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Appendix A: Control Variables and Data Sources 

Control Variables in (4): 

XM: Real personal income per capita at 1987 prices, in log form and normalized by subtracting 

the sample mean (inc);23 number of adults divided by public road mileage (logarithm: 

adults/road-mile) as a rough measure of potential congestion; ratio of total population to 

adults (logarithm: pop/adult) as a measure of family size; fraction of state’s population 

living in metropolitan statistical areas, normalized by subtracting its mean in the sample 

(Urban); fraction of the state’s population living in metropolitan statistical areas with a 

heavy-rail transit system (Railpop); a dummy variable to represent gasoline supply 

disruptions in 1974 and 1979 (D7479); and a time trend measured in years since 1966 

(Trend), intended to capture changes in technology and consumer preferences that we are 

unable to specify quantitatively.24 XM also includes two interaction variables: pm⋅inc and 

pm⋅Urban. 

XV: This set of variables includes inc, adults/road-mile, and Trend, already defined in XM. In 

addition there are two other variables: the national interest rate for auto loans (logarithm: 

interest); and the ratio of licensed drivers to adults (logarithm: licences/adult). 

XE: These variables include six of the variables in XM, namely inc, adults/road-mile, pop/adult, 

Urban, Railpop, and D7479. In addition we allow for the possibility of three distinct time 

trends in fuel efficiency: one before the OPEC embargo (1966-1973), another between the 

embargo and the Iranian revolution (1974-1979), and a third after the Iranian revolution 

(1980-2001). The rationale is that these events changed people’s perception of long-term 

prospects for oil supplies and therefore may have affected research and development efforts 

related to fuel efficiency. On the assumption that changes in technology cannot happen 

immediately, these variables (Trend66-73, Trend74-79, Trend80+) are specified in such a 

way that there is a break in the slope of the trend line but not a sudden “jump” from one 

                                                 
23 We also tried using disposable income, which excludes taxes, to see if it changed the strong influence that we find 
for income on the rebound effect.  The results are barely distinguishable from those presented here. 
24 We experimented with replacing these trends by three technology variables: vehicle volume, engine horsepower, 
and top speed (each in the form a fractional change in that measure since 1975, the earliest year for which we have 
the measure, and zero prior to 1975) plus a trend variable Techtrend equal to min{(year-1975), 0} in order to capture 
the effects of any earlier changes (assumed linear) in these variables. This approach did not improve the estimation.  
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regime to another. Specifically, Trend66-73 = Min(Trend,7); Trend74-79 = Max[0, 

Min[(Trend-7),6]}; and Trend80+ = Trend -Trend66-73 - Trend74-79. 

 

Data Sources: 

Adult population 
Definition: midyear population estimate, 18 years and over 
U.S. Census Bureau (http://www.census.gov) 
(http://eire.census.gov/popest/archives/1990.php and 
http://eire.census.gov/popest/data/states/ST-EST2002-ASRO-02.php) 
(accessed 12/03/2004). Corrected as described in text. 

 
Corporate Average Fuel Economy Standard (Miles Per Gallon) 

National Highway Traffic Safety Administration (NHTSA), CAFE  
Automotive Fuel Economy Program, Annual update 2001, Table I-1 
(http://www.nhtsa.dot.gov/cars/rules/cafe/FuelEconUpdates/2001/Index.html). Passenger car 
and light truck standard are averaged in each year using nationwide VMT as weights (see 
VMT source). 

 
Consumer price index – all urban consumers (1982-84=100) 

Bureau of Labor Statistics (BLS), CPI (http://www.bls.gov/cpi/). Note: all monetary 
variables (gas tax, new passenger vehicle price index, price of gasoline, personal income) are 
put in real 1987 dollars by first deflating by this CPI and then multiplying by the CPI in year 
1987. The purpose of using 1987 is for ease in replicating Haughton and Sarkar (1996). 

 
Highway Use of Gasoline (millions of gallons per year) 

1966-1995: FHWA, Highway Statistics Summary to 1995, Table MF-226 
1996-2001: FHWA, Highway Statistics, annual editions, Table MF-21 

 
Income per capita ($/year, 1987 dollars) 

Primary measure: Personal income divided by midyear population 
Personal income is from Bureau of Economic Analysis (BEA) (http://www.bea.doc.gov/) 
Alternative measures: 
(1) Disposable income per capita: Available from same web site as above, starting 1969; for 
1966-68 we interpolated by assuming it bore the same ratio to per capita personal income as 
existed in the same state for 1969-78. 
(2) Gross state product per capita: Available starting 1977; for 1966-1976 we interpolated by 
assuming it bore the same ratio to per capita personal income as existed in the same state for 
1977-87. 

 
Interest rate: national average interest rate for auto loans (%) 

Definition: average of rates for new-car loans at auto finance companies and at commercial 
banks. 
Source: Federal Reserve System, Economic Research and Data, Federal Reserve Statistical 
Release G.19 “Consumer Credit” 
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(http://www.federalreserve.gov/releases/g19/hist/cc_hist_tc.html). Available starting 1971 
for auto finance companies, 1972 for commercial banks. For earlier years in each series, we 
use the predicted values from a regression explaining that rate using a constant and Moody's 
AAA corporate bond interest rate, based on years 1971-2001 (finance companies) or 1972-
2001 (commercial banks). 

 
New Car Price Index: price index for U.S. passenger vehicles, city average, not seasonally 
adjusted (1987=100) 

Source: Bureau of Labor Statistics web site. 
Note: Original index has 1982-84=100. 
 

Number of vehicles: Number of automobiles and light trucks registered 
1966-1995: FHWA, Highway Statistics Summary to 1995, Table MV-201 
1996-2001: FHWA, Highway Statistics, annual editions, Table MV-1 
Note: “Light trucks” include personal passenger vans, passenger minivans, utility-type 
vehicles, pickups, panel trucks, and delivery vans. 

 
Price of gasoline (cents per gallon, 1987 dollars) 

Data Set A: U.S. Department of Energy (USDOE 1977), Table B-1, pp. 93-94 (contains 
1960-1977) 
Data Set B: Energy Information Administration, State Energy Data 2000: Price and 
Expenditure Data, Table 5 (contains 1970-2000) 
2001: Energy Information Administration, Petroleum Marketing Annual, Table A1. 
Note: We use Data Set B for 1970-2000, and for the earlier years we use predicted values 
from a regression explaining Set B values for overlapping years (1970-1977) based on a 
linear function of Set A values. 
 

Public road mileage: Total length of roads in state (miles) 
1966-1979: FHWA, Highway Statistics, annual editions, Table M-1 
1980-1995: FHWA, Highway Statistics Summary to 1995, Table HM-220 
1996-2001: FHWA, Highway Statistics, annual editions, Table HM-20 
 

Rail Transit Availability Index (Railpop) 
Definition:  Fraction of the state’s population living in metropolitan statistical areas with a 

subway or heavy rail transit system. 
Source for existence of rail by metro area: American Public Transportation Association 

(APTA) (http://www.apta.com) 
Source for population by Metropolitan Statistical Areas: Statistical Abstract of the United 

States, section on “Metropolitan Statistics”, various years. 
Note: Data are missing for years 1969, 1971, 1974, 1979, 1981, 1982, 1989; for those years 

we interpolate between the nearest available years. 
 

Number of Licensed Drivers 
1966-1995: FHWA, Highway Statistics Summary to 1995, Table DL-201 
1996-2001: FHWA, Highway Statistics, annual editions, Table DL-1C 
Some outliers in this series were replaced by values given by a fitted polynomial of degree 3. 
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Urban Road Mileage (miles): Total municipal mileage 

1966-1979: FHWA, Highway Statistics, annual editions, Table M-1 
1980-1995: FHWA, Highway Statistics Summary to 1995, Table HM-220 
1996-2001: FHWA, Highway Statistics, annual editions, Table HM-20 

 
Urbanization: Share of total state population living in Metropolitan Statistical Areas (MSAs), 
with MSA boundaries based on December 2003 definitions.  
Available starting 1969; for earlier years, extrapolated from 1969-79 values assuming 
constant annual percentage growth rate. Source: Bureau of Economic Analysis, Regional 
Economic Accounts (http://www.bea.doc.gov/bea/regional/reis/) 

 
VMT (Vehicle Miles Traveled),in  millions 

1966-1979: FHWA, Highway Statistics, annual editions, Table VM-2 
1980-1995: FHWA, Highway Statistics Summary to 1885, Table VM-202 
1996-2001: FHWA, Highway Statistics, annual editions, Table VM-2 
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Appendix B: Variable Measuring Strength of CAFE Regulation 

We followed the following steps to create the variable. 

 1. We first estimate the reduced-form equation explaining fuel intensity—i.e., the 

empirical counterpart of the third of equation set (1)—on data only from 1966-1977, with no 

regulatory variable included (since there was no regulation then). This equation should in 

principle include all exogenous variables from all three models (including PV for the V equation); 

we simplified it by dropping the variable Railpop, which seemed to have little effect in this short 

time series. Like our other equations, it also includes one lag of the dependent variable, and 

allows for fixed effects and autocorrelated errors. It does not include other endogenous variables, 

either current or lagged; the reason is that, unlike in an instrumental variables regression, our 

objective is to estimate a predictive model for what fuel intensity would have been in the absence 

of CAFE regulation and therefore we cannot use information about what actually happened to 

the endogenous variables. In theory, this equation could include any number of lagged values of 

independent variables, because they would be present in a complete solution of system (1) for the 

time path of fint; however on this very short time series it is impractical to estimate so many 

parameters, especially of variables that are highly correlated as current and lagged values are 

likely to be. For the same reason of parsimony, we included only a single time trend in this 

predictive equation. 

 We denote this equation by: 

( ) ( ) it
fR

it
fR

ti
fR

ti uXfintfint ++= − βα 1,,  (B.1) 

where i designates a state, superscript R indicates the reduced form, and XfR denotes the set of all 

exogenous variables used, including prices, as described above. The results of this estimation are 

shown in Table B1. The statistically significant coefficients are those of (fint)t-1, D7479, and pv. 

The price of fuel is not statistically significant (t-statistic -1.02) but has the reasonable value 

of -0.021. 

 

 2. The coefficient αfR of the lagged dependent variable is interpreted as arising from the 

following partial adjustment model: 

{ } ittitititi ufintfintfintfint +−⋅+= −− 1,
*
,1,, )()()()( γ  (B.2) 
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where *
,)( tifint  denotes a long-run desired value for the logarithm of fuel intensity. That is, users 

basing decisions in year t desire to shift the vehicle stock toward one with fuel efficiency *
,)( tifint  

but they can do so only part way by changing a portion γ of the stock in that year. Thus it is 

natural to interpret *
,)( tifint  as the target fuel efficiency for new car purchases and γ as the 

fraction of the fleet that turns over each year. It is easy to see that (B.2) is the same as (B.1) if we 

choose γ=1-αf and  

( ) f

fR
it

fR

ti
Xfint
α

β
−

=
1

*
, . (B.3) 

This value is computed for each state and each year t. 

 

 3. From the estimated values of ( )*,fint ti , we compute the US average desired fuel 

intensity, averaged the same way as vehicles are averaged under CAFE regulations: namely, 

( )
∑

∑

i
it

i
itit

t M

fintM
FintUS

*

*
)(exp

)(  (B.4) 

where Mit is aggregate VMT for state i. 

 

 4. Finally, we assume CAFE is binding whenever the desired efficiency 

( )** /1 tt FintUSE ≡  is less than the minimum mandated efficiency, tE . The latter is computed as a 

weighted average of the CAFE standards for light trucks and cars, the weights being current 

nationwide light truck and car VMT, reduced by 16%, which is an estimate of the difference 

between fuel efficiency achieved in real driving and that achieved on the tests used to enforce the 

CAFE standard (Harrington, 2003). A measure of the strength of CAFE regulation is then  

⎭
⎬
⎫

⎩
⎨
⎧

≡ 1 ,max *
t

t
E E

ER  

or its logarithm, 

( ){ }0 ,  max *
tt eecafe −≡  (B.5) 

where )ln( tt Ee =  and )ln( **
tt Ee = . Note this measure is nationwide, not state-specific. 
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Table B1. Fuel Intensity Equation: Reduced Form Estimated on 1966-1977 Data 

Variable Coefficient Std. Error
fint(t-1) 0.6386 0.0443
pf -0.0209 0.0204

Inc 0.0169 0.0288
adults/road-mile 0.0363 0.0273
pop/adult 0.0852 0.0910
Urban -0.1974 0.2328
D7479 -0.0213 0.0060
Trend -0.0097 0.0024

pv -0.2209 0.0798
Interest 0.0213 0.0298
licences/adult 0.02605 0.0262

constant -0.9822 0.3584
Rho -0.1241 0.0625

No. of observations 510 
Adjusted R-squared 0.8967 
S.E. of regression 0.0253 
Sum squared resid 0.2858 
Durbin-Watson stat 1.9975 

 Note: 50 constants for individual states are not shown. 
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Appendix C: Results of Model with Fuel Price and Fuel Intensity Entered Separately 

 

Variable Coefficient Stndrd. Error Coefficient Stndrd. Error

vma(t-1) 0.8222 0.0157 0.0390 0.0184
vehstock 0.0377 0.0122 0.0857 0.0166

pf -0.0583 0.0053 -0.0858 0.0067
pf*(inc) 0.0971 0.0230 0.1666 0.0322
pf*(Urban) 0.0554 0.0269 -0.0300 0.0330

fint 0.0174 0.0149 -0.5840 0.0150
fint*(inc) 0.0854 0.0505 0.3349 0.0558
fint*(Urban) -0.1039 0.0572 -0.1159 0.0573

inc 0.0741 0.0164 0.3686 0.0238
adults/road-mile -0.0141 0.0066 -0.0517 0.0161
pop/adult 0.0815 0.0608 1.1845 0.1125
Urban -0.0523 0.0238 0.0479 0.0868
Railpop -0.0061 0.0105 -0.0191 0.0180
D7479 -0.0475 0.0038 -0.0137 0.0020
Trend 0.0010 0.0004 -0.0002 0.0007

constant 1.6955 0.1476 9.0193 0.1846
rho -0.0897 0.0231 0.8128 0.0138

No. observations
Adjusted R-squared
S.E. of regression
Durbin-Watson stat
Sum squared resid

Notes: 
Estimates of fixed effects coefficients (one for each state except Wyoming) are not shown.

Table C1. Usage Equation

Estimated Using 3SLS Estimated Using OLS

1,734 1,734
0.9776 0.9882
0.0337 0.0244
1.8853 2.0551
1.8927 0.9967

Variables inc , Urban , and the constituent variables in pm  are normalized by subtracting their mean value in the sample, 
both in the variable itself and in any interactions it takes. As a result, the coefficient of any variable in its uninteracted  form 
gives the effect of that variable on vma at the mean values of the other variables.
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Variable Coefficient Stndrd. Error Coefficient Stndrd. Error

vehstock(t-1) 0.8352 0.0149 0.8277 0.0153
vma 0.0571 0.0178 0.0828 0.0166

pv -0.1073 0.0383 -0.1120 0.0393
pf -0.0149 0.0073 -0.0130 0.0074
fint 0.0567 0.0152 0.0705 0.0141

inc 0.0165 0.0161 0.0064 0.0163
adults/road-mile -0.0214 0.0070 -0.0201 0.0071
Trend -0.0009 0.0008 -0.0009 0.0008
interest -0.0043 0.0075 -0.0040 0.0077
licenses/adult 0.0333 0.0195 0.0302 0.0200

constant -0.4145 0.1778 -0.6655 0.1668
rho -0.1356 0.0282 -0.1264 0.0291

No. observations
Adjusted R-squared
S.E. of regression
Durbin-Watson stat
Sum squared resid

Notes: 
Estimates of fixed effects coefficients (one for each state except Wyoming) are not shown.

Table C2. Vehicle Stock Equation

Estimated Using 3SLS Estimated Using OLS

1,734 1,734
0.9650 0.9651
0.0357 0.0357
1.9475 1.9511
2.1331 2.1300

 

Variable Coefficient Stndrd. Error Coefficient Stndrd. Error

fint(t-1) 0.7663 0.0203 -0.0780 0.0197
vma -0.0522 0.0234 -0.7635 0.0210

pf+vma -0.0383 0.0072 -0.0739 0.0077
cafe -0.1048 0.0131 -0.3018 0.0224

inc 0.0283 0.0186 0.3983 0.0280
pop/adult 0.0164 0.0687 0.7934 0.1432
Urban -0.0780 0.0598 -0.2058 0.2312
D7479 -0.0103 0.0045 -0.0193 0.0025

Trend66-73 0.0007 0.0011 0.0057 0.0052
Trend74-79 -0.0026 0.0011 -0.0043 0.0024
Trend80+ -0.0040 0.0005 -0.0141 0.0009

constant 0.2303 0.2031 4.8929 0.2519
rho -0.1299 0.0245 0.7930 0.0169

No. observations
Adjusted R-squared
S.E. of regression
Durbin-Watson stat
Sum squared resid

Notes: 
Estimates of fixed effects coefficients (one for each state except Wyoming) are not shown.

Table C3. Fuel Intensity Equation

Estimated Using 3SLS Estimated Using OLS

1,734 1,734
0.9624 0.9792
0.0388 0.0288
1.9168 2.2404
2.5071 1.3883

 


