 44 0.778 

Solomon Islands 5.3 1,974 -15.80 0.6 6.44 4.95 4.76 0.33 0.0 100.00 100.00 92.40 94  0.592 

Sri Lanka 5.6 4,705 -4.90 -8.9 2.71 1.46 10.32 0.31 0.0 100.00 84.99 71.00 80 33.2 0.755 

Thailand 4.5 8,877 -0.80 0.1 4.29 1.48 1.75 0.33 6.9 74.44 54.04 64.00 149 42.0 0.784 

Vanuatu 3.0 3,424 -8.80 -0.5 3.74 5.79 0.65 0.14 0.0 100.00 100.00 88.49 47.3  0.670 

Viet Nam 7.8 3,255 0.10 -5.0 2.49 0.58 4.75 0.69 17.1 -73.91 50.07 60.00 145 37.0 0.709 

Source: IMF, ADB, WTO, EA, GTZ, EIA, CIA, IEA, Country ministries, Country statistics 
offices and Country level contacts. For full list of sources please refer to Appendix Table C-
9, Page 137, “Overcoming Vulnerability to Rising Oil Prices: Options for Asia and the 
Pacific”, UNDP Regional Centre, Bangkok, Bangkok, 2006 
 
Among these variables (Table 1), the first five economic variables (Real GDP growth rate, 
GDP per capita, Balance of payments - current account, Budget balance and Import cover) 
are expected to have positive influence in negating the vulnerability levels. The values of 
the variables determine the level of the influence (higher or lower) in negating the 
vulnerability levels. However, if these variables have negative values (e.g. negative balance 
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of payments), even then they positively contribute to increase in the vulnerability levels. On 
the other hand, the four, energy related variables (Oil intensity of GDP, Oil import 
dependence, Share of oil in primary energy consumption and Share of transport in oil 
consumption) are expected to have negative influence by contributing to enhancing the 
vulnerability levels. Higher the values of the variables there is a chance of experiencing 
higher vulnerability. Only the variable, oil reserves to production ratio, has opposite 
influence compared to the other four variables. 
 
3 Developing an oil-price vulnerability index using Principal Component Analysis 
Principal Component Analysis (PCA) is a popular dimensionality reduction technique used 
for reducing the number variables in a model (e.g., econometric models). It uses the 
correlation structure of the variables to perform this task. Basically, the PCA forms linear 
combinations of variables to arrive at a principal component and this principal component 
can be logically related to a dimension representing a set of variables. Taking the example 
of developing OPVI for 24 countries of Asia-Pacific region itself, the attempt here is to 
quantify the degree of vulnerability by using a set of 15 variables. However, deriving an 
index with 15 variables and then attempting to interpret it would be quite complex. 
Therefore the purpose of using PCA is to reduce these 15 variables into a manageable 
number of dimensions (or principal components) to facilitate development of a composite 
OPVI. Ideally speaking, if we can get one principal component (or single dimension), which 
accounts for maximum variation, and then with few more simple steps we could obtain the 
composite OPVI. The values obtained for this principal component for each of the 24 
countries can be used for developing the OPVI. However, in reality, that too with 15 
variables, this cannot be expected. Arriving at a composite OPVI with more than one 
Principal component is always complex (but easier than having 15 variables). But the 
decision to use how many principal components is ours. The number of principal 
components depends on how much variance we want to account for. Table 1 contains the 
original dataset. Table 2 contains the standardized variables. This is the form in which the 
input data is provided to the PCA and also these standardized values are used for arriving at 
the principal component values. The standardized values are estimated as follows: 
 
 Standardized Value = (Actual Value – Mean Value) 

      Standard Deviation 
 
The actual values are from Table 1. 
 
4 Principal Component Analysis – Full Model with 15 Variables 
The principal component analysis resulted in extracting five principal components (PC) 
from the 15 variables considered for arriving at OPVI. The PCA tool used here takes care of 
missing values (as observed in the case of GINI index). The principal components having 
Eigenvalues of above one have been included in the model explaining the total variation 
resulting in five principal components. The individual Eigenvalues and the explained 
variance are given in Table 3. Principal Component 1 accounts for 30.1% variance, 
Principal Component 2 accounts for 18.5% variance and cumulatively both account for 
48.6% variance. If we are happy with 48.6% then we can stop at 2 principal components. If 
not add few more PCs till we are satisfied with the accounted variance. Theoretically, we 
can account for 100% variance by including all the 15 principal components (equal to 15 
variables).  
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Table 2: Standardized Variables 

Indicator Variables  
Real GDP 
growth 
rate 

GDP per 
capita 

Balance 
of 
payments: 
current 
account  

Budget 
balance 

Import 
cover 

Share of 
net oil fuel 
subsidy/ tax 
revenue 
in GDP 

Contributio
n of food 
and 
beverages 
to inflation 

Oil 
intensity 
of GDP 

Oil 
reserves 
to 
production 
ratio 

Oil import 
dependenc
e 

Share of oil 
in primary 
energy 
consumption 

Share of 
transport in 
oil 
consumption 

Trade as 
per cent 
of GDP 
2005 

Gini 
index 
2004 

HDI 
2004 

Variables Short  RGDPGR GPPCAP BPCA BB IC SNOILTAX FBINFL OIGDP ORPR OID SOPEC STOC STGDP GINI HDI 
Afghanistan 1.87 -1.00 0.04 0.26 0.17 -0.46 0.88 -1.09 -0.60 0.58 0.13 1.20 -0.41 -0.73 -2.57 
Bangladesh -0.07 -0.76 0.15 -0.13 -0.81 -0.48 0.11 -1.04 0.51 0.49 -1.00 -1.08 -0.96 -1.25 -1.02 
Bhutan 2.10 0.03 -0.12 -0.93 1.04 -0.30 -0.72 -0.96 -0.60 0.58 -1.54 1.21 -0.14 -0.93 -0.95 
Cambodia -0.47 -0.62 -0.36 0.26 -0.73 -0.22 -0.50 -1.19 -0.60 0.58 1.40 1.42 0.97 -0.04 -0.57 
China 1.20 1.27 0.88 0.49 1.90 -0.41 -1.07 -0.14 0.00 -0.08 -1.18 -1.27 -0.39 0.57 1.00 
Fiji -1.27 0.79 0.17 -0.04 -0.75 2.11 -0.98 0.37 -0.60 0.58 0.67 1.50 -0.20 1.18 0.91 
India 0.63 -0.27 -0.02 -0.78 1.03 -0.06 -0.61 -0.31 0.36 0.20 -0.81 -1.55 -0.86 -1.15 -0.33 
Indonesia -0.40 0.14 0.20 0.36 -0.10 -0.69 0.80 0.15 0.02 -0.59 -0.09 -0.60 -0.51 -0.90 0.52 
Iran, Islamic Rep. of -0.34 1.42 1.15 2.00 3.40 -2.90 0.62 0.87 3.88 -2.58 -0.25 -0.70 -0.39 0.33 0.81 
Lao People's Dem. 
Rep. 0.30 -0.72 -1.23 -0.64 -0.43 -0.08 0.28 -1.03 -0.60 0.58 -1.54 0.00 -0.61 -0.85 -0.82 
Malaysia -0.30 2.62 1.69 0.02 0.16 -0.89 -0.94 -0.10 -0.05 -1.21 -0.50 0.07 2.60 1.21 1.31 
Maldives 2.20 1.37 -3.46 -3.27 -0.76 -0.32 -0.95 2.62 -0.60 0.58 1.57 -1.39 1.61  0.75 
Mongolia 0.03 -0.70 0.60 1.40 -0.76 2.20 1.91 0.68 1.83 0.52 -1.11 -0.76 1.37 -1.46 0.35 
Myanmar 0.20 -0.89 0.58 -0.27 -0.38 0.03 2.63 -0.74 -0.23 -0.02 -0.62 0.53 -1.71  -0.58 
Nepal -1.50 -0.89 0.50 0.19 0.60 -0.15 -0.47 -0.70 -0.60 0.58 -0.16 -1.31 -0.78 0.93 -1.04 
Pakistan -0.07 -0.52 -0.20 -0.32 -0.47 0.20 -0.05 -0.22 0.17 0.35 -0.73 0.53 -1.05 -1.42 -0.94 
Papua New Guinea -0.90 -0.65 0.84 0.58 -0.54 0.23 -0.97 -0.01 -0.14 -2.75 0.89 -1.07 0.17 1.45 -1.08 
Philippines -0.47 0.28 0.41 0.36 -0.33 -0.10 0.02 0.01 0.21 0.49 -0.06 0.06 0.19 0.77 0.96 
Samoa -0.80 -1.08 0.18 0.49 -0.30 0.56 0.09 -0.46 -0.60 0.58 0.99 0.96 -0.22 0.47 1.08 
Solomon Islands -0.37 -0.82 -1.35 0.70 0.22 1.00 0.07 0.49 -0.60 0.58 1.57 1.26 0.09  -0.49 
Sri Lanka -0.27 0.13 -0.29 -1.31 -0.69 -0.08 1.61 0.35 -0.60 0.58 1.04 0.25 -0.18 -1.05 0.89 
Thailand -0.64 1.57 0.10 0.60 -0.30 -0.08 -0.76 0.49 -0.25 0.28 -0.05 -0.08 1.16 0.19 1.13 
Vanuatu -1.14 -0.32 -0.67 0.47 -0.44 1.26 -1.07 -0.62 -0.60 0.58 1.57 1.08 -0.82  0.17 
Viet Nam 0.47 -0.37 0.19 -0.49 -0.74 -0.35 0.07 2.59 0.24 -1.50 -0.19 -0.27 1.08 -0.52 0.50 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.16 0.00 
Std. Dev. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 1.00 
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Table 3: Principal Components and explained Variance (with 15 Variables) 
Principal componets Eigenvalues Percentage Variance Cumulative 

Variance 
Principal Component 1 4.520 30.132 30.132 
Principal Component 2 2.781 18.555 48.687 
Principal Component 3 1.851 12.337 61.025 
Principal Component 4 1.479 9.858 70.883 
Principal Component 5 1.042 6.948 77.831 

 
The factor (or component) loadings of each of the 15 variables on the principal components 
are given in Table 4. The numbers are called factor loadings and these are equivalent of 
correlation coefficients. In other words, these numbers tell us how much the variable/s is/are 
correlated with the principal components. For example, principal component 1 has more 
variables significantly correlated with it whereas principal component 3 has only one 
variable significantly correlated with it (Table 5). 
 
Table 4: Factor Loadings on the Principal Components (with 15 Variables) 

 
Principal 
Component 
1 

Principal 
Component 2 

Principal 
Component 3 

Principal 
Component 4 

Principal 
Component 
5 

Real GDP growth rate -0.287 -0.609 -0.217 0.492 0.245 
GDP per capita 0.707 0.128 -0.284 0.502 0.062 
Balance of payments: current 
account  0.849 0.051 -0.099 -0.026 -0.070 

Budget balance 0.650 -0.080 0.246 -0.381 0.155 
Import cover 0.541 -0.611 -0.374 -0.045 0.155 
Share of net oil fuel subsidy 
/tax revenue in GDP -0.435 0.519 0.324 0.093 -0.377 
Contribution of food and 
beverages to inflation -0.179 -0.311 0.808 -0.029 0.280 

Oil intensity of GDP 0.544 0.110 0.542 0.279 -0.105 
Oil reserves to production 
ratio 0.644 -0.526 0.410 -0.108 0.092 

Oil import dependence -0.756 0.118 -0.002 0.195 -0.057 
Share of oil in primary energy 
consumption 0.051 0.678 0.115 -0.445 0.412 
Share of transport in oil 
consumption -0.396 0.432 -0.101 0.202 0.693 
Trade as per cent of GDP 
2005 0.422 0.475 0.157 0.479 0.156 

Gini index 2004 0.560 0.568 -0.446 -0.272 -0.034 
HDI 2004 0.591 0.386 0.216 0.397 -0.086 
 
From above data (Table 4), the significant factor loadings have been extracted to know 
which variables have been grouped into a given single Principal Component. Table 5 
contains these details. Principal component 1 has 7 variables loaded (or 7 variables are 
grouped under principal component 1) where as 2 has 5 variables, and 3, 4 and 5 have one 
variable each. As mentioned previously, principal component analysis is used for variable 
reduction (e.g., from 15 to some manageable number). In our example of 15 variables, the 
linear combinations of 7 variables formed the first principal component (PC1). Linear 
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combination of next 5 variables formed the principal component 2 (PC2). Remaining 3 
principal components have only one variable each. 
 
Table 5: Significant and Dominant Factor Loadings on the Principal Components 
(with 15 Variables) 

 Principal 
Component 1 

Principal 
Component 2 

Principal 
Component 3 

Principal 
Component 4 

Principal 
Component 5 

Real GDP growth rate  - 0.609    
GDP per capita 0.707     
Balance of payments: 
current account  0.849     

Budget balance 0.650     
Import cover  - 0.611    
Share of net oil fuel 
subsidy /tax revenue in 
GDP 

 0.519    

Contribution of food 
and beverages to 
inflation 

  0.808   

Oil intensity of GDP 0.544     
Oil reserves to 
production ratio 0.644     

Oil import dependence - 0.756     
Share of oil in primary 
energy consumption  0.678    

Share of transport in oil 
consumption     0.693 

Trade as per cent of 
GDP 2005    0.479  

Gini index 2004  0.568    
HDI 2004 0.591     
 
The groupings of the variables under each of principal component are as follows: 
 
Principal Component 1:  

• GDP per capita  
• Balance of payments: current account  
• Budget balance  
• Oil intensity of GDP  
• Oil reserves to production ratio  
• Oil import dependence  
• HDI 2004 

 
Principal Component 2:  

• Real GDP growth rate  
• Import cover  
• Share of net oil fuel subsidy /tax revenue in GDP  
• Share of oil in primary energy consumption  
• Gini index 2004 
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Principal Component 3:  
• Contribution of food and beverages to inflation 

 
Principal Component 4:  

• Trade as per cent of GDP 2005 
 
Principal Component 5:  

• Share of transport in oil consumption 
 
The values of these five principal components are called factor scores. As mentioned 
earlier, the principal components are derived based on the linear combination of the 
variables. In other words, the values of the principal components can be derived from these 
linear combinations. The equation for this is as follows: 
 m 

PCn =  ∑ ajnXj,  for all ‘n’ 
j = 1 
 

Where, PCn = The factor score for principal component “n” (here, n = 1, 2, …, 5) 
aj = Factor loading of variable ‘j’ on principal component “n” (here j = 1, 2, …, 15) 
Xj = Standardized variable “j” (here j = 1, 2, …, 15) 
 

In expanded form for principal component 1, the equation will be 
 
PC1 = a11X1 + a21X2 + a31X3 + ….. + a151X15 
 
From Table 2 (for Xj) and Table 4 (for ajn), we have 
 
PC1 = -0.287 * 1.87 + 0.707 * -1.00 + 0.849 * 0.04 + ….. + 0.591 * -2.57 = - 4.90 (for 
Afghanistan). 
 
Factor loadings of all the variables (not limited to significant variables) are used while 
estimating the factor scores.   
 
Similarly, the factor scores for all the principal components and for all the countries are 
estimated and presented in Table 6. These factor scores are standardized values of principal 
components and similar to the standardized values of variables presented in Table 2. 
Therefore, these are also amenable for ranking (or ranking of countries can be made based 
on the values of the principal components in the form of factor scores). Table 7 contains 
these ranking. 
 
If for example, we have got only one principal component, then the ranking of the factor 
scores would have given us the country ranking of OPVI. The OPVI could have been 
developed using the using the following formula2 on the factor scores.. 
 
Dimension Index = actual value – minimum value 

     maximum value – minimum value 

                                                 
2 This formula draws on the methodology for development of the International Energy Agency’s Energy 
Development Index 
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However, that is not the case here. We have five principal components and developing 
composite OPVI needs few more steps to be performed. 
 
Table 6: Factor Scores (with 15 Variables) 

 
Principal 
Component 1 

Principal 
Component 2 

Principal 
Component 3 

Principal 
Component 4 

Principal 
Component 5 

Afghanistan -4.90 -2.64 -0.80 -0.72 1.97 
Bangladesh -2.65 -2.85 0.25 -0.93 -1.05 
Bhutan -3.51 -2.97 -2.63 2.00 0.76 
Cambodia -2.56 2.69 -0.66 -0.85 1.54 
China 4.19 -2.45 -2.48 1.19 -0.97 
Fiji -0.18 5.20 -0.29 0.27 -0.42 
India -0.93 -3.44 -0.80 0.17 -1.39 
Indonesia 1.09 -1.24 1.15 -0.31 -0.11 
Iran, Islamic Rep. of 12.05 -5.90 0.41 -1.35 1.71 
Lao People's Dem.  
Rep. -4.99 -2.02 -0.41 0.25 -0.55 
Malaysia 7.36 2.33 -1.94 2.47 0.24 
Maldives -2.48 1.70 -0.01 4.13 -0.40 
Mongolia 0.58 -1.14 5.03 0.93 -0.96 
Myanmar -2.92 -1.94 1.35 -1.17 0.53 
Nepal -0.29 -0.10 -1.35 -2.55 -1.46 
Pakistan -3.37 -1.62 0.38 -0.20 -0.19 
Papua New Guinea 3.36 1.59 -0.77 -2.81 -0.83 
Philippines 1.60 1.29 0.15 0.14 -0.15 
Samoa -1.07 2.77 0.46 -1.06 0.46 
Solomon Islands -2.72 2.25 0.90 -1.02 1.18 
Sri Lanka -2.38 1.04 1.93 0.83 0.54 
Thailand 2.97 2.18 -0.19 1.45 -0.30 
Vanuatu -2.51 3.35 -0.38 -1.51 0.21 
Viet Nam 2.45 0.11 2.11 1.51 -0.25 
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Table 7: Ranking of Countries based on factor scores for different Principal 
Components (with 15 Variables) 

 
Principal 
Component 1 

Principal 
Component 2 

Principal 
Component 3 

Principal 
Component 4 

Principal 
Component 5 

Afghanistan 23 5 5 15 24 
Bangladesh 18 4 15 17 3 
Bhutan 22 3 1 3 20 
Cambodia 17 21 8 16 22 
China 3 6 2 6 4 
Fiji 10 24 11 9 8 
India 12 2 6 11 2 
Indonesia 8 10 20 14 14 
Iran, Islamic Rep. of 1 1 17 21 23 
Lao People's Dem.  
Rep. 24 7 9 10 7 
Malaysia 2 20 3 2 16 
Maldives 15 17 13 1 9 
Mongolia 9 11 24 7 5 
Myanmar 20 8 21 20 18 
Nepal 11 12 4 23 1 
Pakistan 21 9 16 13 12 
Papua New Guinea 4 16 7 24 6 
Philippines 7 15 14 12 13 
Samoa 13 22 18 19 17 
Solomon Islands 19 19 19 18 21 
Sri Lanka 14 14 22 8 19 
Thailand 5 18 12 5 10 
Vanuatu 16 23 10 22 15 
Viet Nam 6 13 23 4 11 
 
Now, the next step is to combine these principal components to derive an integrated factor 
score. If the weights are same (or uniform) then easily one could have estimated the 
integrated factor score by taking the simple average. However, in the present case we are 
aware of the fact that the weights of the five principal components are different. We know 
that the principal component 1 accounts for highest variance (30.1%) and so on. Here we 
have assumed that the percentage variance accounted by a principal component as equal to 
the weight (Last row of Table 8). Using these weights, the weighted total factor score was 
estimated (Table 8). The oil price rise vulnerability index (OPVI) for each of the countries 
was developed using the following formula on the weighted total scores. 
 
Dimension Index = actual value – minimum value 

     maximum value – minimum value 
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Table 8: Weighted factor scores, OPVI and Ranking based on OPVI (with 15 
Variables) 

 Principal 
Component 1 

Principal 
Component 2 

Principal 
Component 3 

Principal 
Component 4 

Principal 
Component 5 

Weighted 
Total 
Score 

OPVI Rank 

Afghanistan -1.48 -0.49 -0.10 -0.07 0.14 -2.00 0.00 24 
Bangladesh -0.80 -0.53 0.03 -0.09 -0.07 -1.46 0.12 21 
Bhutan -1.06 -0.55 -0.32 0.20 0.05 -1.68 0.07 22 
Cambodia -0.77 0.50 -0.08 -0.08 0.11 -0.33 0.36 16 
China 1.26 -0.45 -0.31 0.12 -0.07 0.55 0.55 9 
Fiji -0.05 0.96 -0.04 0.03 -0.03 0.87 0.62 6 
India -0.28 -0.64 -0.10 0.02 -0.10 -1.09 0.19 18 
Indonesia 0.33 -0.23 0.14 -0.03 -0.01 0.20 0.47 10 
Iran, Islamic 
Rep. of 3.63 -1.09 0.05 -0.13 0.12 2.57 0.98 2 

Lao People's 
Dem.  Rep. -1.50 -0.38 -0.05 0.03 -0.04 -1.94 0.01 23 

Malaysia 2.22 0.43 -0.24 0.24 0.02 2.67 1.00 1 
Maldives -0.75 0.32 0.00 0.41 -0.03 -0.05 0.42 12 
Mongolia 0.17 -0.21 0.62 0.09 -0.07 0.61 0.56 8 
Myanmar -0.88 -0.36 0.17 -0.12 0.04 -1.15 0.18 19 
Nepal -0.09 -0.02 -0.17 -0.25 -0.10 -0.63 0.29 17 
Pakistan -1.01 -0.30 0.05 -0.02 -0.01 -1.30 0.15 20 
Papua New 
Guinea 1.01 0.30 -0.09 -0.28 -0.06 0.88 0.62 5 

Philippines 0.48 0.24 0.02 0.01 -0.01 0.74 0.59 7 
Samoa -0.32 0.51 0.06 -0.10 0.03 0.17 0.47 11 
Solomon 
Islands -0.82 0.42 0.11 -0.10 0.08 -0.31 0.36 14 

Sri Lanka -0.72 0.19 0.24 0.08 0.04 -0.17 0.39 13 
Thailand 0.89 0.40 -0.02 0.14 -0.02 1.40 0.73 3 
Vanuatu -0.76 0.62 -0.05 -0.15 0.01 -0.31 0.36 15 
Viet Nam 0.74 0.02 0.26 0.15 -0.02 1.15 0.68 4 
Weights based 
on Variance 
accounted (%) 

30.132 18.555 12.337 9.858 6.948    

 
5 Logical Assessment 
The above analysis with five principal components is found to be logically difficult to 
explain/defend/interpret. Two main reasons for this are: 
 

1. The linear combination of variables under first two principal components cannot be 
interpreted logically. The grouping of variables may be justified only statistically. 
However, logical justification is more important than statistical justification. 

 
2. The last three principal components have only one significant variable each, 

exhibiting unique characteristics not amenable to be grouped under single principal 
components. This may be providing us with sufficient hints that these variables may 
not be relevant for determining the composite OPVI.  
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It is possible that all of the 15 variables may not be necessary to develop an OPVI. Even 
when one observes the list of variables there are indications that some of them could be 
dependent on each other, and others could be contributing to double counting. Thus to 
identify the relevant variables and to justify their inclusion in the model in order to facilitate 
the development of OPVIs, a logical assessment of variables was carried out. This has been 
done through the assessment of variables for possible association, uniqueness, double 
counting and significance by using the correlation analysis and logical reasoning methods. 
 
5.1 Correlation Analysis 
The results of the correlation analysis performed on the data (Table 1) are presented in 
Table 9. It may be observed from Table 9 that except for the variable “Share of transport in 
oil consumption” all other variables are significantly correlated with one or more variables. 
Naturally, the next step would have been to select one of the correlated variables among 
different sets of correlated variables to be included in developing the OPVI. However, this 
is not the correct approach in creating a composite OPVI because of the following reasons. 
 
 Table 9: Results of Correlation Analysis 
 Significantly Correlated Variables 

Real GDP growth rate Budget balance∗∗(-ve) Gini index 2004∗(-ve)  

GDP per capita Share of net oil fuel subsidy 
/tax revenue in GDP∗(-ve) 

Trade as per cent of GDP 
2005∗∗ HDI 2004∗∗ 

Balance of payments: 
current account  Budget balance∗∗ Oil import dependence∗  

(-ve) 
Share of oil in primary energy 
consumption∗ 

Budget balance Real GDP growth rate∗∗  
(-ve) 

Balance of payments: 
current account ∗∗ 

Oil reserves to production 
ratio∗∗ 

Import cover Share of net oil fuel subsidy 
/tax revenue in GDP∗∗(-ve) 

Oil reserves to production 
ratio∗∗  

Share of net oil fuel subsidy 
/tax revenue in GDP GDP per capita∗(-ve) Import cover∗∗(-ve) Oil import dependence∗∗ 
Contribution of food and 
beverages to inflation Gini index 2004∗∗(-ve)   

Oil intensity of GDP Trade as per cent of GDP 
2005∗ HDI 2004∗∗  

Oil reserves to production 
ratio Budget balance∗∗ Import cover∗∗ Oil import dependence∗∗(-ve) 

Oil import dependence Balance of payments: 
current account ∗(-ve) 

Share of net oil fuel subsidy 
/tax revenue in GDP∗∗ 

Oil reserves to production 
ratio∗∗(-ve) 

Share of oil in primary 
energy consumption 

Balance of payments: 
current account ∗(-ve)   

Share of transport in oil 
consumption    

Trade as per cent of GDP 
2005 GDP per capita∗∗ Oil intensity of GDP∗ HDI 2004∗ 

Gini index 2004 Real GDP growth rate∗  
(-ve) 

Balance of payments: 
current account ∗∗ 

Contribution of food and 
beverages to inflation∗∗ (-ve) 

HDI 2004 GDP per capita∗∗ Oil intensity of GDP∗∗ Trade as per cent of GDP 
2005∗ 

∗∗ Correlation is significant at the 0.00 level (2-tailed) 
∗Correlation is significant at the 0.05 level (2-tailed) 
 



 13

1. Here the objective is not to model the variations in OPVI through a set of 
independent variables. OPVI is not expected to be a dependent variable but it is an 
estimate derived from many variables. 

2. The aim is to develop a composite index capturing the collective influence of 
relevant variables. Relevance need not be equated to independence. 

3. Statistically related variables need not relate logically. 
 
Therefore, it is felt that the correct approach would be to combine the results of correlation 
analysis and logical reasoning to arrive at a decision to either include or eliminate a variable 
from using it for deriving the composite OPVI. 
 
5.2 Logical Reasoning 
An attempt is made here to logically reason out the justification for the inclusion or 
elimination of a variable to develop a composite oil price vulnerability index (OPVI) by 
taking following aspects in to consideration.  
 

1. The variables are independent (as far as possible) in the sense that each one 
measures a unique aspect of a system performance (economic or social 
performance). 

2. Double counting or two or more variables measuring the same aspect should be 
avoided. 

3. The variables significantly influence the levels of the vulnerability. 
 
It is possible to argue that the variables can influence the vulnerability levels in two ways: 

1. Positive influence: Higher observed values will reduce the vulnerability levels 
(economic variables). 

2. Negative influence: Higher observed values will enhance the vulnerability levels 
(energy variables). 

 
As explained earlier, among the fifteen variables, the first five economic variables are 
expected to have positive influence in negating the vulnerability levels. On the other hand, 
the four, energy related variables are expected to have negative influence by contributing to 
enhancing vulnerability levels. Only one variable, oil reserves to production ratio, has 
opposite influence compared to the other four variables. 
 
1. Real GDP growth rate: This represents country’s “dynamic ability to cope” with price 

increase. If we can assume that the current rate of growth is a reasonable indicator of 
immediate past and expected future growth rates of real GDP, this variable can have a 
positive influence in determining the vulnerability levels. Countries experiencing higher 
growth rates can be expected to be less vulnerable than those experiencing lower growth 
rates. For example, a country like China will be significantly less vulnerable than Nepal. 
Afghanistan is an exception because of the past poor performance. 

 
2. GDP per capita: This represents country’s “inherent capability to cope” with oil price 

increase. This basically represents the economic strength of a country. In other words, it 
determines country’s affordability levels with the price increase. The higher the GDP 
per capita the greater is its ability to be less vulnerable. For example, Malaysia is far less 
vulnerable compared to Samoa. 
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3. Balance of payments - current account: The current account is the sum of net sales 
from international trade in goods and services, net factor income (such as interest 
payments from abroad), and net unilateral transfers from abroad. This can be termed to 
represent country’s “capability to pay in FOREX”. A positive and higher (as a share of 
GDP) balance of payments on current account represents a comfortable position in 
terms of paying for the imported oil (especially to take care of oil price rise). Most 
importantly this will be the surplus generated in terms of foreign exchange. Countries 
with negative balance of payments will be more vulnerable to oil price rise. Oil 
importing counties like China will be less vulnerable compared to Maldives. 

 
4. Budget balance:  This represents country’s “capability to pay from internal sources” to 

tackle the problem of oil price rises. Any budget surplus can act as a cushion at the time 
of crisis especially in regulating the oil prices to reduce the burden on consumers. 
Among the oil importing countries, Mongolia is best placed with respect to this aspect 
where as Maldives appears to be most vulnerable on this count. 

   
5. Import cover: This basically suggests that how long a country can manage its monthly 

imports bills through accumulated foreign exchange reserves. For an oil importing 
country, the major portion of the import bill will be on account of oil imports. A higher 
import cover means the country will be more comfortable in tackling the price rise. This 
variable can be equated to country’s “capability to sustain” the impact of oil price rise in 
terms of duration. In other words, how long a country can sustain the oil price rise? 
China is less vulnerable compared to Bangladesh. 

 
6. Share of net oil fuel subsidy/tax revenue in GDP: This ratio gives the degree of oil 

subsidy burden on the economy. Tax revenue being the most important component of 
government income it is relevant to establish how much it goes for subsidizing oil 
prices. If it accounts for a small or negligible share, then there is scope for increasing it 
to tackle the impact of oil price rise. Countries with smaller shares will be less 
vulnerable than those with higher shares. At the outset, this variable appears to be not a 
relevant one. Because, both the components of oil fuel subsidy and tax revenue are part 
of budget estimates. Already, there is a variable “budget balance” which captures the 
position of a country in terms of vulnerability levels. Logically, we may state that this 
particular variable is redundant. However, this is not corroborated by the correlation 
analysis results indicating no significant correlation between the two variables. The 
reason could be negligible share of net oil subsidy in tax revenue resulting in negligible 
contributions to overall variations. Logically, this variable can be eliminated from index 
determination model. 

           
7. Contribution of food and beverages to inflation: This basically indicates how 

developed a country is. A country with higher contributions from agricultural 
commodities in the overall inflation is stated to be at the initial stages of development. 
Thus one could conclude that a country having higher contributions of food and 
beverages to inflation would be more vulnerable to oil price rise. However, this type of 
influence has already been captured through two variables “real GDP growth rate” and 
“GDP per capita” making this variable redundant. However, this is an indirect measure 
of influence on vulnerability levels. Instead of this variable, better variable could have 
been “contribution of OIL price changes to inflation”. This can be expected to capture 
both the direct and indirect impact of oil price changes on the economy. This would 
have enabled obtaining a better indicator for arriving at a vulnerability index.   
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8. Oil intensity of GDP: This determines the oil dependency levels of a country. The 

higher the intensity, the greater is the vulnerability of a country to the oil price increase. 
Cambodia is less vulnerable compared to Maldives. 

   
9. Oil reserves to production ratio: This basically indicates country’s level of ownership 

of oil reserves and rate of exploitation. The higher the ratio, the greater is the 
comfortability of a country. Indigenous production of oil can act as an insurance cover 
for the international oil price rise. This indicator is more relevant for long-term 
vulnerability index. Countries, which do not have any reserves, are more vulnerable. 

         
10. Oil import dependence: This is the most critical variable determining a country’s 

vulnerability level. Those countries, which depend 100% on imported oil are the most 
vulnerable to the oil price rise. Logically, those who do not have any oil reserves will be 
forced to import 100% of oil requirement. This may indicate that one of the two 
variables “oil reserves to production ratio” and “oil import dependence” is redundant in 
deriving the OPVI. That does not mean that a country having oil reserves cannot have 
high import dependence. This is a possible situation for countries keeping their oil stock 
as strategic reserves and relying on imports for current requirements. In other words, it 
is possible to have countries with high oil import dependence and at the same time have 
high reserves to production ratio exhibiting less vulnerability to oil price shocks. 
Logically, both the variables are necessary for determining the OPVI however, the data 
states the opposite. The correlation analysis shows that both the variables are highly 
correlated and it is significant. Thus it may be advisable to retain “oil import 
dependence” and eliminate “oil reserves to production ratio” at least in the present 
context. 

   
11. Share of oil in primary energy consumption: This variable indicates how important is 

oil in relation to other energy sources.  The countries with higher share will be more 
vulnerable than those with lower share.  

      
12. Share of transport in oil consumption: Just this variable alone would be inadequate to 

assess the linkage to vulnerability levels. It is also important to know how much 
transport sector is important to the economy. It may be possible that most of the oil is 
consumed by the transport sector (typically happens in less industrialized countries) but 
it need not be critical. With this variable alone it may not be possible to state the 
relationship with vulnerability level. It cannot be true if one states that the countries 
with higher share of transport in oil consumption will be more vulnerable to oil price 
shocks. It is necessary to include variable/s assessing the importance of transport.  A 
derived variable capturing the essence of the two would be an ideal replacement. 

         
13. GDP as % of Trade: Much cannot be interpreted from this. Typically, smaller 

countries with relatively small domestic market will have significantly higher 
international trade compared to the country’s GDP. It is logically difficult to assess the 
influence of this variable on vulnerability. Even, the observed trend based on the data 
provided does not appear to provide much insight on vulnerability levels. Thus it may 
be eliminated from the basket of variables included for estimating OPVI.   

 
14. The Gini Index: This is a measure of income inequality ranging from 0 (perfect 

equality) to 100 (perfect inequality). Higher values exhibit higher inequality. This may 
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not be an appropriate variable for assessing the vulnerability levels. Income equality or 
inequality can happen at both extremes. A poor country can exhibit high equality and 
same might be the case with a rich country. Even the opposite can be true. For example, 
Afghanistan (35.5) exhibit higher equality compared to Malaysia (49.2) whereas Nepal 
with Gini index of 47.2 shows high inequality in comparison to Indonesia (34.3).We 
cannot state that countries with higher Gini index are more vulnerable or vice versa. 
Mere observation of the data related to Gini index of different Asian countries indicate 
that countries with higher Gini index values (higher inequality) are less vulnerable to oil 
price rise. This variable may be eliminated because it may not have much influence in 
determining the vulnerability index. 

 
Countries with higher Gini index being less vulnerable to oil price rise can be logically 
argued in the case of India. On the basis of a composite index derived from the macro 
indicators, countries like India at the outset might look more vulnerable to the oil price 
rise. However, the reality may be different. This is due to the fact that a large majority 
of the population is not part of the energy mainstream (depending on modern energy 
carriers) and their role in oil economy is negligible. They hardly get impacted directly 
by the oil price rise. Even the indirect effects may be marginal because they are not a 
part of the mainstream market system. However, the macro indicators that are being 
used to arrive at the composite vulnerability index are derived taking into consideration 
even this section of the population (e.g., per capita GDP with and without this section of 
the population). 

 
15. Human Development Index: It is a socio-economic indicator of well-being of a 

country that represents the overall social capacity of the population to respond to the 
adversities. The countries with higher HDI values tend to be less vulnerable to the oil 
price rise. It may be possible that HDI to be significantly correlated with “GDP Per 
capita” and “Oil intensity of GDP” because both of these variables are part of the 
indicators, which are used to determine HDI. However, logical considerations 
necessitate inclusion of all the three variables in the model determining the composite 
index. Because the three variables measures different aspects of economic system. 
Though HDI includes economic indicators, the advantage is that it also captures the 
influence of social indicators. 

 
5.3 Summary 
Based on the logical reasoning and statistical analysis, the following are the possible final 
status of the variables: 
 
Included Variables: 

1. Real GDP growth rate  
2. GDP per capita  
3. Balance of payments-current account 
4. Budget balance 
5. Import cover  
6. Oil intensity of GDP  
7. Oil import dependence  
8. Share of oil in primary energy consumption  
9. Human Development Index 
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Excluded Variables: 
1. Share of net oil fuel subsidy/tax revenue in GDP  
2. Contribution of food and beverages to inflation  
3. Oil reserves to production ratio  
4. Share of transport in oil consumption  
5. GDP as % of Trade  
6. The Gini Index 

 
6 Principal Component Analysis – Reduced Model with 9 variables 
The principal component analysis (PCA) carried out includes the nine variables (as 
discussed above). The principal component analysis resulted in extracting three principal 
components from the 9 variables considered for arriving at OPVI. The principal 
components having Eigenvalues of above one have been included in the model 
explaining the total variation resulting in three principal components. The individual 
Eigenvalues and the explained variance are given in Table 10.  
 
Table 10: Principal Components and explained Variance (with 9 Variables) 

Principal componets Eigenvalues Percentage Variance Cumulative 
Variance 

Principal Component 1 2.659 29.542 29.542 
Principal Component 2 2.263 25.139 54.681 
Principal Component 3 1.646 18.287 72.968 

 
The factor (or component) loadings of each of the 9 variables on the principal components 
are given in Table 11. Principal component 1 has four significant variables loaded (are 
grouped under principal component 1) where as PC 2 has 3 variables, and PC 3 two 
variables (Table 12). 
 
The explanations and approaches are similar to that given for the model with 15 variables 
and therefore they are not repeated here. 
 
Table 11: Factor Loadings on the Principal Components (with 9 Variables) 

 Principal Component 
1 

Principal Component 
2 

Principal Component 
3 

Real GDP growth rate -0.393 0.155 0.838 
GDP per capita 0.390 0.739 0.224 
Balance of payments: current 
account  0.859 -0.301 -0.011 

Budget balance 0.760 -0.375 -0.294 
Import cover 0.610 0.034 0.515 
Oil intensity of GDP -0.033 0.847 -0.035 
Oil import dependence -0.677 -0.250 -0.040 
Share of oil in primary energy 
consumption -0.306 0.322 -0.693 

HDI 2004 0.334 0.759 -0.242 
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Table 12: Significant and Dominant Factor Loadings on the Principal Components 
(with 9 Variables) 

 Principal Component 
1 

Principal Component 
2 

Principal Component 
3 

Real GDP growth rate   0.838 
GDP per capita  0.739  
Balance of payments: current 
account  0.859   

Budget balance 0.760   
Import cover 0.610   
Oil intensity of GDP  0.847  
Oil import dependence -0.677   
Share of oil in primary energy 
consumption   -0.693 

HDI 2004  0.759  
 
As discussed earlier, the principal components are expected to be amenable to form logical 
dimensions representing some desirable phenomena. In the present analysis it could be 
phenomenon related to economic or energy or combination of the two. However, it is 
essential that these dimensions are again amenable to logical interpretation. Thus, the three 
principal components extracted here are equated to three dimensions. The groupings of the 
variables under each dimension and the logical interpretations are presented below. 
 
Principal Component 1: “Economic Strength” (Strength) 

• Balance of payments: current account  
• Budget balance 
• Import cover  
• Oil import dependence  

 
This dimension represents the current “Economic Strength” of a country to afford oil 
imports. A country will be less vulnerable if it has high and positive scores for balance of 
payments, budget balance, and import cover, and a lower score for oil import dependence. 
 
Principal Component 2: “Economic Performance” (Performance) 

• GDP per capita  
• Oil intensity of GDP  
• HDI 2004 

 
The higher levels of economic performance can result in higher levels of GDP per capita as 
well as higher HDI and that resulting in higher demand for Oil. In developing countries that 
are shifting from low- quality traditional fuels to high-quality modern fuels such as 
petroleum products and this will lead to an increase in oil intensity. From an overall 
perspective, higher economic performance resulting in reduced vulnerability. While higher 
Oil intensity is not a preferred economic indicator from an environmental perspective, at the 
initial stages of economic growth higher energy consumption is linked to economic growth. 
(ref: Five Year plans of some developing countries in the region ). 
 
Principal Component 3: “Economic Growth with low share of Oil” (Low-Oil-Growth) 

• Real GDP growth rate 
• Share of oil in primary energy consumption (Reducing share) 
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While the current growth of the economies (especially in the case countries which have just 
began to show high GDP growth rates) is fuelled by drivers other than oil as primary source 
of energy, future growth paths are expected to become increasingly oil dependant (As 
indicated by the first principal component).  Also in the case of bigger countries like China 
and India, the share of other energy carriers (coal, hydro, etc.) tend to be high compared to 
oil in primary energy consumption. Higher the GDP growth rate and lower the share of oil 
in primary energy consumption, the lesser vulnerable a country is, for the time being. 
 
Table 13 presents the estimated factor scores whereas Table 14 shows the ranking of 
countries based on these factor scores. Finally, the contributions made by each of the 
dimensions to the weighted total score, the estimated OPVI and the country rankings are 
presented in Table 15. 
 
Table 13: Factor Scores (with 9 Variables) 
 Strength Performance Low-Oil-Growth 
Afghanistan -2.05 -3.54 1.91 
Bangladesh -1.06 -2.69 0.34 
Bhutan -1.20 -1.40 3.88 
Cambodia -1.59 -1.68 -1.79 
China 3.06 1.02 2.70 
Fiji 0.16 1.40 -1.99 
India -0.33 -0.59 1.87 
Indonesia 1.20 0.48 -0.51 
Iran, Islamic Rep. of 7.33 1.93 1.24 
Lao People's Dem.  Rep. -2.36 -2.03 1.35 
Malaysia 4.13 2.43 0.48 
Maldives -6.96 6.74 1.37 
Mongolia 0.91 -0.89 -0.30 
Myanmar -0.34 -1.98 0.44 
Nepal 0.51 -2.67 -0.85 
Pakistan -1.19 -1.46 0.41 
Papua New Guinea 2.16 -0.96 -1.60 
Philippines 0.73 0.46 -0.82 
Samoa -0.08 -0.56 -2.17 
Solomon Islands -1.72 -0.11 -1.58 
Sri Lanka -1.94 1.77 -1.13 
Thailand 1.41 1.99 -0.78 
Vanuatu -0.96 -0.44 -2.51 
Viet Nam 0.17 2.78 0.05 
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Table 14: Ranking of Countries based factor scores for different Principal 
Components (with 9 Variables) 
 Strength Performance Low-Oil-Growth 
Afghanistan 22 24 3 
Bangladesh 16 23 11 
Bhutan 18 17 1 
Cambodia 19 19 21 
China 3 8 2 
Fiji 11 7 22 
India 13 14 4 
Indonesia 6 9 14 
Iran, Islamic Rep. of 1 5 7 
Lao People's Dem.  Rep. 23 21 6 
Malaysia 2 3 8 
Maldives 24 1 5 
Mongolia 7 15 13 
Myanmar 14 20 9 
Nepal 9 22 17 
Pakistan 17 18 10 
Papua New Guinea 4 16 20 
Philippines 8 10 16 
Samoa 12 13 23 
Solomon Islands 20 11 19 
Sri Lanka 21 6 18 
Thailand 5 4 15 
Vanuatu 15 12 24 
Viet Nam 10 2 12 
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Table 15: Weighted factor scores, OPVI and Ranking based on OPVI (with 9 
Variables) 

 Strength Performance Low-Oil-
Growth 

Weighted 
Total Score OPVI Rank 

Afghanistan -0.61 -0.89 0.35 -1.15 0.02 23 
Bangladesh -0.31 -0.68 0.06 -0.93 0.07 21 
Bhutan -0.35 -0.35 0.71 0.00 0.30 11 
Cambodia -0.47 -0.42 -0.33 -1.22 0.00 24 
China 0.91 0.26 0.49 1.65 0.70 3 
Fiji 0.05 0.35 -0.36 0.03 0.31 10 
India -0.10 -0.15 0.34 0.10 0.32 9 
Indonesia 0.35 0.12 -0.09 0.38 0.39 6 
Iran, Islamic Rep. of 2.17 0.48 0.23 2.88 1.00 1 
Lao People's Dem.  Rep. -0.70 -0.51 0.25 -0.96 0.06 22 
Malaysia 1.22 0.61 0.09 1.92 0.77 2 
Maldives -2.06 1.69 0.25 -0.11 0.27 13 
Mongolia 0.27 -0.22 -0.05 -0.01 0.30 12 
Myanmar -0.10 -0.50 0.08 -0.52 0.17 15 
Nepal 0.15 -0.67 -0.16 -0.68 0.13 18 
Pakistan -0.35 -0.37 0.07 -0.64 0.14 17 
Papua New Guinea 0.64 -0.24 -0.29 0.10 0.32 8 
Philippines 0.22 0.11 -0.15 0.18 0.34 7 
Samoa -0.02 -0.14 -0.40 -0.56 0.16 16 
Solomon Islands -0.51 -0.03 -0.29 -0.82 0.10 19 
Sri Lanka -0.57 0.44 -0.21 -0.34 0.22 14 
Thailand 0.42 0.50 -0.14 0.77 0.49 4 
Vanuatu -0.28 -0.11 -0.46 -0.85 0.09 20 
Viet Nam 0.05 0.70 0.01 0.76 0.48 5 
Weights based on Variance 
accounted (%) 29.542 25.139 18.287    
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7 Principal Component Analysis – Reduced Model with 8 variables 
This analysis is a modification of the reduced model with 9 variables (as described above). 
In this case, the variable “human development index” has been eliminated. The reasons for 
dropping HDI are as follows: 

i. It is a relative index (across countries) unlike other variables included in the 
analysis. Other variables either indicate exact measurements or relative to across 
sectors/segments within the country. 

ii. The main objective here is to develop country’s vulnerability index. All the 
variables facilitate this except the HDI. The HDI goes beyond this and attempts 
to capture the “social empowerment” levels, which are people driven.  

 
The principal component analysis resulted in extracting three principal components from 
the 8 variables considered for arriving at OPVI. The principal components having 
Eigenvalues of above one have been included in the model explaining the total variation 
resulting in three principal components. The individual Eigenvalues and the explained 
variance are given in Table 16.  
 
Table 16: Principal Components and explained Variance (with 8 Variables excluding 
HDI) 

Principal componets Eigenvalues Percentage Variance Cumulative 
Variance 

Principal Component 1 2.619 32.739 32.739 
Principal Component 2 1.846 23.080 55.818 
Principal Component 3 1.519 18.993 74.811 

 
The factor (or component) loadings of each of the 8 variables on the principal components 
are given in Table 17. Principal component 1 has four significant variables loaded (are 
grouped under principal component 1) where as PC 2 has 2 variables, and PC 3 two 
variables (Table 18). 
 
The explanations and approaches are similar to that given for the previous two models and 
therefore they are not repeated here. 
 
Table 17: Factor Loadings on the Principal Components (with 8 Variables excluding 
HDI) 

 Principal Component 
1 

Principal Component 
2 

Principal Component 
3 

Real GDP growth rate -0.392 0.516 -0.650 
GDP per capita 0.199 0.748 0.135 
Balance of payments: current 
account  0.902 -0.114 -0.049 

Budget balance 0.820 -0.316 0.182 
Import cover 0.600 0.430 -0.307 
Oil intensity of GDP -0.233 0.706 0.480 
Oil import dependence -0.613 -0.462 -0.340 
Share of oil in primary energy 
consumption -0.386 -0.101 0.777 
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Table 18: Significant and Dominant Factor Loadings on the Principal Components 
(with 8 Variables excluding HDI) 

 Principal Component 
1 

Principal Component 
2 

Principal Component 
3 

Real GDP growth rate   -0.650 
GDP per capita  0.748  
Balance of payments: current 
account  0.902   

Budget balance 0.820   
Import cover 0.600   
Oil intensity of GDP  0.706  
Oil import dependence -0.613   
Share of oil in primary energy 
consumption   0.777 

 
Please not that in Table 18, the variable “Real GDP growth rate” has a negative sign for the 
factor loading and “share of oil in primary energy consumption” has a positive sign where 
logically the signs should have been opposite. Therefore for the subsequent analysis the 
signs have been reversed for the factor loadings of Principal Component 3 (Fourth column 
in Table 17). 
 
From Table 18, the groupings of the variables under each of principal component are as 
follows: 
 
These three principal components can be equated to three dimensions and are amenable to 
logical justifications. The interpretations are same as that presented for model with 9 
variables. 
 
Principal Component 1: “Economic Strength” (Strength) 

• Balance of payments: current account  
• Budget balance 
• Import cover  
• Oil import dependence  

 
This dimension represents the current “Economic Strength” of a country to afford oil 
imports. A country will be less vulnerable if it has high and positive scores for balance of 
payments, budget balance, and import cover, and a lower score for oil import dependence. 
 
Principal Component 2: “Economic Performance” (Performance) 

• GDP per capita  
• Oil intensity of GDP  

 
The higher levels of economic performance can result in higher levels of GDP per capita 
and that resulting in higher demand for Oil. In developing countries that are shifting from 
low- quality traditional fuels to high-quality modern fuels such as petroleum products and 
this will lead to an increase in oil intensity. From an overall perspective, higher economic 
performance resulting in reduced vulnerability. While higher Oil intensity is not a preferred 
economic indicator from an environmental perspective, at the initial stages of economic 
growth higher energy consumption is linked to economic growth. (ref: Five Year plans of 
some developing countries in the region ). 
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Principal Component 3: “Economic Growth with low share of Oil” (Low-Oil-Growth) 

• Real GDP growth rate 
• Share of oil in primary energy consumption (Reducing share) 

 
While the current growth of the economies (especially in the case countries which have just 
began to show high GDP growth rates) is fuelled by drivers other than oil as primary source 
of energy, future growth paths are expected to become increasingly oil dependant (As 
indicated by the first principal component).  Also in the case of bigger countries like China 
and India, the share of other energy carriers (coal, hydro, etc.) tend to be high compared to 
oil in primary energy consumption. Higher the GDP growth rate and lower the share of oil 
in primary energy consumption, the lesser vulnerable a country is, for the time being. 
 
Table 19 presents the estimated factor scores whereas Table 20 shows the ranking of 
countries based on these factor scores. Finally, the contributions made by each of the 
dimensions to the weighted total score, the estimated OPVI and the country rankings are 
presented in Table 21. 
 
Table 19: Factor Scores (with 8 Variables excluding HDI) 
 Strength Performance Low-Oil-Growth 
Afghanistan -0.73 -0.85 1.98 
Bangladesh -0.25 -1.79 1.28 
Bhutan -0.61 1.08 3.69 
Cambodia -1.11 -2.31 -0.83 
China 2.65 2.19 2.10 
Fiji -0.38 -0.47 -1.65 
India -0.08 0.59 1.75 
Indonesia 0.97 0.11 -0.57 
Iran, Islamic Rep. of 6.61 3.42 -0.77 
Lao People's Dem.  Rep. -1.67 -1.07 2.11 
Malaysia 3.24 2.22 -0.40 
Maldives -8.42 4.68 -0.84 
Mongolia 1.04 -0.99 0.37 
Myanmar 0.23 -1.16 1.04 
Nepal 1.25 -2.05 -0.03 
Pakistan -0.67 -0.75 0.72 
Papua New Guinea 2.48 -0.29 -2.35 
Philippines 0.43 -0.55 -0.28 
Samoa -0.15 -2.22 -0.90 
Solomon Islands -1.60 -0.86 -1.51 
Sri Lanka -2.46 -0.02 -0.96 
Thailand 0.70 0.74 -0.92 
Vanuatu -0.92 -1.95 -1.67 
Viet Nam 0.17 2.78 0.05 
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Table 20: Ranking of Countries based factor scores for different Principal 
Components (with 8 Variables excluding HDI) 
 Strength Performance Low-Oil-Growth 
Afghanistan 18 15 4 
Bangladesh 13 20 6 
Bhutan 16 6 1 
Cambodia 20 24 15 
China 3 5 3 
Fiji 14 12 22 
India 11 8 5 
Indonesia 7 9 13 
Iran, Islamic Rep. of 1 2 14 
Lao People's Dem.  Rep. 22 18 2 
Malaysia 2 4 12 
Maldives 24 1 16 
Mongolia 6 17 9 
Myanmar 10 19 7 
Nepal 5 22 10 
Pakistan 17 14 8 
Papua New Guinea 4 11 24 
Philippines 9 13 11 
Samoa 12 23 17 
Solomon Islands 21 16 21 
Sri Lanka 23 10 19 
Thailand 8 7 18 
Vanuatu 19 21 23 
Viet Nam 15 3 20 
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Table 21: Weighted factor scores, OPVI and Ranking based on OPVI (with 8 
Variables excluding HDI) 

 Strength Performance Low-Oil-
Growth 

Weighted 
Total Score OPVI Rank 

Afghanistan -0.24 -0.20 0.38 -0.06 0.38 13 
Bangladesh -0.08 -0.41 0.24 -0.25 0.34 15 
Bhutan -0.20 0.25 0.70 0.75 0.56 4 
Cambodia -0.36 -0.53 -0.16 -1.05 0.17 22 
China 0.87 0.50 0.40 1.77 0.78 2 
Fiji -0.12 -0.11 -0.31 -0.55 0.28 18 
India -0.03 0.14 0.33 0.44 0.49 5 
Indonesia 0.32 0.03 -0.11 0.23 0.45 7 
Iran, Islamic Rep. of 2.16 0.79 -0.15 2.81 1.00 1 
Lao People's Dem.  Rep. -0.55 -0.25 0.40 -0.39 0.31 17 
Malaysia 1.06 0.51 -0.08 1.50 0.72 3 
Maldives -2.76 1.08 -0.16 -1.84 0.00 24 
Mongolia 0.34 -0.23 0.07 0.18 0.43 9 
Myanmar 0.08 -0.27 0.20 0.01 0.40 11 
Nepal 0.41 -0.47 -0.01 -0.07 0.38 14 
Pakistan -0.22 -0.17 0.14 -0.25 0.34 16 
Papua New Guinea 0.81 -0.07 -0.45 0.30 0.46 6 
Philippines 0.14 -0.13 -0.05 -0.04 0.39 12 
Samoa -0.05 -0.51 -0.17 -0.73 0.24 19 
Solomon Islands -0.52 -0.20 -0.29 -1.01 0.18 21 
Sri Lanka -0.81 0.00 -0.18 -0.99 0.18 20 
Thailand 0.23 0.17 -0.18 0.22 0.44 8 
Vanuatu -0.30 -0.45 -0.32 -1.07 0.17 23 
Viet Nam -0.18 0.53 -0.26 0.10 0.42 10 
Weights based on Variance 
accounted (%) 32.739 23.08 18.993    

 
The summary of the process involved in developing the OPVI index is presented as a 
schematic diagram (Figure 1). 
 
8 Principal Component Analysis – Reduced Model with 9 variables 
This analysis is a modification of the reduced model with 8 variables (as described above). 
In this case, the variable “Share of transport in oil consumption” has been added as the 9th 
variable. This has been done basically to capture the significance of transport sector in oil 
consumption. We may say that countries depending mainly on oil for its transport might be 
more vulnerable. Even, poor depending on public transport may become vulnerable. 
However, this depends on how significant is the transport sector to the overall economic 
system. 
 
The principal component analysis resulted in extracting three principal components from 
the 8 variables considered for arriving at OPVI. The principal components having 
Eigenvalues of above one have been included in the model explaining the total variation 
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resulting in three principal components. The individual Eigenvalues and the explained 
variance are given in Table 22.  
 
Figure 1: Schematic Process for Developing Oil Price Vulnerability Index (OPVI) for 
Developing Countries of Asia-Pacific  

 
 
Table 22: Principal Components and explained Variance (with 9 Variables including 
Share of Transport in Oil Consumption) 

Principal componets Eigenvalues Percentage Variance Cumulative 
Variance 

Principal Component 1 2.655 29.616 29.616 
Principal Component 2 2.120 23.559 53.175 
Principal Component 3 1.525 16.947 70.122 

 
The factor (or component) loadings of each of the 8 variables on the principal components 
are given in Table 23. Principal component 1 has four significant variables loaded (are 
grouped under principal component 1) where as PC 2 has 3 variables, and PC 3 two 
variables (Table 24). 
 
The explanations and approaches are similar to that given for the previous two models and 
therefore they are not repeated here. 
 

STEP 1: Arriving at relevant macro economic and energy related variables 

Preliminary set of 15 
variables based on 
literature review and 
consultative process 

Logical reasoning and 
correlation analysis to 
prune the list to 
include only eight 
relevant variables 

STEP 2: Establishing the dimensions of oil price vulnerability levels 

Principal component 
analysis (PCA) to 
determine the 
underlying principal 
components 

Identify 
significant 
variables under 
each principal 
component

Establish logical 
relationship between 
principal components 
and economic/energy 
dimensions 

STEP 3: Developing Oil Price Vulnerability Index (OPVI) 

Obtain the 
dimension 
values for all 
the countries  

Estimate the weighted 
total scores using 
these values and 
dimension weights 
given by PCA   

Develop the OPVI 
using weighted total 
scores in the IEA’s 
formula for indexing  

Ranking of 
Countries 
based on 
OPVI 



 28

Table 23: Factor Loadings on the Principal Components (with 9 Variables including 
Share of Transport in Oil Consumption) 

 Principal Component 
1 

Principal Component 
2 

Principal Component 
3 

Real GDP growth rate -0.303 0.576 -0.594 
GDP per capita 0.292 0.608 0.220 
Balance of payments: current 
account  0.868 -0.268 -0.051 

Budget balance 0.740 -0.491 0.164 
Import cover 0.653 0.291 -0.251 
Oil intensity of GDP -0.113 0.711 0.536 
Oil import dependence -0.682 -0.335 -0.381 
Share of oil in primary energy 
consumption -0.434 -0.147 0.770 

Share of transport in oil 
consumption -0.308 -0.618 0.076 

 
Table 24: Significant and Dominant Factor Loadings on the Principal Components 
(with 9 Variables including Share of Transport in Oil Consumption) 

 Principal Component 
1 

Principal Component 
2 

Principal Component 
3 

Real GDP growth rate   -0.650 
GDP per capita  0.608  
Balance of payments: current 
account  0.868   

Budget balance 0.740   
Import cover 0.653   
Oil intensity of GDP  0.711  
Oil import dependence -0.682   
Share of oil in primary energy 
consumption   0.777 

Share of transport in oil 
consumption  -0.618  

Please not that in Table 24, the variable “Real GDP growth rate” has a negative sign for the 
factor loading and “share of oil in primary energy consumption” has a positive sign where 
logically the signs should have been opposite. Therefore for the subsequent analysis the 
signs have been reversed for the factor loadings of Principal Component 3 (Fourth column 
in Table 23). 
 
From Table 24, the groupings of the variables under each of principal component are as 
follows: 
 
Principal Component 1: “Economic Strength” (Strength) 

• Balance of payments: current account  
• Budget balance 
• Import cover  
• Oil import dependence 
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Principal Component 2: “Economic Performance based outcomes” (Performance) 
• GDP per capita  
• Oil intensity of GDP 
• Share of transport in oil consumption  

 
Principal Component 3: “Economic Growth with low share of Oil” (Low-Oil-Growth) 

• Real GDP growth rate 
• Share of oil in primary energy consumption (Reducing share) 

 
Table 25 presents the estimated factor scores whereas Table 26 shows the ranking of 
countries based on these factor scores. Finally, the contributions made by each of the 
dimensions to the weighted total score, the estimated OPVI and the country rankings are 
presented in Table 27. 
 
Table 25: Factor Scores (with 9 Variables including Share of Transport in Oil 
Consumption) 
 Strength Performance Low-Oil-Growth 
Afghanistan -1.22 -1.35 1.95 
Bangladesh -0.14 -0.81 1.54 
Bhutan -0.74 0.63 3.47 
Cambodia -1.95 -3.01 -0.71 
China 3.35 2.42 1.92 
Fiji -0.95 -1.46 -1.71 
India 0.53 1.68 1.80 
Indonesia 1.16 0.29 -0.54 
Iran, Islamic Rep. of 7.20 2.32 -1.13 
Lao People's Dem.  Rep. -1.73 -0.45 2.23 
Malaysia 3.48 1.37 -0.66 
Maldives -7.13 6.70 -1.11 
Mongolia 1.13 -0.53 0.53 
Myanmar -0.07 -1.32 1.12 
Nepal 1.32 -1.32 0.26 
Pakistan -0.90 -0.78 0.77 
Papua New Guinea 2.71 -0.14 -2.22 
Philippines 0.31 -0.67 -0.24 
Samoa -0.82 -2.76 -0.76 
Solomon Islands -2.15 -1.48 -1.51 
Sri Lanka -2.52 0.19 -0.94 
Thailand 0.79 0.49 -1.00 
Vanuatu -1.61 -2.56 -1.56 
Viet Nam -0.03 2.55 -1.53 
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Table 26: Ranking of Countries based factor scores for different Principal 
Components (with 9 Variables including Share of Transport in Oil Consumption) 
 Strength Performance Low-Oil-Growth 
Afghanistan 18 19 3 
Bangladesh 13 16 6 
Bhutan 14 7 1 
Cambodia 21 24 14 
China 3 3 4 
Fiji 17 20 23 
India 9 5 5 
Indonesia 6 9 12 
Iran, Islamic Rep. of 1 4 19 
Lao People's Dem.  Rep. 20 12 2 
Malaysia 2 6 13 
Maldives 24 1 18 
Mongolia 7 13 9 
Myanmar 12 17 7 
Nepal 5 18 10 
Pakistan 16 15 8 
Papua New Guinea 4 11 24 
Philippines 10 14 11 
Samoa 15 23 15 
Solomon Islands 22 21 20 
Sri Lanka 23 10 16 
Thailand 8 8 17 
Vanuatu 19 22 22 
Viet Nam 11 2 21 
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Table 27: Weighted factor scores, OPVI and Ranking based on OPVI (with 9 
Variables including Share of Transport in Oil Consumption) 

 Strength Performance Low-Oil-
Growth 

Weighted 
Total Score OPVI Rank 

Afghanistan -0.36 -0.32 0.33 -0.35 0.27 17 
Bangladesh -0.04 -0.19 0.26 0.03 0.37 12 
Bhutan -0.22 0.15 0.59 0.52 0.49 5 
Cambodia -0.58 -0.71 -0.12 -1.41 0.00 24 
China 0.99 0.57 0.33 1.89 0.85 2 
Fiji -0.28 -0.34 -0.29 -0.92 0.13 20 
India 0.16 0.40 0.31 0.86 0.58 4 
Indonesia 0.34 0.07 -0.09 0.32 0.44 8 
Iran, Islamic Rep. of 2.13 0.55 -0.19 2.49 1.00 1 
Lao People's Dem.  Rep. -0.51 -0.11 0.38 -0.24 0.30 15 
Malaysia 1.03 0.32 -0.11 1.24 0.68 3 
Maldives -2.11 1.58 -0.19 -0.72 0.18 18 
Mongolia 0.34 -0.12 0.09 0.30 0.44 9 
Myanmar -0.02 -0.31 0.19 -0.14 0.32 14 
Nepal 0.39 -0.31 0.04 0.12 0.39 11 
Pakistan -0.27 -0.18 0.13 -0.32 0.28 16 
Papua New Guinea 0.80 -0.03 -0.38 0.39 0.46 6 
Philippines 0.09 -0.16 -0.04 -0.11 0.33 13 
Samoa -0.24 -0.65 -0.13 -1.02 0.10 21 
Solomon Islands -0.64 -0.35 -0.26 -1.24 0.04 22 
Sri Lanka -0.75 0.04 -0.16 -0.86 0.14 19 
Thailand 0.23 0.12 -0.17 0.18 0.41 10 
Vanuatu -0.48 -0.60 -0.26 -1.34 0.02 23 
Viet Nam -0.01 0.60 -0.26 0.33 0.45 7 
Weights based on Variance 
accounted (%) 29.616 23.559 16.947    

 
9 Discussions 
 
The rankings of countries based on OPVI levels using different models are summarised in 
Table 28.  The rankings obtained by using the model with 8 variables (without HDI) 
predominantly capture the influence of macroeconomic variables (including energy). The 
model with 9 variables (with HDI) provides ranking of countries, which to a certain extent 
go beyond macroeconomic influence and attempt to capture influence of social variables. It 
may be observed from the table that the countries with higher HDI levels improve their 
rankings with the inclusion of HDI in the model. The subsequent discussions are made with 
respect to ranking obtained using model with 8 variables. The ranking of countries using 
OPVI with colour coding is presented in Table 29. 
 
At the outset, the ranking of countries appears to be logical and they have been arrived at by 
combining the influence of economic and energy related factors. At the top of the list are 
countries with higher Strength and Performance, combined with Low-oil-growth. In first 
place is Iran, which although highly reliant on oil is a net oil exporter, followed by China 
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and Malaysia. At the other end of the scale are countries with low economic strength, lower 
economic performance based outcomes and high oil dependency – such as Maldives, 
Vanuatu and Cambodia.   
   
Table 28: Ranking based on OPVI with different Models 

 15 Variables 9 Variables (with HDI) 8 Variables (without 
HDI)

9 Variables (with 
STOC) 

Afghanistan 24 23 13 17 
Bangladesh 21 21 15 12 
Bhutan 22 11 4 5 
Cambodia 16 24 22 24 
China 9 3 2 2 
Fiji 6 10 18 20 
India 18 9 5 4 
Indonesia 10 6 7 8 
Iran, Islamic Rep. of 2 1 1 1 
Lao People's Dem.  Rep. 23 22 17 15 
Malaysia 1 2 3 3 
Maldives 12 13 24 18 
Mongolia 8 12 9 9 
Myanmar 19 15 11 14 
Nepal 17 18 14 11 
Pakistan 20 17 16 16 
Papua New Guinea 5 8 6 6 
Philippines 7 7 12 13 
Samoa 11 16 19 21 
Solomon Islands 14 19 21 22 
Sri Lanka 13 14 20 19 
Thailand 3 4 8 10 
Vanuatu 15 20 23 23 
Viet Nam 4 5 10 7 
 
India ranks quite highly. Although its oil has to be imported this does not represent a high 
share of total primary energy consumption since India uses more coal. India is also showing 
excellent economic performance. A number of other countries are also less vulnerable by 
virtue of their energy profiles: Iran, Malaysia, China, Indonesia and Papua New Guinea.  
 
Bhutan’s high rank might appear odd however this can be explained as follows: 
 

i. From the data presented in Table 1, it can be shown that Bhutan primarily relies on 
other energy resources for meeting its energy needs with a low share of oil in 
primary energy consumption at 11.88%. 

ii. Again from the same table, Bhutan’s oil intensity of GDP is very low at 0.09 
toe/'000 USD and this indicate that Bhutan’s economy is least dependent on oil. 

iii. It may be observed from Table 1 that the Real GDP growth is high at 12.7% and 
GDP per capita of 4,437 PPP USD is better than average. Its economy is growing 
without depending much on oil consumption. 
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Table 29 -- Ranking of countries based on weighted dimension scores and composite 
OPVI (with 8 variables)  

Rank Countries OPVI Strength Performance Low-oil-
growth 

Weighted 
Total 

Score 

1 Iran, Islamic Rep. of 1.00 2.16 0.79 -0.15 2.81 

2 China 0.78 0.87 0.50 0.40 1.77 

3 Malaysia 0.72 1.06 0.51 -0.08 1.50 

4 Bhutan 0.56 -0.20 0.25 0.70 0.75 

5 India 0.49 -0.03 0.14 0.33 0.44 

6 Papua New Guinea 0.46 0.81 -0.07 -0.45 0.30 

7 Indonesia 0.45 0.32 0.03 -0.11 0.23 

8 Thailand 0.44 0.23 0.17 -0.18 0.22 

9 Mongolia 0.43 0.34 -0.23 0.07 0.18 

10 Viet Nam 0.42 -0.18 0.53 -0.26 0.10 

11 Myanmar 0.40 0.08 -0.27 0.20 0.01 

12 Philippines 0.39 0.14 -0.13 -0.05 -0.04 

13 Afghanistan 0.38 -0.24 -0.20 0.38 -0.06 

14 Nepal 0.38 0.41 -0.47 -0.01 -0.07 

15 Bangladesh 0.34 -0.08 -0.41 0.24 -0.25 

16 Pakistan 0.34 -0.22 -0.17 0.14 -0.25 

17 Lao PDR 0.31 -0.55 -0.25 0.40 -0.39 

18 Fiji 0.28 -0.12 -0.11 -0.31 -0.55 

19 Samoa 0.24 -0.05 -0.51 -0.17 -0.73 

20 Sri Lanka 0.18 -0.81 0.00 -0.18 -0.99 

21 Solomon Islands 0.18 -0.52 -0.20 -0.29 -1.01 

22 Cambodia 0.17 -0.36 -0.53 -0.16 -1.05 

23 Vanuatu 0.17 -0.30 -0.45 -0.32 -1.07 

24 Maldives 0.00 -2.76 1.08 -0.16 -1.84 

 
Based on their OPVIs countries can be grouped into one of three categories: low, medium 
or high (Table 30). The dividing lines are based on how the OPVI scores are distributed 
around the mean value. In other words, the categorisation of countries into low, medium 
and high OPVI groups has been done using the mean (0.396) and standard deviation (0.215) 
combination on the estimated OPVI – 
 

Low OPVI countries  OPVI value ≥ Mean + Standard deviation 
High OPVI countries  OPVI value ≤ Mean 
Medium OPVI countries  all the countries between the two limits. 

  
• Low-OPVI countries – High economic capacity, or strength, to absorb oil price 

shocks, performing better, with high per capita GDP and economic growth rate and 
with either low reliance on oil or net exports of oil. 
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• Medium-OPVI countries – Medium economic capacity, or strength, to absorb oil 
price shocks, performing better with high or medium per capita GDP and economic 
growth rate and either having a low reliance on oil or being a net exporter of oil 

• High-OPVI countries– Low economic strength, lower economic performance and 
high oil dependency. 

Table 30: Categorization of countries based on OPVI  

Low OPVI Iran, China, Malaysia 

Medium OPVI Bhutan, India, Papua New Guinea, Indonesia, Thailand, Mongolia, 
Vietnam, Myanmar 

High OPVI Philippines, Afghanistan, Nepal, Bangladesh, Pakistan, Lao PDR, Fiji, 
Samoa, Sri Lanka, Solomon Islands, Cambodia, Vanuatu, Maldives 

 
It should be noted that these OPVI scores and categories reflect the current position of these 
countries based on the use of a limited set of variables. They do not consider future trends. 
Several countries, such as Iran and Malaysia, though currently among the least vulnerable, 
could be considered at future risk on account of their rapidly growing oil consumption 
relative to domestic supply. Similarly, Thailand and India could be at greater risk in future 
given their persistently high dependence on imported oil. It should also be noted that the 
index is relative to this group of countries, so even the least vulnerable countries on this list 
could be much more vulnerable than many countries outside the region. 
 
Deeper assessment of the rankings and classification of some the countries bring out the 
logic behind these rankings. The Philippines is a borderline case and it is categorised as 
high OPVI country because of its relatively high oil dependency both in terms of intensity 
and share in primary energy.  On the other hand though Viet Nam compares poorly with the 
Philippines in terms of economic strength and low-oil-growth dimensions, its economic 
performance is excellent and it is a net oil exporter, thus has a higher rank compared to the 
Philippines.  On the OPVI scale Maldives ranks last even though it is number one in terms 
of economic performance. Its rank is spoiled mainly because of its low score on dimension 
economic strength (last rank), which is affected by highly negative balance of payments and 
budget balance positions as well as high import dependence. 
 
10 Influence of HDI on country vulnerability ranking 
As explained above the ranking of countries using OPVI are obtained using macro 
indicators related to economic and energy variables. Mere economic variables cannot 
capture the human or national welfare levels achieved by a country. Human development 
index (HDI) is the typical indicator used for this purpose. Though we are aware of the fact 
that national level vulnerabilities to oil price rise are mostly influenced by macroeconomic 
variables and the poor are mostly shielded from these impacts through subsidising the prices 
of oil as well as oil derived services (e.g., public transport). Even then an attempt has been 
made to capture the influence of HDI in either pushing up or down of the ranking of 
countries on the basis of OPVI. The PCA was performed on 9 variables (including HDI) 
and the OPVI for each of the 24 countries was estimated as done in the previous case for 8 
variables. The ranking of countries based on this OPVI is presented in Table 28 along with 
other rankings. 
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It is clearly observable from the table that the countries with higher HDI levels have 
improved their rankings where as countries with poor HDI have worsened their rankings. 
Maldives, which was ranked last (24th) on OPVI based on macro indicators improves its 
rank to 13 with the inclusion of HDI. On the other hand India’s rank lowers from 5th to 9th. 
Countries such as Fiji, Philippines, Sri Lanka, Thailand and Vietnam have improved their 
rankings with the inclusion of HDI whereas all the south Asian countries (except Sri 
Lanka), Lao PDR, Myanmar and Mongolia drops down on the ranking. Iran remains at the 
top because of its strong macroeconomic indicators. Same is the case with China and 
Malaysia, which have just interchanged their positions.   
 
11 Rank Correlation Results 
 
From the above discussions it is clear that the PCA with 8 variables is used for arriving at 
the ranking of countries on the basis of OPVI. This final method has been arrived after 
many iterations of running the model with different count of variables. In addition to PCA 
runs, even other methods were tried. Logically, we came to a conclusion that the PCA 
model with 8 variables gives the best possible ranking of countries with respect to OPVI 
scores. The results also could be defended with reference to the data available. It is also 
interesting to verify how these methods statistically compare with each other. Do these 
methods provide us with significantly different results or does the ranks obtained through 
different methods correlate with each other. Such an analysis would be useful o validate and 
verify the robustness of the chosen approach to develop the OPVI. To verify this a popular 
statistical technique “Rank Correlation” was used to assess the correlation between ranks 
obtained by different methods. Rankings obtained using a total of 13 different methods were 
included in the analysis (Table 31). Table 32 contains the rankings of countries based on 
these methods. The results of the rank correlation analysis are presented in Table 33 and 34. 
It may be observed from the tables that the results indicate that there are no statistically 
significant differences in the rankings obtained through different methods. In other words, 
though the differences are not statistically significant they are there and from a logical point 
of view the differences are critical. This can be clearly observed from the colouring patterns 
given for the different rankings. A haphazard colouring patterns shows that the rankings 
obtained from different methods are different.  
 
Table 31: Methods used 
Runs Method Short Name 

1 PCA with15 Variables PCA15 
2 PCA with 12 Variables PCA12 
3 PCA with 10 Variables PCA10 
4 PCA with 9 Variables (with HDI) PCA9HDI 
5 PCA with 8 Variables (without HDI) PCA8 
6 PCA with 9 Variables (with STOC) PCA9STOC 
7 OPVI Energy 5 Equal Weights  ENE5EQW 
8 OPVI Energy 4 Equal Weights  ENE4EQW 
9 OPVI Composite (3+5) Equal Weights  COM35EQW 
10 OPVI Composite (2+5) Equal Weights  COM25EQW 
11 OPVI Composite (3+4) Equal Weights  COM34EQW 
12 OPVI Composite (2+4) Equal Weights  COM24EQW 
13 OPVI Composite (5+4) Equal Weights COM54EQW 
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Table 32: Ranking of Countries on the basis of OPVI obtained from various methods 
 PCA15 PCA12 PCA10 PCA9HDI PCA8 PCA9STOC ENE5EQW ENE4EQW COM35EQW COM25EQW COM34EQW COM24EQW COM54EQW 
Afghanistan  24 20 23 23 13 17 17 13 15 15 12 11 9 
Bangladesh  21 12 17 21 15 12 2 2 10 9 6 10 8 
Bhutan  22 23 12 11 4 5 13 7 11 10 5 5 4 
Cambodia  16 18 24 24 22 24 20 18 18 21 22 21 18 
China  9 6 3 3 2 2 5 6 2 2 2 2 2 
Fiji  6 16 13 10 18 20 23 20 22 22 20 22 19 
India  18 13 8 9 5 4 3 9 6 3 3 6 5 
Indonesia  10 5 7 6 7 8 9 12 9 8 9 9 10 
Iran, Islamic 
Rep. of 2 1 1 1 1 1 1 1 1 1 1 1 1 
Lao People's 
Dem.  Rep. 23 22 21 22 17 15 8 5 14 11 10 13 13 

Malaysia  1 3 2 2 3 3 7 3 3 7 15 3 3 
Maldives  12 24 11 13 24 18 22 24 24 24 24 24 24 
Mongolia  8 4 6 12 9 9 6 8 4 4 13 4 6 
Myanmar  19 11 16 15 11 14 11 10 17 14 4 12 11 
Nepal  17 7 19 18 14 11 10 14 7 6 8 8 17 
Pakistan  20 15 15 17 16 16 12 11 16 16 11 15 15 
Papua New 
Guinea  5 2 10 8 6 6 4 4 5 5 7 7 7 

Philippines  7 9 9 7 12 13 15 15 12 13 14 14 14 
Samoa  11 14 18 16 19 21 19 19 19 18 16 17 20 
Solomon Islands  14 19 20 19 21 22 24 23 20 19 19 18 23 
Sri Lanka  13 21 14 14 20 19 18 22 23 23 23 23 22 
Thailand  3 10 5 4 8 10 16 17 8 12 18 16 12 
Vanuatu  15 17 22 20 23 23 21 21 21 20 17 20 21 
Viet Nam  4 8 4 5 10 7 14 16 13 17 21 19 16 
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Table 33: Rank Correlation Coefficients: Spearman's Rho 
 
Spearm
an's rho 

    PCA15 PCA12 PCA10 PCA9HDI PCA8 PCA9ST
OC 

ENE5E
QW 

ENE4E
QW 

COM3
5EQW 

COM2
5EQW 

COM3
4EQW 

COM2
4EQW 

COM5
4EQW 

PCA15 Correlation Coefficient 1.000 .654 .743 .797 .358 .361 .070 -.005 .343 .167 -.221 .088 .127 
    Sig. (2-tailed) . .001 .000 .000 .086 .083 .747 .981 .100 .436 .300 .683 .554 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA12 Correlation Coefficient .654 1.000 .662 .650 .686 .670 .650 .536 .790 .713 .429 .631 .572 
    Sig. (2-tailed) .001 . .000 .001 .000 .000 .001 .007 .000 .000 .037 .001 .003 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA10 Correlation Coefficient .743 .662 1.000 .959 .756 .806 .492 .386 .645 .537 .232 .484 .565 
    Sig. (2-tailed) .000 .000 . .000 .000 .000 .015 .062 .001 .007 .275 .016 .004 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA9HDI Correlation Coefficient .797 .650 .959 1.000 .744 .754 .377 .295 .580 .470 .210 .423 .497 
    Sig. (2-tailed) .000 .001 .000 . .000 .000 .070 .162 .003 .020 .324 .039 .013 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA8 Correlation Coefficient .358 .686 .756 .744 1.000 .950 .755 .753 .888 .853 .697 .864 .915 
    Sig. (2-tailed) .086 .000 .000 .000 . .000 .000 .000 .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA9STOC Correlation Coefficient .361 .670 .806 .754 .950 1.000 .817 .758 .893 .862 .665 .837 .861 
    Sig. (2-tailed) .083 .000 .000 .000 .000 . .000 .000 .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  ENE5EQW Correlation Coefficient .070 .650 .492 .377 .755 .817 1.000 .920 .856 .907 .809 .849 .841 
    Sig. (2-tailed) .747 .001 .015 .070 .000 .000 . .000 .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  ENE4EQW Correlation Coefficient -.005 .536 .386 .295 .753 .758 .920 1.000 .803 .841 .808 .867 .901 
    Sig. (2-tailed) .981 .007 .062 .162 .000 .000 .000 . .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM35EQW Correlation Coefficient .343 .790 .645 .580 .888 .893 .856 .803 1.000 .960 .685 .910 .876 
    Sig. (2-tailed) .100 .000 .001 .003 .000 .000 .000 .000 . .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM25EQW Correlation Coefficient .167 .713 .537 .470 .853 .862 .907 .841 .960 1.000 .829 .953 .877 
    Sig. (2-tailed) .436 .000 .007 .020 .000 .000 .000 .000 .000 . .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM34EQW Correlation Coefficient -.221 .429 .232 .210 .697 .665 .809 .808 .685 .829 1.000 .842 .785 
    Sig. (2-tailed) .300 .037 .275 .324 .000 .000 .000 .000 .000 .000 . .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM24EQW Correlation Coefficient .088 .631 .484 .423 .864 .837 .849 .867 .910 .953 .842 1.000 .923 
    Sig. (2-tailed) .683 .001 .016 .039 .000 .000 .000 .000 .000 .000 .000 . .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM54EQW Correlation Coefficient .127 .572 .565 .497 .915 .861 .841 .901 .876 .877 .785 .923 1.000 
    Sig. (2-tailed) .554 .003 .004 .013 .000 .000 .000 .000 .000 .000 .000 .000 . 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
**  Correlation is significant at the .01 level (2-tailed). 
*  Correlation is significant at the .05 level (2-tailed). 
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Table 34: Rank Correlation Coefficients: Kendall's tau 
 
Kendall's 
tau_b 

    PCA15 PCA12 PCA10 PCA9HDI PCA8 PCA9ST
OC 

ENE5E
QW 

ENE4E
QW 

COM3
5EQW 

COM2
5EQW 

COM3
4EQW 

COM2
4EQW 

COM5
4EQW 

PCA15 Correlation Coefficient 1.000 .442 .558 .638 .239 .268 .051 -.029 .188 .116 -.130 .051 .051 
    Sig. (2-tailed) . .002 .000 .000 .102 .066 .728 .843 .197 .427 .372 .728 .728 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA12 Correlation Coefficient .442 1.000 .464 .471 .536 .507 .493 .442 .587 .529 .312 .478 .420 
    Sig. (2-tailed) .002 . .001 .001 .000 .001 .001 .002 .000 .000 .033 .001 .004 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA10 Correlation Coefficient .558 .464 1.000 .862 .536 .609 .319 .268 .457 .384 .167 .348 .391 
    Sig. (2-tailed) .000 .001 . .000 .000 .000 .029 .066 .002 .009 .254 .017 .007 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA9HDI Correlation Coefficient .638 .471 .862 1.000 .529 .572 .239 .217 .391 .333 .145 .283 .341 
    Sig. (2-tailed) .000 .001 .000 . .000 .000 .102 .137 .007 .022 .321 .053 .020 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA8 Correlation Coefficient .239 .536 .536 .529 1.000 .826 .580 .587 .717 .688 .529 .710 .783 
    Sig. (2-tailed) .102 .000 .000 .000 . .000 .000 .000 .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  PCA9STOC Correlation Coefficient .268 .507 .609 .572 .826 1.000 .638 .543 .703 .688 .500 .667 .681 
    Sig. (2-tailed) .066 .001 .000 .000 .000 . .000 .000 .000 .000 .001 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  ENE5EQW Correlation Coefficient .051 .493 .319 .239 .580 .638 1.000 .761 .645 .732 .601 .652 .638 
    Sig. (2-tailed) .728 .001 .029 .102 .000 .000 . .000 .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  ENE4EQW Correlation Coefficient -.029 .442 .268 .217 .587 .543 .761 1.000 .638 .652 .623 .703 .761 
    Sig. (2-tailed) .843 .002 .066 .137 .000 .000 .000 . .000 .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM35EQW Correlation Coefficient .188 .587 .457 .391 .717 .703 .645 .638 1.000 .855 .522 .790 .717 
    Sig. (2-tailed) .197 .000 .002 .007 .000 .000 .000 .000 . .000 .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM25EQW Correlation Coefficient .116 .529 .384 .333 .688 .688 .732 .652 .855 1.000 .667 .848 .732 
    Sig. (2-tailed) .427 .000 .009 .022 .000 .000 .000 .000 .000 . .000 .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM34EQW Correlation Coefficient -.130 .312 .167 .145 .529 .500 .601 .623 .522 .667 1.000 .703 .601 
    Sig. (2-tailed) .372 .033 .254 .321 .000 .001 .000 .000 .000 .000 . .000 .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM24EQW Correlation Coefficient .051 .478 .348 .283 .710 .667 .652 .703 .790 .848 .703 1.000 .812 
    Sig. (2-tailed) .728 .001 .017 .053 .000 .000 .000 .000 .000 .000 .000 . .000 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
  COM54EQW Correlation Coefficient .051 .420 .391 .341 .783 .681 .638 .761 .717 .732 .601 .812 1.000 
    Sig. (2-tailed) .728 .004 .007 .020 .000 .000 .000 .000 .000 .000 .000 .000 . 
    N 24 24 24 24 24 24 24 24 24 24 24 24 24 
**  Correlation is significant at the .01 level (2-tailed). 
*  Correlation is significant at the .05 level (2-tailed).
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Table 35: Ranking of Countries on the basis of OPVI obtained from various methods 
 PCA12 PCA9HDI PCA8 COM54EQW HDI 
Afghanistan 20 23 13 9 24 
Bangladesh 12 21 15 8 21 
Bhutan 23 11 4 4 20 
Cambodia 18 24 22 18 16 
China 6 3 2 2 4 
Fiji 16 10 18 19 6 
India 13 9 5 5 14 
Indonesia 5 6 7 10 10 
Iran, Islamic Rep. of 1 1 1 1 8 
Lao People's Dem.  Rep. 22 22 17 13 18 
Malaysia 3 2 3 3 1 
Maldives 24 13 24 24 9 
Mongolia 4 12 9 6 12 
Myanmar 11 15 11 11 17 
Nepal 7 18 14 17 22 
Pakistan 15 17 16 15 19 
Papua New Guinea 2 8 6 7 23 
Philippines 9 7 12 14 5 
Samoa 14 16 19 20 3 
Solomon Islands 19 19 21 23 15 
Sri Lanka 21 14 20 22 7 
Thailand 10 4 8 12 2 
Vanuatu 17 20 23 21 13 
Viet Nam 8 5 10 16 11 

 


