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[bookmark: appendix]Appendix

[bookmark: data-sources-and-tier-levels]A.1. Data Sources and Tier Levels
	House price index data
	

	GER
	International House Price Database - Federal Reserve Bank of Dallas

	Construction cost index data
	

	GER
	Destatis statistic 61261-0014: Construction cost indices for residential buildings: Germany, quarters, type of construction costs


TABLE A.1 (for FIGURE 1)


	Dependent Variable
	Availability
	Source
	Regional Level

	House Price Index
	2012-2018
	vdpResearch
	County

	Land value per 
	2014-2018
	Braun and Lee (2021)
	County

	Land value  (vacant land sales)
	1995-2019
	Federal Statistical Office (Statistic 61511-01-03-4)
	County

	Control Variable
	
	
	

	Land area 
	2008-2019
	Federal Statistical Office (Statistic 11111-01-01-4)
	County

	Income
	2014-2019
	Federal Employment Agency
	County

	Population
	1995-2019
	Federal Statistical Office (Statistic 12411-0015)
	County

	Unemployment Rate
	2008-2018
	Federal Employment Agency
	County

	Construction Cost Index
	1958-2020
	Federal Statistical Office (Statistic 61261-0001)
	National

	Regional Construction Cost Factors
	2012-2019
	BKI
	County

	Amount of accomodation facilities
	1995-2019
	Federal Statistical Office (Statistic 45412-01-02-4)
	County

	Green coverage
	1995-2019
	Federal Statistical Office
	County

	
	
	(Statistic 33111-01-02-4 and 33111-01-01-4)
	

	Housing Stock measures
	1995-2019
	Federal Statistical Office (Statistic 31231-02-01-4)
	County


[bookmark: tab:controls]TABLE A.2 Dependent and explanatory variables
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	City/Tier
	County
	City/Tier
	County
	City/Tier
	County
	City/Tier
	County
	City/Tier
	County
	City/Tier
	County

	Berlin
	
	Hamburg
	
	Cologne/Düsseldorf
	
	Frankfurt am Main
	
	Leipzig
	
	Stuttgart
	

	Tier 1
	SK Berlin
	Tier 1
	SK Hamburg
	Tier 1
	SK Köln
	Tier 1
	SK Frankfurt am Main
	Tier 1
	SK Leipzig
	Tier 1
	SK Stuttgart

	Tier 2
	SK Potsdam
	Tier 2
	LK Herzogtum Lauenburg
	 
	SK Düsseldorf
	Tier 2
	LK Offenbach
	Tier 2
	LK Leipzig
	Tier 2
	LK Böblingen

	 
	LK Barnim
	 
	LK Pinneberg
	Tier 2
	LK Mettmann
	 
	LK Groß-Gerau
	Tier 3
	LK Halle(Saale)
	 
	LK Esslingen

	 
	LK Dahme-Spreewald
	 
	LK Segeberg
	 
	LK Rhein-Kreis Neuss
	 
	SK Offenbach am Main
	 
	LK Saalekreis
	 
	LK Ludwigsburg

	 
	LK Havelland
	 
	LK Stormarn
	 
	SK Bonn
	 
	LK Main-Minzig-Kreis
	 
	LK Burgenlandkreis
	 
	LK Rems-Murr-Kreis

	 
	LK Märkisch-Oderland
	 
	LK Harburg
	 
	SK Leverkusen
	 
	LK Wetteraukreis
	 
	LK Nordsachsen
	Tier 3
	LK Heilbronn

	 
	LK Oberhavel
	 
	LK Stade
	 
	LK Rhein-Erft-Kreis
	 
	LK Hochtaunuskreis
	 
	LK Mandfeld-Südharz
	 
	SK Heilbronn

	 
	LK Oder-Spree
	Tier 3
	LK Schwerin
	 
	LK Rheinisch-Bergischer Kreis
	 
	LK Main-Taunus-Kreis
	 
	LK Salzlandkreis
	 
	LK Enzkreis

	 
	LK Potsdam-Mittelmark
	 
	LK Nordwestmecklenburg
	 
	LK Rhein-Sieg-Kreis
	Tier 3
	SK Aschaffenburg
	 
	SK Dessau-Roßlau
	 
	SK Pforzheim

	 
	LK Teltow-Fläming
	 
	LK Ludwigslust-Parchim
	 
	SK Krefeld
	 
	LK Aschaffenburg
	 
	LK Anhalt-Bitterfeld
	 
	LK Calw

	Tier 3
	LK Uckermark
	 
	SK Lübeck
	 
	SK Mülheim an der Ruhr
	 
	SK Mainz
	 
	LK Wittenberg
	 
	LK Tübingen

	 
	LK Ostprignitz-Ruppin
	 
	SK Neumünster
	 
	SK Duisburg
	 
	LK Mainz-Bingen
	 
	LK Elbe-Elster
	 
	LK Reutlingen

	 
	SK Cottbus
	 
	LK Ostholstein
	Tier 3
	LK Ahrweiler
	 
	SK Darmstadt
	 
	LK Meißen
	 
	LK Göppingen

	 
	LK Elbe-Elster
	 
	LK Plön
	 
	LK Altenkirchen (Westerwald)
	 
	SK Wiesbaden
	 
	Mittelsachsen
	 
	LK Ostalbkreis

	 
	LK Ostspreewald-Lausitz
	 
	LK Rendsburg-Eckernförde
	 
	LK Neuwied
	 
	LK Darmstadt-Dieburg
	 
	LK Altenburger Land
	 
	LK Schwäbisch Hall

	 
	LK Prignitz
	 
	LK Steinburg
	 
	SK Essen
	 
	LK Rheingau-Taunus-Kreis
	 
	SK Gera
	 
	

	 
	LK Spree-Neiße
	 
	LK Cuxhaven
	 
	SK Mönchengladbach
	 
	LK Gießen
	 
	LK Greiz
	 
	

	 
	LK Anhalt-Bitterfeld
	 
	LK Lüneburg
	 
	SK Remscheid
	 
	LK Lahn-Dill-Kreis
	 
	LK Saale-Holzland-Kreis
	 
	

	 
	LK Jerichower Land
	 
	LK Rotenburg (Wümme)
	 
	SK Solingen
	 
	LK Limburg-Weilburg
	 
	SK Jena
	 
	

	 
	LK Stendal
	 
	LK Heidekreis
	 
	SK Wuppertal
	 
	LK Vogelbergkreis
	 
	LK Weimarer Land
	 
	

	 
	LK Wittenberg
	 
	
	 
	LK Viersen
	 
	LK Fulda
	 
	SK Weimar
	 
	

	 
	
	 
	
	 
	LK Düren
	 
	LK Main-Spessart
	 
	LK Sömmerda
	 
	

	Munich
	
	 
	
	 
	LK Einkirchen
	 
	LK Bad Kissingen
	 
	LK Kyffhäuserkreis
	 
	

	Tier 1
	SK München
	 
	
	 
	LK Heinsberg
	 
	
	 
	
	 
	

	Tier 2
	LK München
	 
	
	 
	LK Oberbergischer Kreis
	 
	
	 
	
	 
	

	 
	LK Bad Tölz-Wolfratshausen
	 
	
	 
	LK Ennepe-Ruhr-Kreis
	 
	
	 
	
	 
	

	 
	LK Dachau
	 
	
	 
	SK Oberhausen
	 
	
	 
	
	 
	

	 
	LK Ebersberg
	 
	
	 
	LK Wesel
	 
	
	 
	
	 
	

	 
	LK Erding
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Freising
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Fürstenfeldbruck
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Miesbach
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Landberg am Lech
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Starnberg
	 
	
	 
	
	 
	
	 
	
	 
	

	Tier 3
	LK Weilheim-Schongau
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Mühldorf am Inn
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Neuburg-Schrobenhausen
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Pfaffenhofen a.d. Ilm
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Rosenheim
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Landshut
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	SK Landshut
	 
	
	 
	
	 
	
	 
	
	 
	

	 
	LK Aichach-Friedberg
	 
	
	 
	
	 
	
	 
	
	 
	


TABLE A.3. German Big 7 cities and surrounding counties (Tier 1-3)
[bookmark: tab:Tierdetails]
[bookmark: robustness-analysis]A.2. Robustness Analysis
In this section, we evaluate the robustness of the results regarding several factors: First, we replace median income with a different proxy for labor productivity and use instrument variables (e.g. number of post-secondary institutions and the Bartik index) to circumvent possible endogeneity problems that could arise using median income as an independent variable. Second, we use other sets of explanatory variables, and third, we use the inverse distance matrix as a spatial weighting pattern.
[bookmark: X0eaf01c189dc48918dead612457df90e2498620]A.2.1. Labor productivity and Instrument Variables
We argue that high house prices result from high labor productivity and population density, two measurements of agglomeration economies. Nevertheless, we know that using median income as a proxy for a county’s labor productivity could lead to endogeneity problems. For example, there might be a self-selection process of high-income households into high-house price areas. To show the robustness of our results for this potential endogeneity problem, we estimate our model with an alternative labor productivity measurement for German counties suggested by Li et al. (2021) on the firm level to replace the log(median income): .  represents the annual value added at the county level and  represents the total number of employees.
Our results shows that the direct agglomeration effects of our new labor productivity measurement on land prices are significantly smaller than those for median income. For example, the total spatial effects are 1.05 vs 2.65 with the SDM estimation. In comparison, the direct effects of population density on land prices are more significant. On the other hand, the network spillover effects for labor productivity in the county of interest on land value in neighboring counties are more critical for the SLX and SDM model compared to Table 4. The indirect effects for population density increase for all three models compared to the estimation with median income as a labor productivity proxy.  This result could indicate that our baseline estimation results for median income might overestimate the direct effects and underestimate the network spillover effects likely due to the endogeneity mentioned above issue. However, the direction and significance of our results are robust to the choice of labor productivity measurement.
To address potential endogeneity concerns, we employ two alternative instrumental variables: the number of post-secondary institutions and the Bartik Index. First, using the number of universities and colleges as an instrument, we estimate the spatial Durbin model (SDM) via two-stage least squares (2SLS). The estimated Direct and Indirect effects remain statistically indistinguishable from those obtained through the baseline SDM. For instance, the difference in total spatial effects between the 2SLS-SDM and the standard SDM is marginal, only 0.05%. Second, we utilize the Bartik Index for Germany as a proxy for demand shocks and as an instrument for median income. Again, the total spatial effects obtained from the 2SLS-SDM estimation are closely aligned with those from the main specification reported in Table 3: 2.65% (using median income) versus 2.97% (using the Bartik Index) [footnoteRef:1] These robustness checks support the validity of our identification strategy and suggest that our results are not driven by endogeneity. [1:  Detailed estimation results for models using labor productivity, the number of post-secondary institutions, and the Bartik Index are omitted due to space constraints but are available upon request.] 

[bookmark: controls]A.2.2. Control variables
We re-estimate the SDM model using different sets of explanatory variables. Results are reported in Table A.4 for land prices as the dependent variable and median income as a measure of labor productivity.
We exclude construction cost in columns (1)-(9), as the county-level data is only available from 2013. In column (1), we add the W*log(land area km  ). Columns (3)-(9) exclude different control variables of minor interest that are not significant in either the estimation results for land or house prices from 2014-2018, such as unemployment, log(land area km  ), tourism, and housing starts.
Although we excluded some of these control variables, we find that the AIC and BIC are lowest for column (11) among all short-time series SDM specifications.[footnoteRef:2] Column (2) without construction cost is the superior specification among the estimation results. Hence, despite different control variables being not significantly different from zero in the estimation results using the panel from 2014-2018 only, we choose to include all controls given both the , AIC, and BIC criteria and because of their significance in our estimation results for the long panel data set from 2008-2018. [2:  Although not reported here, we also estimate these models for house prices as dependent variables, labor productivity, and the long time series.] 

A.2.3 Inverse distance matrix
One of the well-known issues in spatial estimation is the choice of weighting matrix. Consequently, we re-estimate the models FE-SDM using an inverse distance matrix to account for spatial dependence between counties that are geographically further apart. The weight between two counties  and  is calculated as

and diminishes with distance . Results are presented in Table A.5.
Overall, the results are robust to the specification of the spatial weight matrix with the first-order contiguity. The estimated coefficients for the explanatory variables do, however, change in terms of size. But, given that spatial dependence is now also allowed between counties of higher neighbor order, the spatial interaction effects for median income increase in size. Once again, the fact that the indirect spillover effects of median income increase substantially from the SLX to SAR model suggests that besides network externalities, pure house price interaction mechanisms also play an essential role in the land price determination process. This result is also supported by the change of the network externality for population density coefficients’ sign from SLX to SAR model. The negative effect of population density in neighboring counties on the population density in the county of interest could be driven by the rapidly decreasing spatial correlation of residential land value and population density with increasing distance, which turns negative and insignificant for distances  (Table 3). Compared to the first-order contiguity matrix estimation, the magnitude of both direct and indirect spatial spillovers increases in absolute terms, allowing spillover effects to matter not only between first-order neighbors.



	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)

	
	
	
	
	
	
	
	
	
	
	
	

	log(median income)
	1.42***
	1.42***
	1.50**
	1.54***
	1.54***
	1.54***
	1.54***
	1.50***
	1.54***
	1.94***
	1.94***

	
	(7.49)
	(7.50)
	(9.32)
	(9.59)
	(9.56)
	(9.56)
	(9.59)
	(9.29)
	(9.59)
	(10.02)
	(10.01)

	log(Lag Population density (person per ))
	2.19***
	2.17***
	2.14***
	1.92***
	1.96***
	1.96***
	1.91***
	2.16***
	1.91***
	2.69***
	2.65***

	
	(5.86)
	(5.82)
	(5.77)
	(5.35)
	(5.50)
	(5.52)
	(5.36)
	(5.93)
	(5.36)
	(7.31)
	(7.24)

	log(land area ())
	2.96**
	2.88**
	2.87**
	
	
	
	
	2.89**
	
	3.06**
	2.95**

	
	(2.39)
	(2.33)
	(2.32)
	
	
	
	
	(2.34)
	
	(2.53)
	(2.45)

	log(arable land (sqkm) per capita)
	-0.38***
	-0.37***
	-0.39***
	-0.39***
	-0.40***
	-0.40***
	-0.39***
	-0.40***
	-0.39***
	-0.33**
	-0.32**

	
	(-2.62)
	(-2.59)
	(-2.75)
	(-2.75)
	(-2.77)
	(-2.78)
	(-2.76)
	(-2.78)
	(-2.76)
	(-2.35)
	(-2.30)

	green coverage
	-5.08***
	-5.04***
	-5.10***
	-5.27***
	-5.24***
	-5.24***
	-5.27***
	-5.07***
	-5.2^***
	-4.67***
	-4.61***

	
	(-6.22)
	(-6.18)
	(-6.27)
	(-6.50)
	(-6.47)
	(-6.47)
	(-6.50)
	(-6.24)
	(-6.50)
	(-5.86)
	(-5.80)

	log(open accomodation facilities)
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	
	
	
	
	-0.02
	-0.02

	
	(-0.31)
	(-0.32)
	(-0.31)
	(-0.16)
	(-0.12)
	
	
	
	
	(-0.48)
	(-0.50)

	unemployment rate
	-0.01
	-0.01
	
	
	
	
	
	
	
	-0.00
	-0.01

	
	(-0.79)
	(-0.84)
	
	
	
	
	
	
	
	(-0.68)
	(-0.76)

	lhstarts
	-0.01
	-0.01
	-0.01
	-0.01
	
	
	-0.01
	
	-0.01
	-0.01
	-0.01

	
	(-0.92)
	(-0.94)
	(-0.98)
	(-1.05)
	
	
	(-1.04)
	
	(-1.04)
	(-1.06)
	(-1.10)

	log(construction cost index county)
	
	
	
	
	
	
	
	
	
	-0.71***
	-0.70***

	
	
	
	
	
	
	
	
	
	
	(-8.70)
	(-8.66)

	W
	
	
	
	
	
	
	
	
	
	
	

	log(median income)
	-0.05*
	-0.06*
	-0.05
	-0.06*
	-0.06*
	-0.06*
	-0.06*
	-0.05*
	-0.06*
	-0.05
	-0.05*

	
	(-1.65)
	(-1.76)
	(-1.64)
	(-1.73)
	(-1.80)
	(-1.79)
	(-1.72)
	(-1.69)
	(-1.72)
	(-1.56)
	(-1.71)

	log(Lag Population density (person per ))
	0.01
	0.02
	0.01
	0.05
	0.04
	0.04
	0.05
	-0.00
	0.05
	0.00
	0.02

	
	(0.14)
	(0.24)
	(0.07)
	(0.58)
	(0.46)
	(0.47)
	(0.59)
	(-0.03)
	(0.59)
	(0.05)
	(0.20)

	log(land area ())
	-0.29
	
	
	
	
	
	
	
	
	-0.42
	

	
	(-0.70)
	
	
	
	
	
	
	
	
	(-1.04)
	

	log(land value (Braun&Lee(2021)))
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***
	0.07***

	
	(10.94)
	(10.91)
	(10.89)
	(10.85)
	(11.00)
	(11.00)
	(10.84)
	(11.04)
	(10.84)
	(11.96)
	(11.91)

	Direct
	
	
	
	
	
	
	
	
	
	
	

	log(median income)
	1.42***
	1.42***
	1.50***
	1.54***
	1.54***
	1.54***
	1.54***
	1.50***
	1.54***
	1.94***
	1.94***

	
	(7.49)
	(7.50)
	(9.32)
	(9.59)
	(9.56)
	(9.56)
	(9.59)
	(9.29)
	(9.59)
	(10.02)
	(10.01)

	log(Lag Population density (person per ))
	2.19**
	2.17**
	2.14***
	1.92**
	1.96***
	1.96***
	1.91***
	2.16***
	1.91***
	2.69***
	2.65***

	
	(5.86)
	(5.82)
	(5.77)
	(5.35)
	(5.50)
	(5.52)
	(5.36)
	(5.93)
	(5.36)
	(7.31)
	(7.24)

	Indirect
	
	
	
	
	
	
	
	
	
	
	

	log(median income)
	0.33*
	0.30
	0.36**
	0.36**
	0.35**
	0.35**
	0.36**
	0.36**
	0.36**
	0.75***
	0.71***

	
	(1.69)
	(1.59)
	(1.97)
	(2.17)
	(2.04)
	(2.04)
	(2.09)
	(2.05)
	(2.09)
	(3.64)
	(3.48)

	log(Lag Population density (person per ))
	1.30**
	1.34**
	1.23**
	1.42***
	1.37**
	1.40***
	1.42***
	1.14**
	1.42***
	1.65***
	1.74***

	
	(2.32)
	(2.47)
	(2.38)
	(2.93)
	(2.56)
	(2.67)
	(2.66)
	(2.16)
	(2.66)
	(2.89)
	(3.11)

	N
	1890
	1890
	1890
	1890
	1890
	1890
	1890
	1890
	1890
	1890
	1890

	R2
	0.5826
	0.5822
	0.5839
	0.5831
	0.5814
	0.5814
	0.5831
	0.5823
	0.5831
	0.5877
	0.5869

	AIC
	-3140.8785
	-3142.3889
	-3147.6769
	-3148.2847
	-3153.1829
	-3159.1677
	-3154.2595
	-3158.6342
	-3154.2595
	-3208.4221
	-3209.3314

	BIC
	-2986.5641
	-2993.3956
	-3014.6472
	-3031.2185
	-3052.0803
	-3074.0286
	-3053.1569
	-3057.5316
	-3053.1569
	-3038.1441
	-3044.3746

	t statistics in parentheses

	* , ** , *** 


TABLE A.4. SDM for various sets of control variables - Land Prices, Median income

[bookmark: inv_notime][bookmark: tab:inv_lpi]
	
	FE
	SLX
	SAR
	SDM

	log(median income)
	2.69^***
	0.59^*** 
	0.93^***
	0.81^*** 

	
	(17.58)
	(2.97)
	(6.10)
	(4.54)

	log(Lag Population density (person per ))
	3.21^***
	3.12^***
	2.22^***
	3.03^***

	
	(10.19)
	(9.17)
	(8.43)
	(10.12)

	log(land area ())
	4.22^***
	3.97^***
	2.66^**
	3.58^***

	
	(3.34)
	(3.36)
	(2.56)
	(3.44)

	log(arable land (sqkm) per capita)
	-0.44^***
	-0.20
	-0.15
	-0.13

	
	(-2.95)
	(-1.44)
	(-1.25)
	(-1.09)

	Green Coverage
	-5.21^***
	-5.67^*** 
	-5.19^***
	-5.20^*** 

	
	(-6.12)
	(-7.21)
	(-7.45)
	(-7.49)

	log(open accomodation facilities)
	-0.05
	-0.02
	0.02
	-0.01

	
	(-1.08)
	(-0.36)
	(0.43)
	(-0.25)

	Unemployment Rate
	0.02^**
	0.02^*** 
	0.01
	0.01^*

	
	(2.25)
	(2.82)
	(0.92)
	(1.80)

	log(Housing Starts)
	-0.02
	0.00
	-0.01
	0.01

	
	(-1.37)
	(0.22)
	(-0.72)
	(0.58)

	log(construction cost index county)
	-0.60^***
	-0.84^***
	-0.77^***
	-0.83^***

	
	(-6.93)
	(-10.25)
	(-10.73)
	(-11.49)

	Constant
	-61.22^***
	
	
	

	
	(-7.34)
	
	
	

	inv
	
	
	
	

	log(median income)
	
	3.58^***
	
	1.06^***

	
	
	(15.56)
	
	(3.02)

	log(Lag Population density (person per ))
	
	-4.09^***
	
	-3.78^***

	
	
	(-5.69)
	
	(-5.96)

	log(land value (Braun&Lee(2021)))
	
	
	0.82^***
	0.73^***

	
	
	
	(20.37)
	(8.76)

	Direct
	
	
	
	

	log(median income)
	
	0.59^***
	0.93^***
	0.81^***

	
	
	(2.97)
	(6.10)
	(4.54)

	log(Lag Population density (person per ))
	
	3.12^***
	2.22^***
	3.03^***

	
	
	(9.17)
	(8.43)
	(10.12)

	Indirect
	
	
	
	

	log(median income)
	
	3.58^***
	4.15^***
	6.18^***

	
	
	(15.56)
	(4.11)
	(3.12)

	log(Lag Population density (person per ))
	
	-4.09^***
	10.04^***
	-5.77^**

	
	
	(-5.69)
	(3.05)
	(-2.14)

	N
	1890
	1890
	1890
	1890

	Pseudo R2
	
	0.05
	
	

	AIC
	-4283.88
	-3314.12
	-4551.67
	-4584.16

	BIC
	-4228.44
	-3247.59
	-4390.88
	-4412.28

	Log-Likelihood
	
	1669.06
	2304.83
	2323.08

	t statistics in parentheses

	dependent variable: log(land value (Braun&Lee(2021)))

	spatial weight matrix: first order contiguity

	^*, ^**, ^***

	
	
	
	
	


TABLE A.5.Estimation results for inverse distance matrix - Germany, land value, 2014-2018
