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Motivation
• What explains the large observed di�erences in house prices and

socioeconomic outcomes across neighborhoods?
– Fundamentals:

o Green areas and scenic views in a location ⇒ house prices are bid up until
only the rich can a�ord to live there

– Neighborhood e�ects:
o Individual behavior in�uenced by the surrounding characteristics of the

neighborhood (people or other neighborhood characteristics)

• We use the German bombing of London during WWII as a natural
experiment to provide evidence on these explanations

1 Exogenous shock: uncorrelated with pre-war location characteristics
within 1 km geographical grid cells

2 Long-lasting direct e�ect: on economic outcomes, because
reconstruction mainly occurred through council (social) housing

3 Long-lasting spillover e�ect: on surrounding unbombed locations
4 Quantitative urban model: heterogeneous groups of individuals

endogenously sort across locations in response to di�erences in natural
advantages, wartime destruction and neighborhood e�ects
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This Paper
• Reduced-form evidence that wartime destruction has statistically

signi�cant and economically-relevant long-run e�ects
– Complete destruction in a Census 2001 Output Area⇒ share of

high-income residents falls by 4 % points, share of low-income residents
rises by 6 % points, property values decline by 11-18 %

• Develop our quantitative urban model to estimate the direct and
spillover e�ects of wartime destruction on residential amenities

– Wartime destruction changes relative amenities through the
construction of council housing in bombed locations

– In the presence of neighborhood e�ects, this change in relative
amenities spills over to surrounding unbombed locations

– Quantify using a general speci�cation of neighborhood e�ects and a
parameterization as preferences over socioeconomic composition

• Use our estimated model to undertake counterfactuals to evaluate the
general equilibrium implications of neighborhood e�ects

– Substantially magnify the impact of wartime destruction
– Make a major contribution to observed di�erences in socioeconomic

outcomes in counterfactual scenarios without war destruction
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Historical Background
• Rich spatially-disaggregated data on socioeconomic status in London

– Hubert Llewellyn-Smith, New Survey of London Life and Labor, 1928-31
– Classify streets by socioeconomic status of residents (by income)

• London experienced heavy bombing during WWII
– Initial German attacks on Royal Air Force (“Battle of Britain”)
– Switch to strategic bombing of London (“Blitz” from Sept 1940-May 1941)
– Heavy daylight losses led to largely night bombing from Oct 1940
– Bombing sharply reduced after German invasion of USSR in June 1941
– From June 1944-May 1945, London targeted by long-range missiles: V1

(cruise missile) and V2 (ballistic missile)

• London County Council (LCC) recorded wartime damage to
individual buildings using 1:2,500 OS maps

– Monitor destruction and manage public services in response
– Wartime redevelopment plans, but �nancial burden of war debt,

shortages and urgent need for housing meant that most not implemented
– Over 80 percent of all new housing units constructed in the LCC area

from 1945-1980 were council housing
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Data
• New spatially-disaggregated dataset for pre and post-war periods

– LCC administrative area, 300km2, 4.4 million in 1931
– Spatial units: 9,041 Output Areas, target size 125 households
– Long-run impact: 1930s and 2001 (�rst post-war population census to

report socioeconomic composition by Output Area)
• LCC Bomb Damage Maps

– Building footprints and pre-war built-up area
– Damage to buildings (from minor blast damage to total destruction)

• Property values
– LCC valuation list 1936, 50,000 pages, >1 million properties, digitized,

geolocated and matched to individual building footprints
– Property transactions data 1995-2020

• Population from 1931, 2001 and 2011 Censuses
• Socioeconomic composition

– NSOL 1930 socioeconomic status by street, matched to buildings
– Socioeconomic composition 2001 and 2011
– Residents of social housing 1980, 2001 and 2011

• Transport network: Over and underground rail, buses, and trams
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LCC Bomb Damage Maps

Notes: minor blast damage (yellow); general blast damage (orange); seriously damaged but repairable
at cost (light red); seriously damaged and doubtful if repairable (dark red); damaged beyond repair
(purple); and total destruction (black); large black circle in Regent’s Park shows a V-1 missile impact;
40 percent pre-war built-up area some damage (yellow above); 20 percent serious damage (red above)
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Wartime Destruction in LCC Area

Notes: minor blast damage (yellow); general blast damage (orange); seriously damaged but repairable at
cost (light red); seriously damaged and doubtful if repairable (dark red); damaged beyond repair (purple);
total destruction (black); 40 percent some damage (yellow above); 20 percent serious damage (red above)
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Pre-War Property Values by Output Area

Notes: Property values in 1936 based on the market rental value for tax purposes. The property
values are the Output Area �xed e�ects from a hedonic regression of the logarithm of rateable values
on observed property characteristics. Red denotes high values; blue denotes low values.
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Bombing Regressions
• Randomization Check

Yi,Pre-War = βDi,War + %k + ui

• Causal Impact of Bombing

Yi,Post-War = βDi,War + %k + ui

• Spillover Impact of Bombing

Yi,Post-War = βDi,War +
G∑

g=1
γgDig,War + %k + ui

• i are Output Areas and %k are �xed e�ects for hexagonal grid cells
• g are grid cells for 100 meter bu�ers and ui is stochastic error
• Standard errors clustered by hexagonal grid cells
• Robustness using Conley (HAC) standard errors
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Pre-war Randomization Check

Autocorrelation Consistent (HAC) standard errors following Conley (1999).13

Table 1 reports estimation results using our baseline measure of wartime destruction, the
fraction of the built-up area seriously damaged. Online Appendix F2 documents a similar pattern
of results using our damage index. Each cell of the table corresponds to a separate regression. The
columns report results using di�erent left-hand side variables: Columns (1)-(3) use the fraction
of the population who are high, middle and low status, respectively; Column (4) uses our index of
socioeconomic status; Column (5) uses the unconditional average property value; Column (6) uses
the average property value conditional on a set of observed property characteristics, as described
in more detail in Online Appendix G5. The �rst row reports results with no �xed e�ects; the
second row presents estimates using �xed e�ects for hexagons of 4 km diameter; and the third
row gives results using �xed e�ects for hexagons of 1 km diameter.

Table 1: Randomness of Wartime Destruction

(1) (2) (3) (4) (5) (6)
Fraction Fraction Fraction Socio- Log of Log of

High Middle Low Economic Property Property
Fixed E�ects Status Status Status Index Value Value
None −0.235∗∗∗ 0.039∗ 0.196∗∗∗ −0.215∗∗∗ −0.473∗∗∗ −0.481∗∗∗(0.031) (0.023) (0.025) (0.026) (0.057) (0.066)
4 km Hexagons −0.061∗∗∗ 0.020 0.042∗∗ −0.051∗∗∗ −0.094∗∗ −0.094∗∗(0.020) (0.018) (0.017) (0.016) (0.041) (0.044)
1 km Hexagons −0.007 −0.004 0.011 −0.009 −0.017 −0.024(0.014) (0.013) (0.012) (0.012) (0.033) (0.033)
Notes: Each cell in the table reports the results of a separate regression and the unit of observation is an output area as de�ned in the 2001
UK Census. Dependent variables in columns (1) to (4) are pre-war measures of socioeconomic composition from the New Survey of London
(fraction of population that has low, middle and high income and an index of socioeconomic status). In column (5) the dependent variable is
the logarithm of the average 1936 assessed value of residential buildings without any hedonic controls, and we additionally control for a set
of building characteristics in column (6). The explanatory variable is the fraction of the pre-war built-up area seriously damaged during the
Second World War. All regressions include either no �xed e�ects, �xed e�ects for 4 km hexagons, or 1 km hexagons, as indicated in the �rst
column. The number of observations is 8,720 observations in all regressions as 321 of the 9041 output areas do not have residential built-up
area in 1936. * denotes signi�cance at 10% level; ** denotes signi�cance at 5% level; *** denotes signi�cance at 1% level.

In the speci�cation with no �xed e�ects in the top row, we �nd a correlation between pre-war
socioeconomic outcomes and subsequent wartime destruction. Output areas that had larger pre-
war shares of the population with lower socioeconomic status and lower pre-war property values
experienced more wartime destruction. This pattern of results is consistent with the East-West
gradients in Figures 2-3 above. Once we include �xed e�ects for 4 km hexagons in the middle
row, much of this correlation goes away. Nevertheless, 4 km hexagons still cover a relatively large
geographical area, and are still likely a�ected by these East-West gradients. Once we include
�xed e�ects for 1 km hexagons in the bottom row, the coe�cients fall close to zero and are

13Bertrand et al. (2004) examine several approaches to control for serial correlation. They show that clustering
the standard errors performs well in settings with at least 50 clusters as in our application.
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Post-war Direct E�ect of Bombing

Table 2: The Direct E�ect of Wartime Destruction

(1) (2) (3) (4) (5) (6)
Fraction Fraction Fraction Socio- Log of Log of

High Middle Low Economic Property Property
Status Status Status Index Value Value

All Damage −0.039∗∗∗ −0.023∗∗∗ 0.062∗∗∗ −0.051∗∗∗ −0.175∗∗∗ −0.113∗∗∗(0.006) (0.005) (0.009) (0.007) (0.022) (0.018)
Hexagon Fixed E�ects 1 km 1 km 1 km 1 km 1 km 1 km
Observations 8912 8912 8912 8912 8112 8112
R-squared 0.505 0.280 0.439 0.483 0.658 0.799
Notes: The unit of observation for all regressions is an output area as de�ned in the 2001 UK Census. The dependent variables in columns
(1) to (4) consist of measures of socioeconomic status from the 2001 UK Census (fraction of the population that has low, middle and high
income and an index of socioeconomic status). In column (5) the dependent variable is the logarithm of the average 1995 to 2020 residential
property value for output areas with at least 25 transactions over this period, and we additionally control for a set of building characteristics
in column (6). The explanatory variable is the fraction of the pre-war built-up area seriously damaged during the Second World War. The
unit of observation for all regressions is an output area as de�ned in the 2001 UK Census and all regressions include �xed e�ects for 1
km hexagons. Numbers of observations are less than 9041 due to the availability of modern housing transaction data and whether Output
Areas had pre-war built-up area. Standard errors are clustered at the 1 km hexagon level. * denotes signi�cance at 10% level; ** denotes
signi�cance at 5% level; *** denotes signi�cance at 1% level.

quintile, while the sum of the main e�ect and the coe�cient on the interaction term captures the
treatment e�ect for the other quintiles. As reported in Online Appendix F1, we estimate coef-
�cients on the interaction terms that are substantially smaller than the main e�ect and in most
cases statistically insigni�cant, suggesting a relatively homogenous treatment e�ect across quin-
tiles of pre-war socioeconomic status. This pattern of results is consistent with the idea that the
negative e�ect of wartime destruction is mainly driven by the post-war construction of council
housing, rather than by the characteristics of the pre-war houses that were destroyed.

We �nd that this pattern of results is robust across a wide range of speci�cations. In Online
Appendix F2, we corroborate these �ndings using our index of wartime destruction. In Online
Appendix F3, we demonstrate the robustness of our results to using Conley (1999) Heteroskedas-
ticity and Autocorrelation Consistent (HAC) standard errors. In Online Appendix F4, we show
that we �nd similar socioeconomic composition results using the population census for 2011
instead of 2001, which is consistent with wartime destruction having an impact on steady-state
outcomes. In Online Appendix F5, we break out our post-war property prices data from 1995-2020
into sub-periods, and demonstrate similar results within each sub-period, which is again consis-
tent with persistent long-run impacts. In Online Appendix F6, we establish the same pattern
of results if we exclude the Cities of London and Westminster as the main commercial centers,
consistent with our results capturing e�ects through residential activity.

14

• Wartime destruction negative causal impact on post-war economic
outcomes within 1km hexagons
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Post-war Spillover E�ects of Bombing

4.3 Spillover E�ects of Second World War Destruction

We measure the spillover e�ects of wartime destruction using bu�ers of 100-meter width around
the built-up area of each Output Area. These bu�ers exclude the Output Area itself and the area of
the next smallest bu�er, such that they form a set of hollow concentric rings around each Output
Area.15 We estimate the following regression speci�cation between a location’s own post-war
outcomes, its own wartime destruction, and the wartime destruction in these bu�ers:

Yi,post-war = �Di,war + G∑g=1 
gDig,war +%k +ui (4)

where we index bu�ers by g ∈ {1,…,G}; Dig,war is the fraction of the built-up area seriously
damaged in the bu�er g surrounding location i; the other variables are de�ned above; and our
baseline speci�cation again reports standard errors clustered by 1 km meter hexagons.

Table 3: The Spillover E�ect of Wartime Destruction

Socio-Economic Index Log of Property Value Log of Property Value

(1) (2) (3) (4) (5) (6)
Destruction in own area −0.051∗∗∗ −0.042∗∗∗ −0.175∗∗∗ −0.157∗∗∗ −0.113∗∗∗ −0.097∗∗∗(0.007) (0.007) (0.022) (0.022) (0.018) (0.017)
Destruction in 100m bu�er −0.030∗∗ −0.080∗ −0.070∗(0.013) (0.045) (0.038)
Destruction in 200m bu�er −0.026 −0.130∗∗ −0.110∗∗(0.018) (0.059) (0.047)
Destruction in 300m bu�er −0.026 −0.094 −0.100∗(0.019) (0.064) (0.054)
Destruction in 400m bu�er 0.004 −0.085 −0.063(0.023) (0.076) (0.061)
Destruction in 500m bu�er 0.001 −0.011 −0.024(0.023) (0.077) (0.070)
Hexagon Fixed E�ects 1 km 1 km 1 km 1 km 1 km 1 km
Observations 8912 8909 8112 8109 8112 8109
R-squared 0.483 0.485 0.658 0.659 0.799 0.800
Notes: The unit of observation for all regressions is an Output Area as de�ned in the 2001 UK Census. The dependent variable in columns
(1) and (2) is an index of socioeconomic status using 2001 UK Census data, in columns (3) and (4) it is the logarithm of the average residential
property value for output areas with at least 25 transactions over the period 1995 to 2020, and we additionally control for a set of building
characteristics in column (5) and (6). The explanatory variables are the fraction of the pre-war built-up area seriously damaged in each Output
Area and �ve bu�ers of 100 meter width around each Output Area during the Second World War. All regressions include �xed e�ects for 1
km hexagons. Numbers of observations are less than 9041 due to the availability of modern housing transaction data and whether Output
Areas and their bu�ers had pre-war built-up area. Standard errors are clustered at the 1 km hexagon level. * denotes signi�cance at 10% level;
** denotes signi�cance at 5% level; *** denotes signi�cance at 1% level.

Consistent with our results for a location’s own wartime destruction in Subsection 4.1, we
�nd that destruction in neighboring locations is uncorrelated with own pre-war socioeconomic

15We provide an example of these 100-meter bu�ers in Figure G.2 in Online Appendix G1.
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• Negative and localized impacts of neighbors’ wartime destruction on
post-war outcomes within 1km hexagons
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Mechanisms
Table F.17: Mechanisms for Wartime Destruction

(1) (2) (3) (4) (5) (6)
Fraction Log of Fraction Fraction Fraction Log of
Buildings Height of Land Area Council Council Empl.
Surviving Buildings Built-Up in 2001 in 1981 Density

Destruction in Own Area −0.301∗∗∗ 0.079∗∗∗ −0.041∗∗∗ 0.135∗∗∗ 0.246∗∗∗ −0.209∗∗∗(0.023) (0.019) (0.005) (0.017) (0.030) (0.064)
Destruction in 100m Bu�er 0.018 −0.017 0.005 0.028 0.035 −0.004(0.043) (0.039) (0.012) (0.034) (0.059) (0.129)
Destruction in 200m Bu�er 0.052 0.037 0.007 0.031 0.072 0.156(0.053) (0.053) (0.015) (0.047) (0.077) (0.160)
Destruction in 300m Bu�er −0.044 −0.070 0.020 −0.016 0.035 0.098(0.059) (0.052) (0.017) (0.045) (0.080) (0.172)
Destruction in 400m Bu�er 0.163∗∗ −0.164∗∗ 0.015 −0.075 −0.204∗∗ 0.032(0.065) (0.066) (0.018) (0.050) (0.088) (0.202)
Destruction in 500m Bu�er −0.077 0.082 0.017 0.014 0.003 0.236(0.068) (0.071) (0.020) (0.057) (0.101) (0.210)
Hexagon Fixed E�ects 1 km 1 km 1 km 1 km 1 km 1 km
Observations 8909 8909 8909 8909 6697 8909
R-squared 0.407 0.473 0.464 0.396 0.444 0.479
Notes: Each column reports the results of a separate regression. The unit of observation are Output Areas from the 2001 UK Census except
column (5), which uses enumeration districts from the 1981 UK Census. The dependent variable in column (1) is the fraction of pre-war
buildings that exist in the same footprint in 2014; in column (2) the logarithm of the average building height; in column (3) the fraction of
total area of an Output Area that is built up; in columns (4) and (5) the fraction of households that reside in council housing in 2001 and 1981
respectively and in column (6) the logarithm of employment density. The explanatory variables in all columns are the fraction of the built-up
area seriously damaged within the unit of observation as well as �ve bu�ers of 100 meter width around each unit of observation. Observations
di�er in column (5) due the di�erent spatial units used in the 1981 census. All regressions include �xed e�ects for 1 km hexagons. Standard
errors are clustered at the 1 km hexagon level. * denotes signi�cance at 10% level; ** denotes signi�cance at 5% level; *** denotes signi�cance
at 1% level.

housing units constructed in the LCC area from 1945-80 were council housing. In 1980, Margaret
Thatcher’s Housing Act gave council tenants the “right to buy” their properties at considerable
discounts on the market price, which led to a large large-scale transfer to private ownership. To
capture the impact of wartime destruction on council housing before this large-scale transfer,
Column (5) repeats the same regression using data from the 1981 census, and �nds an even larger
e�ect on the share of households living in council housing.6 In contrast, in both Columns (4)
and (5), we �nd no systematic evidence of spillover e�ects of wartime destruction on the share
of households living in council housing.

In Table F.9 of Online Appendix F3 we show that these results are robust to using HAC stan-
dard errors. In Table F.12 of Online Appendix F4, we show that they are also robust to using data

6Although “right to buy” sales transferred ownership to the private sector, demolitions were relatively rare,
with only 140,000 council units demolished in England since 1997, when o�cial data on demolitions were �rst
published. The 1988 Housing Act reduced the barriers for local authorities to transfer council housing units to
housing associations and led to a number of such transfers. To control for this policy change, we re-estimated
Columns (4) and (5) in Table F.17 counting housing association tenants as council tenants, and �nd similar results.

68

• Own, but not neighbors’ destruction, a�ects building structures and
share of households in social housing

– Suggests spillover e�ects not driven by correlated rebuilding
– Consistent with spillovers from neighborhood e�ects

• Own destruction if anything shifts economic activity away from
commercial use
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Model Setup
• We consider a city (London) in a wider economy (Britain)
• City consists of a discrete set of locations n, i ∈ N
• Two types of agents: workers and landlords
• Workers belong to one of three types (occupations) that are imperfect

substitutes in production: o ∈ {Low,Mid,High}
• Utility depends on amenities, consumption of the �nal good and �oor

space, commuting costs and idiosyncratic preference shocks
• Amenities depend on own and neighboring location characteristics

(location fundamentals and wartime destruction)
• Firms use labor and �oor space to produce a freely-traded �nal good
• Productivity depends on own and neighboring location characteristics

(location fundamentals and wartime destruction)
• Wartime destruction changes relative amenities through the

construction of social housing in bombed locations
• In the presence of neighborhood e�ects, this change in relative

amenities spills over to unbombed locations
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Spatial Sorting
• Probabilistic sorting across residence-workplace pairs
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Production
• Single �nal good produced using labor and �oor space under

conditions of perfect competition the costlessly tradeable �nal good

1 =
1
Ait

Wβ
itq

1−β
it

• where qit is the price of commercial �oor space
• Labor cost index (Wit ) is a constant elasticity of substitution (CES)

function of the wage for each occupation (wo
it )

Wit =

[(
wL
it

γL

)1−σ

+

(
wM
it

γM

)1−σ
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(
wH
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γH

)1−σ] 1
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• Productivity (Ait ) depend on own and neighboring location
characteristics

Ait = A (ait ,Dit , {a−it}, {D−it}) ,

21 / 33



Floor Space Clearing

• Given supplies of residential and commercial �oor space (HR
it , HE

it ),
prices of �oor space (Qit , qit ) �oor space are determined as:

Qit =

∑
o∈O (1− αo) voitR

o
it

HR
it

qit =
1− β
β

[∑
o∈O wo

itE
o
it

]
HE
it

• For estimation, not required to specify determinants of supplies of
residential and commercial �oor space (HR

it , HE
it )

• For counterfactuals, baseline speci�cation holds these supplies �xed,
motivated by our empirical setting (Town and Country Planning 1942)

• In robustness checks, undertake counterfactuals allowing for
endogenous responses in the supply of �oor space
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Parameterization

• Calibrate and estimate the model’s parameters using historical data
for our empirical setting and other related evidence

Parameter Low Mid High Source
Preferences
(1− αo) 0.26 0.22 0.16 Housing Expenditure Survey 1937-8
Commuting
φo = κεo 2.92 2.41 1.87 Gravity Estimation
εo 6.36 5.25 4.07 Gravity & Heblich et al. (2020)
Production
β 0.55 Antràs and Voth (2003)
σ 1.41 Katz and Murphy (1992)
γo 0.17 0.38 0.46 Residential Property Values

• Solve for pre-war wages, employment and commuting using the
model’s commuter market clearing condition and observed pre-war
residents, commercial property values and travel times
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Pre-war Wages and Commuting
• Recover unobserved endogenous variables in initial equilibrium

• Wages (wo
i ) by worker type from commuter market clearing

β

1− β

(
wo
it
γo

)1−σ

∑
`∈O

(
w`it
γ`

)1−σV
E
i =

∑
n∈N

(wo
i )ε

o

τ−φ
o

ni∑
`∈N

(wo
`)
εo
τ−φ

o

n`

wo
i Rn

• Expected income (vn) from conditional commuting probabilities

von =
∑
i∈N

λoni|nw
o
i =

∑
i∈N

(wo
i )ε

o

τ−φ
o

ni∑̀
∈N

(wo
`)
εo
τ−φ

o

n`

wo
i

• Given wages (wo
i ), commuting costs (τ−φ

o

ni ), and residents (Ro
nt ),

recover commuting and employment (λRoni|n, λoni, Eon)
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Neighborhood E�ects Estimation
• Recover amenities from residential choice probabilities

lnBo
n = ln

(
U

o
/δo
)

+
1
εo

ln
(
λRon
)

+ (1− αo) lnQn − ln RMAo
n

• General speci�cation of neighborhood e�ects
– Amenities depend on the characteristics of surrounding locations

without taking a stand on the underlying mechanisms

lnBo
nt = βoDnt +

G∑
g=1

γogDngt + %okt + dont

• Parameterization of neighborhood e�ects
– Preferences over surrounding socioeconomic composition

ln Bo
nt = ηoDDnt + ηoR lnBnt + %okt + do

nt

– where neighborhood e�ects (Bnt ) modelled as distance-weighted average
of socioeconomic status in the own location and 100-500 meter bu�ers

– Instrument with neighboring destruction in the 100-500 meter bu�ers,
excluding the own location

lnBnt = κDDnt + κND
Neigh
nt +$kt + unt
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High-Income Neighborhood E�ects
(Parameterization)

Table 5: Post-war Amenities, Wartime Destruction and Neighborhood E�ects
(1) (2) (3) (4) (5) (6)

(A) High-income lnBHn lnBHn lnBHn lnBHn lnBHn lnBHn
Destruction in own area -0.102∗∗∗ -0.020∗∗ -0.043∗∗∗ -0.054∗∗∗ -0.055∗∗∗ -0.085∗∗∗

(0.014) (0.008) (0.011) (0.010) (0.010) (0.010)
Post-war neighborhood e�ects 1.347∗∗∗ 0.970∗∗∗ 0.892∗∗∗ 0.861∗∗∗ 0.776∗∗∗

(0.020) (0.169) (0.149) (0.158) (0.179)
Pre-war neighborhood e�ects 0.070∗∗∗ 0.092∗∗∗

(0.024) (0.028)
Observations 8779 8773 8771 8587 8587 8587
R-squared 0.556 0.845 − − − −
First-stage F-statistic − − 11.56 19.19 18.72 28.08
(B) Middle-income lnBMn lnBMn lnBMn lnBMn lnBMn lnBMn
Destruction in own area -0.046∗∗∗ -0.014∗∗∗ -0.018∗∗ -0.023∗∗∗ -0.024∗∗∗ -0.042∗∗∗

(0.007) (0.005) (0.008) (0.007) (0.007) (0.006)
Post-war neighborhood e�ects 0.533∗∗∗ 0.465∗∗∗ 0.529∗∗∗ 0.515∗∗∗ 0.463∗∗∗

(0.016) (0.135) (0.119) (0.125) (0.115)
Pre-war neighborhood e�ects 0.034∗ 0.048∗∗∗

(0.019) (0.018)
Observations 8794 8788 8786 8602 8602 8602
R-squared 0.615 0.737 − − − −
First-stage F-statistic − − 11.60 19.15 18.69 28.00
(C) Low-income lnBLn lnBLn lnBLn lnBLn lnBLn lnBLn
Destruction in own area 0.014∗ -0.000 0.022∗∗ 0.021∗ 0.021∗ 0.009

(0.008) (0.007) (0.011) (0.011) (0.011) (0.007)
Post-war neighborhood e�ects -0.233∗∗∗ 0.138 0.320 0.329 0.293

(0.021) (0.207) (0.199) (0.214) (0.181)
Pre-war neighborhood e�ects -0.021 -0.012

(0.034) (0.030)
Observations 8775 8769 8767 8584 8584 8584
R-squared 0.464 0.486 − − − −
First-stage F-statistic − − 11.42 18.84 18.43 27.81
Estimation OLS OLS IV IV IV IV

Notes: The dependent variables (lnBHn , lnBMn , lnBLn) are log post-war amenities for high, middle and low-income workers, respectively; in
Columns (1)-(3), wartime destruction is measured using the fraction of the pre-war overall built-up area seriously damaged during the Second
World War; in Columns (4)-(6), wartime destruction is measured using the fraction of the pre-war residential built-up area seriously damaged
during the Second World War; in Columns (2)-(5), post-war and pre-war neighborhood e�ects are measured as the distance-weighted average of
our index of socioeconomic status in the own location and the 100-500 meter bu�ers; in Column (6), post-war and pre-war neighborhood e�ects
are measured as the distance-weighted average of our index of socioeconomic status in the 100-500 meter bu�ers, excluding the own location;
the instrument in Column (3) is the distance-weighted average of wartime destruction in the 100-500 meter bu�ers, excluding the own location;
in Columns (4)-(6), the instrument is the distance-weighted average of residential wartime destruction in the 100-500 meter bu�ers, excluding
the own location; all speci�cations include �xed e�ects for 1 kilometer hexagons; First-stage F is �rst-stage F-statistic; R-squared not reported
for the IV speci�cations, because it does not have a meaningful interpretation; standard errors in parentheses clustered by 1 kilometer hexagons;∗, ∗∗ and ∗∗∗ denote signi�cance at the 10, 5 and 1 percent levels, respectively.

500 meter bu�ers. After controlling for neighborhood e�ects, we �nd direct e�ects of wartime
destruction (�oD) that are smaller in absolute magnitude but display the same pattern as in the
previous column. Additionally, we �nd evidence of neighborhood e�ects, which are positive and
statistically signi�cant for high and middle-income workers, with a coe�cient that is larger in ab-

32
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Counterfactuals
• Use our estimates to undertake counterfactuals to assess the general

equilibrium implications of neighborhood e�ects.
1 Impact of wartime destruction
2 Observed di�erences in socioeconomic outcomes even in counterfactual

scenarios without wartime destruction

1 Wartime destruction
(i) General Speci�cation

(ii) Parameterization in terms of preferences over socioeconomic status
2 Neighborhood e�ects

(i) Remove preferences over socioeconomic composition

• Baseline speci�cation
– Closed-city, exogenous productivity and inelastic supplies of commercial

and residential �oor space, start from pre-war equilibrium
• Robustness speci�cations

– Open-city, agglomeration forces, and imperfectly elastic supplies of
commercial and residential �oor space, start from post-war equilibrium
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Wartime Destruction Counterfactual
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Neighborhood E�ects Counterfactual
-1

-.5
0

.5
1

1.
5

Lo
g 

C
ha

ng
e

0 .2 .4 .6 .8 1
Pre-war Neighborhood Effects

No Neighborhood Effects Fitted

Residential Floor Prices

-.1
0

.1
.2

.3
C

ha
ng

e

0 .2 .4 .6 .8 1
Pre-war Neighborhood Effects

No Neighborhood Effects Fitted

Share of Residents (High-Income)
0

.5
1

1.
5

Lo
g 

C
ha

ng
e

0 .2 .4 .6 .8 1
Pre-war Neighborhood Effects

No Neighborhood Effects Fitted

Amenity-adjusted Real Income (High-Income)

-2
0

2
4

6
Lo

g 
C

ha
ng

e

0 .2 .4 .6 .8 1
Pre-war Neighborhood Effects

No Neighborhood Effects Fitted

Residence Probability (High-Income)

30 / 33



Outline

• Historical Background

• Data

• Reduced-form Evidence

• Theoretical Model

• Quantitative Analysis

• Conclusions

31 / 33



Conclusion
• We use German bombing of London during WWII as a natural

experiment to provide evidence on neighborhood e�ects
– Exogenous shock: uncorrelated with pre-war location characteristics

within geographical grid cells
– Long-lasting e�ect: reconstruction occurred during rationing, �nancial

constraints, and expansion social housing
• Provide reduced-form evidence on wartime bombing

– Direct negative e�ects on post-war economic outcomes
– Negative spillover e�ects on post-war economic outcomes

• Develop a quantitative urban model to rationalize these �ndings
– Heterogeneous workers from di�erent occupations sort across locations
– Construction of council housing in bombed locations reduces relative

amenities for higher-income workers
– In the presence of neighborhood e�ects, this reduction in relative

amenities for higher-income workers spills over to surrounding locations
• Counterfactuals for wartime destruction and neighborhood e�ects

– Neighborhood e�ects magnify the impact of wartime destruction
– Neighborhood e�ects account for much of the observed di�erences in

socioeconomic composition across locations
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Thank You
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