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Abstract:	 Many	 transport	 technologies	 cause	 a	 “not‐in‐my‐backyard”	 (NIMBY)	 reaction	 of	 locals	 in	 that	 they	

often	oppose	the	nearby	location	of	necessary	infrastructure	despite	benefiting	from	greater	mobility.	We	employ	

quasi‐experimental	research	methods	to	disentangle	the	offsetting	noise	and	accessibility	effects	of	one	technol‐

ogy	of	mass	transit,	metro	rail,	analyzing	land	price	effects	of	the	opening	of	the	first	German	electrified	metro	rail	

line	in	Berlin	in	1902.	Examining	a	long‐run	micro‐geographic	data	set,	we	find	that,	ceteris	paribus,	a	1	km	re‐

duction	 in	distance	 from	 the	nearest	 station	 increases	 land	prices	 (house	prices)	 by	21%	 (5%),	while	 a	10	db	

increase	in	noise	depreciates	land	prices	(house	prices)	by	5%	(1%).	We	show	that	these	effects	are	underesti‐

mated	 by	40%	 (access)	 to	 80%	 (noise)	 if	 they	 are	 not	 estimated	 conditional	 on	 each	 other.	 A	 complementary	

analysis	 of	 recent	 property	 transactions	 data	 suggests	 that	 preferences	 for	 accessibility	 have	 remained	 quite	

stable	 over	 the	 20th	 century,	 while	 noise	 sensitivity	 increased	 substantially.	 The	 case	 for	 constructing	 under‐

ground	as	opposed	to	elevated	rail	lines	is	therefore	stronger	today	than	a	century	ago.	
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1 Introduction	

The	(exact)	routing	of	transportation	infrastructure	is	often	a	matter	of	great	public	dispute.	On	

the	one	hand,	access	to	public	transportation	allows	easy	travel	to	other	locations.	Within	cities,	

for	 instance,	 proximity	 to	 public	 infrastructure	 provides	 opportunities	 for	 commuting	 to	 other	

neighbourhoods,	in	particular	the	central	city.	As	a	result,	areas	around	public	transport	stations	

from	which	people	 can	 then	walk	 to	 their	homes	or	 their	 jobs	often	 turn	out	 to	be	particularly	
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valuable	(Baum‐Snow	and	Kahn,	2000;	Gibbons	and	Machin,	2005).	More	generally,	infrastructure	

developments	have	 the	potential	 to	 significantly	 affect	 the	 spatial	 structure	of	 cities,	 e.g.,	 by	 at‐

tracting	firms	and	residents	to	suburbs	(Baum‐Snow,	2007;	Baum‐Snow	et	al.,	2012).	Across	cit‐

ies,	evidence	suggests	that	a	well‐developed	transport	infrastructure	enhances	trade	(Donaldson,	

2015;	Duranton	et	al.,	2013)	and	promotes	economic	growth	(Banerjee	et	al.,	2012;	Duranton	and	

Turner,	2012).	Often,	there	is	fierce	competition	between	communities	regarding	the	location	of	

motorways,	railway	stations	and	airports.	

On	 the	 other	 hand,	 transportation	 is	 typically	 associated	with	 local	 disamenities	 (e.g.	 Boes	 and	

Nüesch,	2011;	McMillen,	2004;	J.	P.	Nelson,	2004).	Depending	on	the	technology,	the	operation	of	

transportation	infrastructure	may	imply	noise	pollution,	poorer	air	quality	or	other	forms	of	envi‐

ronmental	damage.1	Consequently,	neighbourhoods	often	strongly	oppose	the	location	(or	expan‐

sion)	 of	 transport	 infrastructure	 in	 their	 immediate	 proximity	 (Ahlfeldt	 and	Maennig,	 2015),	 a	

phenomenon	 that	 is	 typically	 referred	 to	 as	 a	 NIMBY	 (Not	 In	 My	 Backyard)	 attitude	 (Fischel,	

2001).	 Given	 these	 conflicting	 interests	 and	 the	 typically	 large	 public	 investments	 that	 are	 in‐

volved	 in	 transport	 infrastructure	 projects,	 there	 is	 substantial	 interest,	 both	 among	 policy‐

makers	and	economists,	in	a	profound	understanding	of	the	related	(local)	costs	and	benefits.		

In	this	paper,	we	study	the	offsetting	positive	and	negative	effects	of	a	standard	and	widely	used	

transportation	technology,	metro	rail.	 In	particular,	we	examine	the	opening	of	the	first	German	

electrified	metro	rail	line,	the	Line	A	(or	Stammstrecke)	in	Berlin	in	1902,	to	disentangle	the	posi‐

tive	 accessibility	 effects	 from	 the	negative	 effects	 related	 to	noise,	 using	programme	evaluation	

techniques.	We	complement	the	historic	analysis	with	a	hedonic	analysis	of	contemporary	metro	

rail	 effects.	While	well‐identified	 estimates	 of	 external	 costs	 associated	with	 rail	 noise,	 holding	

accessibility	 benefits	 constant,	 are	 rare,	 such	 estimates	 are	 important	 to	 better	 understand	

whether	 the	 extra	 cost	 for	 building	 an	 underground	 line	 are	 economically	 justified	 and	 fiscally	

feasible.	

Following	a	large	literature	in	urban	and	public	economics,	we	infer	the	value	of	the	countervail‐

ing	 non‐marketed	 externalities	 from	 capitalization	 into	 real	 estate	 prices	 (Ahlfeldt	 et	 al.,	 2016;	

Chay	 and	Greenstone,	 2005;	Davis,	 2004;	Greenstone	 and	Gallagher,	 2008;	 Linden	 and	Rockoff,	

2008;	Oates,	1969;	Rosen,	1974;	Rossi‐Hansberg	et	al.,	2010).	This	approach	is	derived	from	the	

spatial	equilibrium	assumption	in	bid‐rent	theory,	one	of	the	workhorse	tools	in	urban	economics	

(Alonso,	 1964;	Mills,	 1967;	Muth,	 1969).	 Essentially,	 it	 is	 argued	 that	 the	 value	of	 (urban)	 land	

must	offset	all	utility	and	productivity	enhancing	or	depreciating	factors,	including	noise	and	ac‐

																																																													

1	 It	has	also	been	argued	that	mass	transit	attracts	criminal	activity	(Phillips	and	Sandler,	2015).	
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cessibility,	 if	 households	 are	mobile	 and	markets	 are	 competitive.	 The	 revealed	 preference	 ap‐

proach	is	a	popular	tool	in	social	cost‐benefit	analyses,	which	are,	in	many	settings,	the	preferred	

method	to	evaluate	welfare	effects	of	public	policies	(Osborne	and	Turner,	2010).	

Reviewing	 the	 literature,	a	number	of	studies	have	analyzed	 the	property	price	effects	of	 trans‐

portation	 infrastructure	 (e.g.	 Bajic,	 1983;	 Baum‐Snow	 and	 Kahn,	 2000;	 Bowes	 and	 Ihlanfeldt,	

2001;	Damm	et	al.,	1980;	Dewees,	1976;	McDonald	and	Osuji,	1995;	Voith,	1993).	Recent	applica‐

tions	focus,	in	particular,	on	the	property	price	effects	of	transport	innovations,	e.g.	improvements	

of	a	road	or	rail	network	,	to	achieve	better	identification	(Ahlfeldt,	Moeller,	et	al.,	2015;	Billings,	

2011;	Gibbons	and	Machin,	2005;	Hurst	and	West,	2014;	McMillen	and	McDonald,	2004;	Xu	et	al.,	

2015).	Overall,	the	findings	suggest	that	transport	infrastructures	(and	railways	in	particular)	are	

typically	associated	with	an	increase	in	local	property	values.2	

On	 transport‐related	 disamenity	 effects,	 there	 is	 solid	 evidence	 that	 aircraft	 noise	 depreciates	

property	 prices	 (Ahlfeldt	 and	Maennig,	 2015;	Boes	 and	Nüesch,	 2011;	 J.	 P.	Nelson,	 2004;	 Pope,	

2008).	 In	similar	 fashion,	high	environmental	quality,	e.g.,	 clean	air	or	water,	 is	 typically	associ‐

ated	 with	 positive	 capitalization	 effects	 (Harrison	 and	 Rubinfeld,	 1978;	 Leggett	 and	 Bockstael,	

2000;	J.	P.	Nelson,	1978),	as	are	unspoilt	natural	spaces	(Gibbons,	2015;	Tyrväinen	and	Miettinen,	

2000).	The	literature	is	sparser	and	less	conclusive,	however,	on	the	capitalization	effects	of	rail	

noise.	Still,	there	is	some	evidence	suggesting	that	rail	may	have	negative	property	price	effects	at	

a	highly	localized	level,	possibly	due	to	noise	(e.g.	Al‐Mosaind	et	al.,	1993;	Debrezion	et	al.,	2010;	

A.	C.	Nelson,	1992).		

We	contribute	to	the	literature	in	a	number	of	important	respects.	First,	we	explicitly	disentangle	

the	positive	effects	of	rail	access	from	the	negative	effects	of	rail	noise	in	a	causal	analysis	of	rail	

capitalization	effects.	Therefore,	we	go	beyond	most	of	the	existing	work	that	typically	focuses	on	

the	aggregate	(or	net)	effect	of	countervailing	rail	externalities.	In	doing	so,	we	also	examine	the	

degree	of	 bias	 that	 arises	when	accessibility	 effects	 are	 estimated	without	 controlling	 for	noise	

effects	and	vice	versa.	

Second,	we	employ	a	particularly	demanding	identification	strategy	that	not	only	controls	for	un‐

observed	time‐invariant	characteristics	of	locations	in	price	levels,	but	also	uses	a	counterfactual	

that	takes	into	account	heterogeneity	in	growth	trends	before	the	new	line	was	announced.	Spe‐

cifically,	 our	 pre‐trend	weighted	 (PTW)	 difference‐in‐differences	 (DD)	 estimator	minimizes	 the	

conditional	 correlation	 between	 pre‐announcement	 trends	 in	 the	 outcome	 variable	 (property	

																																																													

2		 The	 literature	 is	 surveyed	 in,	 among	 others,	 Bartholomew	 and	 Ewing	 (2011),	 Debrezion,	 Pels,	 and	
Rietveld	(2007),	Gibbons	and	Machin	(2008),	and	Wrigley	and	Wyatt	(2001).	
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prices)	and	multiple	continuous	treatment	variables	(proximity	to	the	station	and	rail	noise).	Con‐

sequently,	we	minimize	the	risk	that	unobserved	trends	in	property	prices	correlated	with	station	

access	or	rail	noise	confound	our	estimates.	

Third,	we	combine	a	long‐run	micro‐geographic	panel	data	set	with	a	DD	estimator	that	features	

time‐varying	treatment	effects,	allowing	us	to	explore	how	expected	amenity	and	disamenity	ef‐

fects	gradually	capitalized	into	property	prices	before	and	after	the	completion	of	the	project.	As	a	

result,	we	also	gain	interesting	insights	into	how	the	completion	of	the	rail	line	impacts	on	price	

levels	and	trends.		

Fourth,	our	spatially	highly	disaggregated,	micro‐geographic	data	set	allows	us	to	exploit	a	sharp	

discontinuity	at	the	point	where	the	tracks	enter	a	tunnel	to	vanish	beneath	the	surface.	We	use	a	

combination	of	Regression	Discontinuity	Design	(RDD)	and	DD	approach	to	assess	the	pure	noise	

effect	on	adjacent	land	prices.	We	use	these	strongly	identified	estimates	of	the	noise	effect	as	an	

over‐identification	test	for	our	PTW	DD	estimates.	

Fifth,	we	provide	one	of	the	few	analyses	of	rail	capitalization	effects	into	land	prices	(e.g.	Ahlfeldt,	

Moeller,	et	al.,	2015;	Coffman	and	Gregson,	1998)	whereas	most	previous	studies	have	looked	at	

price	responses	of	properties	or	housing	units.	The	analysis	of	land	prices	comes	with	the	advan‐

tage	of	not	having	to	control	for	structural	characteristics.	In	addition,	because	land	is	scarce	in	an	

urban	context	and	provided	(almost)	inelastically,	adjustments	in	land	prices	can	be	assumed	to	

be	purely	driven	by	demand.	The	analysis	of	house	price	effects,	in	contrast,	may	be	mitigated	by	

supply	responses	if	the	demand	curve	is	locally	downward	sloping	because	of	imperfect	mobility	

and	idiosyncratic	location	preferences	(Hilber	and	Vermeulen,	2015).		

Sixth,	and	most	notably,	we	analyse	the	opening	of	a	rail	line	in	a	historic	context,	about	a	century	

ago.	Being	the	first	of	its	kind	in	Germany,	the	line	was	a	true	innovation	and	accompanied	by	con‐

siderable	uncertainty	 regarding	potential	 local	 costs	and	benefits.	Therefore,	 the	analysis	of	 the	

adjustment	path	of	land	prices	over	time	is	particularly	interesting.	Moreover,	our	plot	level	data	

set	is	unmatched	in	its	spatial	detail	in	a	historical	context,	containing	up	to	11,817	annual	obser‐

vations.	Since	a	comparison	with	contemporary	analyses	of	rail	 infrastructure	projects	yields	in‐

sights	into	how	the	valuation	of	rail	amenities	and	disamenities	has	changed	over	time,	we	com‐

plement	 our	 historic	 analysis	with	 a	 contemporary	 analysis	 using	 recent	 property	 transactions	

data.		

Seventh,	 in	analysing	the	welfare	case	of	building	elevated	or	underground	metro	lines,	we	pro‐

vide	novel	auxiliary	findings	that	are	interesting	in	their	own	right.	We	estimate	the	per	km	cost	of	

an	underground	metro	line	at	the	beginning	of	the	20th	century	to	be	three	times	that	of	an	ele‐

vated	 line,	which	 is	substantially	 larger	 than	 the	contemporary	rule‐of‐thumb	 factor	of	 two.	We	
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also	find	that,	over	a	period	of	about	130	years,	the	average	annual	nominal	land	price	growth	rate	

was	about	5%	in	Berlin	and,	therefore,	typically	within	the	range	of	the	opportunity	cost	of	capital	

(central	 bank	 interest	 rates).	 Taking	 into	 account	property	price	 inflation,	we	 estimate	 the	 real	

property	tax	in	Berlin	to	be	about	0.3%,	which	is	just	about	one	fifth	of	the	official	rate	applied	to	

historic	land	values.	

Previewing	our	results,	we	find	that,	ceteris	paribus,	a	1	km	reduction	in	distance	to	the	nearest	

station	increases	land	prices	(house	prices)	by	21.1%	(5.3%)	while	a	10	db	increase	in	noise	de‐

preciates	 land	 prices	 (house	 prices)	 by	 5.0%	 (1.3%).	 Our	 estimates	 imply	 that,	 at	 stations,	 the	

countervailing	effects	of	the	infrastructure	just	about	offset	each	other.	Moreover,	we	show	that	if	

the	effects	are	not	estimated	conditional	on	each	other,	they	are	underestimated	by	40%	(access)	

to	80%	(noise).	We	validate	our	noise	PTW	DD	estimates	by	particularly	well‐identified	RDD	DD	

estimates	which	exploit	the	discontinuity	in	noise	exposure	at	the	tunnel	entrance.	A	comparison	

to	 contemporary	 rail	 effects	 suggests	 that	 the	 value	 of	 access	 to	metro	 rail	 has	 remained	 fairly	

constant	over	time,	while	sensitivity	to	noise	has	increased	substantially.	The	case	for	construct‐

ing	underground	rail	lines	in	an	urban	setting	is	therefore	stronger	than	at	the	time	when	Berlin’s	

Line	A	was	constructed.	

The	remainder	of	the	paper	is	organized	as	follows.	In	Section	2,	we	discuss	the	historical	back‐

ground	and	present	our	data,	followed	by	a	description	of	our	empirical	strategy	for	the	historic	

analysis.	The	heart	of	 our	paper	 is	 Section	4,	which	presents	 the	empirical	 results	 along	with	 a	

complementary	contemporary	analysis	and	a	discussion	of	welfare	and	fiscal	policy	implications.	

Section	5	provides	a	brief	conclusion.	

2 Historical	background	and	data	

2.1 History	

In	1879,	the	German	founder	and	inventor	Werner	von	Siemens	presented	the	first	fully	electri‐

fied	 experimental	 railway	 at	 the	 internationally	 renowned	 trade	 and	 industrial	 exhibition	

(Gewerbeausstellung)	in	Berlin.	In	view	of	the	phenomenal	success	of	his	invention,	with	follow‐up	

presentations	 in	 Brussels,	 Frankfurt,	 Copenhagen,	 London	 and	Moscow,	 he	 eagerly	 worked	 to‐

wards	a	quick	implementation	of	this	technology	for	the	city	of	Berlin.	By	1891,	the	company	Sie‐
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mens	&	Halske	had	proposed	a	densely	linked	network	of	various	lines	to	connect	the	inner	core	

of	“old	Berlin”	with	its	–	then	–	surrounding	municipalities.3		

According	to	initial	plans,	the	network	was	to	be	built	entirely	on	elevated	tracks,	mainly	because	

of	strict	regulation	of	underground	activities	due	to	construction	works	on	the	new	canalization	

system	 led	 by	 James	Hobrecht.	 Given	 the	 original	 structure	 of	 the	 inner	 city,	 however,	with	 its	

small	alleys	and	winding	streets,	this	plan	appeared	to	be	problematic	from	the	beginning.	Moreo‐

ver,	 according	 to	 existing	 commuting	 patterns,	 the	 construction	 of	 a	 north‐south	 connection	

would	 have	 been	 the	most	 desirable	 project	 in	 order	 to	 ease	 the	 traffic	 on	many	 heavily	 used	

streets.	However,	Berlin’s	city	government	(Magistrat)	strictly	rejected	this	idea	in	fear	of	the	un‐

foreseeable	 consequences	 regarding	 the	 appearance	 of	 one	 of	 Berlin’s	 most	 prominent	 north‐

south	boulevards,	the	Friedrichstrasse	(Domke	and	Hoeft,	1998).	

Thus,	in	1895,	a	concession	was	granted	for	the	establishment	of	a	less	favored	east‐west	connec‐

tion.	The	line	was	to	connect	the	eastern	parts	of	Berlin,	at	the	station	Warschauer	Brücke,	and	the	

wealthy	western	city	of	Charlottenburg,	at	the	station	Zoologischer	Garten,	running	exclusively	on	

elevated	 tracks.	 Built	 along	 another	 of	 Berlin’s	major	 boulevards,	 this	was	 considered	 the	 only	

possible	routing	for	that	line.	At	that	time,	however,	the	Magistrat	of	Berlin	considered	the	whole	

project	 	 to	 be	 too	 risky	 and	 non‐profitable,	 deciding	 not	 to	 participate	 in	 its	 final	 execution	

(Baltzer,	1897).	Therefore,	in	1897	(only	five	years	before	the	inauguration	of	the	line),	Siemens	&	

Halske	 founded	 the	 Elevated	 Railway	 Company	 (Hochbahngesellschaft)	 in	 cooperation	with	 the	

Deutsche	Bank	to	guarantee	the	funding.		

The	construction	began	 immediately,	 starting	 from	the	eastern	parts.	However,	Berlin	residents	

quickly	realized	the	viaduct’s	unpleasant	appearance.	Also,	Berlin’s	municipal	planning	and	build‐

ing	 control	 office,	with	 its	newly	appointed	head	Friedrich	Krause,	was	no	 longer	generally	 op‐

posed	to	plans	 for	 the	construction	of	underground	 lines.	As	a	result,	 the	city	of	Charlottenburg	

managed	to	ensure,	in	a	last	minute	move,	that	the	tracks	ran	beneath	the	street	surface	once	the	

line	reaches	its	boundaries.	The	decision	led,	once	more,	to	a	change	of	routing	plans	along	major	

parts	of	the	line,	with	negotiations	about	possible	courses	starting	less	than	three	years	before	the	

opening	of	the	line.	

																																																													

3		 Social	and	economic	integration	among	the	city	of	Berlin	and	its	surrounding	areas	had	been	constantly	
growing,	 especially	 since	 the	 1870s.	 In	 1912,	 the	 areas	 formally	 established	 an	 economic	 partnership.	
Later,	in	the	grand	amalgamation	in	1920,	Berlin	was	officially	merged	with	seven	other	cities,	59	rural	
municipalities	(Landgemeinden),	and	27	rural	districts	(Gutsbezirke)	 to	become	the	new	city	of	Greater	
Berlin	(Groß‐Berlin).	
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The	 routing	 was	 finally	 determined	 by	 the	 intentions	 of	 two	 major	 players.	 Having	 recently	

bought	large	tracts	of	land	in	Charlottenburg’s	Westend	district,	Deutsche	Bank	sought	to	connect	

these	areas	to	the	new	line	in	order	to	benefit	from	an	increase	in	land	values	(Erbe,	1987).	The	

city	of	Charlottenburg,	in	contrast,	preferred	the	tracks	connecting	areas	further	to	the	north.	In	

the	end,	the	line	was	inaugurated	in	1902	and	called	“Line	A”	(Linie	A	or	Stammstrecke).	The	final	

routing,	depicted	in	Figure	1,	was	later	described	by	historians	as	an	outcome	of	agreements	and	

accidents	(Bousset,	1935).	

Fig.	1.	 Routing	of	Berlin’s	first	metro	line	(Linie	A)	

	
Notes:		 Own	 illustration	 using	 the	 Urban	 Environmental	 Information	 System	 of	 the	 Berlin	 Senate	 Department	

(Senatsverwaltung	für	Stadtentwicklung	Berlin,	2006).	CBD	is	the	central	business	district.	Kurfürstendamm	
is	a	major	sub‐centre.	

2.2 Data	

Land	Prices	

Our	measure	of	land	price	is	extracted	from	various	editions	(1881,	1890,	1896,	1900,	1904,	1910,	

and	1914)	of	assessed	land	value	maps	created	by	the	renowned	technician	Gustav	Müller	in	co‐

operation	with	official	planning	authorities.	Müller’s	maps	provide	data	at	a	remarkably	disaggre‐

gated	 level	 of	 individual	 plots.	 The	 stated	 objective	 was	 to	 provide	 official	 and	 representative	

guides	 for	 both	 private	 and	 public	 investors	 participating	 in	 Berlin’s	 real	 estate	market.	While	

Müller	himself	did	not	describe	in	detail	the	exact	procedure	of	land	valuation,	the	imperial	valua‐

tion	law	(Reichsbewertungsgesetz)	of	the	German	Reich	contained	a	strict	order	to	use	capital	val‐

ues	for	the	assessment	of	commercial	plots	based	on	fair	market	prices.	In	line	with	the	valuation	

laws	for	commercial	land,	Müller	claims	that	his	assessment	refers	to	the	pure	value	of	land,	which	
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is	adjusted	for	all	building	and	even	garden	characteristics.	He	also	corrected	values	 for	specific	

location	characteristics	such	as	single	and	double	corner	lots,	subsoil	and	courtyard	properties.		

Müller’s	maps	 are	 by	 now	 an	 established	 data	 source.	 They	 have	 been	 used,	 among	 others,	 by	

Ahlfeldt	 et.	 al	 (2015),	who	also	provide	 an	 extensive	data	 appendix	 that	 describes	 in	detail	 the	

nature	of	the	data.	More	notably,	the	data	are	directly	comparable	to	the	more	recent	Berlin	land	

price	data	(1928,	1936,	1986,	2006)	used	by	Ahlfeldt,	Redding,	et	al.	(2015);	they	also	share	many	

similarities	to	Olcott’s	Chicago	land	values,4	which	have	been	used	in	studies	such	as	Berry	(1976),	

Kau	and	Sirmans	(1979),	McDonald	and	Bowman	(1979),	McMillen	(1996),	McMillen	and	McDon‐

ald	(2002),	Mills	(1969),	and	Yeates	(1965).		

In	contrast	to	previous	analyses	based	on	Müller’s	data,	we	exploit	its	full	spatial	detail	at	the	par‐

cel	level.	To	preserve	the	highly	disaggregated	nature	of	the	original	data,	we	digitize	every	single	

data	point	within	a	buffer	of	1	km	around	the	newly	built	elevated	tracks	within	a	GIS	environ‐

ment.	After	creating	a	balanced	panel	 for	the	final	analyses,	this	 leaves	us	with	a	total	of	45,947	

observations	for	seven	points	in	time.	

Noise		

To	assess	 the	disamenities	 from	increasing	noise	 levels,	we	consult	a	highly	disaggregated	map,	

obtained	 from	the	Berlin	Senate	Department	 for	Urban	Development,	which	contains	2007	esti‐

mates	of	the	continuous	sound	level	by	the	source	of	noise	at	a	10x10	meter	grid.	Given	that	the	

built‐up	structure	within	the	affected	area	remained	virtually	unchanged	after	the	inauguration	of	

the	line,5	it	can	reasonably	be	argued	that	contemporary	noise	levels	reflect	the	dissemination	of	

sound	about	100	years	ago.	

Elevated	train	line	and	metro	

Historical	 network	 plans	 provide	 sufficient	 information	 on	 tracks	 and	 individual	 stations	 along	

the	route	to	extract	and	digitize	the	whole	line.6	The	elevated	section	of	the	line	consists	of	11	sta‐

tions,	while	the	entire	line	(including	the	underground	section)	consists	of	20	stations	with	a	total	

length	of	15.2	km.		

																																																													

4		 Olcott's	land	values	blue	book	of	Chicago	and	suburbs	was	published	regularly	by	G.	C.	Olcott's	&	Co.,	Inc.	
from	the	1910s	to	the	1990s.	

5		 Note	that	for	very	few	plots,	where	the	building	structure	changed,	we	impute	historic	noise	levels	using	
adjacent	plots.	

6		 Network	plans	are	also	available	online;	 see,	 for	 instance,	http://www.berlineruntergrundbahn.de	and	
http://www.berliner‐verkehr.de.	
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3 Empirical	strategy	

In	this	section,	we	describe	the	empirical	strategy	for	the	historic	analysis	of	the	effects	of	the	es‐

tablishment	of	Line	A.	We	proceed	in	two	steps.	First,	we	run	a	conventional	DD	analysis	of	 the	

elevated	section	of	the	rail	line	where	the	effects	of	noise	and	access	to	stations	can	be	identified	

from	 variation	 in	 land	 values	 over	 time.	 In	 a	 next	 step,	 we	 perform	 a	micro	 study	 of	 the	 area	

around	the	tunnel	entrance	from	the	elevated	to	the	underground	sections	of	the	line	which	pro‐

vides	discontinuous	variation	 in	noise	over	 time.	This	 variation	allows	 for	 a	particularly	 robust	

identification	of	noise	effects,	controlling	for	access	to	the	station.	Specifically,	we	argue	that	esti‐

mated	noise	effects	from	the	discontinuity	design	that	are	in	line	with	the	DD	estimate	will	indi‐

cate	that	our	DD	estimates	are	well‐identified;	they	not	only	lend	credibility	to	the	DD	noise	effect	

estimates	but	also	to	our	accompanying	DD	estimates	of	the	access	effect.			

3.1 Difference‐in‐differences	

Our	 baseline	 empirical	 strategy	 combines	 hedonic	 (Rosen,	 1974)	 and	 difference‐in‐differences	

(DD)	 methods	 (Ashenfelter	 and	 Card,	 1985).	We	 employ	 the	 hedonic	 approach	 to	 express	 the	

price	of	a	parcel	of	land	as	a	function	of	various	attributes,	including	rail	noise	and	rail	access,	and	

their	implicit	prices.	The	DD	method	then	allows	us	to	identify	a	treatment	effect	(e.g.,	of	rail	ac‐

cess	or	rail	noise)	by	differentiating	across	space	(different	degrees	of	exposure)	and	time	(before	

and	after	exposure).	Our	baseline	empirical	specification	takes	the	following	form:	

ln	 , , 	,		 (1)	

where	Pit	 is	 the	 land	price	of	a	parcel	 i	 at	 time	 t,	 	 is	a	parcel	 fixed	effect	 controlling	 for	unob‐

served	 time‐invariant	 heterogeneity	 onto	 which	 we	 cluster	 standard	 errors	 (Bertrand	 et	 al.,	

2004),	and	 	is	a	year	fixed	effect	controlling	for	common	macroeconomic	shocks.	 	is	a	vector	

of	 time‐invariant	 control	 variables	 interacted	with	year	 effects	 such	 that	 	 is	 a	matrix	 of	 year‐

specific	implicit	prices.	 , , 	is	a	treatment	function	that	expresses	the	effects	of	the	metro	

line	as	a	function	of	the	straight‐line	distance	to	the	nearest	station	Si	 ,	the	emitted	noise	Nit,	and	

time	 .	

While	the	opening	date	of	 the	 line	(1902)	 is	known	a	priori,	 the	exact	temporal	structure	of	 the	

capitalization	of	 the	effects	of	 the	 line	 into	 land	prices	 is	not.	Capitalization	will	occur	gradually	

rather	than	immediately	if	the	service	is	an	experience	good	and	it	takes	some	time	before	transit	

riders	adjust	their	behavior	to	take	full	advantage	of	the	new	option.	If	the	semi‐strong	(or	strong)	

efficient	market	 hypothesis	 (Fama,	 1970)	 holds,	markets	will	 respond	 to	 all	 information	made	

publicly	available,	which	can	result	in	anticipation	effects	as	soon	as	the	new	line	is	announced.	In	
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setting	up	our	DD	model,	we	begin	by	estimating	a	series	of	 time‐varying	treatment	effects	 that	

reveal	the	temporal	adjustment	path	in	a	flexible	manner.	

, , 	 ∑ , ,… 	,	 (2)	

where	 t	 is	an	 indicator	variable,	which	 takes	 the	value	of	one	 if	 the	condition	 is	met	and	

zero	otherwise.	Parameters	 	and	 	each	represent	an	individual	DD	parameter	reflecting	how	

land	 prices	 for	 parcels	 exposed	 differently	 to	 noise	 and	 accessibility	 effects	 (first	 differences)	

changed	from	1881	to	year	z	(second	differences).		

We	 note	 that,	 because	 there	was	 no	metro	 rail	 noise	 prior	 to	 the	 elevated	 train	 line,	 our	 noise	

measure	reflects	the	increase	in	noise	due	to	the	elevated	rail	line	(such	that	 ∆ ,	where	∆ 	

is	the	before‐after	change	in	noise).	Therefore,	 	provides	a	first‐difference	estimate	of	the	effect	

of	rail	noise	on	land	prices	that	can	be	interpreted	as	a	hedonic	implicit	price.	In	contrast,	 	gives	

the	change	in	the	hedonic	implicit	price	of	distance	to	station	locations	from	year	1881	to	year	z,	

i.e.	 ,	where	 	 is	 the	hedonic	 implicit	price	 in	given	year	z.	 	 can	still	be	 inter‐

preted	as	the	hedonic	implicit	price	of	proximity	to	a	station	 	since	in	1881	the	stations	could	

not	be	anticipated	and,	thus,	 0.	

Informed	by	this	analysis,	we	then	estimate	an	extended	DD	model	which	provides	a	before‐and‐

after	comparison,	controlling	for	the	effects	during	an	identified	adjustment	period.		

, , 1902 1902 	

		 	 ∑ 	,	 (3)	

where	 1902 	is	an	indicator	variable	taking	the	value	of	one	for	years	after	the	line	opening	

and	 	is	defined	similar	to	 t	in	equation	(2).	In	A,	we	include	all	years	during	which	

land	prices	appear	 to	be	adjusting	 to	a	new	equilibrium.	Note	 that	compared	 to	dropping	 those	

years,	controlling	for	adjustment	effects	offers	the	advantage	of	processing	more	information	for	

identification	of	covariate	effects	(X)	and	fixed	effects	 , .			

The	critical	and	essentially	untestable	assumption	of	any	DD	analysis	is	that,	 in	the	absence	of	a	

treatment,	all	subjects	(irrespectively	of	the	intensity	of	treatment)	would	have	followed	the	same	

trend.	A	selection	problem	exists	if	the	treated	and	the	non‐treated	subjects	differ	in	observable	or	

unobservable	 dimensions,	 and	 these	 differences	 imply	 heterogeneous	 responses	 to	 common	

shocks.	A	variety	of	 techniques	have	emerged	 to	 address	 such	problems,	many	of	which	aim	at	

weighting	observations	in	such	a	way	that	the	intensity	of	treatment	becomes	orthogonal	to	ob‐

servable	characteristics.	The	propensity	score	matching,	for	instance,	aims	at	weighting	observa‐
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tions	such	that	a	control	group	resembles	a	treatment	group	in	terms	of	observable	characteristics	

(Rosenbaum	 and	 Rubin,	 1983).	 The	 synthetic	 control	 method	 creates	 a	 synthetic	 control	 as	

weighted	 combination	 of	 non‐treated	 subjects	 that	 resembles	 a	 treated	 subject	 in	 terms	 of	 ob‐

servable	characteristics	and	the	trend	observed	prior	to	the	treatment,	the	pre‐trend	(Abadie	and	

Gardeazabal,	2003).	The	coarsened	exact	matching	(Iacus	et	al.,	2011)	assigns	weights	to	observa‐

tions	that	ensure	that	pre‐trends	 in	an	outcome	variable	are	balanced	across	a	treatment	group	

and	a	control	group.		

The	application	of	such	established	matching	techniques	is	complicated	in	our	setting	by	two	fac‐

tors.	For	one	thing,	we	estimate	the	effects	of	two	treatments,	station	access	and	rail	noise,	condi‐

tional	on	each	other.	For	another	thing,	the	intensity	of	treatment	is	not	dichotomous,	but	varies	

continuously	in	space.	In	this	case,	it	is	not	a	trivial	task	to	distinguish	between	subjects	that	are	

treated	and	non‐treated	in	a	discrete	way.	

We,	therefore,	employ	an	alternative	weighting	approach.	Using	a	pre‐trend	weighted	(PTW)	DD	

approach,	we	seek	to	find	a	vector	of	parcel	weights	that	minimizes	the	conditional	correlations	

between	both	treatment	variables	and	the	1881‐1890	trend	in	land	prices,	a	period	for	which	we	

are	confident	that	the	line	has	not	been	anticipated.	The	rationale	is	that	if	our	treatment	meas‐

ures	are	uncorrelated	with	pre‐trends	 they	will	 likely	be	uncorrelated	with	 trends	unrelated	 to	

the	treatment	during	the	treatment	period.	We	highlight	that	we	have	two	more	pre‐opening	pe‐

riods	in	our	data	(1890‐1896,	1896‐1900).	 It	 is,	 thus,	possible	to	evaluate	whether	the	common	

trends	assumption	holds	using	information	that	was	not	used	in	the	construction	of	the	weights.	

We	define	the	parcel	weights	as	a	function	of	n	variables	dn	of	the	following	form:	

∑
, ∑ , 	,	 	 (4)	

where	 	 is	 a	 kernel	 function,	 	 is	 a	 variable‐specific	 bandwidth	 and	 	 is	 a	 vector	 of	 pre‐

treatment	parcel	characteristics,	including	distance	from	the	central	business	district	(CBD),	dis‐

tance	 from	 the	 Kurfürstendamm	 (the	 major	 western	 sub‐center),	 and	 a	 measure	 of	 abnormal	

growth	defined	as	∆ln	 , ∆ln	 ,	where	∆ln	 , 	is	the	change	in	the	natural	loga‐

rithm	of	land	prices	from	1881	to	1890	and	the	upper	bar	indicates	the	mean	across	the	distribu‐

tion.	We	use	a	standard	Gaussian	kernel	and	bandwidths	set	according	to	 the	Silverman	(1986)	

rule.7	

																																																													

7		 Formally,	the	bandwidth	is	chosen	as	 1.06 	
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2

	 2 	 	 (5)	

In	this	setting,	our	problem	becomes	finding	the	vector	 	that	minimizes	the	conditional	correla‐

tions	of	noise	and	access	with	 the	1881	to	1890	pre‐trend	 in	 land	prices	 ∆ln	 , .	We	de‐

termine	 this	 vector	 in	 a	 grid	 search	 over	 the	 parameter	 space	 defined	 by	 0, 0.01,0.02, … 1 ,	

which	equates	to	101^3=1,030,301	combinations.	In	particular,	we	select	the	combination	of	pa‐

rameters	 	 that	 minimizes	 the	 sum	 of	 squared	 partial	 correlations	 between	 our	 treatment	

measures	(rail	noise	and	station	access)	and	∆ln	 , .	For	each	combination,	we	estimate	the‐

se	partial	correlations	in	auxiliary	weighted	(by	Wi)	regressions	of	∆ln	 , 	against	standard‐

ized	measures	of	rail	noise	and	station	access.8	

By	using	weighted	combinations	of	(time‐invariant)	covariates	to	balance	pre‐trends	across	sub‐

jects	exposed	to	differing	treatment	intensities,	our	approach	shares	similarities	with	the	synthet‐

ic	control	method	(Abadie	and	Gardeazabal,	2003).	One	limitation	of	our	approach	is	that	we	do	

not	balance	 the	covariates	 themselves,	but	 focus	exclusively	on	balancing	pre‐trends	across	dif‐

ferent	intensities	of	treatment.	In	this	respect,	our	approach	is	more	similar	to	the	coarsened	ex‐

act	matching	(Iacus	et	al.,	2011).	The	main	advantage	of	our	approach,	however,	is	the	ability	to	

ensure	that	the	pre‐trends	are	conditionally	uncorrelated	with	multiple	treatments	of	continuously	

varying	intensity.		

3.2 Regression	discontinuity	

The	 specific	 character	of	 Line	A,	 in	 combination	with	 the	unique,	 spatially	highly	disaggregated	

data	 available	 to	 us,	 enables	 us	 to	 identify	 the	 effect	 of	 the	 noise	 disamenity	 using	 a	 relatively	

sharp	and	discontinuous	change	in	rail	noise	at	the	tunnel	entrance	where	the	line	switches	from	

being	elevated	to	running	underground	and	vice	versa.	Our	empirical	approach	is	inspired	by	the	

regression	 discontinuity	 design	 literature	 (e.g.	 Basten	 and	Betz,	 2013;	 Dell,	 2010;	 2008;	 Lalive,	

2008)	and,	in	particular,	work	that	exploits	discontinuous	changes	at	spatial	boundaries	(Gibbons	

et	al.,	2013).	Since	we	compare	land	prices	at	two	sides	of	a	spatial	boundary	(first	difference)	and	

before	and	after	the	line	opening	(second	difference),	our	approach	is	essentially	a	DD	model,	with	

identification	being	restricted	to	a	source	of	discontinuous	variation	as	in	the	RDD	literature.	We,	

therefore,	refer	to	our	approach	as	a	RDD‐DD	model.	

																																																													

8		 We	run	m	regressions	of	the	following	form	∆ln	 , ,	where	∆ln	 , 	is	
the	change	in	log	land	price	from	1881	to	1890	and	tilde	denotes	normalization	by	standard	deviation.	In	
each	regression,	observations	are	weighted	by	Wi,	which	depends	on	the	vector	 .	We	select	the	combi‐

nation	of	 	parameters	that	minimizes	∑ , .	



Ahlfeldt/Nitsch/Wendland:	Ease	vs.	noise	 13	

Again,	it	should	be	noted	that	the	agreement	to	construct	the	line	as	an	underground	line	within	

the	boundaries	of	the	city	of	Charlottenburg,	whose	authorities	opposed	the	erection	of	an	elevat‐

ed	line,	was	reached	not	earlier	than	three	years	before	the	inauguration.	Therefore,	for	the	dis‐

continuous	change	in	noise	at	the	tunnel	entrance,	anticipatory	effects	are	unlikely.	Moreover,	our	

RDD‐DD	model	washes	out	any	effect	of	accessibility	and	other	 location	characteristics,	 thereby	

generating	a	very	precise	estimate	of	the	pure	rail	noise	effect.	Most	notably,	our	land	price	data	

allows	us	to	identify	the	effect	using	very	small	spatial	windows	from	the	rail	track	and	the	tunnel	

entrance.	Figure	2	 illustrates	 the	micro	geography	around	the	 tunnel	entrance,	which	 is	 right	at	

the	intersection	of	the	two	dotted	lines.	Evidently,	a	50‐meter	buffer	drawn	around	the	track	com‐

fortably	covers	the	boulevard	under	which	the	line	is	routed	as	well	as	the	front	rows	of	buildings	

framing	the	boulevard.		

Fig.	2.	 Micro	geography	at	tunnel	entrance	

	
Notes:	 Dotted	 line	 is	the	orthogonal	 intersecting	with	the	track	at	the	tunnel	entrance.	Own	illustration	using	the	

Urban	 Environmental	 Information	 System	 of	 the	 Berlin	 Senate	 Department	 (Senatsverwaltung	 für	
Stadtentwicklung	Berlin,	2006).	

Our	RDD‐DD	specification	takes	the	following	form:	

ln , ln , 0 ∑ ∑ 0 	,	 (6)	

where	Di	 is	the	running	variable	defined	as	the	shortest	distance	from	the	orthogonal	that	inter‐

sects	with	the	tract	at	the	tunnel	entrance	(the	black	dotted	line	in	Figure	2).	The	variable	takes	

negative	values	within	the	underground	section	and	positive	values	within	the	elevated	section.	

0 	 is	a	dummy	variable	taking	the	value	of	one	if	 the	condition	is	met,	 i.e.,	 the	parcel	 falls	

into	the	elevated	section,	and	zero	otherwise.	o	defines	the	polynomial	order	of	the	distance	trend	

specification,	conditional	on	which	the	discontinuity	effect	is	estimated.	The	coefficient	of	interest	
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is	 	and	provides	an	estimate	of	the	extent	to	which	the	exposure	of	noise	emitted	by	an	elevated	

rail	depreciates	land	prices.		

Because	our	outcome	variable	is	in	differences	we	implicitly	allow	for	arbitrary	heterogeneity	in	

time‐invariant	unobservable	location	characteristics.	The	identifying	assumption	is	that	only	the	

variable	of	interest,	noise,	experiences	a	discontinuous	change	at	the	tunnel	entrance	from	1900	

to	1904.	We	allow	for	arbitrary	variation	in	unobserved	characteristics	from	1900	to	1904	as	well	

as	 changes	 in	 implicit	 prices	 of	 arbitrary	 characteristics,	 but	 impose	 the	 identifying	 restriction	

that	these	changes	are	smooth	in	the	running	variable.		

3.3 Interpretation	of	estimated	implicit	prices	

Throughout	this	paper,	we	provide	causal	estimates	of	rail	noise	and	station	access	on	land	prices,	

i.e.,	we	estimate	implicit	hedonic	prices	of	these	attributes.	A	particularly	attractive	feature	of	us‐

ing	 land	price	data	 is	 that	we	do	not	have	 to	 control	 for	property	 characteristics.	Also,	because	

land	is	scarce	 in	an	urban	setting,	 the	price	response	 is	unlikely	to	be	affected	by	a	quantity	re‐

sponse,	which	would	be	a	concern	with	property	data	if	developers	could	build	more	densely	to	

meet	increases	in	demand	and	the	demand	curve	is	locally	sloping	downward	(e.g.,	due	to	imper‐

fect	mobility	and	idiosyncratic	preferences).	At	the	same	time,	however,	our	results	are	not	direct‐

ly	 comparable	 to	 capitalization	 effects	 reported	 in	 the	 literature	 as	 these	 effects	 often	 refer	 to	

house	prices	(e.g.	Gatzlaff	and	Smith,	1993;	Gibbons	and	Machin,	2005;	Mieszkowski	and	Saper,	

1978;	J.	P.	Nelson,	2004).		

To	 allow	 for	 a	 simple	micro‐founded	 translation	 of	 land	 price	 capitalization	 effects	 into	 house	

price	capitalization	effects,	it	is	useful	to	assume	a	Cobb‐Douglas	housing	production	function	and	

a	competitive	construction	sector.	Assume	that	housing	services	H	are	produced	using	the	inputs	

capital	K	and	land	L	as	follows:	 .	Housing	space	is	rented	out	at	bid‐rent	 	while	land	

is	acquired	at	land	rent	Ω.	From	the	first	order	condition	 / / 1 	Ω	(the	price	of	capital	

is	 the	 numeraire)	 and	 the	 non‐profit	 condition	 Ω ,	 it	 is	 immediate	 that	 log

1 log Ω ,	 where	 c	 is	 a	 constant	 that	 cancels	 out	 in	 first‐differences,	 i.e.,	 Δ ln

1 Δ ln Ω .		

It	 is,	 therefore,	 possible	 to	 translate	 a	 land	 price	 capitalization	 effect,	 expressed	 in	 natural	 log	

terms,	into	a	floor	space	price	capitalization	effect,	also	expressed	in	natural	log	terms,	by	multi‐

plying	the	former	by	a	land	share	parameter,	which	we	set	to	0.25,	following	Ahlfeldt,	Redding,	et	

al.	(2015)	and	Combes	et	al.	(2013).	
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4 Empirical	Results	

4.1 Difference‐in‐differences	

Before	we	present	 the	results	of	our	DD	analysis,	we	briefly	note	 that	 the	weights	generated	by	

the	algorithm	described	in	section	3.1	for	the	PTW	DD	do	not	exhibit	an	evident	spatial	pattern.	

Inevitably,	 every	 identification	 that	 is	 based	on	 a	weighted	 analysis	 gives	 a	 local	 average	 treat‐

ment	estimate.	In	our	case,	however,	it	is	at	least	not	obvious	that	the	PTW	DD	effects	are	identi‐

fied	 from	parcels	with	very	particular	 characteristics	 that	would	 impede	generalizability	within	

our	sample.	The	spatial	distribution	of	parcel	weights	along	with	a	brief	discussion	is	presented	in	

the	appendix	(section	2).	

In	Figure	3,	we	illustrate	the	time‐varying	treatment	effects,	estimated	according	to	the	baseline	

DD	model	(1)	and	using	the	treatment	function	(2).	We	compare	OLS	(left)	to	the	PTW	(right)	es‐

timates	 and	 report	 rail	 noise	 and	 station	 distance	 effects,	 estimated	 unconditional	 (solid	 lines)	

and	conditional	(dotted	lines)	on	each	other.	Estimated	station	distance	effects	are	multiplied	by	‐

1	to	ensure	that	positive	numbers	mean	positive	effects.		

The	OLS	results	turn	out	to	be	somewhat	difficult	to	interpret.	According	to	our	estimates,	parcels	

located	closer	to	to‐be‐opened	stations	experienced	significantly	lower	land	price	growth,	which	

points	 to	a	violation	of	 the	common	trend	assumption.	As	shown,	 the	 trend	 is	 flat	 from	1890	to	

1896	and	positive	afterwards.	To	infer	the	effect	of	the	rail	line,	a	judgement	has	to	be	made	on	a	

baseline	period	that	provides	a	counterfactual	trend.	Because	the	relative	trends	are	flat,	it	may	be	

tempting	to	choose	the	1890	to	1896	trend	as	a	baseline,	implying	a	price	effect	of	a	1	km	change	

in	station	distance	of	about	0.2	 ln	points	over	the	subsequent	20	years.	However,	given	that	the	

concession	for	the	line	was	granted	in	1895,	it	is	possible	that	the	change	in	trend	between	1881‐

1890	and	1890‐1896	is	attributable	to	the	rail	line,	in	which	case	the	rail	effect	would	be	consid‐

erably	 larger.	Another,	not	particularly	conclusive	 feature	of	 the	estimated	OLS	station	effects	 is	

the	insensitivity	of	the	point	estimates	to	controlling	for	rail	noise	effects.	

The	 estimated	OLS	 rail	 noise	 effects,	 plotted	 in	 the	bottom‐left	 graph	of	 Figure	3,	 are	 even	 less	

conclusive.	Not	controlling	for	station	distance	effects,	parcels	which	later	become	exposed	to	rail	

noise	experience	a	relative	decline	in	prices	up	until	1896,	when,	shortly	after	the	concession	was	

granted,	 the	 trend	reverses.	Controlling	 for	station	distance	effects,	 the	 land	price	trends	do	not	

seem	to	depend	on	the	degree	to	which	parcels	become	exposed	to	rail	noise.	This	pattern	is	not	
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in	 line	with	 rail	 noise	 being	 a	 disamenity.	 If	 anything,	 the	 unconditional	OLS	 estimates	 suggest	

that	rail	noise	is	an	amenity.	

The	PTW	DD	estimates	are	much	more	straightforward	to	interpret.	In	particular,	it	is	reassuring	

to	 note	 that	 our	 PTW	 estimation	 approach	 achieves	 its	 purpose	 of	 eliminating	 pre‐trends,	 i.e.,	

there	is	no	significant	correlation	between	the	1881‐1890	land	price	trend	on	the	one	hand	and	

proximity	to	stations	or	exposure	to	rail	noise	on	the	other.	Proximity	and	noise	effects	are	also	

insignificant	in	1896	and	1900	(years	that	have	not	been	used	in	the	construction	of	the	weights),	

indicating	that	the	common	trends	assumption	holds	within	the	weighted	sample.	

Station	distance	effects	remain	insignificant	during	all	years	prior	to	the	opening	of	the	line	and	

become	significantly	positive	afterwards,	with	a	 tendency	 to	 increase	over	 time.	The	absence	of	

anticipation	effects	in	combination	with	the	gradual	adjustment	after	the	opening	of	the	line	are	

consistent	with	an	interpretation	that	the	line	represents	a	novel	mode	of	 transportation	whose	

benefits	were	 yet	 to	 be	 experienced.	 In	 quantitative	 terms,	 the	 estimated	PTW	station	distance	

effects	 are	within	 the	 range,	 though	 somewhat	 larger,	 than	 the	 corresponding	 effects	 obtained	

from	OLS	estimation,	using	the	1890‐1896	period	as	a	baseline.	Controlling	for	rail	noise,	a	1	km	

decrease	in	distance	to	the	station	increases	land	prices	in	the	long‐run	by	some	notable	0.3	log	

points	(35%).	

The	estimated	PTW	rail	noise	effects	also	display	an	intuitive	pattern.	Controlling	for	station	dis‐

tance	effects,	a	10	db	increase	in	rail	noise	is	associated	with	a	reduction	in	land	prices	by	about	

5%	in	the	long‐run.	In	contrast	to	our	results	for	station	distance	effects,	we	find	notable	anticipa‐

tion	 effects	 of	 rail	 noise	 for	 1896.	 This	 finding	 is	 plausible	 in	 light	 of	 the	 intense	public	 debate	

about	the	disamenities	of	elevated	rail	lines.	Opposition	to	elevated	rail	lines,	after	all,	was	large	

enough	 to	prevent	 an	 elevated	 rail	 line	being	built	 along	one	of	 the	most	 representative	boule‐

vards	of	the	city	(Friedrichstrasse)	and	to	enforce	an	underground	line	within	the	boundaries	of	

the	city	of	Charlottenburg.		

Separating	the	net	effect	of	the	transportation	infrastructure	into	amenity	and	disamenity	effects	

is	at	the	heart	of	this	paper.	The	effect	of	controlling	for	noise	effects	when	estimating	station	dis‐

tance	effects	and	vice	versa	is	clearly	identifiable	from	the	PTW	estimates.	In	keeping	with	intui‐

tion,	station	distance	effects	increase	by	about	one	third	if	rail	noise	effects	are	controlled	for.	The	

effect	of	controlling	for	station	distance	effects	on	rail	noise	effects	is	even	larger,	in	particular	for	

the	later	years	when	station	effects	are	significant.		
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Fig.	3.	 Difference‐in‐differences:	Time‐varying	treatment	effects	

	
Note:		 Time‐varying	treatment	effects	 	and	 	based	on	baseline	DD	equation	(1)	and	treatment	function	(2).	

Pre‐trend	 weighted	 (PTW)	models	 use	 weights	 constructed	 to	 minimize	 the	 conditional	 correlations	 be‐
tween	noise	 and	 the	 1881‐1890	 land	 price	 trend	 as	well	 as	 access	 (distance	 from	 station)	 and	 the	 1881‐
1890	land	price	trend.	Access	parameters	(effects	of	distance	from	station)	multiplied	by	‐1	so	that	positive	
shifts	indicate	positive	economic	effects.	Vertical	error	bars	indicate	the	95%	confidence	interval	based	on	
standard	errors	 that	are	clustered	on	parcels.	Solid	vertical	 lines	denote	 the	year	of	opening	of	 the	metro	
line	(1902).	

Informed	by	Figure	3,	we	now	proceed	to	estimating	parametric	before‐after	DD	effects,	using	our	

baseline	specification	(1)	and	the	treatment	function	(3).	Especially	the	rail	noise	PTW	estimates	

suggest	some	anticipation	effects	 in	1896.	We,	therefore,	control	 for	anticipation	effects	 in	1896	

and	1900,	a	choice	that	 is	also	 in	 line	with	the	concession	for	the	 line	being	granted	 in	1895.	 In	

columns	(1‐4)	of	Table	1,	we	present	PTW	DD	estimates	of	station	distance	effects	not	controlling	

for	rail	noise	effects	(1‐2)	and	rail	noise	effects	not	controlling	for	station	distance	effects	(3‐4).	In	

columns	 (5‐6)	of	 the	 table,	we	 then	 report	our	 station	distance	and	 rail	 noise	 effects	 estimated	

conditional	on	each	other.		

When	we	do	not	control	 for	rail	noise	effects,	our	estimation	results	 indicate	 that	 the	price	of	a	

parcel	located	right	at	a	station	increases	by	12.5%	(=exp(0.117)‐1)	after	the	opening	of	the	line,	

compared	to	a	parcel	one	kilometer	away	from	a	station.	Analogously,	rail	noise	effects	are	very	
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close	to	zero	and	statistically	insignificant	if	station	accessibility	is	ignored.	Controlling	for	antici‐

pation	effects	in	either	case	has	a	minor	impact	on	the	estimated	rail	effects.	A	comparison	of	the‐

se	 results	 to	columns	 (5‐6)	highlights	 the	 importance	of	 separately	 identifying	rail	amenity	and	

disamenity	 effects.	As	 shown	 in	 column	 (6),	 the	 station	distance	 effect	 increases	 to	21%	 in	our	

preferred	model.	Moreover,	in	line	with	Figure	3,	the	(negative)	rail	noise	effect	is	now	statistical‐

ly	significant.	The	point	estimates	indicate	that	a	one	decibel	increase	in	rail	noise	causes	a	rela‐

tive	decline	 in	 land	prices	by	0.5%.	Comparing	our	estimates	across	 the	different	specifications,	

the	 bias	 that	 results	 from	 ignoring	 countervailing	 (dis)amenity	 effects	 amounts	 to	 as	 much	 as	

about	40%	 0.192 0.117 /0.192 	in	station	distance	effects	and	about	80%	in	rail	noise	effects.		

The	treatment	effects	reported	in	Table	1	are	derived	from	a	comparison	of	the	mean	land	price	at	

the	parcel	 level	 in	the	periods	1881‐1890	and	1905‐1914.	Since	this	model	 ignores	price	trends	

after	the	opening	of	the	 line,	the	effects	are	smaller	than	the	1914	treatment	effects	reported	in	

Figure	3.	These	parametric	estimates,	however,	are	closer	to	the	standard	approach	in	the	litera‐

ture,	 therefore	providing	a	more	reasonable	starting	point	 for	a	 comparison	of	our	quantitative	

results	to	contemporary	estimates.		

Tab.	1.	PTW	difference‐in‐differences	estimates:	Before‐after	comparison	

	 (1)	 (2) (3) (4) (5)	 (6)
	 Ln	land	price	(1881‐1914)
Distance	x	after	

1902 	
‐0.119***	
(0.025)	

‐0.117***
(0.032)	 	 	

‐0.175***	
(0.030)	

‐0.192***
(0.039)	

Noise	x	after		
1902 	

	
	

‐0.000
(0.001)

‐0.001
(0.001)

‐0.003***	
(0.001)	

‐0.005***
(0.001)

Parcel	effects	 Yes	 Yes Yes Yes Yes	 Yes
Year	effects	 Yes	 Yes Yes Yes Yes	 Yes
Anticipation	effects	 ‐	 Yes ‐ Yes ‐	 Yes
N	 37,933	 37,933 37,933 37,933 37,933	 37,933
r2	 0.930	 0.930 0.930 0.930 0.930	 0.931

Notes:		 Pre‐trend	 weighted	 (PTW)	models	 use	 weights	 constructed	 to	 minimize	 the	 conditional	 correlations	 be‐
tween	noise	 and	 the	 1881‐1890	 land	 price	 trend	 as	well	 as	 access	 (distance	 from	 station)	 and	 the	 1881‐
1890	land	price	trend.	After	is	a	dummy	variable	indicating	years	after	the	line	opening	(1902).	Announce‐
ment	effects	are	distance	and	noise	variables	interacted	with	1896	and	1900	effects.	Balanced	panel	of	re‐
peated	parcel	observations	 for	1881,	1890,	1896,	1900,	1904,	1910,	1914.	Standard	errors	 in	parentheses	
are	clustered	on	parcels.	*	p	<	0.10,	**	p	<	0.05,	***	p	<	0.01.	

In	Figure	4,	we	explore	 the	countervailing	nature	of	 rail	 externalities	 from	a	different	angle.	To	

illustrate	the	net	benefit	 from	locating	close	to	the	elevated	rail	 line,	we	plot	 the	predicted	 joint	

station	access	and	rail	noise	effect	 	from	model	(6)	in	Table	1	against	the	straight‐

line	distance	from	the	elevated	track.	The	figure	illustrates	that,	 for	the	vast	majority	of	parcels,	

being	located	closer	to	the	elevated	line	is	associated	with	net	benefits	relative	to	locations	at	the	

outer	margin	of	our	study	area.	Beyond	100	m,	the	rail	effect	tends	to	be	positive	as	reflected	by	
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the	expected	negative	relationship	between	rail	effect	and	track	distance.	At	shorter	distances,	the	

net‐proximity	effect	tends	to	be	negative,	reflecting	an	increasing	noise	disamenity.	This	inverse	

U‐shaped	relationship	is	the	expected	pattern	for	a	densely	developed	area	where	noise	tends	to	

be	highly	localized.	Some	further	interesting	features	of	the	countervailing	nature	of	rail	externali‐

ties	are	evident	from	Figure	3.	As	long	as	a	location	is	sufficiently	close	to	a	station,	the	net	effect	

of	the	line	is	positive,	suggesting	that	the	benefits	from	access	to	the	line	are	relatively	large.	Land	

prices	of	parcels	within	100m	of	a	station	increase	by	at	least	5%	relative	to	those	located	at	the	

margin	of	our	study	area.	For	parcels	within	a	100‐200m	distance	to	a	station,	the	effect	is	about	

half	the	size.	Among	the	parcels	further	away	from	the	nearest	station,	there	are	at	least	a	handful	

for	which	the	negative	rail	noise	effect	exceeds	the	positive	station	access	effect.		

As	a	plausibility	check,	we	illustrate	this	negative	net	effect	with	a	numerical	example.	The	largest	

distance	between	two	stations	along	the	elevated	line	is	about	1	km,	implying	that	a	parcel	can	be	

located	at	most	500	m	from	a	station	while	still	being	located	directly	at	the	track.	At	500	m,	the	

benefit	 from	 rail	 access	 compared	 to	 the	 outer	 margin	 of	 the	 study	 area	 amounts	 to	 some	

0.5	 1.92 0.096	log	points.	At	this	location,	a	parcel	will	be	exposed	to	a	very	high	noise	level.	

Multiplying	the	99th	percentile	 in	the	distribution	of	rail	noise	of	24	db	by	the	per‐decibel	noise	

effect	of	(‐0.005)	yields	an	effect	of	‐0.12	log	points,	which	indeed	more	than	compensates	for	the	

accessibility	effect.		
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Fig.	4.	 Net	benefit	of	proximity	to	rail	line		

	
Notes:	 Figure	illustrates	the	joint	effects	of	station	distance	and	rail	noise	predicted	by	model	(6)	in	Table	(1),	for‐

mally:	 .	 All	 effects	 are	 expressed	 relative	 outer	margin	 of	 our	 study	 area.	 Therefore,	we	 do	 a	
normalization	by	the	mean	across	the	predicted	effects	within	the	outmost	50	meters.	Station	indicates	dis‐
tance	from	the	nearest	station.		

In	Table	2,	we	provide	a	number	of	robustness	checks	on	our	preferred	empirical	model,	reported	

in	column	(6)	of	Table	1.	We	begin	by	estimating	the	full	version	of	specification	(1),	allowing	for	

time‐varying	implicit	prices	for	various	characteristics	throughout	columns	(1‐5).	The	interaction	

between	time‐invariant	covariates	and	year	effects	are	demanding	controls,	creating	concerns	of	

over‐controlling.	 Some	 changes	 in	 implicit	 prices,	 e.g.,	 distance	 from	 CBD	 or	 distance	 from	 the	

Kurfürstendamm,	could	be	caused	by	the	elevated	line,	implying	a	potential	bad	control	problem	

(Angrist	 and	 Pischke,	 2009).	 Yet,	 the	 station	 distance	 effect	 remains	 significant	 throughout	 all	

models,	although	it	is	reduced	considerably.	The	noise	effect	becomes	insignificant	once	we	allow	

for	time‐varying	effects	for	distance	from	rivers,	lakes,	or	canals.	Since	the	elevated	track	was	par‐

tially	built	along	a	canal,	however,	it	is	difficult	to	separately	identify	the	time‐invariant	effect	of	

time‐varying	 noise	 and	 the	 time‐varying	 effect	 of	 time‐invariant	 distance	 from	 rivers,	 lakes,	 or	

canals.	
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Tab.	2.	PTW	difference‐in‐differences	estimates:	Robustness	

	 (1)	 (2) (3) (4) (5)	 (6)
	 Ln	land	price	(1881‐1914)	
Distance	×	after	

1902 	
‐0.132***
(0.040)	

‐0.099*
(0.039)	

‐0.130***
(0.032)	

‐0.113***
(0.033)	

‐0.071*	
(0.032)	

‐0.105**
(0.040)	

Noise	×	after	 1902 	 ‐0.004***
(0.001)

‐0.004***
(0.001)

0.001
(0.001)

‐0.001
(0.001)

‐0.001	
(0.001)	

‐0.002
(0.001)

Distance	×	(year	–	1902)	 	
	

	
	

‐0.001
(0.001)

Distance	×	(year	–	1902)	x	
1902 	

	
	 	 	 	

	
	

‐0.009**
(0.003)	

Noise	×	(year	–	1902)	 	
	

	
	

‐0.000
(0.000)

Noise	×	(year	–	1902)	×		
1902 	

	
	

	
	

‐0.000
(0.000)

Parcel	effects	 Yes	 Yes Yes Yes Yes	 Yes
Year	effects	 Yes	 Yes Yes Yes Yes	 Yes
Anticipation	effects	 Yes	 Yes Yes Yes Yes	 Yes
Distance	from	CBD	effects Yes	 Yes Yes Yes Yes	 ‐	
Distance	from	Kudamm	effects	 ‐	 Yes Yes Yes Yes	 ‐	
Distance	from	water	body	effects	 ‐	 ‐ Yes Yes Yes	 ‐	
Distance	from	main	street	effects	 ‐	 ‐ ‐ Yes Yes	 ‐	
Tram	density	effects	 ‐	 ‐ ‐ ‐ Yes	 ‐	
N	 37,933 37,933 37,933 37,933 37,933	 37,933
r2	 0.934 0.936 0.942 0.944 0.944	 0.931

Notes:		 Pre‐trend	 weighted	 (PTW)	models	 use	 weights	 constructed	 to	 minimize	 the	 conditional	 correlations	 be‐
tween	 rail	 noise	 and	 the	 1881‐1890	 land	 price	 trend	 as	well	 as	 station	 distance	 and	 the	 1881‐1890	 land	
price	trend.	After	is	a	dummy	variable	indicating	years	after	the	line	opening	(1902).	Announcement	effects	
are	distance	and	noise	variables	interacted	with	1896	and	1900	effects.	All	other	effects	are	time‐invariant	
covariates	interacted	with	year	effects.	Distance	from	CBD	is	defined	as	distance	from	the	underground	sta‐
tion	 “Stadtmitte”	 (downtown).	Distance	 from	Kudamm	(slang	 for	Kurfürstendamm)	 is	defined	as	distance	
from	 Breitscheidplatz.	 Tram	 density	 is	 defined	 as	 kernel	 smoothed	 density	 of	 tram	 tracks	 within	 2	 km	
(bandwidth	 according	 to	 Silverman	 (1986)).	Data	 is	 a	 balanced	panel	 of	 repeated	parcel	 observations	 for	
1881,	1890,	1896,	1900,	1904,	1910,	1914.	 Standard	errors	 in	parentheses	are	 clustered	on	parcels.	 *	p	 <	
0.05,	**	p	<	0.01,	***	p	<	0.001.		

In	column	(6),	we	add	interaction	terms	between	our	treatment	measures	and	time	trends	(year	–	

1902)	and	 the	same	 interacted	with	an	after‐period	dummy	 1902 .	With	 this	specification,	

we	test	 for	an	effect	of	 the	treatments	on	 levels	and	trends	 in	 land	prices.	The	near	to	zero	and	

insignificant	pre‐trend	effects	[Distance	×	(year	–	1902)	and	Noise	×	(year	–	1902)],	once	again,	

confirm	 that	 the	 PTW	 achieves	 its	 purpose	 of	 eliminating	 the	 conditional	 correlations	 between	

pre‐intervention	price	trends	on	the	one	hand	and	rail	noise	and	station	access	on	the	other.	The	

estimated	 station	distance	 effect	 on	 land	price	 levels	 1902 	about	 halves	 in	magni‐

tude	compared	to	the	benchmark	specification	(column	6	of	Table	1),	but	remains	significant.	The	

post‐intervention	trend	in	the	distance	treatment	effect	[	Distance	x	(year	–	1902)	x	after],	how‐

ever,	reveals	that	10	years	after	the	opening	of	the	line	the	treatment	effect	has	increased	to	some	

10.5 10 0.009 0.195	log	points,	which	is	remarkably	close	to	the	baseline	effect	report‐

ed	in	column	(6)	of	Table	1.	The	post‐intervention	noise	level	[Noise	×	(year	–	1902)]	and	trend	

[Noise	×	(year	–	1902)	×	 1902 ]	effects	are	both	negative	as	expected,	though	not	individu‐
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ally	 significant.	The	cumulated	effect	of	 ‐0.004	after	 ten	years,	however,	 is	not	only	close	 to	 the	

baseline	estimate,	but	also	statistically	significant	at	the	1%	level.9	

4.2 Regression	discontinuity	

The	tunnel	entrance	between	the	stations	Nollendorfplatz	and	Wittenbergplatz,	where	the	elevat‐

ed	line	turns	into	an	underground	line,	provides	a	source	of	discrete	variation	in	rail	disamenities.	

In	Figure	5,	we	compare	how	growth	rates	in	land	prices	from	1900	to	1904	(the	line	opened	in	

1902)	 differ	 between	 the	 areas	 along	 the	 underground	 (negative	 distance	 values)	 and	 elevated	

(positive	distance	values)	sections	of	the	line.	We	restrict	the	sample	to	plots	within	close	proxim‐

ity	to	the	line,	because	this	is	where	the	noise	disamenity	of	an	elevated	line	is	concentrated	in	a	

densely	developed	urban	setting	(see	Figure	2	for	an	illustration).		

The	key	feature	of	interest	in	Figure	5	is	the	notable	difference	in	land	price	growth	between	the	

underground	and	the	elevated	sections	of	the	line.	Approaching	the	tunnel	entrance	from	the	west	

(negative	distances),	growth	rates	drop	by	about	0.1	log	points	as	one	enters	the	impact	area	of	

the	elevated	area.	This	pattern	is,	as	expected,	in	line	with	a	highly	localized	noise	disamenity.		

																																																													

9		 The	 standard	 error	 is	 computed	 as	 follows	:	

exp 10 var 2 10 cov , 1,	 where	 	 is	 the	 estimated	 noise	

treatment	level	effect	(as	defined	in	equation	(3)	and	 	is	estimated	trend	effect	[Noise	×	(year	–	1902)	
×	 1902 .	
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Fig.	5.	 Discontinuity	in	land	price	growth	from	1900	to	1904	

	
Notes:		 Each	icon	illustrates	the	mean	of	change	in	log	land	price	from	1900	to	1904	within	a	grid	cell.	One	dimen‐

sion	of	the	grid	cells	are	50	m	bins	defined	based	on	the	distance	from	the	orthogonal	line	intersecting	with	
the	track	at	the	tunnel	entrance	(the	dotted	line	in	Figure	2).	The	other	dimension	is	a	distance	buffer	de‐
fined	around	the	track	with	the	width	defined	in	the	legend.	Negative	distances	from	the	tunnel	refer	to	the	
underground	section.		

In	Table	3,	we	provide	parametric	estimates	of	this	discontinuity,	based	on	the	RDD‐DD	specifica‐

tion	 (6).	We	begin	with	a	 simplified	version	 in	 column	(1),	where	we	compare	1900‐1904	 land	

price	growth	rates	across	all	parcels	within	the	underground	section	and	the	elevated	section	of	

the	line.	On	average,	growth	rates	were	about	4%	lower	within	the	elevated	section	(i.e.,	the	sec‐

tion	with	noise	exposure).	In	columns	(2)	and	(3),	we	narrow	down	the	sample	to	parcels	in	prox‐

imity	to	the	track	and	the	tunnel	entrance.	For	these	more	restrictive	samples,	the	growth	differ‐

ential	increases	to	about	9.4%,	which	confirms	the	illustrative	results	from	Figure	5	and	indicates	

a	significant	rail	noise	disamenity.	

Next,	we	allow	for	separate	trends	in	the	running	variable	on	both	sides	of	the	tunnel	entrance	to	

capture	locational	characteristics	that	change	smoothly	in	space.	We	experiment	with	linear	(col‐

umn	4)	and	quadratic	(column	5)	trends.	Finally,	we	estimate	the	full	model	(equation	6)	control‐

ling	for	a	range	of	location	characteristics,	including	the	distance	from	the	nearest	metro	rail	sta‐

tion,	the	distance	from	the	nearest	mainline	rail	station,	the	distance	from	the	nearest	water	body,	

whether	parcel	is	in	commercial	use,	the	density	of	tram	stations	as	well	as	the	change	in	this	den‐
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sity.	The	differential	in	land	price	growth	further	increases	up	to	11.3%	in	column	(6).	Moreover,	

the	estimated	coefficient	 remains	statistically	 significant	at	 conventional	 levels,	 even	 though	we	

consider	this	specification	to	be	relatively	demanding,	given	the	limited	number	of	observations.	

In	the	appendix	(section	3),	we	provide	a	sensitivity	analysis,	using	various	combinations	of	track	

buffer	widths,	 entrance	 buffer	widths	 and	 polynomial	 orders	 of	 trends.	 The	mean	 and	median	

estimates	are	within	the	range	of	the	preferred	estimates	(3‐6)	in	Table	3.	

Tab.	3.	Discontinuity	estimates	I	

	 (1)	 (2) (3) (4) (5)	 (6)	
	 Ln land	price	1904	‐ log	land	price	1900	
Elevated	 track	 (Distance	
from	tunnel	>	0)	

‐0.040***	
(0.004)	

‐0.067***
(0.012)

‐0.090***
(0.024)

‐0.093*
(0.048)

‐0.104*	
(0.054)	

‐0.107*
(0.062)

Track	buffer	(m)	 ∞	 50 50 50 50	 50	
Tunnel	buffer	(m)	 ∞	 ∞ 500 500 500	 500
Linear	trends	 ‐	 ‐ ‐ Yes ‐	 ‐	
Quadratic	trends	 ‐	 ‐ ‐ ‐ Yes	 Yes
Controls	 ‐	 ‐ ‐ ‐ ‐	 Yes
Observations	 11,354	 710 84 84 84	 84	
R2	 0.011	 0.044 0.157 0.174 0.260	 0.288

Notes:		 Track	buffer	defines	 the	sample	of	parcels	 included	 in	 terms	of	distance	 from	the	 track.	Tunnel	buffer	de‐
fines	the	sample	of	parcels	included	in	terms	of	distance	to	the	orthogonal	intersecting	with	the	track	at	the	
tunnel	entrance	(the	black	dotted	line	in	Figure	5).	Linear	trends	are	distance	from	the	orthogonal	and	dis‐
tance	 from	the	orthogonal	 interacted	with	being	on	the	elevated	section	of	 the	track.	Quadratic	trends	are	
the	 same	 and	 same	variables	 squared.	 Controls	 include	 distance	 from	 the	 nearest	metro	 station,	 distance	
from	the	nearest	mainline	station,	distance	from	the	nearest	water	body,	dummy	for	parcels	with	commer‐
cial	use,	kernel	density	of	tram	stations,	change	in	in	kernel	tram	station	density.	Tram	density	is	defined	as	
kernel	 smoothed	 density	 of	 tram	 tracks	within	 2	 km	 (bandwidth	 according	 to	 Silverman	 (1986)).	 Robust	
standard	errors	in	parentheses.	* p < 0.10, ** p < 0.05, *** p < 0.01. 

In	columns	(1‐4)	of	Table	4,	we	conduct	a	similar	analysis,	but	now	use	land	price	growth	during	

periods	before	and	after	 the	 intervention	as	dependent	variables.	As	shown,	we	 find	only	small	

and	 insignificant	 effects	 for	 all	 periods,	 suggesting	 that	 the	 noise	 disamenity	 effect	 around	 the	

tunnel	entrance	capitalized	into	land	prices	within	a	relatively	short	period	of	time.	Also,	the	ab‐

sence	of	similar	effects	in	the	other	periods	makes	it	unlikely	that	the	effects	reported	in	Table	3	

are	driven	by	unobserved	trends	that	are	correlated	with,	but	unrelated	to,	the	noise	disamenity.	

In	this	context,	we	note	that	we	have	used	model	(3)	from	Table	3	as	the	baseline	model	because	

the	point	estimate	 is	relatively	close	to	the	more	demanding	specifications,	but	the	standard	er‐

rors	are	significantly	smaller.	This	imposes	a	harder	hurdle	for	a	falsification	test,	making	the	sta‐

tistical	insignificance	of	the	estimates	reported	in	Table	4,	columns	(1‐4)	more	meaningful.		

In	 the	 remaining	 columns	 of	 Table	 4,	 we	 address	 the	 question	 of	 whether	 the	 arguably	 well‐

identified	RDD‐DD	estimates	reported	above	are	 in	 line	with	the	PTW	DD	estimates	reported	 in	

the	previous	section.	In	column	(5),	we	use	the	1904	db	rail	noise	as	a	dependent	variable.	Note	
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that	because	there	was	no	rail	noise	in	1900,	the	variable	effectively	corresponds	to	the	change	in	

noise	 from	1900	to	1904.	On	average,	areas	within	50	m	of	 the	elevated	 line	were	exposed	to	a	

15.1	db	noise	pressure.	Dividing	the	land	price	effect	from	Table	3,	column	(3)	by	this	increase	in	

rail	noise	results	in	a	per	decibel	effect	of	0.6%,	which	is	remarkably	close	to	our	preferred	PTW	

DD	estimate	of	0.5%	(Table	1,	column	6).	In	column	(6),	we	present	an	alternative	2SLS	approach,	

arriving	at	virtually	 the	same	estimate.	Essentially,	we	provide	a	 first‐difference	estimate	of	 the	

effect	of	noise	on	land	price,	restricting	the	identifying	variation	to	the	discontinuity	arising	at	the	

tunnel	 entrance.	We	 argue	 that	 the	 fact	 that	 the	 estimated	RDD‐DD	noise	 effects	 are	 so	 closely	

aligned	with	the	PTW	DD	lends	some	credibility	to	the	latter	approach.		

Tab.	4.	Discontinuity	estimates	II	–	Placebo	tests	and	2SLS	noise	effects	

	 (1)	 (2)	 (3) (4) (5) (6)	
	 Ln	land	

price	
1896	‐	log	
land	price	
1890	

Ln	land	
price	
1900	‐	log	
land	price	
1896

Ln land	
price	
1910	‐	log	
land	price	
1904

Ln land	
price	
1914	‐	log	
land	price	
1910

Noise	
1904	(db)	

Ln	land	
price	
1904	‐	log	
land	price	
1900	

	 OLS	 OLS OLS OLS OLS 2SLS	
Elevated	 track	 (Dis‐
tance	from	tunnel	>	0)	

‐0.018	
(0.012)	

‐0.022
(0.024)

‐0.010
(0.054)

‐0.002
(0.066)

15.119***	
(1.640)	

	
	

Noise	1904	(db)	 	
	

	
	 	 	 	

‐0.006***
(0.002)	

Track	buffer	(m)	 50	 50	 50 50 50 50	
Tunnel	buffer	(m)	 500	 500 500 500 500 500	
Observations	 84	 84	 84 84 84 84	
R2	 0.020	 0.008 0.001 0.000 0.488	 0.092	

Notes:	 Instrument	in	(6)	is	Elevated	track	(Distance	from	tunnel	>	0).	Robust.	Noise	(db)	is	noise	emanated	by	the	
U‐Bahn	in	1904	(U‐Bahn	noise	in	1900	is	0).	Track	buffer	defines	the	sample	of	parcels	included	in	terms	of	
distance	from	the	track.	Tunnel	buffer	defines	the	sample	of	parcels	included	in	terms	of	distance	to	the	or‐
thogonal	intersecting	with	the	track	at	the	tunnel	entrance	(the	black	dotted	line	in	Figure	2).	Standard	er‐
rors	in	parentheses.	*	p	<	0.10,	**	p	<	0.05,	***	p	<	0.01.	

4.3 Comparison	to	contemporary	estimates	

The	station	distance	and	rail	noise	effects	discussed	above	are	expressed	in	terms	of	a	percentage	

effect	on	 land	prices.	The	majority	of	existing	estimates	of	 rail	 effects,	 in	contrast,	 are	based	on	

property	 transaction	 prices,	which	 are	 typically	more	 readily	 available.	 As	 discussed	 in	 Section	

3.3,	it	is	possible,	under	some	reasonably	plausible	assumptions,	to	convert	percentage	land	price	

effects	into	percentage	house	price	effects	by	using	a	multiplicative	factor	of	0.25.	

Applying	this	conversion,	our	estimates	imply	that	a	reduction	in	distance	from	the	nearest	metro	

rail	station	–	holding	rail	disamenities	constant	–	 increases	property	prices	by	5.3%.	To	put	this	

number	into	context,	it	is	useful	to	consider	the	results	by	Gibbons	and	Maching	(2005),	who	pro‐

vide	 one	 of	 the	most	 careful	 difference‐in‐differences	 analyses	 of	 rail	 effects	 to	 date.	 Using	 the	
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1997	 extension	 of	 the	 London	Underground	 and	Dockland	 Light	 Railway	 network	 as	 source	 of	

variation,	they	find	that	property	prices	increase	by	1.5%	to	5.5%	for	a	one‐kilometre	reduction	in	

station	 distance.	 Another	 recent	 difference‐in‐differences	 estimate	 of	 rail	 effects	 is	 provided	 by	

Dubé	et	al.	(2013)	who	analyse	the	effects	of	a	commuter	rail	line	in	Montreal,	Canada.	They	esti‐

mate	 a	 property	 price	 effect	 of	 station	 opening	 of	 9.7%	within	 a	 0‐500	m	 radius	 and	 of	 2.7%	

within	a	1000‐1500	m	radius.	From	these	estimates,	a	per	km	station	distance	effect	of	7%	can	be	

inferred.	 Debrezion	 et	 al.	 (2007)	 report,	 based	 on	 a	meta‐analysis	 of	 57	 studies,	 that	 property	

prices	increase	by	2.4%	for	every	250	meter	reduction	in	station	distance,	which	corresponds	to	a	

per	kilometre	effect	of	9.2%.	The	review,	however,	is	primarily	based	on	cross‐sectional	studies,	

which	 tend	 to	 exaggerate	 station	 distance	 effects	 by	 several	 percentage	 points	 (Gibbons	 and	

Machin,	2005).		

Applying	a	 similar	 transformation,	 our	baseline	 estimate	of	 the	per	decibel	noise	 effect	on	 land	

prices	of	0.5%	(Table	1,	column	6)	translates	into	a	0.125%	per	decibel	effect	on	property	prices.	

While	there	is	empirical	evidence	that	rail	lines	can	have	negative	net	effects	on	nearby	property	

prices	(Harrison	and	Rubinfeld,	1978;	Leggett	and	Bockstael,	2000;	J.	P.	Nelson,	1978),	the	litera‐

ture,	to	the	best	of	our	knowledge,	does	not	offer	well‐identified	estimates	of	rail	noise	capitaliza‐

tion	 effects	 that	directly	 compare	 to	 ours.	 Exploiting	 an	unexpected	 change	 in	 flight	 regulation,	

Boes	and	Nüesch	(2011)	provide	a	difference‐in‐differences	estimate	of	the	effect	of	aircraft	noise	

on	apartment	prices	of	0.5%	per	decibel.	This	is	close	to	the	0.6%	effect	that	emerges	from	a	meta‐

analysis	of	the	larger	cross‐sectional	hedonic	literature	on	aircraft	noise	capitalization	effects	(J.	P.	

Nelson,	2004).	

We	augment	our	discussion	of	findings	from	the	literature	by	comparing	our	historic	estimates	to	

contemporary	rail	effects	directly.	Given	the	absence	of	major	 intra‐urban	rail	projects	 in	Berlin	

during	 the	past	decades,	we	provide	a	conventional	cross‐sectional	hedonic	analysis,	 regressing	

property	transaction	prices	(making	use	of	the	same	data	set	as	in	Ahlfeldt	and	Maennig	(2015))	

on	contemporary	measures	of	rail	noise	and	station	distance.	A	formal	description	of	the	model	is	

in	the	appendix	(Section	4).	Our	analysis	includes	the	entire	post‐unification	commuter	(S‐Bahn)	

and	underground	(U‐Bahn)	network	in	Berlin,	which	consists	of	475	km	rail	and	275	stations.	We	

control	for	a	range	of	structural	and	locational	characteristics,	restrict	the	analysis	to	areas	nearby	

stations,	 and	 control	 for	 arbitrary	 shocks	 to	 station	 catchment	 areas	 to	 improve	 identification.	

Table	5	reports	the	results.	Apart	from	the	models	without	location	fixed	effects,	which	likely	suf‐

fer	from	omitted	locational	variables,	the	estimated	noise	effects	indicate	a	per	decibel	noise	effect	
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of	about	0.3%.	This	effect	is	more	than	twice	as	large	as	our	estimates	derived	from	historic	data	

and	significantly	closer	to	contemporary	estimates	of	aircraft	noise	effects.	The	estimated	station	

distance	effects	are	less	consistent,	but	generally	within	the	range	of	our	historic	estimates.		

In	sum,	it	seems	fair	to	conclude	that	our	historic	estimates	of	station	distance	effects	are	similar	

in	magnitude	to	contemporary	effects,	suggesting	that	the	value	of	access	and	time	to	transporta‐

tion	has	remained	remarkably	constant	over	the	last	century.	 In	contrast,	our	evidence	suggests	

that	 sensitivity	 to	 (rail)	 noise	 has	 increased	 substantially	 over	 time,	 presumably	 reflecting	 in‐

creasing	preferences	 for	 environmental	 quality.	 The	 combination	 of	 relatively	 firm	 accessibility	

effects	 and	 noise	 effects	 that	 have	 increased	 over	 time	 also	 explains	 why,	 as	 discussed	 above,	

some	previous	studies	have	 found	negative	net	effects	of	proximity	 to	rail	 lines	whereas,	 in	our	

historic	setting,	the	net	effect	remains	close	to	zero	at	least.		

Tab.	5.	Contemporary	hedonic	analysis	of	rail	noise	and	station	distance	effects	

	 (1) (2)	 (3) (4) (5)	 (6)	
	 Ln	property	transaction	price	(1990‐2012)	
Distance	(km)	 ‐0.179***	 ‐0.057 ‐0.039** ‐0.141*** ‐0.115**	 ‐0.093**
	 (0.015)	 (0.036) (0.019) (0.039) (0.056)	 (0.047)
Rail	noise	(db)	 ‐0.008***	 ‐0.003*** ‐0.003*** ‐0.008*** ‐0.003**	 ‐0.002**
	 (0.000)	 (0.001) (0.001) (0.001) (0.001)	 (0.001)
Controls	 Yes	 Yes Yes Yes Yes	 Yes	
Year	effects	 Yes	 Yes ‐ Yes Yes	 ‐	
Station	effects	 ‐	 Yes ‐ ‐ Yes	 ‐	
Station	x	year	effects	 ‐	 ‐	 Yes ‐ ‐ Yes	
Sample	 Distance	from	station	<	1	km Distance	from	station	<	0.5	km	
Observations	 46,143	 46,143 46,143 24,762 24,762	 24,762
R2	 0.626	 0.707 0.775 0.628 0.713	 0.806

Notes:	 Unit	of	analysis	is	property	transaction.	Controls	include	structure	age	and	age	squared,	lot	size,	floor	space,	
dummies	for	building	type	(single	family,	multi	family,	apartment	block,	etc.),	dummies	for	location	within	a	
block	 (corner	 lot,	 street	 front,	 backyard,	 etc.),	 dummies	 for	 building	 condition	 (poor,	 good),	 dummies	 for	
building	 features	 (elevator,	 basement,	 stove	 heating,	 underground	 carpark),	 distance	 from	 nearest	 lake,	
river	or	canal,	distance	from	nearest	park	or	forest,	distance	from	nearest	landmark	building,	distance	from	
nearest	 playground,	 distance	 from	 nearest	main	 street,	 street	 noise	 (excluding	 rail	 noise).	 Station	 effects	
identify	groups	of	property	which	have	the	same	nearest	rail	station.	Standard	errors	in	parentheses	are	ro‐
bust	in	(1)	and	(4),	clustered	on	station	effects	in	(2	and	(5)	and	clustered	on	station	x	year	effects	in	(3)	and	
(6).	*	p	<	0.10,	**	p	<	0.05,	***	p	<	0.01.	

4.4 Fiscal	case	for	underground	metro	lines	

Building	an	underground	line	is	significantly	more	expensive	than	building	an	elevated	line.	Un‐

derground	lines,	in	return,	avoid	sizable	disamenities.	From	this	trade‐off,	a	number	of	questions	

arise:	 Can	 the	 extra	 costs	 for	 building	 an	 underground	 line	 be	 economically	 justified?	 To	what	

extent	 should	 local	 landlords	contribute	 to	 the	 (extra)	costs?	And	how	 long	does	 it	 take	 to	 refi‐

nance	 the	 extra	 costs	 via	 property	 tax	 revenues?	To	 analyze	 these	 questions,	we	provide	 some	

simple	back‐of‐the‐envelope	calculations	for	which	we	need	an	estimate	of	the	extra	cost	of	a	hy‐
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pothetical	underground	line	as	well	as	an	estimate	of	the	extra	land	value	generated	in	this	coun‐

terfactual.			

Bousset	(1935)	reports	the	per	kilometre	construction	costs	for	31	segments	of	the	Berlin	metro	

rail	network	opened	until	1930,	 including	per	km	cost	of	about	2	million	reichsmark	(RM)	for	a	

five	km	long	sub	segment	of	the	elevated	part	of	Line	A.	Multiplying	the	per	km	cost	by	the	total	

length	 of	 the	 elevated	 section	 of	 eight	 km	yields	 construction	 costs	 of	 about	 16	million	RM.	To	

approximate	the	extra	cost	associated	with	a	hypothetical	underground	section,	we	run	an	auxil‐

iary	regression	of	the	natural	log	of	per	km	construction	costs	against	a	dummy	indicating	under‐

ground	sections,	controlling	for	track	width	and	period	(five	years)	effects.	The	results,	reported	

in	Section	5	in	the	appendix,	indicate	that	building	an	underground	section	in	the	early	20th	cen‐

tury	in	Berlin	was	about	three	times	as	expensive	as	building	an	elevated	section.	Multiplying	the	

estimated	construction	cost	of	the	Line	A	by	this	factor	yields	a	counterfactual	construction	cost	of	

about	50	million	and	an	extra	cost	for	the	underground	line	of	about	34	million.		

Using	our	baseline	noise	estimate	(Table	1,	column	6),	it	is	relatively	straightforward	to	approxi‐

mate	the	aggregate	effect	of	rail	noise	on	the	value	of	land.	In	this	respect,	it	is	worth	emphasizing	

that	 our	 plots	 include	 all	 types	 of	 land	 uses;	 the	 aggregate	 land	 value	 effect,	 therefore,	 reflects	

both	changes	in	utility	and	the	productivity	of	land.	We	aggregate	the	plot‐level	land	price	obser‐

vations	to	a	50	x	50	m	grid,	which	allows	for	rich	spatial	variation	in	rail	noise	and,	at	the	same	

time,	ensures	that	we	cover	the	entire	built‐up	area.	For	each	grid	cell,	we	multiply	the	percentage	

noise	effect	by	the	1900	land	price	by	the	geographic	size	of	the	grid	cell.	The	resulting	land	price	

effects	by	grid	cell	are	 illustrated	 in	 the	appendix	(Section	6).	Summing	over	all	grid	cells,	 then,	

gives	an	estimate	of	the	aggregate	land	value	that	would	have	been	generated	if	an	underground	

line	were	built.	We	assume	that	rail	noise	impacts	only	on	the	value	of	land,	but	not	on	the	struc‐

ture	value.		

In	a	further	set	of	auxiliary	regressions	of	the	natural	log	of	land	price	on	location	fixed	effects	and	

a	year	trend,	we	find	that	annual	land	price	appreciation	rates	tended	to	fluctuate	around	5%	in	

Berlin	from	the	late	19th	century	to	the	early	21st	century,	which	is	close	to	the	mean	interest	rate	

across	years	in	the	same	period.	Moreover,	there	is	a	positive	correlation	between	the	two	vari‐

ables	 (see	Section	7	 in	 the	 appendix).	We,	 thus,	 assume	 for	 simplicity	 that	 in	 the	 long‐run	 land	

prices	grow	at	a	rate	that	equates	to	the	opportunity	cost	of	capital.	For	any	property	tax	rate,	it	is	

then	immediate	to	compute	the	number	of	years	required	to	refinance	the	extra	cost	of	the	under‐

ground	line	by	the	extra	property	tax	revenues	generated	by	the	higher	land	value.		
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In	Table	6,	we	consider	a	range	of	noise	capitalization	effects	from	0.15%	(our	historic	baseline)	

to	 0.3%	 (our	 contemporary	 estimate)	 and	 0.6%	 (the	 literature	 consensus	 on	 aircraft	 noise	 ef‐

fects).	We	also	consider	property	tax	rates	ranging	from	0.5%	(Berlin)	to	1.5%	(United	States)	to	

reflect	 the	variety	of	 tax	 regimes	around	 the	world	 (see	Section	8	 in	 the	appendix	 for	a	discus‐

sion).	Based	on	our	historic	noise	estimates,	the	aggregate	land	value	increase	in	a	counterfactual	

scenario	with	an	underground	line	amounts	to	slightly	more	than	one	half	of	the	extra	cost	of	go‐

ing	 underground	 (19.7	 million	 RM).	 Consequently,	 the	 welfare	 case	 for	 an	 underground	 line	

would	rest	on	strong	assumptions	regarding	wider	benefits	of	an	underground	line	to	other	than	

local	residents	and	firms	(e.g.,	to	visitors	and	tourists).	In	a	low	property	tax	environment,	such	as	

Germany,	it	could	take	up	to	350	years	to	recover	the	costs	via	property	taxes.	It	is,	therefore,	no	

surprise	 that	 the	 line	was	built	 as	 an	elevated	 line	and	 that	 it	 took	major	protests	and	political	

pressure	to	force	the	line	underground	within	the	boundaries	of	Charlottenburg.		

The	welfare	case	improves,	however,	when	we	consider	contemporary	estimates	of	noise	capitali‐

zation	effects	of	0.3%.	Since	the	increase	in	land	values	more	than	offsets	the	extra	costs	of	going	

underground,	any	additional	non‐local	benefits	would	result	in	a	strong	positive	welfare	balance.	

While	 in	theory	 landlords	would	be	able	to	bear	the	extra	cost	 for	an	underground	line	without	

making	losses,	such	contributions	are	difficult	to	negotiate	in	practice,	especially	since	fair	contri‐

butions	have	to	be	determined	based	on	the	net	effect	of	amenities	and	disamenities.	The	increase	

in	 the	property	 tax	base,	however,	allows	 for	a	 less	controversial	refinancing	of	 the	costs	 in	 the	

long‐run.	Based	on	 the	 contemporary	noise	 estimate	and	a	 reasonable	property	 tax	 rate	of	1%,	

property	taxes	would	have	refinanced	the	extra	cost	for	an	underground	line	within	88	years	and,	

thus,	within	the	past	lifetime	of	Line	A.		

Tab.	6.	The	fiscal	case	for	an	underground	line	

(1) (2) (3) (4)	 (5)
Noise	effect	(per	db)	 0.15% 0.15% 0.30% 0.60%	 0.60%
Property	tax	rate	 0.50% 1% 1% 1%	 1.5%
Estimated	total	cost	(million	1900	RM)	 15.94	
Estimated	underground	extra	cost	(million	1900	RM) 34.36	
Aggregated	noise	effect	on	land	value	(mil. 1900	RM) 19.7 19.7 39.4 78.8	 78.8
Yearly	tax	revenue	(million	1900	RM)	 0.1 0.2 0.39 0.79	 1.18
Year	to	recover	underground	extra	costs	 344 172 88 43	 29

Notes:	 Cost	estimates	based	on	Bousset	(1935).	Estimated	total	cost	result	from	multiplying	the	reported	1902	per	
km	costs	of	over	elevated	sections	by	8	km	(the	length	of	the	elevated	sections	of	the	Line	A).	The	estimated	
underground	extra	cost	result	multiplying	the	total	cost	by	the	percentage	extra	costs	for	underground	seg‐
ments	obtained	from	an	auxiliary	regression	reported	 in	Section	5	of	the	appendix.	Years	to	recover	extra	
costs	are	calculated	under	the	assumption	that	land	values	grow	at	a	rate	similar	to	cost	of	capital.		
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It	is	noteworthy	that	the	extra	cost	for	the	construction	of	underground	lines	appear	to	have	de‐

clined	over	time.	The	current	rule	of	thumb	suggests	that	costs	of	an	underground	line	are	about	

twice	the	cost	of	an	elevated	line	(Flyvbjerg	et	al.,	2008).	These	lower	extra	costs	would	imply	an	

even	stronger	welfare	case	and	result	in	a	break‐even	point	within	just	about	40	years.	These	re‐

sults	rationalize	the	shift	away	from	elevated	lines	towards	underground	lines	that	could	be	ob‐

served	during	the	20th	century.	

5 Conclusions	

In	this	paper,	we	separate	the	countervailing	effects	of	elevated	rail	lines	on	the	value	of	land.	Our	

estimates	 enrich	 a	 literature	 that	 has	 focused	 primarily	 on	 the	 aggregate	 (or	 net)	 effect	 of	 rail.	

Using	spatiotemporal	variation	from	the	first	German	electrified	metro	rail	as	a	source	of	exoge‐

nous	variation,	we	 find	 that,	 ceteris	paribus,	 a	1km	reduction	 in	distance	 to	 the	nearest	 station	

increases	land	prices	(house	prices)	by	21.1%	(5.3%)	while	a	10	db	increase	in	noise	depreciates	

land	prices	(house	prices)	by	5%	(1.25%).	If	not	estimated	conditional	on	each	other,	these	effects	

are	underestimated	by	as	much	as	40%	and	more.	At	stations,	the	countervailing	effects	just	about	

offset	 each	 other.	 These	 effects	 are	 estimated	 using	 a	 pre‐trend	weighted	 (PTW)	 difference‐in‐

difference	 (DD)	 estimator,	 which	 unlike	 other	 matching	 techniques	 minimizes	 the	 conditional	

correlation	of	various	continuous	treatment	variables	with	trends	in	the	outcome	variable	before	

the	intervention.	As	an	over‐identification	test,	we	estimate	the	noise	effect	exploiting	discontinu‐

ous	variation	in	changes	in	noise	over	time	at	a	tunnel	entrance	where	the	elevated	line	switches	

to	becoming	an	underground	line	and	vice	versa.	The	regression	discontinuity	design	(RDD)	esti‐

mates	are	closely	in	line	with	the	RDD	estimates.	

We	complement	the	historic	analysis	of	rail	effects	with	a	cross‐sectional	hedonic	analysis	of	sta‐

tion	distance	 and	 rail	 noise	 capitalization	 effects	using	property	 transaction	data	 from	 the	past	

two	decades.	A	comparison	of	the	historic	estimates	to	our	contemporary	analysis	and	recent	es‐

timates	from	the	literature	suggests	that	rail	accessibility	effects	have	remained	remarkably	con‐

stant	 over	more	 than	 a	 century,	 suggesting	 a	 fairly	 stable	 time‐preference	 rate.	 In	 contrast,	 the	

noise	effects	have	 increased	substantially,	which	 is	 in	 line	with	 increasing	preferences	 for	envi‐

ronmental	quality.	

Due	 to	 this	 increased	 disamenity	 aversion,	 the	 welfare	 case	 for	 constructing	 underground	 rail	

lines	in	a	dense	urban	setting	is	significantly	stronger	today	than	at	the	times	when	the	Line	A	was	

constructed.	While	based	on	our	historic	noise	capitalization	estimate	the	implied	aggregated	land	

value	effect	 corresponds	 to	 a	 fraction	of	 the	extra	 cost	 for	 an	underground	 line,	 costs	and	 local	
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benefits	 roughly	 equate	 if	 contemporary	 noise	 is	 taken	 as	 a	 basis.	 Additional	wider	 benefits	 to	

visitors	and	tourists	likely	imply	a	positive	welfare	case.		

Our	estimates	also	imply	a	significant	equity	case	for	underground	lines	as	elevated	rail	lines	are	

associated	with	significant	 localized	disamenity	effects	which,	assuming	contemporary	noise	ef‐

fects,	 can	more	 than	 compensate	 for	 accessibility	 gains.	 Potential	 contributions	 by	 landlords,	 if	

considered	as	a	source	of	revenue	to	finance	metro	rail	projects,	would	need	to	take	into	account	

positive	 accessibility	 and	negative	noise	 effects,	which	 complicates	 the	 implementation	 in	prac‐

tice.	Back‐of‐the‐envelope	calculations	suggest	that	at	today’s	rate	of	noise	capitalization	it	is	pos‐

sible	 to	 recover	 extra	 costs	 for	 constructing	 underground	 lines	 over	 the	 lifetime	 of	 a	 project,	

which	 rationalizes	 the	 shift	 away	 from	 the	 construction	 of	 elevated	 lines	 and	 towards	 under‐

ground	lines	over	the	course	of	the	20th	century.		
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