








 

  

Figure 2:  Fleet Fuel Economies by Firm Type 
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Appendix A:  Alternative Specifications and Tests 
 
 This appendix extends the econometric model of Section 4 to consider different 
forms, fixed effects, and conduct a “placebo” type test on unconstrained firms. 
 
 
Year fixed effects 
 
 My estimation of the shadow costs using a pooled sample rests on the assumption 
of relatively stable demand conditions over the period 1997–2001.  The second column of 
Table A1 shows that the estimates of !  are nearly unchanged when including fixed 
effects by year.  The estimated coefficients on year are also relevant as they signal 
changes in average markups over time:  None of the coefficients are significantly 
different from zero or one another and their magnitudes are all less than 0.05 in absolute 
value.1  This lends some support to the assertion that average markups, and by association 
demand conditions, were stable over the years considered. 
   
Structure of fixed effects 
 
 The ratio of markups, ! i , is the focus of the literature and also the parameter I 
allow to vary by make and fleet in the central case.  Column 3 of Table A1 considers the 
alternative, where ! i  is instead allowed to vary and !  is estimated as a scalar.  The 
coefficients of interest are slightly reduced in magnitude, although all that are significant 
in the central specification remain so. 
 
Placebo test 
 
 An instructive placebo test is to imagine that the other 4 manufacturers (Honda, 
Toyota, Other Asian, and European) are in fact constrained by CAFE around their 
average fuel economy.  This allows the construction of the LiC and LiT variables, and 
estimation together with the constrained domestic firms.  The results appear in column 4 
of Table A1.  While the coefficients are more often positive than negative none is 
significant at the 5% level.  The coefficient on European cars is positive and has the 
largest t-statistic (1.63), perhaps picking up the effects of the CAFE fines that alter the 
pricing of European imports.  Note that these vehicles tend to have high base prices and 
are part of an aggregate that includes complying companies, so we shouldn’t expect the 
difference in markups to be very large. 
 

                                                
1 Change in ! i  by model year: 
 

Year 1997 1998 1999 2000 2001 
Coefficient omitted -0.002 -0.001 -0.029 -0.042 
(SE)  (0.024) (0.026) (0.025) (0.026) 
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Table A1:  Alternative Specifications 
 
 

Case Central           
(Model IIb)

Year Fixed 
Effects

Fixed Effects 
in !

Unconstrained 
Makes

Fixed effects (") Make by fleet Make by fleet, 
year - Make by fleet

Fixed effects (!) - - Make by fleet -

Ford
4.02 3.75 1.40 3.00

(3.63) (3.87) (2.53) (3.27)
23.48 23.56 23.59 22.15
(5.68) (5.36) (5.41) (5.33)

Chrysler
27.49 27.70 24.98 24.34

(12.04) (11.43) (11.20) (11.28)
10.60 10.18 8.22 10.36
(3.90) (3.51) (3.05) (3.81)

GM
35.50 35.40 31.90 32.59
(8.82) (8.87) (6.33) (7.98)
20.80 21.11 20.93 19.61
(5.01) (5.18) (4.14) (4.70)

Honda
2.88

(7.05)
-3.14
(4.55)

Toyota
11.57
(7.70)
5.75

(3.94)
Other asian

-4.44
(11.47)

5.65
(6.10)

European
5.84

(3.57)
9.90

(11.01)

N 287 287 287 287
R-squared 0.89 0.90 0.89 0.90

Robust standard errors shown in parentheses.  The model is column IIb of Table 2, with the indicated
modifications and additions.  Findings from the main text are robust to the alternative forms considered.
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Appendix B:  Dynamics of Banking and Borrowing in U.S. CAFE Regulation 
 
 This appendix provides an outline of the dynamic decisions made by firms in the 
context of CAFE banking and borrowing. 
 
Banking and borrowing rules 
 
 Under the rules established for the CAFE program, a set of certified fleet fuel 
economies is produced for each firm on an annual basis.  Deviations from the standard 
are first used to offset the firm’s stock of credits or debts, beginning with the oldest.  
When no existing credits or debts remain, deviations from the standard are “banked” for 
three years into the future.  If a firm has debts owed from three years in the past and has 
failed to repay them, the firm is found to be in violation and a fine is assessed in the 
amount of $50 per vehicle per mile per gallon.  Notice that no violation occurs and no 
penalties are assessed if the firm repays its debts within three years. 
 The following example illustrates the accounting method used:  the “deviation” in 
year t, Yt, takes a positive value if the firm has a fleet fuel economy above the standard, 
and a negative value if it is below.  The values for !  take a positive value if the firm has 
credits that it may use to offset a negative deviation, and a negative value if it has debts it 
must repay.  As in the main text, the three subscripts on !  distinguish credits or debts 
according to years remaining until expiry: !0 , for example, indicates credits or debts that 
expire in the current year.  The following example considers ten years, starting with the 
inception of the regulation when the firm has no credits or debts: 
 

Deviation from 
standard Credits (+) or debts (-) Fine payment 

if violation

Year Yt !0 !1 !2 Ft

1 -2 0 0 0 -
2 0 0 0 -2 -
3 3 0 -2 0 -
4 0 0 0 1 -
5 0 0 1 0 -
6 -3 1 0 0 -
7 0 0 0 -2 -
8 0 0 -2 0 -
9 1 -2 0 0 50·Q

10 0 0 0 0 -
 

 
 In the first year of the regulation, the firm’s fleet is 2 miles per gallon below the 
standard, and so it carries a debt into the second year.  This is indicated by !2 = "2  in 
row 2.  It complies exactly in the second year, and so the debt continues into year three, 
now indicated by !1 = "2 .  The firm’s fleet is 3 miles per gallon over the standard in year 
3, so it repays the debt and accumulates a credit of 1 mile per gallon to be used in the 
future.  The values of !  are computed in this way through year 10.  Notice that in year 9 
the firm has an expiring debt that it fails to repay, and so it is fined $50 per vehicle. 
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 An interesting feature of this accounting system is that a firm’s action has the 
potential to affect violation in any future year, not just three years into the future.  For 
example, if the firm had deviated by -1 instead of -2 miles per gallon in the first year of 
regulation, it could have avoided violation altogether in the 9th year.  This result is 
somewhat counter-intuitive, since one might expect the three-year limit on banking and 
borrowing to limit the dependence of current violations on actions long in the past. 
 The set of necessary and sufficient conditions for compliance can be written after 
defining the evolution of the !  parameters through time.  There are four cases that must 
be considered.  The case of positive !  and negative Y is provided as an example in the 
main text; the accounting definitions in the remaining cases are provided below.  Notice 
that the accounting method means that a firm can not carry both credits and debts at the 
same time, so if any !  is positive (negative) all of the others are weakly positive 
(negative).  
 
For (!  ≥ 0 and Y ≥ 0) or (!  < 0 and Y < 0): 
 

 
!0,t+1 = !1,t
!1,t+1 = !2,t
!2,t+1 = Yt

 

 
For !  < 0 and Y ≥ 0: 
  

 

!0,t+1 =
!1,t

!0,t + !1,t +Yt
0
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otherwise                       

 

 
After computing the evolution of credits and debts as above, the compliance condition 
itself can be defined easily.  A firm is in compliance with regulation in all years t if and 
only if: 
 
 !0,t > 0  or  Yt > "!0,t  for all t  
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 The firm’s full maximization problem over time (without discounting) can then be 
written as: 
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where I(Q) = 0  iff  (!0,t > 0  or  Yt > "!0,t  for all t) . 
 
 The problem for the unconstrained firm reduces to period-by-period profit 
maximization since the right hand term drops out.  For constrained firms, however, the 
constraint includes multiple discontinuities and the complete history of a firm’s actions 
(since I depends on the entire time series of !0 , !1 , and !2 ).  In order to simplify the 
problem for estimation I define compliance in a single year as Yt ≥ 0.  This is a sufficient 
condition for compliance in the dynamic model, but abstracts from banking and 
borrowing.  If demands are certain and stable over time and assuming convex profits with 
respect to fleet fuel economy, however, the period-by-period solution to the static 
problem coincides with the solution to the full dynamic problem above. 


