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Abstract

I use the unique circumstances surrounding the 1999 Columbine Shooting to esti-
mate the e�ect of a social stigma on asset value. Using a repeat sales framework, I
�nd the immediate e�ect of stigma from the Columbine Shooting is 10 percent of a
property's value and that a reduced stigma is still present 15 years later. This implies a
$34,000 average decrease in housing value, which aggregates to a $19 million loss from
property sales in the year 2000 alone. The results are robust to numerous speci�ca-
tions and a synthetic control placebo test. Social stigma can play a signi�cant role in
consumer preferences and this suggests policy makers take stigma into account when
considering remediation for loss in asset value.
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Madonia, Ralph Mastromonaco, Peter Manilo�, and Joe Craig as well as seminar participants at
the University of Colorado Boulder, University of Colorado Colorado Springs, and Colorado School
of Mines for their help and suggestions throughout the editing process. All remaining errors are my
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1 Introduction

Social stigma is an important but unclear component of consumer preferences. Several



the residents of Happyville. He asks, if the residents of a �ctional town are convinced that a

naturally occurring chemical is a carcinogen and want to pay for a treatment plant, despite

universal scienti�c consensus saying otherwise, what are the economic bene�ts to building the



It is instructive to compare the Columbine Massacre to another negative shock to show

why stigma is usually entangled with other factors. Consider the e�ects Hurricane Katrina

had in New Orleans. Much of the city was physically destroyed. From a risk perspective,

residents may believe the odds of a second devastating hurricane hitting the city is higher

because their priors were too low.4 Residents' perceptions about the e�ectiveness of local

government also could have changed. Finally there could be a negative stigma of moving to



an array of robustness checks that include synthetic control comparisons and a large scale

synthetic placebo test. These results show that social stigma can exist and have a signi�cant

magnitude, in this case approximately $34,000 per house. Given the 558 sales that took

place in the CCA in 2000, this translates to a $19 million loss in value for home sellers.



boundaries are not random, they are not determined by any clear demarcations. With the

exception of the Southern boundary, which runs along the Chat�eld Reservoir, the Columbine

area is surrounded by similar residential areas. Houses east of Wadsworth Blvd with high

school age children would attend Columbine High School, houses west are in the Chat�eld

High School Catchment Area, but otherwise the neighborhoods are indistinguishable from

one another. This similarity helps remove concern about possible confounding variables

when examining the e�ect of the Columbine Massacre.

In Table 2 I compare the means of several key variables for homes in the CCA to the



is as follows:

U



direct e�ect on utility, @Uj
@ej

� 0, or social stigma.

The change in perceived risk of a future shock is unclear because negative shocks can

increase or decrease the odds, real or perceived, that a repeat event occurs. Especially with



assess welfare changes (Salanie and Treich 2009; Johannsson-Stenman 2008), the e�ect from

the additional risk may be several orders of magnitude larger than a pure stigma e�ect.

The combination of risk and stigma is seen clearly in Dale et al. (1999), which examines

the loss in property values after a nearby smelter closes and cleanup has supposedly been

successfully completed. If the direct e�ect of the now non-existent smelter on neighborhood

housing values was acting alone, the gradient of impact would be shallow; that is, homes

throughout the neighborhood would be more or less equally a�ected because all homes in

close proximity have the same association with the smelter. Instead, the distance to the

former smelter within the same neighborhood is strongly correlated with the change in

housing prices, indicating that stigma is not the only causal factor. Instead, a change of

perceived risk (@Uij
@Rj

� @Rj

@ej
) by consumers, who most likely believe that the cleanup was not

successful, is working in concert with stigma. A similar situation is also seen in Naoi et al.

(2009) and Harrison et al. (2001).

Bond (2001) examines housing markets near environmentally contaminated sites. Stigma

is de�ned as �the residual loss in value after all costs of remediation, including insurance and

monitoring, have been allowed for�. This implies that stigma is assigned by the accuracy

of remediation; the same event could lead to either negative or positive social stigma if

policy makers under or over estimate the e�ect of a negative shock, respectively. That is, if

policy makers overcompensate home owners by paying them more than the decrease in their

housing stock, the event would be said to have a positive stigma. This is not stigma at all,

but a testament to the uncertainty of damages that a neighborhood level negative shock can

cause. Compensation for stigma does not remove the stigma, but corrects for it. This and

the previous examples show how di�cult pure stigma e�ects are to isolate.

3.2 Columbine and Stigma

Contrary to these previous examples, the Columbine Shooting is unique in several ways.

First, it was random and unpredictable. Second, there were no short or long term e�ects

to the neighborhood surrounding Columbine High School. There was no physical damage

to any parks, houses, or neighborhood infrastructure. In the terms of the model, (@�j

@ej
= 0).

Third, neighborhood demographic changes would take years to shift, meaning that in the

immediate aftermath of the shooting@Dj

@ej
= 0. Third, as a corollary to the randomness of the

shooting, there is no reason to believe that residents feared a second shooting. In fact, several

people I have spoken with had a �lightening never strikes the same place twice� mentality,

and believed that a shooting was no less likely since on had already occurred, meaning that
@Rj

@ej
� 0, which will either not a�ect an estimated stigma or provide a positive bias, leading
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to an understated stigma e�ect.

Finally and most importantly, school quality also did not change (@Sj
@ej

= 0). Physically,

the library, where many of the deaths occurred, was walled over but otherwise the school was

completely repaired by the following school year. No teachers retired in the year after the

shooting and only one was killed. The principal and public face of Columbine High School

in the wake of the massacre, Frank DeAngelis, vowed to stay at his position until those

that were Freshman during the 1998-1999 school year graduated. He remained principal

of Columbine High School until retiring at the end of the 2013-2014 school year. In the

wake of the shooting, there were concerns about the strength of security in the schools. All

schools in Je�co went through the same procedural changes however. Columbine was not

singled out for more security than any other high school. Enrollment did decline in the years

after the shooting, a peak year of 2000 had already been projected due to lower attendance

in the Elementary and Junior High schools that feed into Columbine. Most tellingly, the

number of students who chose to enroll at Columbine under Je�co School's open enrollment

program stayed constant in the years after the shooting.9 This also provides circumstantial

evidence that the decrease in housing values was caused by people moving into Je�erson

County from another area. That is, people that had no knowledge of Columbine's existence

until the Massacre were more stigmatized than those who already knew about Columbine

High School.

In summary, many authors have examined stigma, with most attention being given to

environmental disasters and subsequent cleanup. All previous papers however, either assume

that risk remained constant, include risk as a component of stigma, or include other changes

as components of stigma. While this information is still useful, a pure stigma e�ect has never

been calculated. The Columbine Shooting is unique in that housing prices were a�ected

directly by the shooting with no intermediary mechanisms, allowing me to isolate@Uij
@ej

.

4 Data and Identi�cation Strategy







5 Results

All speci�cations include the middle 98 percent of all sales prices, resulting in a minimum



more like a bargain. With the return of consumer con�dence, it appears that consumers

again placed a value on the stigma of living in the CCA.

It is important to note that without information on the demographics of neighborhoods

within the CCA the results in later years should be interpreted less con�dently. If di�erent

demographic groups began to migrate into the area because of decreased housing prices, then

the e�ect is no longer purely social stigma (Clapp et al. 2008). By comparison, in the year

2000 locals would not yet be responding to a change in the demographics of the area.

5.1 Robustness Checks

Table 5 begins a series of robustness checks. In Column 1 I drop any houses that switched

from part of the CCA to the Dakota Ridge Catchment Area. The coe�cients stay negative

and highly signi�cant. Next I alter the time window used to show that previous results are

not caused by a statistical irregularity. In Column 2 the time span is changed from 1990-2013

to 1994-2013. The coe�cients stay negative, although do not maintain signi�cance past the

immediate aftermath of the shooting. In Column 3 the time window is 1980-2013. The

results stay statistically signi�cant and the magnitudes moderately increase.

Columns 4 and 5 limit the group of properties being used as the counterfactual. Most

of Je�erson County is part of suburban Denver. The western and southern portion of the

county enter the foothills of the Rocky Mountains, resulting in a much lower population

density. Although still near Denver geographically, the towns of Evergreen, Conifer, and

Pine are closer to mountain towns than metropolitan suburbs.12 While most of Je�erson

County is similar to the CCA, these properties may not be optimal controls. By eliminating

the neighborhoods most unlike the treatment area, the counterfactual will provide a better



and 2013. Column 2 repeats the exercise, but only homes with four sales, the most allowed

by the data set, are included. In both cases the magnitude and statistical signi�cance stay

largely unchanged in the year 2000. Columns 3 and 4 repeat Columns 1 and 2 but include

number of sales from years 1990-2013 instead of 1980-2013. Once again the results are

largely unchanged. The large number of observations in the complete sample also de�ate the

standard errors, and Column 5 addresses this issue by using a random 25 percent subsample

from all properties. This increases the magnitudes of the coe�cients, but results remain

highly statistically signi�cant.

One possible concern is that those that were directly impacted by the Columbine Mas-

sacre, especially those that lost a family member, had a tangible association with the event

and were willing to sell their home at a lower price. For those households, the Columbine

Massacre would carry more than just a social stigma. While this is not testable empirically,

households with negative memories from the Columbine Shooting would have most likely

sold their homes within several years of the event. The e�ect however persists throughout

the 2000s, which is before a large demographic shift could have occurred but after any fam-

ilies directly a�ected by the tragedy would have left the area. Also, because of Je�erson

County Schools open enrollment policy, all families would have the option of remaining in

the same neighborhood but sending their children to a di�erent school.

In summary, the results stated in Section 5 stay consistent after numerous robustness

checks. Despite numerous alternative counterfactual groups, the coe�cient of interest re-

mains both statistically signi�cant and the magnitude varies over a narrow range. Removing

properties that are in neighborhoods most unlike the CCA and restricting the data set to

properties that have the most sales con�rms that stigma has an economic impact. Next, I

give a detailed description of the synthetic control technique to further buttress the results.

5.2 Synthetic Controls

Following Abadie, Diamond, and Hainmueller (2010) I create a synthetic control group for

the CCA. The synthetic control method treats all houses in the CCA as one neighborhood

and then a weighted average of control neighborhoods that are most similar to the CCA

are used as the comparison group. This technique is useful because the neighborhoods that

most closely match the CCA with regards to housing trends and levels will be chosen as the

counterfactual group. As seen in Table 2, properties in the CCA are newer and slightly more

expensive than the rest of the county. By creating a synthetic control group, neighborhoods

with properties of equal value to the CCA will be given a greater weight.

Using a synthetic control group does involve disregarding some of the observations used
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in the previous section however. Another weakness of the synthetic control method is that

the control group is compared to the treatment group based on both trends and levels. That

is, a possible counterfactual will be discarded if the pre-trends between the counterfactual

and treatment group are very similar but the levels are quite di�erent. This contrasts

with the di�erence-in-di�erence method where a control group is considered an accurate

counterfactual if it exhibits equal trends with the treatment group prior to the event being

studied.

That being said, there are advantages to matching a treatment with a control group on

levels as well as trends. Consumers that are poorer or wealthier than the average home buyer

in the CCA may place a di�erent weight on stigma. For the wealthy, avoiding stigma may

be more important than for the middle class. By matching the treatment group with control

neighborhoods that have similarly priced houses, preference will be more closely aligned.

Overall, the strength of �nding a counterfactual that displays the same pre-trend in both

levels and trends makes the synthetic control method a useful robustness check to con�rm

the previous results.

Formally,13 the synthetic control method minimizes(X 1 � X 0W)0V(X 1 � X 0W) subject

to wj � 0 and w1 + w2 + ::: + wj = 1 by choosing the optimalW. W = ( w1; w2; :::; wJ )0 is a

(J � 1) vector of non-negative weights wherej = 1; :::; J gives the number of possible control

neighborhoods used in creating the synthetic counterfactual. These weights are chosen to

create a control group that is as similar as possible to the CCA before the shooting.X 1

is a (K � 1) vector of pre-shooting variables for the treatment neighborhood;X 0 is the

corresponding(K � J ) matrix of variables for the control neighborhoods. For this paper the

natural log of the sales amount from 1990 to 1998 is used as the pre-shooting variable.V is a



a synthetic control that closely matches both the levels and trends of the Columbine area.

The gap between the synthetic control group and treatment group corresponds to a

roughly 20 percent di�erence in housing prices in 2001, with the e�ect only dissipating

slightly over time. This is nearly double the size of the e�ect found in the di�erence-in-

di�erence regressions. This could be because the true e�ect is larger than the previous

results indicate and the more accurate control group found by the synthetic control method

displays the true impact.

Figure 8 shows the results for a synthetic control test but with a di�erent control vari-

able.15 First, the log sales price is regressed on year �xed e�ects and property �xed e�ects.



6 Discussion

In this paper, I use the unique aftermath of the Columbine Massacre to ascertain whether

social stigma exists and quantify the magnitude. I �nd that the Columbine Shooting resulted

in a 10.1 percent decrease in housing prices. This corresponds to a $19 million dollar loss

to property sellers in the year 2000 alone. By leveraging panel data that eliminates many



on other consumer choices should also be investigated using a revealed or stated preferences

approach.

For policy makers, stigma needs to be taken into account when attempting to rehabilitate

an area that has experienced a negative shock if homeowners are to be fully compensated

for the loss of value of their property. In places across the country from Love Canal to New

Orleans to Aurora, Colorado, negative events have made the towns bywords for disaster. The

results in this paper show that after a negative shock, even if all physical damage is recti�ed

and risk perception has not changed, social stigma will still result in a loss of property value.
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Tables and Figures

Figure 1: Map of Je�erson County
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Figure 2: Je�co High Schools
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Figure 3: The Columbine Catchment Area
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Figure 4: Sales by Year: Je�erson County
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Figure 5: Sales by Year: CCA
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Figure 6: Percent Di�erence in Housing Prices by Year

The above �gure shows the results of di�erence-in-di�erence results for each year. The �gure
corresponds with Table 3.
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Figure 7: Synthetic Control Graph

The above shows the results of a synthetic control approach, where the treated unit is
the CCA. As is clear in the �gure, prices in both the CCA and synthetic control area mirror
each other in both trends and levels until the 1999, the year of the Columbine Shooting.
The positive spike in 1996 for the CCA is caused by the �rst sale of a number of expensive
homes, but the overall upward trend from 1991 until the shooting is clear.
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Figure 8: Synthetic Control Graph Composition of Sales

The above �gure shows a synthetic control treatment where the dependent variable is
now the residual from each sale. Once again, the treatment and control groups mirror each
other until the Columbine shooting.
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Figure 9: Synth Placebo

The above �gure conducts a placebo test where each neighborhood is compared to its
own synthetic control group. The lines above plot the di�erence between the treatment
neighborhood and the synthetic control. It is clear that after 1999, the CCA displays the
biggest drop in prices relative to the control.18

18If viewing the above in grayscale, Columbine is the most negative line from 2000-2005.
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Table 1: Summary Statistics

Variable Obs Mean Std. Dev. P10 P90



Table 2: The CCA and Control Group Means

Variable CCA Control t-test p-value
Sale Amt. 278524 268630 -4.99 0.000
Year Built 1977 1974 -19.88 0.000
Square Ft. 10615 24188 14.32 0.000
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Table 3: Di�erence in Di�erence Estimates

(1) (2) (3)
VARIABLES Ln Sales Price Ln Sales Price Ln Sales Price

Columbine 0.158*** 0.282***
(0.0109) (0.0767)

After 0.0379*** 0.106*** 0.122***
(0.0110) (0.0179) (0.0268)

Col*After -0.109*** -0.0561*** -0.118***
(0.0126) (0.0117) (0.0262)

Observations 83,476 83,476 56,536
R-squared 0.057 0.147 0.041
State FE No Yes Yes
Year FE Yes Yes Yes
Years '94-'04 '94-'04 '94-'00
Properties 59,466 59,466 44,843

Robust standard errors in parentheses
*** p < 0.01, ** p< 0.05, * p< 0.1

Column 1 is an OLS regression. Column 2 includes house �xed
e�ects. Column 3 only includes one year after the shooting.
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Table 4: Results by Year

(1)
VARIABLES Ln Sales Price

Columbine 0.257***
(0.0548)

After 0.104***
(0.0121)

col_1999 -0.0992***
(0.0182)

col_2000 -0.101***
(0.0136)

col_2001 -0.0774***
(0.0126)

col_2002 -0.0562***
(0.0122)

col_2003 -0.0641***
(0.0154)

col_2004 -0.0818***
(0.00998)

col_2005 -0.0710***
(0.0143)

col_2006 -0.0379***
(0.0142)

col_2007 -0.0348**
(0.0143)

col_2008 -0.0232
(0.0186)

col_2009 -0.00541
(0.0192)

col_2010 -0.0180
(0.0176)

col_2011 -0.00286
(0.0184)

col_2012 -0.0401**
(0.0177)

col_2013 -0.0433***
(0.0140)

Observations 165,750
Properties 91,090
R-squared 0.255
State FE Yes
Year FE Yes
Years '90-'13
Robust standard errors in parentheses

*** p < 0.01, ** p< 0.05, * p< 0.1
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Table 5: Robustness Checks

(1) (2) (3) (4) (5)
VARIABLES Ln Sales Price Ln Sales Price Ln Sales Price Ln Sales Price Ln Sales Price

Columbine 0.237*** 0.192*** 0.256*** 0.254***
(0.0626) (0.0620) (0.0552) (0.0552)

After 0.0877*** 0.0935*** 0.106*** 0.111*** 0.112***
(0.0117) (0.0167) (0.0155) (0.0126) (0.0132)

col_1999 -0.0828*** -0.108*** -0.167*** -0.0883*** -0.0736***
(0.0138) (0.0415) (0.0315) (0.0184) (0.0186)

col_2000 -0.0810*** -0.0542*** -0.127*** -0.0887*** -0.0748***
(0.00978) (0.0189) (0.0205) (0.0136) (0.0137)

col_2001 -0.0765*** -0.0348 -0.107*** -0.0636*** -0.0507***
(0.0126) (0.0215) (0.0172) (0.0126) (0.0127)

col_2002 -0.0578*** -0.0207 -0.0897*** -0.0430*** -0.0309**
(0.0121) (0.0209) (0.0189) (0.0121) (0.0122)

col_2003 -0.0648*** -0.0264 -0.0961*** -0.0532*** -0.0433***
(0.0154) (0.0240) (0.0240) (0.0154) (0.0155)

Observations 164,435 134,273 213,481 151,907 135,052
R-squared 0.260 0.123 0.150 0.247 0.239
Properties 90,484 79,980 105,090 83,933 74,609
State FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Years '90-'13 '94-'13 '80-'13 '90'13 '90-'13

Robust standard errors in parentheses
*** p < 0.01, ** p< 0.05, * p< 0.1

Col 1 drops houses that switched out of the CCA
Col 2 changes time window to 1994-2013
Col 3 changes time window to 1980-2013

Col 4 eliminates zip codes entirely in the foothills
Col 5 eliminates zip codes entirely and mostly in foothills
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Table 6: Robustness Checks Continued

(1) (2) (3) (4) (5)
VARIABLES Ln Sales Price Ln Sales Price Ln Sales Price Ln Sales Price Ln Sales Price

Columbine 0.219*** 0.281*** 0.271*** 0.368*** 0.203
(0.0583) (0.0887) (0.0577) (0.0854) (0.146)

After 0.0932*** 0.106*** 0.0939*** 0.109*** 0.0931**
(0.0121) (0.0195) (0.0141) (0.0265) (0.0434)

col_1999 -0.0973*** -0.0583* -0.0963*** -0.0690 -0.204***
(0.0161) (0.0303) (0.0221) (0.0514) (0.0704)

col_2000 -0.119*** -0.0970*** -0.105*** -0.126*** -0.115***
(0.0157) (0.0243) (0.0194) (0.0396) (0.0416)

col_2001 -0.0868*** -0.117*** -0.0815*** -0.149** -0.0893***
(0.0143) (0.0310) (0.0201) (0.0646) (0.0288)



A The Columbine Massacre

After over a year of planning, on April 20th, 1999 Eric Harris and Dylan Klebold attacked

Columbine High School with nearly 100 explosives and an array of handguns and shot-

guns. Their original plan was for two nine kilogram propane bombs to detonate inside the

Columbine cafeteria and then shoot survivors outside of the building. Had the bombs det-

onated successfully, the death toll could have easily reached into the hundreds. The bombs

however failed to explode, so Harris and Klebold reworked their plan and the massacre be-

came known as a shooting, despite the shooter's intention to mimic the Oklahoma City

Bombing.

After the planned detonation time passed, Klebold and Harris moved to a nearby stairwell

and opened �re on students sitting outside and inside of the school near the cafeteria. The

school's police o�cer was quickly noti�ed and brie�y exchanged �re with the perpetrators

from his squad car but neither the o�cer nor the o�enders were hit. Klebold and Harris then

entered the school and walked down several hallways, shooting at students and throwing pipe



was a depressed and susceptible youth who was taken in by his partner's vision (Cullen

2009). Columbine High School's location in an upper middle class suburb in mid-America

also contributed to its e�ect on the country. If it could happen in Columbine, could it not

happen anywhere?

The public discourse that followed the massacre caused Columbine to enter the American

consciousness for the long term, unlike other tragedies. Columbine has since been surpassed

in fatalities by the shootings at Virginia Tech and Sandy Hook, but the name recognition

is still present. Michael Moore �rst rose to national prominence with his documentary

Bowling for Columbine. �Pulling a Columbine� has entered the American lexicon. Unlike

other tragedies that stay in the public sphere brie�y and are then forgotten or fade into the

background, Columbine is still well known over �fteen years later.
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B Synthetic Control Alternative Speci�cations

Figure 10: Synthetic Control Placebo Test 2

The above placebo test compares the CCA to neighborhoods that match up to 50 percent
worse to their respective synthetic control as the CCA matched to its synthetic control.
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Figure 11: Placebo Test 3

The above placebo test compares the CCA to neighborhoods that match up to 100 percent
worse to their respective synthetic control as the CCA matched to its synthetic control.
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