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Abstract

This paper uses a natural experiment in the municipal solid waste industry to empirically
measure the effect of market structure on prices. The 1993 Resource Conservation and Recovery
Act Subtitle D amendments mandated that all active municipal solid waste landfills make costly
technological improvements or exit. | assemble a data set of Illinois landfills and show that more
than half of the active landfills chose to exit rather than make the necessary technological
improvements. As compared to firms who made the technological improvements (survivors),
exiting firms were smaller, older, more likely to be located in areas with high land prices, and
less intensive in their operations as defined by a constructed measure of capacity usage. Using
the change in concentration due to the regulation, | estimate the causal effect of spatial
competition on prices among surviving landfills. | find that a one percent increase in the
distance between landfills causes a 0.37 percent increase in price. In total, producer prices rose
by 11 percent due to increased market power. This represents an increase in aggregate revenue
of 51 million dollars, although the implied impact on per capita expenditure is small: consumers
pay an additional $3.96 per year for garbage disposal due to the increase in spatial differentiation
among landfills. Furthermore, for consumers the increase in the price of waste disposal due to
increased market power is offset by an accompanying decrease in the price due to the exit of
landfills with high marginal costs of production. The net change in the quantity-weighted
average price is a savings of $0.80 per year.

“ I would like to thank Steven Levitt, Pablo Pena, Jesse Shapiro, Chad Syverson, Mathis Wagner, and participants at
the University of Chicago Applied Microeconomics Working Group for their helpful comments. All errors are my
own. Contact information: Department of Economics, The University of Chicago, 1126 E. 59" St., Chicago, IL
60637. E-mail: mtomarel@uchicago.edu. http://home.uchicago.edu/~mtomarel.
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Appendix A — Variable Description

Price is the reported annual price per cubic yard of waste received by a landfill. Prices have been deflated by
the Midwest Consumer Price Index-All Urban Consumers (CPI-U) and are expressed in constant 2000 dollars.
Price is reported starting in 1991. Source: Illinois Annual Capacity Reports.

Log Quantity is the reported annual gate cubic yards of waste disposed of by a landfill. Gate references the
volume before compaction, that is, what is dropped off at the gate of the landfill. Source: Illinois Annual
Capacity Reports.

Age is the number of years since a landfill first opened. Source: Illinois Annual Capacity Reports.

Total Disposal Acres is the total number of permitted acres for disposal. 1995-2003 Source: Illinois Annual
Capacity Reports and 1987-1994 Source: The Illinois Waste Management and Research Center.

Leachate Collection System is a dummy variable equal to one if a landfill has implemented a system for
collecting leachate. 1995-2003 Source: Illinois Annual Capacity Reports and 1987-1994 Source: The Illinois
Waste Management and Research Center.

Methane Gas System is a dummy variable equal to one if a landfill has implemented a system for collecting
methane gas. 1995-2003 Source: lllinois Annual Capacity Reports and 1987-1994 Source: The Illinois Waste
Management and Research Center.

Private Ownership is a dummy variable equal to one if a landfill is privately owned. Source: Illinois Annual
Capacity Reports.

Distance to Highway is the Euclidean distance, measured in miles, from a landfill’s location to an Illinois
state road. This was measured using ArcGIS. Source: Illinois State Geological Survey.

Within 500 vertical feet of an aquifer is a dummy variable equal to one if a landfill is located within five
hundred vertical feet of a major bedrock aquifer. This variable was created by merging a landfill’s location
with an ArcGIS data set of polygon feature classes regarding the locations of aquifers. The average size of the
polygon feature class is 203 square miles, roughly one third the size of the average Illinois county. Source:
Illinois State Geological Survey.

County Population Density is the annual county population estimate per square mile. Source: United States
Census, Population Division and Illinois Statistical Abstract.

County Log Average Construction Wage is the reported annual earnings per employee for the classification
SIC 1700 (construction), divided by 2,040 hours (51 weeks x 40 hours a week). Wages are deflated by the
Midwest Consumer Price Index-All Urban Consumers (CPI-U). Source: United States Census County
Business Patterns.

County Log Farmland Value is the average county market value per acre of farmland. This variable is only
available for the census years 1987, 1992, 1997, and 2002. The remaining years have been filled in as follows:
if t is a census year, then for the years t-1 and t+1, the year t value is assigned, for the two middle years (t+2,
t+3) the average of the census years t and t+5 is assigned. Source: United States Census of Agriculture.

Chicagoland is a dummy variable equal to one if a landfill is located in the following counties: Cook, DeKalb,
DuPage, Grundy, Kankakee, Kane, Kendall, Lake, McHenry, and Will.
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Appendix B - Calculation of Volume Per Compacted Unit of Waste

I construct each landfill’s volume of a compacted unit of waste by using the following two
relationships:

. o . . . 1
Landfill capacity in terms of quantity units =Volume of Landfill * - -
Volume of one compacted quantity unit

t
Remaining Capacity in year t = Capacity in terms of quantity units —kleuantity received in year k

The first equation states that the capacity of an empty landfill, measured in units of waste, is equal to
its volume divided by the volume of a unit of compacted waste. The second equation expresses the stock of
remaining capacity at the end of year t, measured in units of waste, and equals original capacity less the sum of
units used as of year t.

Using these two equations we can solve for the volume of one unit of compacted waste. Let ¢,
represent the volume of one unit of compacted waste for landfill i, cap;, the remaining capacity for a landfill
i at time t in terms of units of waste, qty,, the units of waste received by landfill i in year k, and V, the

volume of landfill i. Rearranging for ¢, gives
V.
¢i = It
cap; + z qty;,
k=1
I use the above formula to calculate the volume of one unit of compacted waste for all landfills in my
sample in each year they are observed active, denoted ¢, . Of the variables in the formula, remaining capacity

measured in units of waste and the quantity of waste received are observable for each year of the sample. In
order to calculate the cumulative sum of total waste disposed as of year t, I multiple the age of the landfill in
year t by the average quantity disposed over the observable sample years prior to and including year t. | do not
observe the original volume of a landfill but | do observe a landfill’s permitted disposal acres, height, and
depth. Using these three pieces of information I calculate a landfill’s volume based on a standard industry
formula for the design volume of a landfill**.

My measure of @, can be expressed as

(/;. _ f (Acres,, height,, depth,)

cap, + Age, *qty,
Where f (-) is the function converting a landfill’s acreage, height, and depth into volume, and wit is the
average annual quantity received, from the year 1987 to year t.

* The design volume of a landfill is equivalent to the volume of two pyramids. The first is inverted and measures
the volume of waste below the ground based on the permitted depth of the landfill, and the second measures the
volume of waste buried under soil but above ground level, based on the permitted height of landfill. In reality,
landfills do not reach a peak and the design formula takes into account the flat top and bottom.
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Figure 1: Number of Landfills and Exit Rates
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Figure 3: Annual Percent Change in Average Distance and Price among Surviving
Landfills
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Figure 4: Instrumental Variables First Stage — Actual Change in Distance vs. Predicted
Change in Distance for the Period 1991-1996
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Figure 5: Dispersion in VVolume per Unit
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Figure 6: Quantity-Weighted Average Volume per Compacted Unit
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Figure 7: Quantity-Weighted Average Price
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Table 1: Descriptive Statistics

Standard
Variable Mean Deviation ~ Minimum  Maximum
Price Per Cubic Yard (N=761) 9.577 3.291 3.606 25.850
VVolume Per Compacted Unit 0.479 0.618 0.063 3.850
Distance to Closest Landfill 20.283 10.695 1.823 59.208
Log Quantity (Cubic Yards) 12.047 1.971 2.996 16.172
Age 15.990 6.661 1 37
Total Disposal Acres 68.620 56.708 3 372
Private Owner” 0.724 0.447 0 1
Distance to State Highway 6.983 8.514 0.008 48.962
Within 500 Vertical Feet of an Aquifer”® 0.545 0.498 0 1
Leachate Collection System” 0.380 0.486 0 1
Methane Gas System” 0.157 0.364 0 1
County Population Density 653.700 1445.301 18.493 5685.589
County Log Average Construction Wage 2.785 0.279 1.689 3.340
County Log Farmland Value 7.779 0.478 6.770 8.928
Chicagoland” 0.256 0.437 0 1

This table shows descriptive statistics for the variables used In this paper. Statistics are across 1,344 landfill-year observations

unless stated otherwise. ” indicates a dummy variable.



Table 2: Predicting Exit Due to the Regulation

Dependent Variable=1 if Landfill Exited Due to the Regulation

Equality of Means

One Standard
1991 Observations Deviation Effect | Survivors Exiters Difference
1) (2) 3) (4) () (6)
Volume Per 0.351** 0.371** 0.28 0.394 0.894  -0.499**
Compacted Unit (0.120) (0.172) (0.329) (0.909) (0.157)
Age 0.039** 0.20 13.11 16.46  -3.35**
(0.015) (5.90) (3.89) (1.038)
Total Disposal Acres -0.004* -0.19 75.00 4446  30.54**
(0.002) (53.67)  (36.79) (9.58)
County Log 0.725** 0.37 7.700 7.672 0.028
Farmland Value (0.346) (.463) (0.540) (0.110)
Distance to -0.001 17.68 19.06 -1.38
Closest Landfill (0.008) (8.06) (8.23) (1.75)
Log Quantity -0.075 12.43 11.09 1.34**
(0.076) (1.03) (1.45) (0.28)
Private Ownership” -0.156 0.838 0.615  0.222**
(0.153) (0.373) (0.491) (0.096)
Distance to 0.008 5.77 8.43 -2.66
State Highway (0.008) (8.75) (1.30) (1.96)
Within 500 vertical -0.014 0.514 0.596 -0.083
feet of an aquifer® (0.162) (0.507) (0.495) (0.108)
Leachate Collection -0.195 0.135 0.077 0.058
System” (0.251) (0.347)  (0.269)  (0.066)
County Population -5E-05 48791 576.15  -88.24
Density (7E-05) (1215.89) (1437.45) (290.39)
County Log Average -0.069 2.746 2.691 0.055
Construction Wage (0.338) (0.246)  (0.044) (0.062)
Chicagoland” -0.278 0.27 0.19 0.08
(0.261) (0.45) (0.40) (0.09)
N 89 89 38 51 89
Log Likelihood -54.08 -36.79
R-Squared 0.11 0.36

Columns (1) and (2) present marginal probabilities and standard errors in parenthesis from a probit in which the dependent variable
equals one if a landfill is classified as exiting from the regulation, zero if classified as a survivor (please see Section 3 for more
details). ~ indicates a dummy variable. Columns (4)-(6) present means by the two groups and a test of equal means. Standard
deviations (standard errors) are in parentheses. All results are based on the 1991 observations. ** indicates significance at the 5
percent level,* at the ten percent level.



Table 3: Test of Equal Means for
Surviving Landfills Below and Above the
Median Change in Distance

1991 Observations Below Above Difference
Volume Per 0.345 0.356 -0.012
Compacted Unit (0.296) (0.324) (0.101)
Log Quantity 12.62 12.496 0.126
(1.262) (0.992) (0.368)
Age 12.42 13.68 -1.26
(4.91) (6.50) (1.87)
Total Disposal Acres 75.47 67.05 8.42
(53.96) (51.64) (17.13)
Private Ownership” 0.79 0.89 -0.11
(0.42) (0.32) (0.12)
Distance to 16.55 18.82 -2.27
Closest Landfill (10.65) (14.24) (4.08)
Distance to 4.43 7.76 -3.33
State Highway (7.60) (9.66) (2.82)
Within 500 vertical 0.63 0.42 0.21
fee of an Aquifer® (0.50) (0.51) (0.16)
County Population 773.71 463.11 310.60
Density (1647.92) (282.06) (471.68)
County Log Average 2.800 2.668 0.132
Construction Wage (0.217) (0.290) (0.084)
County Log 7.798 7.574 0.224
Farmland Value (0.453) (0.520) (0.158)
Chicagoland” 0.42 0.16 0.26*
(0.51) (0.37) (0.14)
N 19 19 38

* indicates significance at the 10 percent level.
Standard deviations (standard error) are in parentheses. ” indicates a dummy
variable. Results are based on the 1991 observations. "Below" ("Above") refers
to landfills for which the change in distance to the closest competitor over the
years 1991-1996 was below (above) the median change.



Table 4: First Stage Regressions of the Actual Change in Distance on Predicted Change in Distance

A. Levels

Dependent Variable: Actual Change in Distance to the Closest Landfill

Table 5: Second Stage Regressions
No Controls

Table 6: Second Stage Regressions
With Controls

(7) (8) (9) (10)
Predicted Change in  1.182*  1.233* 1.077* 1.059*
Distance to the (.227)  (0.200) (0.186) (0.206)
Closest Landfill

1991& 1991& 1991& 1991 &
1996 96-97 96-02 96-03

(Partial) R-Squared 0.60 0.64 0.60 0.56
N 38 38 37 34

Time Period

(7) (8) (9) (10)
1.157* 1.219* 1.112* 1.092*
(0.244) (0.224) (0.216) (0.234)

1991& 1991& 1991& 1991 &
1996 96-97 96-02 96-03

0.57 0.62 0.59 0.57
38 38 37 34

B. Logs

Dependent Variable: Actual Change in Log Distance to the Closest Landfill

Table 7: Second Stage Regressions
No Controls

Table 8: Second Stage Regressions
With Controls

(7) (8) (9) (10)
Predicted Change in  0.713* 0.772* 0.910* 0.917*
Log Distance tothe  (0.106) (0.095) (0.131) (0.032)
Closest Landfill

1991& 1991& 1991& 1991 &
1996 96-97 96-02 96-03

(Partial) R-Squared 055 060 070  0.69
N 38 38 37 34

Time Period

(7) (8) 9) (10)
0.692* 0.742* 0.905* 0.914*
(0.095) (0.094) (0.154) (0.158)

1991& 1991& 1991& 1991 &
1996 96-97 96-02 96-03

0.60 0.63 0.67 0.67
38 38 37 34

This table presents the first stage regression results for the instrumental variables regressions of Tables 5-8. For example, the first column of part
A corresponds to column (7) of Table 5. *indicates significance at the 1% level. Standard errors are robust to heteroskedasticity and clustered at
the county level. Each specification regresses the actual change in (log) distance to the closest competitor on the predicted change in (log)
distance to the closest competitor. The actual change in (log) distance is defined as the difference between a post-regulation observation and the

1991 pre-regulation observation. The post-regulation observation for column (7) is the 1996 observation and for columns (8)-(10) it is the average of

the specified years. The predicted change in (log) distance is defined as the difference between the predicted post-regulation (log) distance to the
closest competitor (see Section 5.2 for definition) and the actual (log) distance to the closest competitor in 1991. Please see Section 5.2 or Table 6

for the list of regression controls.



Table 5: Landfill Price Regression - Levels, No Controls

Dependent variable: Landfill Price

OLS IV
(1) 2 3) (4) (5) (6) (7) (8) 9) (10)
Distance to 0.037* 0.051* 0.063** 0071* 0077  0.076 0.120%* 0.115%* 0.120**  0.109*
Closest Landfill (0.021) (0.027) (0.038) (0.038) (0.045) (0.046) (0.054) (0.049) (0.051) (0.057)
Specification FE FE DD DD DD DD DD DD DD DD
Time Period 1991-  1991- 1991& 1991& 1991& 1991&  1991& 1991& 1991& 1991 &
1996 2003 1996  96-97  96-02  96-03 1996  96-97  96-02  96-03
R-Squared 0.16 0.14 0.06 0.08 0.09 0.07 0.01 0.05 0.06 0.05
N 228 488 38 38 37 34 38 38 37 34

** indicates significance at the 5% level, * indicates significance at the 10% level. Standard errors are robust to heteroskedasticity and clustered at the county level. Landfill price
is the price per cubic yard of waste and distance is the travel distance to the closest landfill measured in miles. Fixed effects specifications include year dummies. The DD
specifications regress the change in price on the change in distance (and controls), where the change is defined as the difference between a post-regulation observation and the
1991 pre-regulation observation. The post-regulation observation for columns (3) and (7) is the 1996 observation and for columns (4)-(6), (8)-(10) it is the average of the
specified years.



Table 6: Landfill Price Regression - Levels, With Controls

Dependent variable: Landfill Price

OLS v
) ) 3) (4) (5) (6) (7) (8) (9) (10)
Distance to 0.037* 0.060** 0.084* 0.086** 0.085* 0.078 0.138** 0.129** 0.123* 0.112*
Closest Landfill (0.021) (0.027) (0.043) (0.041) (0.047) (0.050) (0.064) (0.058) (0.060) (0.063)
Specification FE FE DD DD DD DD DD DD DD DD
Time Period 1991- 1991- 1991& 1991& 1991& 1991 & 1991 & 1991& 1991& 1991 &
1996 2003 1996 96-97 96-02 96-03 1996 96-97 96-02 96-03
R-Squared 0.2 0.2 0.19 0.2 0.18 0.15 0.15 0.18 0.17 0.14
N 228 488 38 38 37 34 38 38 37 34
Significant Controls
Total Disposal Acres -0.007* -0.005 -0.018* -0.019* -0.014 -0.012 -0.022* -0.022* -0.015 -0.014
(0.004) (0.003) (0.009) (0.010) (0.008)  (0.008) (0.011) (0.011) (0.009)  (0.009)
County Population -0.011* -0.007** -0.015 -0.011 -0.016* -0.014* -0.008  -0.007 -0.012 -0.012
Density (0.006) (0.003) (0.010) (0.009) (0.008) (0.008) (0.012) (0.010) (0.010) (0.010)
County Average -0.0004** -0.0004* -0.0006** -0.0005** -0.0009 -0.0009 -0.0005* -0.0004* -0.0006 -0.007
Farmland Value (0.0001) (0.0001) (0.0002) (0.0002) (0.0005) (0.0005)  (0.0002) (0.0002) (0.0006) (0.0006)
** indicates signif-icance at the 5% level, * indicates signif-icance at the 10% level. Standard errors are robust to heteroskedasticity and clustered at the county level. Landfill price

is the price per cubic yard of waste and distance is the travel distance to the closest landfill measured in miles. Regression controls include the size of the landfill (acres),
dummies for methane gas and leachate management systems, county average construction wage, county average value of farmland (per acre), and county population density.
Fixed effects specifications include year dummies. The DD specifications regress the change in price on the change in distance (and controls), where the change is defined as

the difference between a post-regulation observation and the 1991 pre-regulation observation. The post-regulation observation for columns (3) and (7) is the 1996 observation anc
for columns (4)-(6), (8)-(10) it is the average of the specified years.



Table 7: Landfill Price Regression-Logs, No Controls

Dependent Variable: Landfill Log Price

OLS IV
1) (2) (3) 4) ©) (6) (7) (8) 9) (10)
Log Distance to 0.136* 0107  0.262* 0.268** 0150  0.136 0.329%* 0.303** 0.231* 0.216*
Closest Landfill (0.073) (0.071) (0.136) (0.128) (0.108) (0.111) (0.152) (0.135) (0.122) (0.122)
Specification FE FE DD DD DD DD DD DD DD DD
Time Period 1991-  1991- 1991& 1991& 1991& 1991&  1991& 1991& 1991& 1991&
1996 2003 1996  96-97  96-02  96-03 1996  96-97  96-02  96-03
R-Squared 0.17 0.18 0.10 0.11 0.05 0.04 0.10 0.11 0.03 0.03
N 228 488 38 38 37 34 38 38 37 34

** indicates significance at the 5% level, * indicates significance at the 10% level. Standard errors are robust to heteroskedasticity and clustered at the county level. Landfill price
is the price per cubic yard of waste and distance is the travel distance to the closest landfill measured in miles. Fixed effects specifications include year dummies. The DD
specifications regress the change in log price on the change in log distance, where the change is defined as the difference between a post-regulation observation and the 1991
pre-regulation observation. The post-regulation observation for columns (3) and (7) is the 1996 observation and for columns (4)-(6), (8)-(10) it is the average of the specified
years.



Table 8: Landfill Price Regression-Logs, No Controls

Dependent Variable: Landfill Log Price

OLS
1) (2) ©) (4) () (6) (7) (10)

Log Distance to 0.127* 0.097 0.315** 0.290* 0.184 0.149 0.341** 0.219*
Closest Landfill (0.070) (0.073) (0.143) (0.149) (0.118) (0.116) (0.159) (0.127)
Specification FE FE DD DD DD DD DD DD
Time Period 1991- 1991- 1991& 1991& 1991& 1991 & 1991& 1991& 1991& 1991 &

1996 2003 1996 96-97 96-02 96-03 1996 96-03
R-Squared 0.20 0.23 0.26 0.26 0.15 0.12 0.26 0.12
N 228 488 38 38 37 34 38 34
Significant Controls
Log Total -0.063* -0.051 -0.309** -0.315** -0.207** -0.194** -0.313** -0.312** -0.215** -0.202**
Disposal Acres (0.037) (0.040) (0.102) (0.094) (0.079) (0.079) (0.096) (0.082)
Methane Gas -0.074  0.027 0.180 0.220 0.179* 0.168* 0.187 0.183*
System (0.048) (0.043) (0.148) (0.145) (0.92) (0.089) (0.146) (0.091)
Log Avg. County 0.037 0.032 0.239  0.270*  0.302 0.278 0.252 0.442
Farmland Value (0.067) (0.101) (0.151) (0.156) (0.270) (0.285) (0.169) (0.311)

** indicates signif-icance at the 5% level, * indicates signif-icance at the 10% level. Standard errors are robust to heteroskedasticity and clustered at the county level. Landfill price
is the price per cubic yard of waste and distance is the travel distance to the closest landfill measured in miles. Regression controls include the log size of the landfill (acres),
dummies for methane gas and leachate management systems, log county average construction wage, log county average value of farmland (per acre), and log county population
density. Fixed effects specifications include year dummies. The DD specifications regress the change in log price on the change in log distance (and controls), where the change
is defined as the difference between a post-regulation observation and the 1991 pre-regulation observation. The post-regulation observation for columns (3) and (7) is the 1996
observation and for columns (4)-(6), (8)-(10) it is the average of the specified years.





