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ABSTRACT 

 

Fuel taxes have returned to centre stage as a potential policy instrument for greenhouse gas abatement. On 

the basis of some studies in developed countries, critics have complained that a fuel tax would be regressive. 

This paper uses data from a representative household survey covering more than 124 thousand Indian 

households to examine this claim. It finds that a fuel tax would be progressive as would a carbon tax. Using 

an input-output approach, it is found that the progressivity results holds good even when one considers 

indirect consumption of fuel through its use as an intermediate input. Sensitivity checks allowing for 

differing price elasticities of demand between rich and poor confirm this result for most of fuels. A tax on 

kerosene is the only fuel tax that is regressive in all situations. 
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1. Introduction 

The problem of climate change is increasingly being accepted as a major problem by policy makers 

round the world. There is a growing realization that the problem of global warming has reached an alarming 

stage and something needs to be done about it. Even to achieve a modest carbon-dioxide concentration target 

like 550 parts per million by 2050, radical measures are required. Fossil fuels are the most important sources 

of carbon emissions and their use will have to be controlled to achieve any meaningful reduction in CO2 

emissions.  

India is the fifth largest emitter of CO2 worldwide. It accounts for about 4 percent of world CO2 

emissions. Fossils fuels account for more than 95 percent of the CO2 emissions in India. Thus any meaningful 
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reduction in emissions from India will require a reduction in fuel use. A rise in fuel prices via taxation or 

other means can be used to ensure such a reduction. 

Although policy makers have often considered environmental taxes to be politically infeasible, 

Western Europe has for long experimented with environmental taxes: directly in the form of carbon taxes in 

the 1990s (which was prematurely discarded) and indirectly in the form of fuel taxes. Though fuel taxes in 

many of these Western European countries were designed for non environmental reasons, it has been shown 

that they did have a significant environmental impact. Sterner (2007) reviews several studies and concludes 

“Had Europe not followed a policy of high fuel taxation but had low U.S. taxes, then fuel demand would 

have been twice as large”. Having calculated the hypothetical transport demand for the whole OECD area, 

Sterner concludes that fuel taxes are the single most powerful climate policy instrument implemented to date. 

 However, fuel taxes have sometimes been criticized on distributional grounds. This has generated a 

popular perception that fuel taxes are regressive. The balance of academic evidence does not favour this 

view.  It was in early the 90‟s that the question of regressivity in fuel taxation was raised for the first time. A 

large number of people argued against fuel taxation on the ground that it imposes a larger burden on poor 

people. Such claims were based on studies that used the US data on gasoline consumption (KPMG Peat 

Marwick 1990). Santos and Catchesides (2005) found similar regressivity, but only among car users in the 

United Kingdom. However, the United States is hardly a representative country in this regard. The USA is a 

country with very high incomes in which even poor households have cars- in fact it is the poor who own old, 

energy inefficient cars. Unlike developed nations of Western Europe, many cities of the United States don‟t 

have an efficient public transport system. Regressivity in these initial studies is also conditioned by the fact 

that such studies are based on current income rather than current expenditure. Poterba (1989) and Kasten and 

Sammartino (1988) suggested that the extent of regressivity of taxation in USA was exaggerated by the year 

to year fluctuations in income among households at the bottom of the annual income distribution. Poterba 

(1989) argued that consumption expenditure is a better indicator of a household‟s long run economic well 

being as it is less susceptible to shocks and hence incidence measures should be based on expenditure. Once 

that is done, a gasoline tax ceases to be regressive (Poterba 1991). Poterba showed that when expenditure 

based measures are used the maximum incidence of gasoline tax is on middle expenditure deciles. 

 Recently West (2004) showed that a gasoline tax in the USA is regressive across higher income 

households only. For low levels of income, it is progressive. Steininger (2006) developed a computable 

general equilibrium model and found that a gasoline tax is progressive in Austria. Santos and Catchesides 

(2005) showed that if all households (both with and without cars) are considered then the maximum burden 
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of a gasoline tax is on middle income households. Their study is based on income and not on expenditure 

levels, so their results might be biased in a way similar to the bias found in early studies of the USA. 

 Only a few papers on the distributional effects of fuel taxation are based on data from developing 

countries. Working with the Mexican data, Sterner and Lozada (2009) find that fuel taxation is strongly 

progressive if one takes only direct consumption of gasoline into account. However when indirect 

consumption through public transport is taken into account, it becomes neutral. Ziramba (2009) shows that 

fuel taxation is progressive in South Africa whether or not we consider indirect consumption through public 

transport. Kpodar (2006) shows that in Mali, taking indirect consumption into account, the burden of an oil 

price hike is highest on the highest income deciles. According to an ESMAP report (2001) on Pakistan, the 

impact of a 33 percent gasoline and diesel price hike is regressive (including indirect consumption).  Thus it 

is clear that there is no unanimous result on the regressivity issue. 

India is characterized by a high level of governmental intervention in the petroleum sector. Even 

after the abolition of the administered price mechanism in 2002, the government continues to provide fiscal 

subsidies to cooking and lighting fuels. In addition to fiscal subsidies, both cooking-lighting and transport 

fuels receive implicit subsidies that take the form of under-recoveries for oil marketing companies. However 

both the state and central government impose taxes on transport and cooking-lighting fuels. Subsidies 

outweigh the taxes for cooking-lighting fuels.
3
 The situation for transport fuels is not clear. Subsidies for 

transport fuels mainly take the form of under-recoveries and official statistics don‟t give any information on 

under-recoveries per unit of petrol or diesel. Rough calculations reveal that taxes outweigh implicit subsidies 

for transport fuels.
4
 Thus we see that even after the official abolition of the administered price mechanism, 

there has been substantial government intervention in the fuel sector. In such an environment, it is important 

to know the distributional impact of additional taxes or removal of existing subsidies.  

2. Data and Methods: 

 Would fuel taxes or any other policy that is equivalent in the sense of raising fuel prices in India be 

regressive in the sense that they would impose a higher percentage burden on the poor compared to the rich? 

I use information from an all India consumption survey and an Input Output transaction matrix to answer this 

question. 

                                                             
3 Details in Appendix A 
4 Details in Appendix A. 
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In a partial equilibrium framework, I first examine the direct effects, then allow for indirect effects 

and finally perform a sensitivity analysis that allows for differing price elasticities of fuel for rich and poor. 

There is not enough information available for a credible complete general equilibrium analysis. 

I start with the simplest of the measures: a measure of direct tax burden, ignoring indirect 

consumption of fuel through consumption of commodities that use fuel as an input. The following 

assumptions are made: 

(1) The production function of the taxed commodity shows a fixed coefficient technology. Thus the 

supply curve of the taxed commodity is perfectly elastic. Consumers bear the entire burden of tax.
5
 

(2) The taxed commodity is not an intermediate input and so does not change the price of any other 

commodity in the economy. This assumption will be relaxed later. 

(3) Hicksian (compensated) demand for fuel is inelastic. Sensitivity checks will later be performed to 

check if relaxation of this assumption changes the results. 

Under assumptions (1), (2) and (3), I can comment on the progressivity or regressivity of tax just by 

looking at the budget share of the taxed commodity for different levels of monthly per capita expenditure 

(MPCE). If a tax on a particular fuel is regressive (progressive), the budget share will fall (rise) as we move 

from lower to higher deciles.
6
 

 Data on consumer expenditure on fuel and other commodities is obtained from the consumption 

schedule of the 61st round of the National Sample Survey conducted by the National Sample Survey 

Organization of the Government of India during the period July 2004- June 2005.This quinquennial round 

has a sample size of 124584 households. The rural sample consists of 79258 households and corresponding 

figures for the urban sample are 45326 households. I measure the incidence of a fuel tax across expenditure 

classes since, due to consumption smoothing; expenditure is a better measure of long term economic welfare 

than income. In any case, the NSS does not report income. Consumption figures are based on 30 day recall 

for both non-durables and durables. 

                                                             
5 If the supply curve is not perfectly elastic, then a part of the tax burden is shifted to the producers. Calculation of the 

burden would then require information on the demand and supply elasticities of different industries and the distribution 

of ownership of firms in those industries. This information is not available. Besides, a number of studies suggest that in 

the short to medium run, the burden of a carbon tax will be mostly passed forward into higher consumer prices 

(Bovenberg and Goulder (2001) and Metcalf et al. (2008)). 
 

6 Budget share of a decile is the ratio of the average (weighted) fuel expenditure and average (weighted) total 

expenditure for that decile. (Changed) 
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The measure discussed above takes only direct consumption of fuel into account. However fuel is an 

important input into the production of various commodities. When households consume such commodities, 

they indirectly consume fuel. A tax on fuel increases the price of such fuel-using commodities, which in turn 

imposes an additional burden on consumers. The second measure that I consider takes such indirect 

consumption into account. (Assumption 2 is relaxed). This measure of incidence requires the following 

additional assumptions:  

(1) A closed economy.
7
 

(2) Unchanged value added per unit output. Primary Factor markets unaffected. 

Given these assumptions, I calculate the fuel tax induced price changes in all sectors. Due to the 

assumption of inelastic Hicksian demand curves, I can calculate the compensating variation as a percentage 

of total expenditure. If this percentage increases (decreases) with MPCE deciles, the tax imposed is 

progressive (regressive).
8
 

To calculate the economy wide price changes I at first use the Input Output Coefficient matrix- 2003-

2004, published by the Central Statistical Organization. The original matrix for 2003-04 has disaggregated 

information on 130 sectors. In order to make it compatible with the NSSO data; the 2003-2004 CSO matrix 

has been aggregated to make an input output matrix which has information on 46 broad sectors. This 

obviously introduces an element of error, but compatibility between NSSO data and CSO data demands such 

aggregation. Central Statistical Organization‟s Input-Output Matrix has fossil fuel sector information at a 

very aggregative level. The four fuel sectors are: Crude petroleum, Natural gas, Petroleum Products and Coal 

and Lignite. In order to study the distributional effects of petroleum and gas products separately I use 

information from the Input Output Table (2003-04) constructed by National Council for Applied Economic 

Research in the report titled “Study of Macroeconomic Impact of High Oil Prices” (2006). This matrix has 27 

sectors of which eight are fuel related sectors. They are Petroleum, oil & lubricants-Crude, Motor gasoline, 

Diesel, Aviation turbine fuel, Liquefied petroleum gas, Kerosene, Other Petroleum Products and Gas and 

Water Supply. However, here the coal sector here is merged with the all other minerals to form a sector 

called “Mining and Quarrying”. However the CSO 2003-2004 matrix reveals that coal constitutes about 65 

percent of total mineral production in India. Thus this sector can be used to calculate incidence of a coal tax. 

                                                             
7 I also carry the analysis with a small open economy assumption. The conclusions of the study don‟t change. 
8 Technical Details discussed in Appendix B. 
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I combine information from the NCAER matrix and combine it with the CSO matrix to create a new matrix 

that has energy level information at a disaggregated level.
9
 

While calculating each of the above measures, I had assumed that the compensated demand is 

inelastic. This is unrealistic but the strength of the progressivity results seem to suggest that the results will 

remain unaltered even when I allow for elastic demand. I carry out a sensitivity analysis using elasticity 

estimates from different studies to test if that is indeed the case. The estimates are obtained from different 

sources and are often not representative at an all India level. Thus they have problems of comparability. 

However the purpose of these checks is to show that the progressivity results don‟t change for 

“reasonable” values of elasticity. One requires extreme values of elasticities to change the results. Since it 

is not possible to obtain own price, cross price and income elasticity estimates for all the 27 commodities 

that I have considered earlier, I aggregate further and consider only 5 commodities: Coal, LPG, Transport 

Fuels, Kerosene and Other goods. Elasticity estimates for these goods for different deciles are obtained from 

various sources and the unknown ones are calculated using identities on demand elasticities. The 

regressivity results are then checked by comparing the incidence on the lowest and the highest deciles.
10

 

 

3. Results: 

In a low income country, we may expect transport fuel taxes to be progressive since poor people 

don‟t own cars. This is especially true for India where 34% of the population is below Purchasing Power 

Parity of $1 a day and 27.5% of the population lives below the abysmally low national poverty line
11

. In 

India, most rural households use biomass-fuels and do not use fossil fuels for cooking purposes. However 

kerosene –an important petroleum product is widely used as lighting fuel. Thus it cannot be said for sure if 

cooking and lighting fuels will have distributional impacts different from that of transport fuels.  

 Figure 1 shows the distribution of household monthly per capita expenditure in India as a whole. 

As expected the per capita expenditure distribution for India is highly positively skewed with a median 

                                                             
9 The NCAER matrix is not used directly as it is an input-output matrix at factor prices. For this analysis, I need a matrix 
evaluated at producer prices. The way in which information from this matrix is used in our analysis, is discussed in 
Appendix B. 
10 The method used for sensitivity checks are discussed in Appendix E. 
11 http://data.undp.org.in/CountryOffice_FactSheet08.pdf 
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MPCE of Rs. 550.
12

 The figure gives us a clear idea as to where the MPCE deciles stand in respect to 

absolute levels of consumption.  

 

We now look at the incidence results: Figure 2 shows the direct budget share of fuel
13

 as a whole. 

The combined budget share of all fuel products (Coke-Coal, Petrol, Diesel, Kerosene, Gas etc) is seen to be 

higher for higher consumption deciles. The budget share of fuels stay constant for the first three deciles, but 

increases thereafter, indicating that an overall fuel tax would be strongly progressive. There is a difference of 

around 4% between the budget shares of highest and lowest decile.  

 

                                                             
12

 Based on new statistical calculations of purchasing power parity (PPP) exchange rates published in 2005 by the 

International Comparison Program (ICP) of the IMF, the PPP adjusted exchange for India Rs14.7 / PPP adjusted US 

dollar 
13

 Direct Budget Share means directly consumed fuel (excluding indirect consumption through consumption of 

commodities using fuel as input) as a percentage of total expenditure. Consumption reported in the household 

consumption survey is treated to be direct consumption. As noted earlier, budget share of a decile is the ratio of the 

average (weighted) fuel expenditure and average (weighted) total expenditure for that decile. 
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It will be interesting to see what is going on behind these figures. To see that I calculate the 

incidence results separately for transport fuels and cooking-lighting fuels. 

From Figure 3, it is seen that the budget share of all cooking fuels is constant for the first four 

deciles, but increases thereafter. It falls substantially for the highest decile. If we consider kerosene and 

Liquefied Petroleum Gas, then kerosene‟s budget share decreases with consumption while the budget share 

of LPG increases with consumption. The budget share for gas falls substantially for the last decile. This is 

expected because the urban non poor are the major users of gas as a cooking fuel. The budget share curve 

for coke and coal has an inverted U shape. The budget shares are negligible and hence not shown in the 

diagram. 

 

In rural India, very few households use gas. Only 0.19 percent of rural households in the poorest 

decile use gas as their main cooking fuel, the figure increases to 43 percent for rural households of the top 

decile. Only people in the upper end of the expenditure distribution use gas. The budget shares increase with 

the level of expenditure. In urban India, LPG is a popular cooking fuel, especially among the middle and 

high expenditure groups. The percentage of urban households who use LPG as their main cooking fuel rises 

across expenditure deciles. From 4% for the first decile, the percentage of households using gas as the 

primary cooking fuel increases to 80 % for the top decile. When budget shares of cooking gas across deciles 

is calculated separately for rural and urban sector (creating separate deciles for the rural and urban 

distribution), budget shares increase with deciles for the rural sector and budget share curve is inverted U 

shaped for the urban sector. However the urban sector is richer and smaller than the rural sector. Household 

that are at the middle of the urban expenditure distribution are in the top end of the overall distribution. This 

explains fall in budget shares of cooking gas with rise in deciles (Figure 3).  Thus a removal of existing 

0
0.5

1
1.5

2
2.5

3
3.5

1 2 3 4 5 6 7 8 9 10

P
er

ce
n

t 
o

f 
B

u
d

ge
t

Per capita expenditure decile

Figure 3 : Direct Budget Share of all Cooking and Lighting Fuels

PDS Kerosene Kerosene (PDS+ Other Sources) LPG



 

9 
 

subsidies on cooking gas is progressive. 

Kerosene is the popular lighting fuel in rural areas, especially for the poor. As consumption 

increases, people move towards electricity, subject to its availability in villages. For cooking purposes 

traditional biomass fuels- firewood, dung and agricultural residue, are generally used. With an increase in 

income people start shifting towards more convenient fuels like kerosene and gas. The budget shares of 

kerosene fall with expenditure, indicating the expected regressivity from the use of kerosene as a lighting 

fuels outweighs the expected progressivity from it‟s use as a cooking fuel. In the urban sector electricity is 

used for lighting, almost universally. Only 8% of urban Indian households do not state electricity to be their 

main lighting fuel. These urban households (the majority of whom come from the lowest decile) use 

kerosene. However around 10 percent of urban households use kerosene as their main cooking fuel and they 

are distributed across the urban deciles. In the urban sector, the budget share of kerosene declines with 

expenditure. When both sectors are considered, the budget share of kerosene falls with per capita 

expenditure. When kerosene sold through the public distribution system is considered separately, the budget 

shares decrease with per capita expenditure. Thus the removal of existing subsidies on kerosene will be 

regressive.  

 Most of the literature on the distributional effects of a fuel tax concentrates on transport fuels like 

gasoline. In figure 4 below I consider Petrol (Gasoline). Diesel and other transport fuels are rarely used for 

personal transport in India. Diesel is mainly used for freight and for public transport. It is only in cities like 

Delhi that the public transport fleet uses cleaner fuels like CNG. It is known that kerosene is used to 

adulterate diesel (NCAER Report, 2005); however I cannot make incidence calculations taking that into 

account as I don‟t know how such adulterated kerosene is distributed across deciles. 

As is evident from figure 4, the budget shares of transport fuels are strictly increasing with 

consumption.
14

 This is expected as only the very rich can afford private transport and hence require transport 

fuels.  A large majority of Indian households (more than 80% according to 61
st
 round NSS data) do not buy 

either petrol or diesel. 

                                                             
 14 The curve for diesel is almost flat, showing some upward slope for top consumption deciles. It is very close 

to zero showing that a negligible amount of Indian households use diesel vehicles for private transport. Hence, it is not 

shown in the figure4. 
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 So far I looked at taxes on individual fuels or a situation where all new fuel taxes were proportional 

to their existing price. I now examine the incidence of a carbon tax on coal and petroleum and gas products. 

A carbon tax implies that fossil fuels are taxed according to their emission potential. If the emission factor of 

one unit of a fuel is „a‟ and a carbon tax of „x‟ is imposed, then the effective unit tax on the fuel is „ax‟. I 

assume that only fossil fuels that I have considered so far (coal-coke, LPG, kerosene, diesel, petrol) are taxed 

according to their carbon content, biomass fuels-firewood, gobar gas, cow dung are not taxed though they 

also cause emissions. The conversion factors used to calculate total emissions are based on IPCC (1996) and 

U.S. Environmental Protection Agency (2000).
15

 Figure 5 shows the incidence of Rs 5 per kg
16

 of carbon-

dioxide tax on different deciles. The burden is constant for the first four deciles and increases thereafter. 

Thus a carbon tax on fossil fuels is not regressive. It is neutral for lower deciles and becomes progressive for 

higher deciles. The different colours show the contribution of each fuel in the total burden from fuel tax. It is 

evident that the two major cooking fuels: kerosene and LPG drive the results. 

                                                             
15 I obtain conversion factors from http://www.climatetrust.org/solicitations_2007_Metrics.php. Coefficients for LPG 
are expressed per unit volume while in India LPG is sold in kilograms. I use approximate weight of 1 metric ton for 
1844. 20 litres of LPG, to calculate emissions. The results remain unchanged when I use emission coefficient obtained 
from Greenpeace India report “Hiding behind the Poor” (2007). 
 
 
16 There is nothing special about the tax rate being considered. The progressivity results will hold true for any tax rate. 
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 The results reported so far ignores indirect consumption of fuel. Since coal and diesel is mostly 

consumed indirectly, it is important to take this into account. According to the 2003-04 input-output data, 

inter industry consumption of coal and petroleum products constitutes about 98% and 80% of the sum of 

total home production and imports respectively. According to basic statistics published by the Ministry of Oil 

and Natural Gas, Government of India, diesel sale in India is 5 times the sale of motor gasoline (petrol).This 

shows that it is important to take indirect effects into account when I calculate incidence. I now report 

combined budget shares that include both direct and indirect consumption of fuel. Such budget shares equal 

the compensating variation as a percentage of total expenditure, when fuel taxes rise by a unit amount.
17

 An 

increase in such budget shares with increase in MPCE indicates progressivity. Figure 6 reports the combined 

and indirect budget shares that are calculated using CSO‟s 2003-04 input output table. 

 The figure shows that inclusion of indirect consumption does not change the conclusion that 

taxation of coal and petroleum products
18

 at a rate proportional to the current price would be progressive. 

Inclusion of indirect consumption reverses some regressivity results that I had obtained earlier. Earlier the 

budget share of coal was highest for the middle deciles and was lower at the two ends (Figure 3). However 

inclusion of indirect consumption yields progressivity. 

 This result is quite intuitive. Coal is an important input in the production of energy and 

manufacturing sector. The rich spend a much bigger proportion of their total expenditure on energy and 

                                                             
17

 Explanation given in Appendix B. 
18 In addition to Diesel, Petrol, Kerosene and LPG, petroleum products also include lubricating oil and other industrial 

fuels. Coke is no longer a part of coal sector. According to CSO classification, it is a part of the sector coal tar products. 

While reporting direct budget shares, we had provided the combined share of coke and coal. 
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consumer goods. This in turn changes the earlier result. The budget shares for petroleum products are almost 

unchanged for the first few deciles. They start increasing thereafter. Thus at an All India level, taxes on 

petroleum products are progressive.  

 

The petroleum products sector of CSO‟s input output table includes transport fuels like gasoline (petrol) 

and diesel, cooking fuels like liquefied petroleum gas, lighting fuels like kerosene and various other industrial 

fuels like fuel oil, bitumen and petroleum wax. Thus, the indirect effects calculated using the matrix aggregates 

all the effects. However the indirect effects of different fuels can conceivably run in different directions. For 

example, furnace oil is generally used in the high end manufacturing sector. Kerosene, on the other hand, might 

be used as an intermediate input in very small scale eateries in the informal sector and can thus have regressive 

indirect effects. However such differences get lost in the aggregation. To deal with this, I combine the 

information from NCAER‟s report titled “Study of Macroeconomic Impact of High Oil Prices” (2006) to create 

a new matrix with disaggregated information on energy sector. I then use this matrix to calculate incidence 

results at a disaggregated level. This matrix has disaggregated information on petroleum products. However it 

does not have a separate sector for coal. Coal is included in a sector called Mining and Quarrying. Using this 

matrix, I see the impact of a tax on major petroleum products like petrol, diesel, LPG, kerosene and ATF. None 

of the petroleum products other than diesel and ATF have indirect effects that are non-negligible. For these 

fuels the combined effects mimic the direct effects. Even after indirect effects have been considered, all of 

them (except kerosene) continue to be progressive. Kerosene remains regressive. Aviation Turbine Fuel has no 

direct consumption by households, so the indirect effect coincides with the direct effect. As expected they are 

progressive. However the budget shares for all the deciles are negligible. Thus Figure 7 shows only the results 

for diesel only. Diesel is rarely used by households directly but has significant indirect uses. 
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I now examine the total incidence of a carbon tax on coal and petroleum and gas products taking the 

effect of indirect consumption into account. I use the CSO matrix for this purpose. Figure 8 shows the 

incidence of a carbon-dioxide tax (at the rate of Rs 5 per Kg. of carbon-dioxide) on different deciles.
19

 The 

burden-expenditure ratio increases with per capita expenditure (MPCE). Thus a carbon tax on fossil fuels is not 

regressive. The different colours show the contribution of each fuel in the total burden from fuel tax. 

 

                                                             
19  In order to calculate the incidence of a carbon tax, I assume the price of a Kg of Coal and a litre of petroleum 

products to be Rs.4.57 and Rs. 25.67 respectively. The emission coefficients of coal and petroleum products are 1.91 

Kgs of CO2 per Kg and 2.45 kgs. of CO2 per litre respectively. The price for coal is obtained from NSSO data. The 

price and emission coefficient of petroleum products are the quantity weighted averages. Prices of petroleum products 

commodities are obtained from various sources: data published by the Ministry of Petroleum and natural gas, Govt. of 

India and the two major oil marketing companies: Indian Oil and Bharat Petroleum. The emission coefficients and 

density values of individual fuels are obtained from http://www.eia.doe.gov/oiaf/1605/coefficients.html and US 

Greenhouse Gas Inventory (US Environmental Protection Agency). 
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I now provide some intuition for why the inclusion of indirect effects maintains the progressivity 

result. We know that the poor have low budget shares for petroleum products (except kerosene) and slightly 

high budget shares for coal, compared to the rich. In spite of that, the fact that fuel prices affect prices of other 

commodities and the possibility that the poor might have high budget shares for such commodities, may 

change the direction of the incidence results. For example, the poor might be affected adversely if food 

prices are highly sensitive to fuel prices. The fact that the budget share of food for the poor is high might 

depress the progressivity result obtained earlier. Table 1 gives the difference in the budget shares of the last 

and the first decile for some important sectors. It shows that the “poor” have a higher budget share for food 

items, forestry and logging, coal and lignite, edible oil and toiletries, compared to the rich. These sectors have 

the potential to depress the progressivity obtained earlier (by comparing direct budget shares), only if the 

products of these sectors are highly sensitive to fuel prices. On the other hand textiles, milk products, 

petroleum products, health, electricity, transport services, other services, education, Hotels and restaurants and 

education have lower budget shares for the poor, compared to the rich. 

TABLE 1: BUDGET SHARE FOR THE POOREST AND THE RICHEST DECILE 

(After adjusting for trade and transport margins) 

Sectors  Decile 1 Decile 10 Difference 

Major Food Crops and their products 28.94 5.28 -23.66 

Other Crops 9.01 4.30 -4.71 

Milk and Milk Pdts 2.85 5.21 2.36 

other animal products 3.44 1.79 -1.65 

Forestry and Logging 5.25 0.30 -4.95 

Coal and Lignite 0.03 0.01 -0.02 

Sugar 1.84 0.73 -1.11 

Edible Oil 4.86 1.75 -3.11 

Textiles 1.13 4.19 3.06 

Misc. Manufacturing 0.63 2.67 2.04 

Petroleum Products 1.89 5.39 3.49 

Health 2.60 9.10 6.50 

Toiletries 4.76 2.69 -2.07 

Electrical, Electronic Machines and Appliances 0.12 1.54 1.41 

Transport Equipment 0.11 3.47 3.36 

Electricity 1.35 3.82 2.47 

Other Services and Communication 3.10 9.99 6.89 

Trade 13.43 7.84 -5.60 

Hotels and restaurants 0.19 2.08 1.89 

Education 0.43 4.22 3.79 
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Figure 9 shows the price changes in all sectors in response to an increase in the unit tax on coal 

(petroleum products) by one unit.
20

 Since the initial prices are normalized to one, it can be treated as the 

percentage change in price in response to an increase in coal/petroleum tax by one unit. Food items, 

forestry and logging, edible oil and toiletries are not very responsive to a coal tax. On the other hand sectors 

like electricity are highly responsive to a coal tax. Thus electricity consumption can have an important role in 

determining the incidence of a coal tax. Now I look at the impact of a petroleum product tax on the prices 

across the economy. We see that cereals and non cereal food crops, forestry and logging, edible oil and 

toiletries are not very responsive to a petroleum product tax. On the other hand sectors like electricity and 

transport services are highly responsive to such a tax. Thus electricity and transport services consumption can 

have an important role in determining the incidence of a petroleum products tax. I similarly calculate price 

changes due to taxes on individual petroleum products, using the input output matrix constructed using  the 

Petrofed –NCAER report (2006).It is high speed diesel oil and other petroleum products (naphtha, bitumen, 

high sulphur low stock etc.) that are mainly responsible for the additional indirect burden from a petroleum 

products tax. In other words, diesel and other petroleum products are important intermediate inputs in a large 

number of sectors. 

Till now I had assumed that compensated demand is inelastic. This is highly unrealistic but the 

strength of the progressivity results seem to suggest that the results will remain unaltered even when we 

allow for elastic demand. I carry out a sensitivity analysis using elasticity estimates from different studies to 

test if that is indeed the case. I compare the proportional burden for the top and the bottom decile using 

different elasticity estimates for the two deciles. Higher proportional burden for the top decile indicates 

progressivity. Even after allowing for elastic compensated demand, transport fuels and LPG remain 

progressive. Coal becomes neutral, while kerosene continues to be regressive.
21

 The results for LPG, 

kerosene and transport fuels are robust to small changes in electricity. However the result for coal changes 

sign for small changes in elasticity. However the difference in the proportional tax burden of the two deciles 

is extremely close to zero. 

 

 

                                                             
20 Table showing exact value of price changes provided in the Appendix C. 
21 Sources of elasticity estimates and the method of sensitivity check are discussed in Appendix D and E respectively. 
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Figure 9: Sectorwise price change due to increase in tax on coal and petroleum products by one unit
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Conclusion: 

  Fuel taxes for environmental purposes have often faced skepticism and criticism on 

the grounds of regressivity. This paper shows that such criticisms do not apply to a low-income country like 

India. When just direct consumption is considered, taxes on transport fuels (petrol and diesel) are highly 

progressive for both urban and rural sector. Similarly, all cooking fuels, with the exception of kerosene and 

coal, show definite signs of progressivity. These results remain unchanged when indirect consumption is 

included in the analysis. A tax on coal is progressive for the country as a whole. While a tax on kerosene is 

regressive, the results for gas are just the opposite. Transport fuels continue to be progressive even after the 

inclusion of indirect effects. Allowing for elastic compensated demand, makes the coal tax neutral. Kerosene 

continues to be regressive and gas and transport fuels continue to be progressive. 

  These results of this paper can be used in different ways, depending on the policy objective of the 

government and tax authority. The objective of an environmental tax is to reduce emissions by reducing 

consumption of fuel. Thus, unlike a tax imposed for revenue purposes, an environmental tax should be imposed 

on fuels with elastic demand and on fuels with emission potential. Transport fuels satisfy these criteria and are 

thus an appropriate case for a fuel tax for environmental purposes. They have high emission potential with each 

litre of transport fuel emitting around 2.3 kilograms of carbon dioxide per litre of fuel. Although transport fuels 

demand is inelastic in the short run, it responds to price changes in the long run and have a long-run elasticity 

of -0.84. (Sterner 2007) However, Ramanathan and Geetha (1998) report a lower long run elasticity of -0.42, 

which is still sensitive to price changes. The results presented here show that a tax on transport fuel is 

progressive. The results hold good even when indirect consumption is considered. Thus a tax imposed on 

transport fuels achieves the desired objective of emission reduction without having any adverse distributional 

effects, thus making a strong case for transport fuel taxation. 

 Coal is the largest emitter of carbon dioxide in India. The results here show that a tax on carbon is neutral 

or slightly progressive. Given that there is no strong regressivity, there is strong case for taxing coal. Such a tax 

would encourage innovation and diffusion of non-conventional carbon free energy like solar and wind energy. 

 The issue of taxing cooking and lighting fuel is more complex and it is difficult to make an unqualified 

recommendation for a tax. Contrary to popular perception, studies by Gundimeda and Kohlin (2006) show that 

elasticities of cooking and lighting fuels are not low for all sections of the society. According to their study, the 

elasticity of gas is close to unity for almost all sections of the society, ranging from -0.92 for the urban rich to-

1.05 for the urban poor. However, gas is a cleaner fuel compared to its counterparts and thus the case for a gas 
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tax (or equivalently, the case for a removal of the existing gas subsidy) is not strong in spite of the fact that 

such a tax is progressive. The case for a gas tax becomes reasonable only when the government can couple it 

with incentives for using electricity for cooking purpose. Electricity is an efficient cooking fuel. However a 

large percent of electricity in India is coal based, thus a movement away from gas to electricity might 

accentuate the emission problem. Thus the case for a gas tax is not strong.  

 In India, kerosene is an important cooking and lighting fuel. While urban households use kerosene as a 

cooking fuel, rural households use it for lighting purposes. The demand for kerosene is responsive to prices 

especially in the rural sector. It ranges from -0.7 for the rural rich to -0.5 for the middle expenditure group. 

Kerosene is a poor lighting source and more expensive than electricity (Barnes, Plas and Floor, 1997). The 

results from this paper show that a removal of the subsidy on kerosene would be regressive and a major reason 

for the observed regressivity is that 35% of rural households use kerosene primarily to light their homes. 

Besides regressivity, a tax on kerosene has other aspects of concern. Any tax on kerosene causes the poor to 

substitute towards fuelwood, which has strong adverse health and regional climate implications and can also 

lead to deforestation. According to Gundimeda and Kohlin (2006), a one percent increase in the price for 

kerosene increases fuel wood use by 0.7 percent for the rural poor and 0.4 percent for the urban poor. Thus, 

any tax proposal should be preceded by compensatory proposals for the poor. This can take the form of 

targeted electricity and LPG subsidies for the poor and should be coupled with a program of rural 

electrification. The targeted gas subsidy might also help in forest conservation as has been pointed out by 

Baland et. al (2006). The need for gas subsidy can be reduced by subsidizing biogas whenever viable. 

 A report by Greenpeace India- “Hiding behind the poor” concludes that when it comes to CO2 emissions, a 

relatively small wealthy class of 1% of the population in India is hiding behind a huge proportion of 823 

million poor people and that it is India‟s poor who keep per capita CO2 emissions really low. Thus it is natural 

that a policy designed to tackle GHG emission should impose a larger burden on the rich. The evidence from 

this study shows that an environmental fuel tax would do just that. The progressivity result is robust to the 

inclusion of indirect fuel consumption. Thus it a bit surprising that people speaking for the Indian underclass in 

the polity often come down heavily on any proposal of fuel price hike, on the grounds that it imposes a higher 

burden on the poor than on the rich. While this is true for kerosene, it is not true for any other fuel. 
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APPENDIX A: TAX – SUBSIDY SITUATION IN INDIAN PETROLEUM SECTOR. 

States in India impose taxes on petroleum products at different rates. For illustration of the relative 
tax-subsidy scenario I use information from the National Capital Territory of Delhi. According to Graczyk 

(2006), the tax situation in Delhi is as follows: 

 Price 

Without 

Tax 

Customs 

Duty 

Excise 

Duty 

Sales 

Tax 

Total 

Tax 

Retail 

Price 

Kerosene (litre) 8.7 0 0 0.35 0.35 9.05 

Diesel (litre) 18.42 1.94 4.93 3.16 10.03 28.45 

Petrol (litre) 17.04 1.6 14.74 6.75 23.09 40.13 

LPG (14.2 Kg Cylinder) 215.49 0 16.06 18.17 34.23 249.72 

Table A: Petroleum Retail Price Buildup in New Delhi 2005-2006 (Taxes and Prices are in Indian Rupees) 

According to data published by Petroleum Planning and Analysis Cell, Ministry of Petroleum and 
Natural Gas, Government of India; subsidy (subsidy from fiscal budget and under recoveries to oil 

companies) to consumer is Rs.12.92 per litre of PDS kerosene and Rs. 175.04 per cylinder of domestic LPG. 

Thus for cooking fuels subsidies outweigh the taxes. 

According to basic statistics published by the Ministry of Petroleum and Natural Gas, Government of 

India;  the total consumption of Petrol (Mogas) and Diesel (HSDO) was 8647000 tonnes (12010 million litres 

assuming a density of 0.72 kgs/litre) and 40191000 tones (48000 million litres assuming a density of 
0.85kgs/litre) respectively, in 2005-06. Assuming that the tax structure of New Delhi (given in table A) 

prevails across the country, this translates into tax revenue of Rs. 7643240 million. According to data 

published by Petroleum Planning and Analysis Cell, Ministry of Petroleum and Natural Gas, Government of 
India, the total under recovery on Petrol and Diesel was Rs.153700 million. Thus the tax revenues outweigh 

the implicit subsidies. However under-recoveries have grown very fast in the last few years. 

APPENDIX C: CALCULATION OF DIRECT AND COMBINED INCIDENCE 

Direct Incidence: For a given product, its budget share corresponds to the price elasticity of total 

spending, assuming volume of demand constant. 

i

j

ij
P

M

log

log




 …………………………………………………………………………………..…..(1) 

where Mj is money income/total expenditure of j 
th
 household, Pi  is the price of the i

th 
good and Ɵij is the 

budget share of i
th
 commodity in j

th
 household‟s budget.   

𝑇𝑎𝑥 𝐵𝑢𝑟𝑑𝑒𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑡𝑎𝑥 𝑜𝑛 𝑋 =
 𝑃+𝑡 𝑋

𝐸
=  1 +

𝑡

𝑃
 ∗ 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐵𝑢𝑑𝑔𝑒𝑡 𝑆𝑕𝑎𝑟𝑒 𝑜𝑓 𝑋…………...…...(2) 

where P is the initial price of X, t is the unit tax, X is the amount purchased and E is the expenditure 
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Thus, under assumptions (1)-(3), I can test whether a tax on a particular fuel is regressive, simply by 

comparing the budget share of that fuel across different expenditure deciles. Budget Share of a decile is the 

average (weighted mean) of the budget shares of all households in that decile. 

Combined Incidence calculated using Input Output tables: 

Using the absorption (Use) matrix at producer prices and the make matrix, I create a (130 X 130) 

input output matrix at producer prices. Each cell (i,j) denotes the total amount (inclusive of taxes paid) of 

input j used in the production of commodity j. At the end of each column is the gross value added and 

indirect taxes on each commodity. The sum for each column is thus the sum of value of intermediate input at 

producer prices, Gross value added and the indirect taxes, which in turn is the total value of output of that 

commodity at producer prices. By dividing each column by the output for that column, I get the coefficient 

matrix. Under the assumption that all prices are normalized to one, the cell (i,j) in this coefficient matrix 

denotes the amount of input i used to produce one unit of input j. In order to make it comparable to the NSSO 

data, I aggregate the matrix to 46 broad sectors. The sector names can be seen in Appendix C. 

Let A= [a ij] nXn be the (n X n) input output coefficient matrix, where n is the number of commodities 

considered. a ij is the quantity of i
th 

commodity output used to produce 1 unit of commodity j. 

Let the price formation equation be 

P j = 


n

i

ija
1

Pi + VA j + t j, i =1,2,… .,n. …..…………………………………………………...……...... (3)   or,  

(I-A
T
) n n P n   1 =VA n   1 + t n×1 ……………………...……………………....……..................... (4) 

 where, I is a nn identity matrix, t is a n 1 column matrix of tax rates and P and VA are column vectors 

showing prices and value added of the n sectors. 

Let us assume that the tax of the i
th 

commodity changes by dt i. Then, 

(I –A
T
) n  n dP n  1 = dt i e i ………………………………………………….……………...............…. (5) 

where e i is a column vector with 1 in the i
th

   place and 0 in every other place  

Taking inverse (assuming inverse exists) we have, dP n  1 = (I –A
T
) 

-1 
dt i e i ………….……….……. (6) 

The tax burden of the k 
th 

 household is ik dtTB 









k

i

-1T

k

Y

e )A- (I  X
…..……….……...   (7) 
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where X k is the (1n) vector of quantities purchased by household k and Yk is consumption expenditure of 

household k. Denote the term within parenthesis by S k. This can be interpreted as the share of commodity i in 

household k‟s expenditure taking all indirect effects into account.  

Since the terms outside the parenthesis are same for all households, I only need to calculate the term 

within to comment of distribution of tax burden. Information on X k and Y k is obtained from NSSO data while 

information about other matrices is obtained from CSO input output table. In NSSO survey, the consumption 

value of any commodity is at market prices. However the CSO matrix used is at producer prices. The 

difference between the two arises because of the trade and transport margins. Thus when a consumer reports to 

buy Rs. X worth of commodity i in the NSSO survey, he is actually buying the output of 3 CSO sectors 

(commodities): sector i, trade sector and transport sector. Thus a part of the consumer expenditure on sector I 

should be transferred to trade and transport sector. The CSO provides information on the trade and transport 

margins for all sectors. I assume that the overall margins for the economy apply to all consumption deciles. 

After adjusting for trade and transport margins, I obtain Xk required to calculate tax burdens using (7). 

 The CSO input output transaction matrix is actually the cost share matrix {C i j} n x n where C i j= a ij   

(P i/ P j). I chose physical units in such a way that initially (before tax) P 1=P 2=……=P n=1 .Given this 

assumption {C i j} n   n is the same as {A i j} n   n and the tax burden can be easily calculated. I can calculate it 

for each household corresponding to tax changes in coal, natural gas, kerosene and petroleum products.  

In order use the information of the 27 sector NCAER matrix, I aggregate the CSO matrix to 22 broad 

sectors. These 22 sectors are the 21 non petroleum sectors included in NCAER matrix and a broad energy 

sectors that includes all petroleum products. Since all petroleum products are jointly produced in refineries, it is 

difficult to know what proportion of a particular input used in the refinery goes into the production of a 

particular sector. Thus I divide the column for petroleum products into 6 different columns each have the same 

cell value as the earlier petroleum products sectors. These columns refer to liquefied petroleum gas, kerosene, 

aviation turbine fuel, gasoline, diesel and other petroleum products. The row for petroleum products is now 

divided between the six petroleum products according to the ratios obtained from the NCAER matrix. 

APPENDIX C:  PRICE CHANGE IN SECTORS IN RESPONSE TO A UNIT INCREASE IN COAL /PETROLEUM TAX 

(2003-04 I-O DATA USED FOR CALCULATION)
22

 

Sl. No. Sector Coal Petroleum Products 

1 Major Food Crops and their products 0.009517 0.0801085 

2 Other Crops 0.003103 0.0306377 

                                                             
22 Since initial prices are all normalized to one, this can be interpreted as percentage change in prices as 

coal/petroleum tax increases by one unit. 
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3 Tea and Coffee 0.011094 0.1177475 

4 Milk and Milk Products 0.001008 0.0109364 

5 Animal services (agricultural) 0.004765 0.056264 

6 other animal products 0.002344 0.0361088 

7 Forestry and Logging 0.001572 0.0234267 

8 Coal and Lignite 1.013661 0.0425245 

9 Crude Petroleum and natural gas 0.007075 0.0370742 

10 Iron Ore 0.011731 0.0717907 

11 Other Minerals 0.017995 0.0358418 

12 Sugar 0.007212 0.0468172 

13 Edible Oil 0.006624 0.0449295 

14 Misc. Food Products 0.009699 0.0679937 

15 Beverages 0.009879 0.0583878 

16 Tobacco Products 0.003383 0.0228142 

17 Textiles 0.016485 0.0881181 

18 Furniture, Fixtures and Wooden Goods 0.014529 0.0432223 

19 Stationary 0.027337 0.0821665 

20 Leather and Rubber Products 0.015739 0.0808734 

21 Misc. Manufacturing 0.016829 0.0632098 

22 Petroleum Products 0.006763 1.068512 

23 Coal tar products 0.162595 0.088868 

24 Heavy chemicals 0.030824 0.1106708 

25 Other Chemical and Chemical Goods 0.022924 0.1576316 

26 Health 0.008097 0.0454978 

27 Toiletries 0.016303 0.0885008 

28 Non Metallic mineral Products 0.031807 0.1288204 

29 Cement 0.079265 0.0946814 

30 Metal Products 0.104258 0.0729156 

31 Agricultural Machinery 0.048791 0.062796 

32 Other Machinery(Mainly Industrial)  0.040997 0.057649 

33 Electrical, Electronic Machines and Appliances 0.03923 0.0672782 

34 Transport Equipment 0.034215 0.0604126 

35 Construction 0.031965 0.0724646 

36 Electricity 0.145415 0.1936781 

37 Water Supply 0.01138 0.0256942 

38 Transport Services 0.011018 0.2842241 

39 Storage Warehousing 0.031083 0.0634926 

40 Other Services and Communication 0.005625 0.0179269 

41 Trade 0.004739 0.0313692 

42 Hotels and restaurants 0.008203 0.0552401 

43 Banks and Insurance 0.004221 0.0228431 
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44 Ownership of Dwellings 0.001597 0.0036207 

45 Education 0.001367 0.0128429 

46 Public Administration 0 0 

  

APPENDIX D: SOURCE OF ELASTICITY ESTIMATES FOR SENSITIVITY CHECKS. 

Let rural households of the first decile (of all India distribution) denote rural poor and urban 

households of the first decile (of all India distribution) denote urban poor. Similarly rural households of the 

tenth decile (of all India distribution) denote rural rich and urban households of the tenth decile (of all India 
distribution) denote urban rich. Thus we have 4 mutually exclusive groups: rural poor, rural rich, urban poor 

and urban rich. 

Let table D1be the matrix of Marshallian price elasticities and income demand elasticities of a 
particular group. I know the budget shares of the 5 commodities considered: Coal, Petroleum Products, Gas, 

Kerosene and others, for this group from NSSO data.
23

 

 

  Coal Pet Gas Kerosene Others Income 

Coal A11 A21 A31 A41 A51 A1 

Pet A12 A22 A32 A42 A52 A2 

Gas A13 A23 A33 A43 A53 A3 

Kerosene A14 A24 A34 A44 A54 A4 

Others A15 A25 A35 A45 A55 A5 

TABLE D1: Marshallian Price Elasticities and Income Elasticities 

 Coal Pet Gas Kerosene Others 

Coal B11 B21 B31 B41 B51 

Pet B12 B22 B32 B42 B52 

Gas B13 B23 B33 B43 B53 

Kerosene B14 B24 B34 B44 B54 

Others B15 B25 B35 B45 B55 

TABLE D2: Hicksian Price Elasticities and Budget Share 

 

Rural Sector: B33, B34, B44, B43, A3 and A4 are obtained from Gundimeda and Kohlin (2006). 

They have this information for 3 rural classes: low income, high income and middle income. I assume our 

poor have the elasticities corresponding to low income group and our rich have elasticities corresponding to 
high income group. 

No information is available on B12, B32, B42, B21, B23 and B24. I assume then to be 0 since there 

is no reason to expect strong complimentarity or strong substitutability between cooking fuels and transport 
fuels. I know A22 and A2 from time series study by Geetha and Ramanathan (1998). Using the Slutsky 

Equation I have B22. 

I don‟t have estimates for B11, B13, B14, B31 and B41. I assume that the relationship between coal 

                                                             
23 I aggregate the 27 sectors of the I-O matrix (created using information from NCAER-Petrofed report (2006)) into 5 
sectors: Coal, transport fuel, LPG, Kerosene and Other goods. There is no separate sector for coal in this matrix. Coal is 
a part of mining and quarrying sector. However CSO’s 2003-04 matrix shows that coal constitutes around 65% of all 
mineral production (excluding petroleum and natural gas). I use the price changes in the mining and quarrying sector 
as indicative of price changes in coal. To adjust for trade and transport margins, we use information from CSO matrix. 
Since transport margins are not available separately for kerosene, LPG and transport fuels, we use the transport 
margin of petroleum products for all the three commodities. 
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and other goods will be similar to the relationship between firewood and other goods, as both this fuels are 

generally used by users with similar profiles. I obtain these estimates from Gundimeda and Kohlin 
(2006).The value for A1 is also obtained from Kohlin and Gundimeda (2006) assuming the value is similar to 

income elasticity of firewood with respect to income.  

Now I have values for Bji , j=1, 2, 3, 4 and i=1, 2, 3, 4.We know that the sum of compensated price 

elasticities are equal to zero. Using this I can easily calculate B5i, i=1, 2, 3, 4. 
Now the only thing that is not known is the last row of matrix B. Since I know Bji ( j=1,2,3,4,5 and 

i=1,2,3,4 ),  Aj ( j=1,2,3,4) and the budget shares, I can calculate Aji , j=1,2,3,4,5 and i=1,2,3,4.Now using the 

Cournot Aggregation Rule I can calculate A15, A25, A35, A45 and A55. Using the condition that the sum of 
income elasticity and Marshallian price elasticities is zero, I obtain A5. 

Now that I have information on A51, A52, A53, A54, A55, A5 and the budget shares, I calculate 

B51, B52, B53, B54 and B55 using the Slutsky equation. Now I have the whole B matrix that is required to 
do the sensitivity check. 

 

 

Urban Sector: B33, B34, B44, B43 are obtained from Gundimeda and Kohlin (2006).They have this 
information for 3 rural classes: low income, high income and middle income. I assume our poor have the 

elasticities corresponding to low income group and our rich have elasticities corresponding to our high 

income group. 
No information is available on B12, B32, B42, B21, B23, B24.I assume them to be 0 since there is 

no reason to expect strong complimentarity or strong substitutability between cooking fuels and transport 

fuels. I know A22 and A2 from time series study by Geetha and Ramanathan (1998). Using the Slutsky 
Equation I have B22. 

I don‟t have estimates for B11, B13, B14, B31 and B41.I obtain estimates for A11, A41 and A14 

from the paper by Kohlin and Gupta (2006) on Calcutta. For estimates of B13, B31 and A1, I assume that the 

relationship between coal and other goods will be similar to the relationship between firewood and other 
goods, as both this fuels are generally used by users with similar profiles. I obtain these estimates from 

Gundimeda and Kohlin (2006).The value for A13 can also obtained from Kohlin and Gupta (2006).However 

the estimation this paper shows a counterintuitive sign. I couldn‟t find any reason for such a result. Thus I 
make a stronger assumption, and use the Gundimeda and Kohlin (2006) values for B13 and B31. B11, B41 

and B14 are obtained using Slutsky equation (I know A11, A41, A14, A1, A4 and budget shares). 

Now I have values for Bji j=1, 2, 3, 4and i=1, 2, 3, 4.I know that the sum of compensated price 

elasticities are equal to zero. Using this I can easily calculate B5i , i=1,2,3,4. 
Now the only thing that is not known is the last row of matrix B. Since I know Bji ( j=1,2,3,4,5 and 

i=1,2,3,4 ),  Aj ( j=1,2,3,4) and the budget shares, I can fill in the Aji , j=1,2,3,4,5 and i=1,2,3,4,that are not 

known. Now using the Cournot Aggregation Rule I can calculate A15, A25, A35, A45 and A55. Using the 
condition that the sum of income elasticity and Marshallian price elasticities is zero, I obtain A5. 

Now that I have information on A51, A52, A53, A54, A55, A5 and the budget shares, I calculate B51, B52, 

B53, B54 and B55 using the Slutsky equation. Now I have the whole B matrix that is required to do the 
sensitivity check.  

 The proportion of rural population in the lowest decile of the all India distribution is 0.94. Let Hicksian 

Elasticity matrix of “Rural poor” is RP and “Urban poor” be UP. Then the Hicksian elasticity matrix for the 

“poor” (bottom decile of overall distribution) is OP=0.94*RP+0.06*UP. Similarly, elasticity for the “rich” (top 
decile of overall distribution) is the weighted average of the urban and rural values where the rural weight is 

0.29. These elasticity estimates are used to undertake sensitivity checks. The elasticity estimates obtained for 

the “poor” and the “rich” are as follows: 

  Coal Transport Fuels LPG Kerosene Others 

  Poor Rich Poor Rich Poor Rich Poor Rich Poor Rich 

Coal -0.118 -0.095 0.000 0.000 0.832 0.436 0.671 0.144 -1.385 -0.485 
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Transport Fuels 0.000 0.000 -0.420 -0.363 0.000 0.000 0.000 0.000 0.420 0.363 

LPG 0.600 0.511 0.000 0.000 -0.482 -0.517 0.478 0.916 -0.596 -0.909 

Kerosene 0.225 0.050 0.000 0.000 0.228 0.365 -0.593 -0.204 0.139 -0.212 

Others -0.005 -0.012 0.000 0.015 -0.005 0.011 0.013 -0.023 -0.002 0.000 

  

TABLE D3: Compensated Demand elasticities for poor and rich. 
 

 

APPENDIX E: METHODOLOGY OF SENSITIVITY CHECK: 

From the theory of demand we know that demand elasticities satisfy two conditions:  
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where eji is the uncompensated price elasticity of commodity i with respect to price of commodity j. 

We also have the Slutsky equation, 
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where Pj , Xj and Xj
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 are the price , Marshallian demand and Hicksian demand for good i respectively. 

The tax burden is TB=
   

 

 

 
1

,

,

,

,,
00

5

1

0''

00

000'









UPe

UPXP

UPe

UPeUPe

eExpenditurInitial

VariationngCompensati i

h
ii

……………….. .(11)

  

Taking total differential of ),( UPXX h
i

h
i  , 

j

j
h
i

n

j

jij

n

j j

h
ih

i
P

dPX
dP

P

X
dX 









11

  ……………………………...(12) 

where ji is the compensated (Hicksian) price elasticity of commodity i with respect to price of commodity j.  
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Let there be two classes: Rich (R) and Poor (P). For a tax on commodity i to be progressive we require 

TB R > TB p 
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Using the elasticity estimates and information from NSSO & input output table, I test if this inequality holds 

true when a tax is imposed on a particular fuel. 
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