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What To Do

• How much GHG emissions can be reduced if 
a carbon tax is adopted in the transportation 
sector? 

• Is it appropriate that we use the existing 
elasticity estimates for evaluating the 
effectiveness of a carbon tax? 

• To answer these questions, we estimate the 
gasoline price elasticity induced by gasoline 
tax using the taxes and tax differences as 
instruments.



Motivation

• South Korea government has announced 
its medium term target for greenhouse gas 
emission on Nov. 17, 2009. 

– The announcement said that the country 
would be committed to reducing emission by 
30 percent from its BAU (Business-As-Usual) 
level projection in 2020.

• Once the reduction targets are set, the 
next step for government will be deciding 
how to achieve its goals.



Motivation

• Carbon tax system is one of the most cost-

effective instruments to reduce GHG 

emissions

– Many policy instruments have been 

considered for reducing emissions. 

– Among policy instruments, market-based 

policies, such as carbon tax and permit-

trading programs, have an important 

advantage over other measures 



Motivation

• How much GHG emissions can be 

reduced if a carbon tax is adopted in the 

transportation sector? 

• Is it appropriate that we use the existing 

elasticity estimates for evaluating the 

effectiveness of a carbon tax?

• This paper attempts to find an answer for 

these two questions.



Elasticity Estimates in the Previous Studies
Table 5. Elasticity Estimates in the Previous Studies

Cho, Kim, 

and Kim 

(2009)

Na

(2001)

Park

(2004)

Kim

(2007)

Model PAM ARDL ARDL OLS

Specification
Regional 

Panel
Aggregate Aggregate Aggregate

Sample Period
1999.1

~2006.12

1991.1

~1996.12

1997.1

~2000.12

1985. 1/4

~

2004. 3/4

1982~1996
1992~

2006

Price Elasticity

Gasoline -0.8454 -0.18 -0.99 -0.57 -0.076 -0.169

Diesel -0.0697 - - -0.36

Industry -0.043 -0.205

Transportation -0.049 -0.272

Residential -0.591 -0.511

Gasoline 0.0424 0.15 0.39 0.79 0.856 0.709

Income Elasticity

Diesel 0.2571 - - 0.69

Industry 0.781 1.31

Transportation 0.286 0.581

Residential -0.172 0.437



Data

• National gasoline prices, consumption, and 

taxes over the period 1999.1~2009.12
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Data
• Diesel taxes and tax difference between 

gasoline and diesel over the sample period

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

150

200

250

300

350

400

450

500

550
TAXDISEL

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

160

240

320

400

480

560

640
DIFFT



Prices and Taxes of Gasoline And Diesel



Single-Equation Models
• Gasoline Consumption Model (1)

Ln(Q)t = α0 + α1ln(P)t + mt + et

• Gasoline Consumption Model (2)

Ln(Q)t = α0 + α1ln(P)t + α2ln(P/Pd)t + mt + et

– Mostly gasoline and diesel are substitutable for each other. 

– To address this substitutability, we include price differences 
between gasoline and diesel in the single equation model. 

– Also, we use instruments with some lags because it takes 
times for car users to replace their old car by a new one. 

– The inclusion of this substitutability provides us for 
approaching a long-run effect of gasoline taxes especially 
when substitutable technologies are available.



OLS Estimation

Table 4. The Effect of Gasoline Prices on Gasoline Consumption

: Least Squares Estimates

Dependent Variable: ln(Q)t

Aggregate Regional Panel

ln(P) -0.3254 -0.6331

(standard error) (0.1220)*** (0.0687)***

Month of the year 

indicators
yes yes

Time fixed effects no yes

R2 0.4568 0.2409

Observations 132 2112

***, **, * represent statistical significance at 1%, 5%, and 10%, 

respectively.



IV Estimation
• OLS Estimation

– The estimate in the aggregate specification is consistent if 
prices are uncorrelated with et.  

– However, this orthogonality condition is unlikely to hold 
because of standard price endogeneity considerations. 

– Gasoline consumption increases cause prices to increase, 
leading to a spurious correlation between prices and et. 

– This correlation will cause estimates of the price elasticity to
be biased toward zero as all of the predicted consumption 
is attributed to the prices.

• Thus, we use an instrumental variable estimation to 
address the price endogeneity problem. 

– Especially, we exploit the gasoline taxes as instruments, 
which help us identify gasoline price movements directly 
driven by taxes.



Table 7. The Effect of Gasoline Prices on Gasoline Consumption

:Instrumental Variables Estimates

Dependent Variable: ln(Q)t

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

ln(P)t -0.2801 -0.2764 -0.2106 -0.2124 -0.2289

(st. error) (0.1792) (0.1421)* (0.1597) (0.1340) (0.1280)*

J-specification 9.1131 26.1035 31.8442 51.6316 69.5187

significance level of J (0.6932) (0.3479) (0.1625) (0.0556) (0.0284)

Instruments

(Lags)

ln(tax) ln(tax) ln(tax) ln(tax) ln(tax)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(tax/taxd) ln(tax/taxd) ln(tax/taxd)

(t to t-12) (t to t-24) (t to t-24)

(6) (7) (8) (9) (10)

ln(P)t -0.1543 -0.2117 -0.1860 -0.2264 -0.2792

(st. error) (0.1958) (0.1511) (0.1680) (0.1366) (0.1284)**

J-specification 16.2498 30.2709 29.0498 49.9882 63.6572

significance level of J (0.1800) (0.1759) (0.2618) (0.0752) (0.0777)

Instruments

(Lags)

ln(taxm) ln(taxm) ln(taxm) ln(taxm) ln(taxm)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(taxm/taxdm) ln(taxm/taxdm) ln(taxm/taxdm)

(t to t-12) (t to t-24) (t to t-24)

***, **, * represent statistical significance at 1%, 5%, and 10%, respectively.



Estimation: Table 7

• All the estimates in Table 7 are smaller 
than the OLS estimate of -0.3254 shown in 
Table 4. 

• Moreover, all the estimates except column 
(2) and (10) are not even statistically 
significant at the 10% significance level.

• Relatively high J, Invalid and Weak 
Instruments



Table 8. The Effect of Gasoline Prices on Gasoline Consumption

:Instrumental Variables Estimates

Dependent Variable: ln(Q)t

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

ln(P)t -0.3652 -0.3945 -0.2366 -0.2729 -0.2844

(st. error) (0.1876)* (0.1550)** (0.1643) (0.1440)* (0.1370)**

ln(P/Pd)t -0.0481 -0.0585 -0.0181 -0.0328 -0.0324

(st. error) (0.0275)* (0.0298)* (0.0262) (0.0289) (0.0287)

J-specification 5.878 21.9962 31.1916 50.4816 68.4151

significance level of J 0.8813 0.5204 0.1483 0.0552 0.0280

Instruments

(Lags)

ln(tax) ln(tax) ln(tax) ln(tax) ln(tax)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(tax/taxd) ln(tax/taxd) ln(tax/taxd)

(t to t-12) (t to t-24) (t to t-24)

(6) (7) (8) (9) (10)

ln(P)t -0.3498 -0.3482 -0.2125 -0.2921 -0.3476

(st. error) (0.2266) (0.1727)** (0.1730) (0.1471)* (0.1377)**

ln(P/Pd)t -0.1414 -0.1618 -0.0176 -0.0346 -0.0394

(st. error) (0.0486)*** (0.0486)*** (0.0263) (0.0289) (0.0288)

J-specification 4.8589 13.5182 28.4466 48.6728 61.8211

significance level of J 0.9378 0.9398 0.2416 0.0772 0.0867

Instruments

(Lags)

ln(taxm) ln(taxm) ln(taxm) ln(taxm) ln(taxm)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(taxm/taxdm) ln(taxm/taxdm) ln(taxm/taxdm)

(t to t-12) (t to t-24) (t to t-24)

***, **, * represent statistical significance at 1%, 5%, and 10%, respectively.



Estimation: Table 8

• Inclusion of the substitutability is important 

to measure the total price effect of 

gasoline consumption especially when the 

substitutable technology is available. 

• However, the relatively high J-statistics in 

column (4), (5), (9), and (10) indicate the 

model is invalid and the instruments are 

not strong at the 10% significance level.



Tax Increases

• The price effect on consumption will be 
different between tax increases and 
decreases. 
– Consumers may respond more to gasoline price 

when gasoline tax increases than when the tax 
decreases. 

• Since we focus on the effect of gasoline price 
on consumption induced by increases in 
gasoline taxes, we restrict the instruments to 
include the tax and tax difference only when 
the gasoline tax rises. 



Table 9. The Effect of Gasoline Prices on Gasoline Consumption

: Instrumental Variables Estimates When Tax Increases

Dependent Variable: ln(Q)t

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

ln(P)t -0.5163 -0.3144 -0.4327 -0.3836 -0.3870

(st. error) (0.2211)** (0.1572)** (0.2032)** (0.1484)** (0.1445)***

J-specification 8.6489 22.2628 25.9376 31.2203 45.2598

significance level of J 0.7325 0.5635 0.4109 0.7363 0.6255

Instruments

(Lags)

ln(tax) ln(tax) ln(tax) ln(tax) ln(tax)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

ln(tax/taxd) ln(tax/taxd) ln(tax/taxd)

(t to t-12) (t to t-24) (t to t-24)

(6) (7) (8) (9) (10)

ln(P)t -0.5189 -0.3160 -0.4404 -0.3909 -0.3893

(st. error) (0.2192)** (0.1566)** (0.2037)** (0.1485)*** (0.1446)***

J-specification 8.4171 22.0253 25.8779 31.1733 45.2394

significance level of J 0.7517 0.5777 0.4141 0.7382 0.6263

Instruments

(Lags)

ln(taxm) ln(taxm) ln(taxm) ln(taxm) ln(taxm)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(taxm/taxdm) ln(taxm/taxdm) ln(taxm/taxdm)

(t to t-12) (t to t-24) (t to t-24)

***, **, * represent statistical significance at 1%, 5%, and 10%, respectively.



Estimation: Table 9

• The IV estimates of the gasoline price effect 
on consumption of model (1) with the 
instrument variables of the taxes and tax 
differences only when the gasoline tax 
increases. 

• The estimates of price elasticity range from -
0.3144 to -0.5163, and are significantly 
different from zero at least at the 5% 
significance level. 

• And all the J-specifications tell the model is 
statistically valid and the instruments are 
statistically strong.



Table 10. The Effect of Gasoline Prices on Gasoline Consumption

: Instrumental Variables Estimates When Tax Increases

Dependent Variable: ;ln(Q)t

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

ln(P)t -0.8764 -0.6307 -0.4391 -0.5209 -0.5004

(st. error) (0.3649)** (0.1983)*** (0.2044)** (0.1630)*** (0.1580)***

ln(P/Pd)t -0.1341 -0.1169 -0.0114 -0.0604 -0.0514

(st. error) (0.0985) (0.0414)*** (0.0276) (0.0297)** (0.0294)*

J-specification 4.8475 12.6433 25.6105 27.1218 42.4958

significance level of J 0.9383 0.9593 0.3732 0.8569 0.6971

Instruments

(Lags)

ln(tax) ln(tax) ln(tax) ln(tax) ln(tax)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(tax/taxd) ln(tax/taxd) ln(tax/taxd)

(t to t-12) (t to t-24) (t to t-24)

(6) (7) (8) (9) (10)

ln(P)t -0.8582 -0.6274 -0.4469 -0.5298 -0.5031

(st. error) (0.3576)** (0.1971)*** (0.2048)** (0.1631)*** (0.1580)***

ln(P/Pd)t -0.1390 -0.1193 -0.0118 -0.0612 -0.0517

(st. error) (0.1050) (0.0424)*** (0.0276) (0.0297)** (0.0294)*

J-specification 4.7556 12.3997 25.5442 26.9498 42.4371

significance level of J 0.9424 0.9638 0.3766 0.8624 0.6993

Instruments

(Lags)

ln(taxm) ln(taxm) ln(taxm) ln(taxm) ln(taxm)

(t to t-12) (t to t-24) (t to t-12) (t to t-12) (t to t-24)

-- --
ln(taxm/taxdm) ln(taxm/taxdm) ln(taxm/taxdm)

(t to t-12) (t to t-24) (t to t-24)

***, **, * represent statistical significance at 1%, 5%, and 10%, respectively.



Estimation: Table 10
• The estimates of price elasticity range from -

0.4391 to -0.8764, and are significantly 
different from zero at least at the 5% 
significance level. 

• The estimates of the substitutability lie 
between -0.0114 and -0.1390, but only some 
of them are statistically different from zero, 
though. 

• And all the J-specifications tell the model is 
statistically valid and the instruments are 
statistically strong. 

• We consider these estimates as the most 
credible estimate of the likely effect of 
gasoline tax increases.



The Effect of A Gasoline Tax on 

Carbon Emissions 

• The price elasticity estimate captures the 

response of a driver without substitution to 

alternative vehicles. 

– A driver can adjust fuel efficient driving habits, 

keep the speed regulations, or use public 

transportation. 

• The cross elasticity can capture long-run 

response with substitution toward more 

fuel efficient vehicles.



Table 13. Tax Effect on Carbon Emissions

A. Tax Effect without Substitutability

tax \ per C ton gasoline tax per liter

% price 

increase 

(2009)

elasticity1

% gasoline 

consumption 

decrease

(2009)

decrease in gasoline 

consumption 

(1,000litre)

emission reduction 

(1,000 C ton)

50,000 31.3200 2.1648 0.6274 1.3582 141760.3 88.7987

100,000 62.6400 4.3296 0.6274 2.7164 283520.6 177.5973

200,000 125.2800 8.6592 0.6274 5.4328 567041.2 355.1946

300,000 187.9200 12.9887 0.6274 8.1491 850561.8 532.7919

400,000 250.5600 17.3183 0.6274 10.8655 1134082.4 710.3892

500,000 313.2000 21.6479 0.6274 13.5819 1417603.0 887.9865

B. Tax Effect with Substitutability

tax \ per C ton gasoline tax per liter

% price 

increase 

(2009)

elasticity2

% gasoline 

consumption 

decrease

(2009)

decrease in gasoline 

consumption 

(1,000litre)

emission reduction 

(1,000 C ton)

50,000 31.3200 2.1648 0.7467 1.6164 168716.0 105.6837

100,000 62.6400 4.3296 0.7467 3.2329 337432.0 211.3674

200,000 125.2800 8.6592 0.7467 6.4658 674864.0 422.7348

300,000 187.9200 12.9887 0.7467 9.6987 1012296.0 634.1022

400,000 250.5600 17.3183 0.7467 12.9316 1349728.0 845.4696

500,000 313.2000 21.6479 0.7467 16.1645 1687160.0 1056.8370



Tax Effects: with or without 

Substitutability
• In the upper panel in Table 13, the first row 

provides the effect of tax on carbon emissions 
without substitution to alternative vehicles if the 
carbon tax is charged an additional \50,000. The 
real price will rise by 2.16%, gasoline consumption 
decreases by 1.35%, and carbon emissions 
reduce by 88,799 C ton. 

• In the lower panel in Table 13, the first row 
measures the tax impact with substitutability if the 
carbon tax is charged an additional \50,000. 
Gasoline consumption is decreased by 1.61%, 
and carbon emissions are reduced by 105,684 C 
ton. 

• Technology and Tax Effect


