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 We study two parts of energy policy incidence 

◦ Uses side: prices of some goods rise relative to 
others, hurting some people more than others

◦ Sources side: returns to some factors fall relative to 
others, hurting some people more than others



 Many papers have focused on the uses side, 
and found it regressive

◦ Poor households spend proportionally more on 
carbon-intensive goods (gasoline, electricity)

 Other papers use complex CGE models to 
incorporate both uses and sources side

 We use an analytical model to solve for both

◦ We get closed-form solutions (for any parameters)

◦ We then calibrate, to consider a tax on carbon



 Advantages relative to other papers

◦ Analytical solution, interpretation of results, 
intuition of effects

 Drawbacks relative to other papers

◦ Many simplifying assumptions needed: two sectors, 
two goods, three inputs, perfect competition, etc.

 Our place in the literature

◦ This paper complements the CGE papers by 
providing some intuition for basic results



 Two-sector model based on Harberger (1962)

 The clean sector  X uses only  K and  L

 The dirty sector  Y uses K, L, and pollution, Z

 Consumer preferences given by the two 
shares and the elasticity of substitution  σu



 Capital and labor in fixed total quantities, and 
are mobile between sectors

 Perfect competition, constant returns to scale

 Production in the clean sector  X defined by 
input shares and elasticity of substitution in 
production between capital and labor  σX



 Production in the dirty sector  Y defined by 
Allen elasticities of substitution  eKL, eKZ, eLZ

◦ If eKZ >eLZ,  then capital is a better substitute for 
pollution than is labor

 Factor intensities:  γK = KY/KX and γL = LY/LX

◦ If  γK > γL,  then the dirty sector is capital-intensive 
compared to the clean sector



 Consider a change in the tax on pollution  τZ

◦ A hat denotes a proportional change;     = 0.1 is a 
10% increase in the pollution tax

 Four prices

◦ Output prices  pX and  pY

◦ Factor returns  r (capital)  and  w (labor)

◦ We normalize prices so that  pX does not change

Ẑ



 A, B, C are positive constants

 Last term in each expression is the output effect

◦ When the dirty sector is capital-intensive  (γK > γL), a 
pollution tax hurts capital more than labor

 First two terms represent the substitution effect

◦ When capital is better substitute for pollution (eKZ >eLZ), 
a pollution tax hurts labor more than capital

 

 

 



 Last term is a “direct” effect, passing the tax 
increase into the price of the dirty good

◦ θYZ is pollution share in dirty good production

 Rest of the expression represents general 
equilibrium or “indirect” effects

 

 



 Divide US into clean and dirty sectors

◦ Dirty: Electricity generation, transportation, 
petroleum refining; about 7% of economy

◦ Clean: Everything else

 Value of capital and labor inputs in each 
sector from Jorgensen, Ho and Stiroh 2008

 Elasticity of substitution in clean sector = 1

 Elasticity of substitution in utility = 1



 de Mooij and Bovenberg (1998) use energy, 
not pollution, as the third input, and data 
from Western Europe, not US

 eKL = 0.5,  eKZ = 0.5,  and  eLZ = 0.3

 Capital is a slightly better substitute for 
pollution than is labor



 2008 Consumer Expenditure Survey (CEX) 

◦ Calculate spending on clean vs. dirty goods 

◦ Calculate income from capital vs. labor (& transfers)

 Categorize households by:

◦ Annual income 

◦ Annual consumption (proxy for permanent income)

◦ Region of the U.S.



Table 2: Sources and Uses of Income for each Annual Income Group

(1)

Annual

Income 

Decile

(2)

Fraction of 

Income 

from 

Wages

(3)

Fraction of 

Income 

from 

Capital

(4)

Fraction of 

Income 

from 

Transfers

(5)

Capital-

Wage 

Ratio

(6)

Fraction of 

Expend. 

on Dirty 

Good

(7)

Fraction of 

Expend. 

on Clean 

Good

All 71.0% 3.7% 25.3% 7.4% 11.7% 88.3%

1 36.2% 12.7% 51.1% 12.6% 13.1% 86.9%

2 30.6% 1.9% 67.5% 1.4% 14.2% 85.8%

3 43.6% 2.8% 53.6% 6.1% 13.3% 86.7%

4 56.9% 3.7% 39.4% 46.8% 13.1% 86.9%

5 75.3% 3.6% 21.0% 2.8% 12.9% 87.1%

6 88.2% 1.8% 10.0% 2.5% 11.5% 88.5%

7 93.5% 1.9% 4.6% 1.6% 11.2% 88.8%

8 94.6% 2.5% 2.9% 2.6% 10.9% 89.1%

9 95.4% 2.4% 2.1% 3.4% 9.2% 90.8%

10 95.5% 3.3% 1.1% 6.1% 7.6% 92.4%



Table 3: Sources and Uses of Income for each Annual Expenditure Group

(1)

Expend. 

Decile

(2)

Fraction of 

Income 

from 

Wages

(3)

Fraction of 

Income 

from 

Capital

(4)

Fraction of 

Income 

from 

Transfers

(5)

Capital-

Wage 

Ratio

(6)

Fraction of 

Expend. 

on Dirty 

Good

(7)

Fraction of 

Expend. 

on Clean 

Good

All 71.0% 3.7% 25.3% 7.4% 11.8% 88.2%

1 43.5% 2.1% 54.3% 3.2% 15.8% 84.2%

2 54.6% 3.8% 41.7% 2.4% 14.7% 85.3%

3 63.8% 2.3% 34.0% 2.1% 13.7% 86.3%

4 65.5% 3.9% 30.6% 1.7% 13.0% 87.0%

5 73.1% 3.6% 23.3% 11.9% 12.5% 87.5%

6 77.8% 3.4% 18.8% 2.8% 11.4% 88.6%

7 78.2% 3.3% 18.5% 2.1% 11.2% 88.8%

8 83.2% 2.9% 13.9% 2.7% 10.0% 90.0%

9 81.8% 6.2% 12.0% 29.6% 8.9% 91.1%

10 86.5% 5.8% 7.7% 9.2% 6.4% 93.6%



Table 11: Sources and Uses of Income for each Region

(1)

Region

(2)

Fraction of 

income 

from 

wages

(3)

Fraction of 

income 

from 

capital

(4)

Fraction of 

income 

from 

transfers

(5)

Capital-

Wage 

Ratio

(6)

Fraction of 

Expend. 

on Dirty 

Good

(7)

Fraction of 

Expend. 

on Clean 

Good

Northeast 69.0% 3.1% 27.9% 8.1% 11.1% 88.9%

Midwest 72.4% 2.9% 24.8% 13.8% 12.2% 87.8%

South 70.3% 3.8% 25.9% 4.0% 13.4% 86.6%

West 72.6% 5.1% 22.3% 5.2% 9.1% 90.9%



 Expenditure data show consistent patterns

◦ Poor spend a higher fraction on carbon-intensive goods

◦ The variance is higher when grouped by annual 
expenditure than when grouped by annual income

◦ South spends more, West spends less on dirty goods

 Factor incomes don’t show consistent patterns

◦ Poor households earn more from transfers, but no 
pattern in capital-wage ratio

◦ Exception: the two highest expenditure deciles have a 
higher fraction of income from capital

◦ West gets more from capital than other regions



Table 4: Base Case Simulation Results

Change in the price of the dirty good  7.21%

Change in the wage rate 0.0419%

Change in the return to capital –0.0694%

 The uses-side is determined primarily by the 
“direct” effect of the pollution price increase

 Capital bears a slightly higher share of burden

 Capital is a better substitute for pollution than is labor, 
so the substitution effect makes labor worse off

 But, it is dominated by the output effect, which goes in 
the other direction (the dirty sector is capital-intensive)



 For each decile, calculate the relative uses-
side burden and relative sources-side burden

◦ A value of 1% for uses-side means their costs 
increase by one point more than average

◦ 1% for a relative income burden means income 
decreases by one point more than average



Table 5: Incidence Calculations, Base Case Parameters, Income Deciles

Annual Income Decile Relative Expenditure 

Burden

Relative Income Burden

1 0.1009% 0.0208%

2 0.1803% 0.0157%

3 0.1154% 0.0109%

4 0.1009% 0.0059%

5 0.0865% -0.0019%

6 -0.0144% -0.0085%

7 -0.0361% -0.0107%

8 -0.0577% -0.0107%

9 -0.1803% -0.0111%

10 -0.2956% -0.0105%



Table 6: Incidence Calculations, Base Case Parameters, Expenditure 

Deciles

Annual Expenditure Decile Relative Expenditure 

Burden

Relative Income Burden

1 0.2884% 0.0104%

2 0.2091% 0.0069%

3 0.1370% 0.0020%

4 0.0865% 0.0024%

5 0.0505% -0.0009%

6 -0.0288% -0.0031%

7 -0.0433% -0.0033%

8 -0.1298% -0.0057%

9 -0.2091% -0.0028%

10 -0.3893% -0.0050%



 Uses-side incidence is regressive 

◦ No surprise

◦ More regressive when measured by expenditure 
deciles than by income deciles

 Sources-side incidence is regressive 

◦ Surprise?

◦ Less regressive than uses-side incidence

◦ Less regressive when measured by expenditure 
deciles than by income deciles



 Vary two sets of parameters

 Allen elasticities of substitution in dirty sector

◦ One case: capital is a much better substitute for 
pollution (eKL = 0.5,  eKZ = 1,  and  eLZ = –0.5)

◦ Another case: labor is a much better substitute for 
pollution (eKL = 0.5,  eKZ = –0.5,  and  eLZ = 1)

 Elasticity of substitution in utility

◦ One case with low elasticity (σu = 0.5)

◦ One case with high elasticity (σu = 1.5)



Table 7: Incidence, Annual Income Groups, Sensitivity Analysis

Capital a better substitute Labor a better substitute

(1) (2) (3) (4) (5)

Annual Income 

Decile

Relative 

Expenditure 

Burden

Relative 

Income

Burden

Relative 

Expenditure 

Burden

Relative 

Income 

Burden

1 0.1025% -0.0993% 0.0986% 0.2039%

2 0.1830% -0.0749% 0.1760% 0.1534%

3 0.1171% -0.0518% 0.1126% 0.1062%

4 0.1025% -0.0282% 0.0986% 0.0578%

5 0.0878% 0.0089% 0.0845% -0.0183%

6 -0.0146% 0.0407% -0.0141% -0.0834%

7 -0.0366% 0.0509% -0.0352% -0.1045%

8 -0.0586% 0.0512% -0.0563% -0.1049%

9 -0.1830% 0.0531% -0.1760% -0.1089%

10 -0.3001% 0.0503% -0.2886% -0.1032%



Table 9: Incidence, Annual Income Groups, Sensitivity Analysis

Low substitution in utility High substitution in utility

(1) (2) (3) (4) (5)

Annual Income 

Decile

Relative 

Expenditure 

Burden

Relative 

Income

Burden

Relative 

Expenditure 

Burden

Relative 

Income 

Burden

1 0.1014% -0.0134% 0.1005% 0.0545%

2 0.1810% -0.0101% 0.1795% 0.0412%

3 0.1158% -0.0070% 0.1149% 0.0285%

4 0.1014% -0.0038% 0.1005% 0.0155%

5 0.0869% 0.0012% 0.0862% -0.0049%

6 -0.0145% 0.0055% -0.0144% -0.0223%

7 -0.0362% 0.0069% -0.0359% -0.0280%

8 -0.0579% 0.0069% -0.0574% -0.0281%

9 -0.1810% 0.0072% -0.1795% -0.0292%

10 -0.2968% 0.0068% -0.2944% -0.0277%



 Uses-side is independent of parameter values

 Sources-side changes with parameter values

◦ When capital is a much better substitute than labor, 
the substitution effect dominates and places a 
higher burden on labor; more progressive

◦ When elasticity of substitution in utility is low, the 
output effect is small, placing less burden on 
capital; more progressive

 Same results for annual expenditure deciles



Table 12: Incidence Calculations, Regions, Sensitivity Analysis

Base Case Capital better substitute 

for Z

Labor better substitute 

for Z

(1) (2) (3) (4) (5) (6) (7)

Relative 

Expend. 

Burden

Relative 

Income 

Burden

Relative 

Expend. 

Burden

Relative 

Income 

Burden

Relative 

Expend. 

Burden

Relative 

Income 

Burden

Northeast -0.0433% -0.0004% -0.0439% 0.0020% -0.0422% -0.0041%

Midwest 0.0360% 0.0011% 0.0366% -0.0054% 0.0352% 0.0112%

South 0.1226% -0.0004% 0.1244% 0.0017% 0.1197% -0.0035%

West -0.1875% -0.0003% -0.1903% 0.0014% -0.1830% -0.0030%



 Uses-side incidence is higher on Midwest and 
South

◦ Not sensitive to parameter values

 Sources-side incidence is higher on Midwest

◦ Sensitive to elasticity parameter values



 Uses-side incidence is robust and consistent 
with prior partial equilibrium and CGE papers

◦ Regressive

 Sources-side incidence varies with important 
parameter values

◦ In the base case, is slightly regressive


