
Journal of Banking and Finance 133 (2021) 106311 

Contents lists available at ScienceDirect 

Journal of Banking and Finance 

journal homepage: www.elsevier.com/locate/jbf 

Bank systemic risk exposure and office market interconnectedness 

Roland Füss a , b , ∗, Daniel Ruf c 

a Swiss Institute of Banking and Finance (s/bf), University of St.Gallen, Unterer Graben 21, St.Gallen 90 0 0, Switzerland 
b Research Fellow at the Center for Real Estate and Environmental Economics, NTNU Business School, Trondheim, Norway 
c House of Finance, Goethe University, Campus Westend, Theodor-W.-Adorno Platz 3, Frankfurt am Main 60629, Germany 

a r t i c l e i n f o 

Article history: 

Received 21 September 2020 

Accepted 29 August 2021 

Available online 2 September 2021 

JEL classification: 

G 15 

R 30 

Keywords: 

Commercial real estate 

Correlated risk 

Financial center 

Spatial econometrics 

Systemic risk 

a b s t r a c t 

We empirically examine how systemic risk in the banking sector leads to correlated risk in office markets 

of global financial centers. In so doing, we compute an aggregated measure of systemic risk in financial 

centers as the cumulated expected capital shortfall of local financial institutions. Our identification strat- 

egy is based on a double counterfactual approach by comparing normal with financial distress periods as 

well as office with retail markets. We find that office market interconnectedness arises from systemic risk 

during financial turmoil periods. Office market performance in a financial center is affected by returns of 

systemically linked financial center office markets only during a systemic banking crisis. In contrast, there 

is no evidence of correlated risk during normal times and among the within-city counterfactual retail sec- 

tor. The decline in office market returns during a banking crisis is larger in financial centers compared to 

non-financial centers. 
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. Introduction 

This paper empirically analyzes how systemic risk in the finan- 

ial sector leads to the interconnectedness of international com- 

ercial real estate markets. Office markets offer a unique testing 

round to study whether and how the near collapse of the finan- 

ial system leads to correlated risk in real asset markets. 1 The un- 

ercapitalization of banks triggers a devaluation of financial but 

lso real assets, which are owned and leased by financial institu- 
2 
ions in financial centers. We look at this devaluation effect that 

∗ Corresponding author at: Swiss Institute of Banking and Finance (s/bf), Univer- 

ity of St.Gallen, Unterer Graben 21, 90 0 0 St.Gallen, Switzerland. 

E-mail addresses: roland.fuess@unisg.ch (R. Füss), ruf@finance.uni-frankfurt.de 

D. Ruf). 
1 For instance, office properties in America, Europe, and Asia-Pacific make up 25%, 

3%, and 53% of their 2018 transaction volume of income properties, respectively, 

ncluding the residential sector ( PwC and The Urban Land Institute, 2019 ). 
2 The literature does not offer a unique definition of financial centers. Some 

ities dominate in specialized financial services, e.g., Zurich for wealth manage- 

ent. Other cities, such as Frankfurt, Hong Kong, or Singapore are considered as 

egional financial centers ( Lizieri, 2009 ), whereas Wójcik (2013) identifies only Lon- 

on and New York as global financial centers. Kindleberger (1974) defines financial 

enters as a concentration of financial activity gaining from network effects, infor- 

ational economies of scale, and direct interaction with trading partners (see also, 

.g., Gehrig, 20 0 0; Lizieri, 20 09 ). Motivated by Cetorelli and Peristiani (2013) , we 

efine cities as financial centers, if they host a national stock exchange as proxy for 

he attractiveness of a nearby-located financial service industry. 
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 burst of an asset bubble in financial markets and a simultane- 

us increase in systemic risk among financial institutions have on 

nancial center office markets. 

We offer important insights into the fragility of commercial 

roperty markets in financial centers, particularly at times when 

nancial institutions are exposed to valuation shocks. Real estate 

arkets are extremely vulnerable to shocks when property prices 

re inflated and yields are low. As a consequence, risk spillovers 

n the global banking sector lead to correlated risk in international 

ffice property markets. We apply a spatial econometric model to 

est whether the common systemic risk of financial institutions 

n global financial centers leads to cross-sectional return depen- 

ence, i.e., correlated risk, of underlying commercial real estate 

arkets. 

We use a large cross-section of international city-level prop- 

rty market returns. The sample includes the dotcom bubble burst 

n 20 0 0/20 01, the global financial crisis 20 07/20 08, and the Euro-

ean sovereign debt crisis 2010/2011, providing sufficient temporal 

ariation to study systematic differences in the return dependence 

mong commercial real estate markets between normal and crisis 

eriods. The identification strategy is based on a double counter- 

actual approach. Imposing time-varying restrictions in our empir- 

cal model, we first test for systemic risk as a channel for corre- 

ated risk in financial center office markets during crises relative to 

on-crisis periods. We then apply a placebo test for cross-sectional 

ependence among financial center retail markets as within-city 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ounterfactuals during periods of financial distress. While office 

nd retail markets follow a common city-specific trend, their per- 

ormance should be different during turmoil times, when finan- 

ial institutions occupying office space are exposed to valuation 

hocks. 

As a proxy for systemic risk, we use the Brownlees and En- 

le (2017) expected capital shortfall of financial institutions (SRISK) 

onditional on a hypothetical price decline in the global asset 

arket. Other systemic risk indicators, such as the marginal ex- 

ected capital shortfall (MES) of Acharya et al. (2017) or �CoVaR of 

drian and Brunnermeier (2016) are highly correlated with banks’ 

arket beta or Value-at-Risk (VaR). SRISK includes leverage and 

ebt of the banking sector and is therefore more suitable to dis- 

ntangle systemic from systematic risk ( Benoit et al., 2017 ). 

We exploit the hypothetical nature of the SRISK measure as sys- 

emic risk channel for financial center office market interconnect- 

dness. During periods of financial distress, when market prices 

all, a capital shortfall affects financial institutions’ balance sheets. 

ence, systemic risk should trigger cross-sectional dependence 

ithin commercial real estate office markets in financial centers, 

ue to the simultaneity of potential fire-sales, insolvencies in the 

nancial sector, and revaluations of office properties, which are 

wned, financed, or occupied by the banking sector (e.g., Lizieri 

t al., 20 0 0; Lizieri and Pain, 2014 ). During normal times, banks

re less exposed to valuation shocks and the expected undercapi- 

alization given a hypothetical stock market decline should not lead 

o interconnected office markets. 

We find empirical evidence of cross-sectional return depen- 

ence among financial center office markets during the global fi- 

ancial crisis 20 07/20 08. This correlated risk can be related to the 

ommon systemic risk contribution of financial institutions. As ex- 

ected, office market co-movements do not exist during normal 

imes. Likewise, no correlated risk arises in the within-city coun- 

erfactual retail sector during crisis periods. Hence, systemic risk 

f the banking sector does not imply cross-sectional return depen- 

ence among retail markets. Our findings hold conditional on the 

tand-alone total expected capital shortfall of the banking sector in 

 financial center, which indicate no clear statistically or econom- 

cally significant relationship with the local office market. This re- 

ult demonstrates the importance of contagion effects among sys- 

emically relevant financial institutions for global office property 

arkets compared to the isolated expected capital shortfall of fi- 

ancial institutions within a city. 

The results are robust, when we control for alternative chan- 

els, such as macroeconomic fundamentals or credit availabil- 

ty. For instance, correlated risk in financial center office mar- 

ets might emerge from employment risk, i.e. potential job cuts 

nd reduced office space demand during periods of financial dis- 

ress ( Hendershott et al., 1999 ), or from a dry-out of global 

unding liquidity ( Davis and Zhu, 2011 ). Correlated risk also pre- 

ails conditional on alternative channels of cross-sectional depen- 

ence among international real estate, such as global GDP trends 

 Case et al., 20 0 0 ). Potential concerns about omitted sources of

ross-sectional dependence can also be mitigated by our dou- 

le counterfactual approach, as we observe no correlated risk 

n the retail sector or among office markets during normal 

imes. 

As an additional robustness test, we observe no correlated risk 

n non-financial center office markets. This is corroborated by our 

esult of a lower average level of total expected capital shortfall 

n non-financial compared to financial centers. As proxied by the 

RISK of financial institutions with local main offices, the rela- 

ive size of the banking sector in non-financial centers is systemi- 

ally irrelevant for the local office market. Furthermore, correlated 

isk among international financial center office markets does not 

ick up other crisis effects than the systemic risk channel during 
2 
he global banking crisis. For instance, office market returns are 

ot interconnected during the European sovereign debt crisis in 

010/2011 or the dotcom bubble burst in 20 0 0/20 01. The sovereign 

ebt crisis was confined to few European countries and bailout 

trategies for local banks prevented contagious spillovers to the 

lobal financial system ( Lane, 2012 ). In contrast, the dotcom bub- 

le was related to overvalued technology companies (e.g., Ofek and 

ichardson, 2003 ). Its burst in 2000 potentially led to a lower de- 

and of stock exchange services, but not implied correlated risk. 

In the first step of the empirical strategy, our spatial model 

hows the immediate effect of the valuation shock leading to cor- 

elated risk because of the interconnectedness of financial cen- 

er office markets. In the second step, we apply difference-in- 

ifference models to quantify the impact of systemic risk on the 

ffice market return performance. Accompanied by the correlated 

isk during the crisis period, we show a statistically significant de- 

line in office market returns in comparison to the counterfactual 

etail sector. Similarly, office market returns are lower in financial 

han in non-financial centers during the aftermath of the financial 

risis 20 07/20 08. 

This paper contributes to the empirical discussion on the in- 

erconnectedness of asset markets during periods of financial dis- 

ress. Bekaert et al. (2005) and Bekaert et al. (2014) analyze ex- 

ess return co-movements among global equity markets during 

nancial turmoil periods. The literature is mostly silent on co- 

ovements among commercial real estate markets. Exceptions are 

ase et al. (20 0 0) , who explain property market co-movements 

y a global business cycle trend, or Stevenson et al. (2014) , who 

nd evidence of synchronized office market cycles. Our findings 

elate office market co-movements to systemic risk in intercon- 

ected financial centers, suggesting that risk diversification strate- 

ies among financial center office markets and across asset classes 

ose their effectiveness in crisis times when financial protection is 

ost needed. 

We also build on the systemic risk literature which is based 

n correlated asset prices in financial institutions’ balance sheets 

e.g., Acharya et al., 2012; Acharya et al., 2017; Brownlees 

nd Engle, 2017 ). Allen et al. (2012) and Adrian and Brunner- 

eier (2016) show how a shock in one institution affects the en- 

ire financial system. In contrast, we study synchronous price de- 

lines of financial center office markets due to valuation shocks 

uring periods of financial distress. We contribute to the literature 

hich highlights the intertwined fragility of commercial real estate 

nd the banking sector. Correlated risk in commercial real estate 

ffice markets further has the potential for reinforced valuation 

hocks on undercapitalized banks, using real estate as collateral, 

nd thus, threatening the financial stability of the global banking 

ystem (e.g., Koetter and Poghosyan, 2010; Antoniades, 2019 ) and 

he real economy ( Chaney et al., 2012 ). Our results are also consis- 

ent with Brunnermeier et al. (2019) who illustrate how systemic 

isk and the resulting banking crisis lead to a devaluation of over- 

alued assets and spillovers to the rest of the economy. 

In spatial econometrics, interconnectedness is often defined as 

eographic proximity ( LeSage and Pace, 2009 ). In contrast, our ap- 

roach is motivated by Corrado and Fingleton (2012) who propose 

patial linkages based on testable economic channels. We con- 

ribute to the spatial econometric literature on economic measures 

o analyze dependence in global asset markets and systemic risk 

pillovers in the banking sector (e.g., Asgharian et al., 2013; Eder 

nd Keiler, 2015; Milcheva and Zhu, 2016; Blasques et al., 2016; 

ebarsy et al., 2018 ). 

The remainder of the paper is structured as follows. 

ection 2 provides the conceptional framework. Section 3 describes 

he data. Section 4 introduces the methodology and discusses the 

dentification strategy. Section 5 presents the empirical results. 

ection 6 concludes. 
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3 For example, Real Capital Analytics (RCA) started to release international com- 

mercial real estate data in 2007, which does not provide sufficient time variation 

for studying differences in office market interconnectedness between normal and 

turmoil periods, such as the dotcom bubble burst 20 0 0/20 01 or the global financial 

crisis 20 07/20 08. The time dimension of our sample is restricted by the availability 

of SRISK data, starting in 20 0 0. However, historic returns of our PMA data go back 

to 1995 and are utilized in Section 5.3 to quantify the devaluation effect. 
. Global financial crisis, systemic risk, and international office 

arkets 

The global financial crisis in 20 07/20 08 and the systemic risk 

n the banking sector had their origin in the bubble burst at the 

.S. housing market and the triggered subprime mortgage crisis. 

anks suffered substantial residential mortgage losses, which led 

o a credit crunch and the deterioration of capital positions. At that 

oint in time, commercial real estate markets were still at their 

eak, i.e., property prices were high and yields were extremely 

ow ( Levitin and Wachter, 2013 ). The increasing risk in the bank- 

ng sector caused the interbank funding to dry-up and, as banks 

ere highly connected through counterparty risk, contagion effects 

rossed the global banking sector ( Brunnermeier, 2009 ). Stricter fi- 

ancial conditions and the devaluation of collateral led to further 

rice depreciation. This negative feedback loop was enforced by 

he stock market decline, which affected the net worth of finan- 

ial institutions due to the marked-to-market valuation of assets 

n their balance sheets and again reinforced systemic risk. 

To illustrate how soaring systemic risk affects yields of commer- 

ial real estate, particularly office markets in financial centers, we 

se the simple framework of Duca and Ling (2020) : 

ap = 

NCF 

V 

= r F + rp − g − liq f unding , (1) 

here the expected yield, represented by the capitalization rate 

 cap) and defined as ratio of the contractually fixed rent cash flow 

 NCF ) relative to the market value ( V ), can be explained by the

isk-free rate ( r F ), a required risk premium ( rp), long-term rent 

rowth ( g), and funding liquidity ( liq f unding ). 

A high expected capital shortfall during financial crisis periods 

eads to an undercapitalization of the banking sector. Because of- 

ce space in financial centers is used by property-owners and ten- 

nts from the financial service industry, rental values and property 

eturns are linked to financial market price fluctuations (see, e.g., 

izieri et al., 20 0 0; Lizieri and Pain, 2014 ). During periods of fi-

ancial distress, office property market values V = 

NCF 
cap devaluate at 

till contractually fixed rent cash flows because of capital shortage 

riggered by insolvencies in the financial service sector, potential 

re-sales, and asset price declines when banks readjust real estate 

alues on their balance sheets. 

At the same time investors lower their expectations on of- 

ce market returns, i.e. capitalization rates increase and prop- 

rty values depreciate. This devaluation is driven by the systemic 

isk or the expected shortfall of the banking sector. Similar to 

hysels et al. (2007) , the effect of systemic risk can be interpreted 

s the orthogonal part in the cap rate predictability, which is re- 

ected in the risk premium and unrelated to macroeconomic con- 

itions, growth of future rents, and credit availability. In the em- 

irical framework, we control for these alternative channels. For 

nstance, the market for commercial real estate had seen a decline 

n realized rental cash flow when the global economy ran into the 

reat recession, which led to job cuts in the financial sector, with 

ower demand for office space and increased vacancy rates. Simi- 

arly, tightening credit supply and lending standards dried-up the 

unding liquidity ( Duca and Ling, 2020 ). 

Because financial institutions operate in global financial cen- 

ers, we conjecture that their high interconnectedness, and particu- 

arly, the resulting simultaneous decrease in commercial real estate 

rices leads to correlated risk in international office markets. The 

assive devaluation of office properties is expected to be stronger 

n local office markets accommodating more systemically relevant 

anks, as financial institutions have to readjust their real estate 

ssets on their balance sheets. For our identification strategy, we 

herefore derive the following testable hypothesis: 
3 
Hypothesis 1a: Because of the direct exposure of systemically rel- 

vant financial institutions to overvalued assets, leading to a revalua- 

ion of underlying office properties owned, financed, and used by the 

nancial sector, we expect correlated risk to occur only in financial 

enter office markets. 

We expect that the systemic risk channel is only effective, i.e. 

eads to correlated risk among international financial center office 

arkets, during the global financial crisis when banks hold expo- 

ure to overvalued assets, and thus, contagious spillovers to the 

lobal financial system were the highest ( Aoki and Nikolov, 2015 ). 

n contrast, the dotcom bubble burst mainly triggered financial 

osses among ordinary savers due to their exposure to overval- 

ed technology companies (e.g., Ofek and Richardson, 2003 ), how- 

ver, with little contagious effects among financial institutions. Fur- 

hermore, the sovereign debt crisis was confined to few European 

ountries and bailout strategies for local banks prevented conta- 

ious spillovers to the global financial system ( Lane, 2012 ). 

Hypothesis 1b: As the systemic risk channel on commercial real 

state is triggered by a valuation shock of the international banking 

ector, these co-movements should only be observed during the global 

nancial crisis 20 07/20 08 as period of financial distress. 

In the empirical analysis, we model correlated risk in terms of 

eturn co-movements or cross-sectional dependence by utilizing 

patial econometrics. 

We assume the highest depreciation of real estate values dur- 

ng the 20 07–20 08 financial crisis in global financial center office 

arkets. Office space in financial centers is concentrated among fi- 

ancial service firms and its demand is highly connected to the 

erformance of capital markets. Hence, a devaluation shock should 

educe returns in financial center office markets more than in the 

etail sector and in non-financial center office markets. This leads 

s to the following hypothesis: 

Hypothesis 2: The devaluation effect and the resulting correlated 

isk in financial center office markets should be accompanied by a sig- 

ificant decline in their market performance compared to the retail 

ector and office markets in non-financial centers. 

We apply a difference-in-difference model to quantify the de- 

aluation of office properties in financial centers during financial 

istress periods relative to the counterfactual retail sector and non- 

nancial center office markets. 

. Data 

Section 3.1 describes our commercial real estate data. 

ection 3.2 shows how we compute the aggregated systemic 

isk in financial centers. Section 3.3 presents the control variables. 

.1. Commercial real estate data 

Property Market Analysis (PMA) provides annual city-level com- 

ercial real estate returns. We use office and retail market returns 

rom 61 cities in 28 countries from North America, Europe, and 

sia-Pacific. To the best of our knowledge, this sample contains 

he largest cross-section of international city-level returns from 

0 0 0 to 2015. 3 PMA constructs total market returns reflecting both 

ental income and capital growth. The property price is computed 

rom actual annual prime rents per square meter divided by the 

urrent market yield taking into account depreciation and man- 

gement costs. Capital growth is defined as the change between 
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onsecutive annual property values divided by the previous mar- 

et value. The income component is calculated as the ratio of the 

nnual rent and the previous property value. 

As a quality check, we compare our data to the established NPI 

enchmark returns for commercial real estate in the United States, 

rovided by the National Council of Real Estate Investment Fidu- 

iaries (NCREIF). 4 At the Metropolitan Statistical Area (MSA), aver- 

ge PMA market returns are comparable to the annualized quar- 

erly mean NPI returns. The slightly smaller standard deviation for 

CREIF office market returns compared to PMA might hint at the 

stablished appraisal-based smoothing bias of the NPI index (see, 

.g., Geltner, 1991; Fisher et al., 1994 ). 5 In contrast, PMA returns 

re based on a marked-to-market valuation methodology, which 

aises concerns of negative autocorrelation from return reversals. 

owever, when testing for autocorrelation, we find no statistically 

ignificant time lag for both return series. Furthermore, when com- 

aring both data sources, returns are highly correlated (up to 93% 

nd 94.5% for New York and Chicago, respectively). A lower corre- 

ation (70% to 80%) can often be found in markets with a low num- 

er of quarterly reported properties used by NCREIF, especially in 

he retail sector. 

In a next step, we distinguish between financial and non- 

nancial centers. We define cities as financial centers if national 

tock exchange trading platforms are located there. Based on this 

efinition, our sample contains 29 financial centers. 6 We rule out 

ffshore financial centers, such as the Cayman Islands or Jer- 

ey. Following our definition, financial centers are predetermined 

nd exogenous to the office market performance. Historically, the 

nancial service industry was built near local stock exchanges 

o benefit from international capital and the floor trading ac- 

ess ( Wójcik, 2013 ). In contrast, survey-based indices, such as the 

lobal Financial Center Index (GFCI), rank cities also based on un- 

erlying office market conditions, such as infrastructure and busi- 

ess environment. Using these indices to identify financial centers 

ould violate the exogeneity assumption. 

Table 1 reports the summary statistics. Panel A shows mean, 

tandard deviation, as well as minimum and maximum values of 

nancial and non-financial center market returns, when pooled 

cross all cities over the sample period. The performances are com- 

arable with mean returns of 8% over the sample period. Finan- 

ial centers are slightly more volatile with a standard deviation of 

6% (relative to 12% for non-financial centers). Panels B and C addi- 

ionally separate between sectors and distinguish between turmoil 

nd normal periods, respectively. Office market returns are lower, 

ccompanied by a higher standard deviation, when compared to 

he retail sector. The corresponding t-test comparisons reveal sta- 

istically significant mean differences between both sectors in fi- 

ancial and non-financial centers. We find similar results when we 

ompare normal and turmoil times. The turmoil period contains 

he dotcom bubble burst (20 0 0–20 02), the global financial crisis 

20 07–20 08), and the European sovereign debt crisis (2010–2012), 
4 In Table A.1 in the Internet Appendix, we compare their statistical characteris- 

ics to validate that our PMA data is qualitatively not worse than the NCREIF bench- 

ark. 
5 The potential smoothing bias might also be detected when comparing the per- 

ormance of both data in Figure A.1 in the Internet Appendix. NPI retail market 

eturns are more volatile than PMA returns, which might be due to the low num- 

er of retail properties reported to NCREIF. We conjecture that the smoothing bias is 

artly offset by a higher noise component. The trade-off between appraisal smooth- 

ng and transaction-based noise is well-known in the real estate literature (e.g., 

eltner and Ling, 2006 ). 
6 We list all cities in Table A.2 of the Internet Appendix, including the descriptive 

ummary for each city-level sector. Panel A shows the market coverage of financial 

enters. Panel B presents all non-financial centers. Our empirical results also hold 

hen we define financial and non-financial centers as the upper and lower tercile 

f cities, ranked according to the average total SRISK. 
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p
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4 
evealing systematically lower average returns, as indicated by the 

ean t-tests. 

Relation to Stock Markets. We use annual returns of stock mar- 

et price indices that are representative for the financial center 

tock exchanges. 7 Fig. 1 compares the property and stock market 

erformance over time. Panels A to C show average market returns 

ooled across all financial centers for the U.S., Europe, and Asia- 

acific relative to the corresponding average stock market price in- 

ex changes. The figures are based on local currencies to illustrate 

he return performance, unaffected by local currency movements 

elative to the USD. 8 Office and retail markets follow a common 

yclical pattern with the average stock market, which is in line 

ith Quan and Titman (1999) . Yet, we observe a much stronger 

ownward trend in international office markets compared to the 

orresponding retail sector during the aftermath of the dotcom 

ubble burst in 20 01/20 02 and the global financial crisis period 

n 20 07/20 08. For instance, in Europe, office and retail market av- 

rage returns were about 16% in 20 0 0. However, in the subsequent 

ears office returns fell to −2.4%, while retail returns decreased 

nly to 7% in 2002. Similarly, U.S. office markets dropped on av- 

rage from 25% in 2007 to −25% in 2009. For comparison, retail 

arket returns decreased from 10% to −11% during the same pe- 

iod. From all three panels the synchronicity of the asset price bub- 

le bursts among the regions becomes quite obvious although in- 

ividual countries may deviate from the common trend. 

To further establish the dynamics between stocks and office 

arket returns in financial centers, Fig. 2 illustrates impulse re- 

ponse functions from a panel vector autoregression (VAR). Local 

tock market returns tend to positively affect the related office 

arket. During bust periods, the poor performance of the finan- 

ial service industry might lead to job losses and lower demand 

or office space. We expect a similar relation between the stock 

arket and the retail sector. A poor local banking sector perfor- 

ance might imply lower bonus payments for bankers and less 

ncome for consumption, which should also reduce the demand on 

he corresponding retail market. To capture the cyclical effect of 

he local stock market performance on both commercial real es- 

ate sectors, we include stock market returns as an additional con- 

rol variable when we test for the relation between the systemic 

isk of the banking sector and the office market dependence dur- 

ng the global financial crisis. We also analyze how a positive of- 

ce market shock affects the stock market performance. The con- 

emporaneous increase is short-living and declines immediately. 

e interpret this relation in terms of opportunity costs of capi- 

al, leading to higher required stock market returns, followed by 

 potential capital switching of investors from stocks to more at- 

ractive office property investments. However, the confidence band 

f the impulse response function widens and includes zero. Over- 

ll, the panel VAR suggests a Granger causality running from the 

tock market to the commercial real estate office markets in finan- 

ial centers. 

.2. Expected capital shortfall 

We briefly compare the Systemic Risk Measure (SRISK) of 

charya et al. (2012) and Brownlees and Engle (2017) to other 

rominent systemic risk measures, such as the Delta Conditional 

alue-at-Risk ( �CoVaR) of Adrian and Brunnermeier (2016) and 

he Marginal Expected Shortfall (MES) of Acharya et al. (2017) . The 

CoVaR takes the difference between the VaR of the financial sys- 

em conditional on a particular bank being in financial distress and 
7 Table A.2 of the Internet Appendix presents the stock market indices and the 

orresponding platforms. 
8 In the empirical analysis, we then use USD-denominated returns for compara- 

ility and control for the exchange rate between the local currency and the USD. 
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Table 1 

Summary Statistics of Commercial Real Estate Market Returns. This table contains the descriptive summary and mean difference t-tests for commercial real estate market 

returns. Our sample is pooled over a cross-section of 61 cities in 28 countries from 20 0 0 to 2015. We define all cities with a stock exchange trading platform as financial 

center. Panel A distinguishes between financial and non-financial centers. Panels B and C additionally separate market returns by sector (office versus retail) and turmoil 

versus normal times, respectively. Turmoil periods are the years 20 0 0–20 02 (dotcom bubble burst), 20 07 / 20 08 (global financial crisis), and 2010–2012 (sovereign debt 

crisis). Returns are calculated as log-differences. The values are measured in decimals. 

Panel A: Financial versus Non-Financial Center 

Mean Std.Dev. Min. Max. Obs. 

Financial 0.08 0.16 −0.70 0.79 823 

Non-Financial 0.08 0.12 −0.44 0.65 884 

� t -test −0.16 

Panel B: Market Returns by Sector 

Mean Std.Dev. Min. Max. Obs. 

Financial 

Office 0.06 0.16 −0.56 0.79 455 

Retail 0.10 0.15 −0.70 0.71 368 

� t -test −3.83 ∗∗∗

Non-Financial 

Office 0.07 0.13 −0.44 0.65 499 

Retail 0.09 0.10 −0.24 0.60 385 

� t -test −2.11 ∗∗

Panel C: Market Returns by Period 

Mean Std.Dev. Min. Max. Obs. 

Financial 

Turmoil 0.06 0.16 −0.70 0.79 405 

Normal 0.10 0.16 −0.55 0.71 418 

� t -test −3.85 ∗∗∗

Non-Financial 

Turmoil 0.07 0.13 −0.44 0.60 438 

Normal 0.09 0.11 −0.38 0.65 446 

� t -test −2.77 ∗∗∗
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he VaR of the financial system given the bank is in a normal state. 

he MES measure captures the marginal risk contribution of a fi- 

ancial institution to the overall systemic risk based on its weight 

n the value-weighted market returns. SRISK not only takes ac- 

ount of the size but also of the liabilities of a financial institution. 

enoit et al. (2017) show that the MES measure, and thus the cor- 

esponding systemic risk ranking of financial institutions, is highly 

orrelated with the banks’ market beta and that this measure fails 

o forecast the contribution to systemic risk. Similarly, they illus- 

rate that �CoVaR is proportional to the bank’s tail risk and that 

he most risky institutions in terms of VaR are not inevitably the 

nes showing the highest systemic risk. In contrast, according to 

hem, the relation between systematic and systemic risk is less 

evere for SRISK, since it includes both market capitalization and 

everage. 9 

To compute the aggregated expected capital shortfall in each fi- 

ancial center, we use the Brownlees and Engle (2017) SRISK mea- 

ure of international financial institutions from 20 0 0 to 2015. 10 

RISK quantifies the dollar-denominated expected capital shortfall 

f a financial institution i in period t , which would occur from a 
9 Given our definition of a financial center it is important to clearly separate sys- 

emic from systematic risk. For instance, if banks specialized in similar business 

reas choose to be present in the same market, a shock to this respective business 

eld will commonly affect banks operating in this specialized field. By controlling 

or systematic banking sector risk as well as financial center fixed effects, we rule 

ut that return co-movements are driven by an omitted systematic risk factor and 

ot necessarily by a systemic risk exposure. 
10 The data is provided by the NYU Stern Volatility Lab. Table A.3 of the Inter- 

et Appendix provides a snapshot of financial institutions with the highest SRISK 

evel, measured during our sample period. For instance, the most prominent ex- 

mple for the financial crisis affecting the banking sector in 2008 was marked by 

he collapse of the investment banks Bear Stearns and Lehman Brothers (see, e.g., 

runnermeier, 2009 ). With 57,692 million USD, Lehman Brothers had its highest ex- 

ected capital shortfall in March 2008, six months prior to its insolvency in Septem- 

er 2008. 
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ypothetical decline of the MSCI world equity price index return 

y 40% or more over the next period of h = 6 months: 

RISK it = E t (CS i,t+ h | R MSCI,t +1 ,t + h < −40%) , (2) 

ith capital shortfall CS = k (D + W ) − W , market value W , book

alue of debt D , prudential capital ratio k , and the multiperiod 

quity return between period t + 1 and t + h . 11 Based on balance

heet information, the expected capital shortfall measures the dif- 

erence between the capital reserves a financial institution must 

old because of regulatory requirements or prudential manage- 

ent and the equity that is derived from the expected decline 

n the market value of the assets. We only include financial firms 

ith a positive expected capital shortfall to focus on systemically 

elevant banks. 

In a next step, we compute the total level of expected capital 

hortfall of the banking sector in the financial center. Since SRISK 

alues are released each month, we calculate the average SRISK 

or each financial institution in each year. For each financial cen- 

er c, we then calculate the sum of the expected capital shortfall, 

.e. the individual annual SRISK value, of financial institutions with 

omestic and foreign main offices (headquarters, branches, or sub- 

idiaries) in the financial center 

RISK c,t = 

n ∑ 

i =1 

SRISK it . (3) 
11 Following Brownlees and Engle (2017) , we set the prudential capital ratio equal 

o 8% for the U.S. and Asia-Pacific, but restrict the parameter to 5.5% for Europe. 

his allows us to capture differences in the Generally Accepted Accounting Princi- 

les (GAAP) for the U.S. and the International Financial Reporting Standards (IFRS) 

pplied in Europe. However, as mentioned in their paper, the ranking of financial 

nstitutions based on their expected capital shortfall is robust to changes in param- 

ter k . 
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Fig. 1. Performance of Commercial Real Estate and Stock Market Returns. This figure illustrates the performance of the commercial real estate (office and retail) and stock 

market returns from 1995 to 2015, which is based on the PMA sample availability. We compute cross-sectional average returns for the United States, Europe, and Asia-Pacific. 

Returns are measured in decimals. 
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o identify the main office locations of financial institutions, we 

se their corresponding SWIFT codes. 12 Fig. 3 illustrates the distri- 

ution of the financial institutions among financial centers. 

Since the SRISK measures are denominated in USD, we can ag- 

regate the expected capital shortfall of the financial institutions. 

ig. 4 illustrates the performance of the aggregated SRISK mea- 

ure. Panel A ranks the financial centers with the highest aver- 

ge SRISK from high (London, Hong Kong, and Singapore) to low 

Madrid, Amsterdam, and Luxembourg). Following the intuition of 

rownlees and Engle (2017) , our financial center-specific aggre- 

ated systemic risk can be interpreted as the required amount of 

apital that would be needed to bail out the related banking sec- 

or during a crisis. For instance, the SRISK value of 1,408,394 mil- 

ion USD for London can be interpreted as the city-specific total 

mount of dollar-denominated expected capital shortfall of finan- 

ial institutions with domestic and foreign main offices located in 

his global financial center. International cities with the highest 

ystemic risk contributed by the financial institutions’ local main 

ffices are also ranked as most relevant financial centers according 

o the GFCI and the Xinhua/Dow Jones International Financial Cen- 

ers Development Index. Panel B of Fig. 4 shows the cross-sectional 

verage city-level SRISK over time. The average systemic risk of all 

nancial centers follows an increasing trend during our sample pe- 

iod from 20 0 0 to 2015 and reaches its peak in 2012. 
12 The SWIFT (Society for Worldwide Interbank Financial Telecommunication) 

stablished a standardized communication and service network for transactions 

mong financial institutions. The SWIFT code contains information about the ge- 

graphic location of financial institutions. 

c

b

c

6 
The total amount of expected capital shortfall of systemically 

elevant financial institutions is different between office markets 

n financial and non-financial centers. Fig. 5 illustrates the mean 

ifference between the aggregated SRISK of both groups. On aver- 

ge, the total expected capital shortfall of the banking sector in fi- 

ancial centers equals 687,305 million USD. Office markets in non- 

nancial centers are only exposed to an average amount of ex- 

ected capital shortfall of 118,282 million USD. 

.3. Control variables 

We include several controls variables. 13 National GDP growth 

er capita and the term spread, defined as the long-term gov- 

rnment bond yield relative to the short-term interest rate, cap- 

ure the impact of macroeconomic fundamentals on the income- 

otential of commercial real estate (e.g., Ling and Naranjo, 1997 ). 

e add house price returns to control for various stages of the 

ountry-specific residential real estate cycles. This is in line with 

he literature on the separate emergence and burst on price bub- 

les in the commercial and residential real estate market ( Levitin 

nd Wachter, 2013; Duca and Ling, 2020 ). The empirical analysis 

s based on USD-denominated returns. To mitigate concerns that 

ffice market return co-movements are driven by a common ex- 

hange rate component, we control for changes of the local ex- 

hange rate relative to the USD. Currency fluctuations also reflect 
13 Table A.4 in the Internet Appendix provides the definition of all variables. Ta- 

les A.5 and A.6 show the descriptive summary and the correlation structure of the 

ovariates. 
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Fig. 2. Impulse Response Function. This figure illustrates the impulse response functions and the corresponding 95% confidence intervals of a positive shock in stock (top) 

and office returns (bottom) on stock (left) and office returns (right), respectively. The GMM system is estimated using the forward-orthogonal transformation ( Arellano and 

Bover, 1995 ). A two-way fixed effects specification resembles a common factor representation to account for the cross-sectional dependence across the endogenous variables 

( Sarafidis and Wansbeek, 2012 ). The impulse response functions are orthogonalized based on the Cholesky decomposition of the covariance matrix. The Hannan-Quinn (HQ) 

and Bayesian information criteria suggest an optimal lag length of order one. The confidence intervals are based on 200 Monte Carlo simulations. 

Fig. 3. Financial Institutions in International Financial Centers. This figure illustrates the distribution of domestic and foreign main office locations of financial institutions 

across international financial centers. We include only financial institutions with main offices in at least two financial centers. 

7 
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Fig. 4. SRISK Ranking of Financial Centers. This figure shows the cross-sectional and time-series variation of the financial center-specific systemic risk exposure. Panel A 

ranks the 15 financial centers with the highest systemic risk exposure. Panel B shows the time-variation of the average systemic risk exposure of all financial centers. 
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he relative economic attractiveness of a country ( Aizenman and 

injarak, 2009 ). At the city-level, population growth controls for 

ifferent real estate demand in cities whereas construction rates 

n the office and retail sector capture the supply heterogeneity of 

uilding stock within a city ( DiPasquale and Wheaton, 1992 ). 
fi

8 
We control for returns of domestic real estate investment trusts 

REITs) to rule out that the correlated risk is driven by publicly 

isted real estate companies ( Hoesli and Oikarinen, 2012 ). Using 

aily data, we calculate the annual correlation between the local 

tock market return and the global MSCI world index as a proxy for 

nancial market integration ( Lehkonen, 2015 ). Banks might prefer 
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Fig. 5. Average SRISK in Financial Centers versus Non-Financial Centers. This figure illustrates the mean difference between office markets in financial centers and non- 

financial centers during the sample period from 20 0 0 to 2015. Financial centers include all cities in our sample that host the national stock exchange trading platform. We 

exclude Boston, Chicago, San Francisco, and Washington from the sample. Based on our definition they would be classified as non-financial centers, while they are ranked as 

top financial centers by the Global Financial Center Index (GFCI) and the Xinhua/Dow Jones International Financial Centers Development Index. 
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14 Table A.7 of the Internet Appendix reports regression results to show how ag- 

gregated SRISK in financial centers is related to bank-specific risk factors. Coeffi- 

cients are statistically significant for the CMBS spread as well as the short-term and 

long-term interest rate, which are explicitly (U.S. CMBS spread) or implicitly (term 

spread, TED spread) included as controls in our models. 
o locate their branches in financially integrated cities, which could 

e a potential source for related office market co-movements. 

We also control for the potential effect of a funding liquidity 

ry-up during the financial crisis on the return dependence among 

ffice markets. First, funding liquidity might be provided via 

tructured commercial mortgage backed securities ( Brunnermeier, 

009; Levitin and Wachter, 2013 ). Therefore, we include the spread 

etween the yields on the U.S. CMBS index and the long-term 

overnment bond as a common risk factor. More restrictive fund- 

ng liquidity during periods of financial distress widens the spread 

ecause of the higher perceived default risk. Second, we capture 

redit supply of the banking sector (e.g., Davis and Zhu, 2011 ) 

y including international cross-border claims on each country. 

his variable measures the change in global dollar-denominated 

mounts outstanding from the national non-bank sector (i.e., bank 

oans, deposits, and other instruments, such as debt securities). 

hird, we use changes in consumer confidence as proxy for in- 

estor sentiment ( Portniaguina and Lemmon, 2006; Schmeling, 

009 ). Consumer confidence serves as a predictor for the in- 

ome potential of commercial real estate and is an ideal proxy 

o reflect omitted investment flows to attractive property markets 

 Ling et al., 2014 ). 

We also disentangle the systemic risk contribution of financial 

nstitutions from their exposure to bank-specific risk factors (e.g., 
9 
egenau et al., 2015 ). In addition to the interest rate, reflected in 

he term spread, and the CMBS spread, we include the TED spread 

s a proxy for global funding liquidity risk, especially during crisis 

eriods when uncertainty is high ( Brunnermeier, 2009 ). 14 

. Methodology 

To estimate the cross-sectional dependence between financial 

enter office markets, we specify the following spatial econometric 

odel: 

 it = λ
∑ 

j � = i 
w i j,t r jt + X it B + ηi + ε it , (4) 

here we regress annual office market returns in financial cen- 

er i in year t on the weighted average of contemporaneous office 

arket returns in other financial centers. The weighted average 
 

j � = i w i j,t r jt is defined as the spatially lagged dependent variable. 
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he time-varying weight w i j,t reflects the testable linkage mech- 

nism between office markets i and j. The spatial lag parameter 

measures the degree of cross-sectional dependence from the in- 

erconnectedness between the cross-sectional units of the endoge- 

ous variable. The set of common risk factors is captured by matrix 

 it with parameter vector B . Parameter ηi defines individual prop- 

rty market fixed effects. We explicitly exploit spatial econometrics 

or estimating return co-movements. The spatial lag as a measure 

f correlated risk during crisis periods is based on first moment 

onditions. Hence, this methodology directly addresses the poten- 

ial smoothing bias of commercial real estate data. The first mo- 

ent of property market returns is not affected by the smoothing 

rror, whereas estimates of the second and higher moments are 

otentially biased (see, e.g., Geltner, 1991 ). 

We apply the Wang and Lee (2013) GMM estimator to ac- 

ount for the endogeneity between cross-sectional units of office 

arket returns and the residuals, which arises from the spatial 

ependence structure. Their approach is flexible enough to esti- 

ate the spatial lag model with fixed effects under an unbalanced 

anel structure. The estimator also allows for time-varying spatial 

eights, which is required for our identification strategy. Following 

elejian and Prucha (2007) , we use heteroscedasticity and autocor- 

elation consistent (HAC) standard errors that are adjusted for the 

ependence structure of the weighting matrix to account for po- 

ential cross-sectional residual correlation. 

Specification of the Weighting Matrix. We specify the spatial 

eighting structure to test whether the common systemic banking 

ector risk between financial centers implies correlated risk among 

heir office markets. The spatial weight w i j,t between office market 

 and j is defined as 

 i j,t = 

∑ 

l 

1 
(
main of f ice il ∩ main of f ice jl 

)
× % SRISK l,t , (5) 

ith the sum of binary indicator variables 1 for individual finan- 

ial institutions ( l), equal to one if their main offices are located 

n both financial centers i and j, and zero otherwise. We multiply 

ach indicator variable with the percentage SRISK ( % SRISK l,t > 0 ) of

he financial institution l in year t to capture the firm’s contribu- 

ion to the global systemic risk. 15 The additional weighting with 

he % SRISK gives financial institutions with a higher systemic risk 

ontribution a larger weight. The spatial weights model the inter- 

onnectedness between financial centers as represented by their 

inkage of systemically relevant financial institutions. 16 We conjec- 

ure that a higher common systemic risk contribution between two 

nancial centers, indicated by a larger spatial weight, should im- 

ly stronger co-movements between their office markets. Follow- 

ng our intuition, the devaluation of office properties should be 

tronger in financial centers with more systemically relevant banks, 

hereas the interconnectedness leads to simultaneous commercial 

eal estate price declines. 17 

The time-varying weights capture fluctuations in the expected 

apital shortfall over time. Panels A and B of Fig. 6 illustrate the 

etwork maps for financial and non-financial centers in the crisis 
15 % SRISK is comparable to �CoVaR, giving the tail dependency between a firm 

nd the financial system. It indicates how systemic risk of the overall system is 

elated to the distress of the individual institution. 
16 The importance of the % SRISK-weighting is further motivated in Section 5.3 , 

here we show a significant city-level office market decline when the correspond- 

ng banking sector is ranked among those with the 25% highest (compared to the 

5% lowest) expected capital shortfall. Hence, we can rule out that our spatial re- 

ression results are merely driven by the binary interconnectedness structure of the 

eighting matrix. The % SRISK-weighting has an additional meaning. 
17 We also row-normalize the weights to interpret the spatially lagged dependent 

ariable as the weighted average of office markets. As established in the spatial 

conometric literature (e.g., LeSage and Pace, 2009 ), we also impose w ii = 0 , such 

hat each office market return is exposed to the weighted average of other contem- 

oraneous office market returns, but is not directly related to itself. 
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10 
ear 2007. The weighting structure suggests a stronger intercon- 

ectedness between financial compared to non-financial centers. 

ffice markets are linked when financial institutions have main 

ffices located in both financial centers. However, the intercon- 

ectedness also depends on their common systemic risk contri- 

ution, which only includes systemically relevant financial institu- 

ions. Hence, potential banks with main offices in Osaka and other 

nancial centers, but with an expected capital surplus, are not in- 

luded. The network maps look similar for other sample years be- 

ause of the imposed weighting structure. The interconnectedness 

epends on the expected capital shortfall given a hypothetical de- 

line in the global stock market. It is essential for our identification 

trategy that the linkage mechanism only translates into correlated 

ffice market risk during periods of financial distress, when a val- 

ation shock of stock market prices leads to an undercapitalization 

n the balance sheet of banks. 

Identification Strategy. In order to isolate the common systemic 

anking sector risk as the source of office market co-movements, 

e apply a double counterfactual approach. Since the systemic 

isk measure is based on the expected capital shortfall, we should 

bserve correlated risk only during the financial turmoil period 

0 07/20 08, but not during normal times. Concerns might arise 

hether the crisis period can be considered as an exogenous event 

or commercial real estate markets. As discussed in Section 2 , the 

lobal financial crisis 20 07/20 08 had its origin in the U.S. residen- 

ial subprime mortgage market, transmitted to the banking sector, 

nd then affected the markets for stocks and commercial real es- 

ate (see, e.g., Brunnermeier, 2009 and Levitin and Wachter, 2013 ). 

We estimate our spatial lag model for financial center office 

arket returns during the sample period from 20 0 0 to 2015. 

owever, we first impose restrictions in the time-varying weight- 

ng matrix such that all spatial weights are set equal to zero 

uring normal financial market periods. Hence, we only allow 

or time-varying weights during the global financial crisis period 

0 07/20 08. This model specification allows us to explicitly test for 

ross-sectional dependence among financial center office markets 

uring periods of financial distress. In a second step, we then con- 

uct a placebo test to examine office market dependence during 

ormal times. In so doing, we restrict the elements of the weight- 

ng matrix to zero during the global banking sector crisis and allow 

or time-varying spatial weights during normal times. 

Second, we test for cross-sectional dependence among financial 

enter retail markets as within-city counterfactual. Both sectors are 

riven by similar local market characteristics. However, the retail 

arket should not be directly exposed to the systemic banking 

ector risk, particularly when we control for macroeconomic fun- 

amentals to capture potential real economic effects. Hence, we 

hould not find any empirical evidence of return co-movements 

mong financial center retail markets. The double counterfactual 

pproach also helps us to further disentangle the systemic risk 

rom omitted common factors as potential transmission channel. 

imilarities in institutional factors, such as transparency, infrastruc- 

ure as well as cultural or geographic proximity between finan- 

ial centers should either affect office market return co-movements 

lso during normal times, or should lead to statistically significant 

eturn dependence among financial center retail markets. Like- 

ise, assuming that international investment flows are more or 

ess equally distributed among both property sectors in financial 

enters, the effect of a liquidity dry-up during crisis periods as a 

otential source for office market return co-movements can be re- 

ected, since a similar effect should be observed for the within-city 

ounterfactual retail sector. 

Reflection Problem. Spatial models raise potential concerns 

bout the reflection problem ( Manski, 1993 ). The dependence that 

s captured by the weighted average of endogenous office market 

eturns might reflect omitted cross-sectional dependence in the 
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Fig. 6. Interconnectedness of Financial and Non-Financial Centers. Panels A and B of the figure illustrate the linkage among financial and non-financial centers as implied by 

the corresponding weighting matrices. We show the interconnectedness representative for the year 2007. 
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18 We do not include year dummies. The variation in the data that is left under 

such a two-way fixed effects specification would be the idiosyncratic component of 

the cross-sectional unit. Yet, we explicitly want to test for the transmission chan- 

nel of spatial correlation among office markets. To capture time dummy effects, we 
xplanatory variables. We disentangle both sources by including 

he equally-weighted averages of country-specific GDP growth and 

tock market return as additional regressors, which mirror the ex- 

genous spatial lag structure ( Sarafidis and Wansbeek, 2012 ). Tak- 

ng into account the dependence from explanatory variables, the 

pecification approximates the Spatial Durbin Model ( LeSage and 

ace, 2009 ). The average values capture the systematic risk of ex- 

lanatory variables on contemporaneous, cross-sectional units of 

he endogenous variable. For instance, GDP growth in country j

ight affect office market returns in country i . Hence, we also con- 

rol for the impact of global business cycle movements on com- 

ercial real estate markets ( Case et al., 20 0 0 ). 

We also include a dummy variable to capture the follow- 

ng turmoil periods: the aftermath of the dotcom bubble burst 

0 01/20 02, the global financial crisis 20 07/20 08, and the European 

overeign debt crisis 2010/2011. This crisis dummy ascertains that 

he weighting matrix for our systemic risk channel is not overlaid 

ith the level effect on the individual market return, but captures 

orrelated risk. More precisely, by including the crisis dummy, we 

ssure that the estimated co-movements between financial center 

ffice markets are driven by the proposed systemic risk channel 

nd do not reflect a mere crisis effect. 

Fixed Effects. Financial center fixed effects remove the omitted 

ariable bias that might be related to cross-country heterogeneity 

nd differences between office markets, e.g., currency zones, gate- 

ay cities, industry decomposition, tenant quality, quality of life, 

ocal regulation, relative size of the banking sector, or the attrac- 

iveness of a financial center. These presumably time-invariant fac- 

ors additionally capture the potential multi-center structure of a 

ity and might be correlated with the spatially lagged dependent 

ariable. For example, gateway cities or technology centers are par- 

icularly attractive for international investors, which should chan- 

el investment flows to these property markets. More restrictive 

omestic banking regulations might imply a lower demand for of- 

ce space of locally active banks in the financial center. As implied 

y the within-structure of the fixed effects specification, our model 

xplains the time variation of market returns within each financial 

enter. Consequently, the spatial lag parameter can be interpreted 

s a measure for the degree of return co-movements between a 
i

11 
ertain financial center office market and the weighted average of 

ontemporaneous office markets. 18 

. Empirical results 

This section presents the empirical results. All regressions are 

ased on USD-denominated returns to allow for comparability 

mong international office market performance. In Section 5.1 , 

e test for systemic risk in financial centers as a transmis- 

ion channel for related office market return co-movements. 

ection 5.2 presents additional robustness tests. Section 5.3 applies 

ifference-in-difference models to quantify the impact on office 

arket returns during turmoil times relative to the counterfactual 

etail sector and compared to non-financial center office markets. 

.1. Systemic risk as transmission channel 

Table 2 shows different model specifications of Eq. (4) . We use 

odel I as the baseline model and Models II and III for robustness. 

e include all cities as financial centers in which a national stock 

xchange trading platform is located. Our findings suggest spatial 

ependence among financial center office markets ( Office ) during 

eriods of financial distress ( Turmoil ), which can be related to the 

ommon systemic risk in the banking sector. We allow for time- 

arying weights for the global financial crisis period 20 07/20 08 

nd restrict them to zero for the rest of the sample period. For 

ach model specification, we find a statistically and economically 

ignificant high degree of cross-sectional dependence as implied 

y the spatial lag coefficient λ. Models I to III suggest return co- 

ovements, i.e., correlated risk, with estimated spatial lag coeffi- 

ients of about 29.5–33.1% during financial turmoil periods. This 

eans that about one third of the office market performance in a 

nancial center is affected by systemically linked financial center 

ffice markets. 
nclude global factors that commonly affect all office markets. 
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Table 2 

Correlated Risk among Financial Center Office Markets. This table shows the results of spatial models for office and retail markets in financial centers from 20 0 0 to 2015. As 

Turmoil period, we use the financial crisis period 20 07/20 08. To measure spatial dependence during the turmoil period, the elements of the weighting matrix are restricted 

to zero for normal times. To measure dependence during normal times, we restrict the weighting matrix to zero for the crisis period. The Pesaran (2004) CD test shows 

t -statistics of the null hypothesis of residual independence. Spatial HAC-robust standard errors are given in parenthesis. ∗∗∗ , ∗∗ , and ∗ indicate statistical significance at 1%, 

5%, and 10% level, respectively. 

Model I Model II Model III 

Office Retail Office Retail Office Retail 

Turmoil Normal Turmoil Normal Turmoil Normal Turmoil Normal Turmoil Normal Turmoil Normal 

Spatial Lag 0.295 ∗∗ −0.510 −0.096 0.109 0.325 ∗∗ −0.487 −0.027 0.011 0.331 ∗∗ −0.534 −0.011 0.020 

(0.145) (0.624) (0.140) (0.111) (0.139) (0.993) (0.148) (0.147) (0.146) (1.086) (0.157) (0.147) 

Stock Returns 0.093 ∗∗ 0.105 ∗ 0.080 ∗ 0.083 ∗ 0.083 ∗ 0.091 ∗ 0.077 ∗ 0.078 ∗ 0.081 ∗ 0.090 ∗ 0.076 ∗ 0.078 ∗

(0.047) (0.057) (0.044) (0.043) (0.043) (0.050) (0.044) (0.044) (0.043) (0.051) (0.044) (0.044) 

log(SRISK) −0.010 −0.010 −0.006 −0.007 −0.014 −0.016 −0.008 −0.008 −0.015 −0.018 −0.008 −0.008 

(0.011) (0.014) (0.010) (0.010) (0.010) (0.015) (0.010) (0.010) (0.010) (0.013) (0.010) (0.010) 

�GDP Capita 0.663 ∗∗∗ 0.813 ∗∗∗ 0.835 ∗∗∗ 0.813 ∗∗∗ 0.622 ∗∗∗ 0.756 ∗∗∗ 0.814 ∗∗∗ 0.810 ∗∗∗ 0.507 ∗∗∗ 0.586 ∗∗∗ 0.803 ∗∗∗ 0.800 ∗∗∗

(0.182) (0.203) (0.190) (0.187) (0.172) (0.185) (0.185) (0.186) (0.176) (0.187) (0.190) (0.190) 

Term Spread 0.248 0.249 1.047 ∗ 0.998 ∗ 0.046 −0.076 1.034 ∗ 1.056 ∗ 0.150 0.092 1.075 ∗ 1.060 ∗

(0.499) (0.722) (0.586) (0.579) (0.477) (0.585) (0.587) (0.590) (0.466) (0.652) (0.588) (0.588) 

�Floor Space −0.884 ∗∗∗ −1.070 ∗∗∗ 0.019 0.015 −0.723 ∗∗ −0.841 ∗∗∗ 0.048 0.047 −0.767 ∗∗∗ −0.918 ∗∗∗ 0.048 0.045 

(0.303) (0.325) (0.163) (0.161) (0.294) (0.312) (0.165) (0.165) (0.290) (0.295) (0.166) (0.165) 

�REIT 0.351 0.697 ∗∗ −0.138 −0.152 0.199 0.463 −0.175 −0.175 0.167 0.441 −0.171 −0.172 

(0.240) (0.352) (0.281) (0.277) (0.224) (0.288) (0.283) (0.282) (0.217) (0.372) (0.284) (0.283) 

�Population 0.077 0.091 0.661 0.600 0.065 0.071 0.844 0.823 0.085 0.105 0.859 0.832 

(0.118) (0.144) (0.845) (0.846) (0.104) (0.123) (0.844) (0.844) (0.112) (0.137) (0.848) (0.849) 

�Residential 0.619 ∗∗∗ 0.677 ∗∗∗ 0.465 ∗∗∗ 0.464 ∗∗∗ 0.596 ∗∗∗ 0.654 ∗∗∗ 0.474 ∗∗∗ 0.476 ∗∗∗ 0.576 ∗∗∗ 0.629 ∗∗∗ 0.475 ∗∗∗ 0.474 ∗∗∗

(0.174) (0.193) (0.120) (0.119) (0.159) (0.171) (0.119) (0.119) (0.157) (0.170) (0.119) (0.119) 

Correlation to MSCI 0.087 0.099 0.103 ∗ 0.112 ∗ 0.077 0.082 0.101 ∗ 0.101 ∗ 0.087 0.099 0.102 ∗ 0.103 ∗

(0.066) (0.078) (0.060) (0.060) (0.064) (0.075) (0.061) (0.061) (0.062) (0.072) (0.061) (0.061) 

�Claims 0.008 −0.021 0.006 0.007 0.014 −0.004 0.008 0.008 0.004 −0.023 0.006 0.007 

(0.050) (0.069) (0.064) (0.063) (0.048) (0.060) (0.064) (0.064) (0.045) (0.070) (0.063) (0.063) 

�Sentiment −0.006 ∗∗∗ −0.006 ∗∗∗ 0.0004 0.0004 −0.006 ∗∗∗ −0.007 ∗∗∗ 0.0004 0.0004 

(0.001) (0.002) (0.001) (0.001) (0.002) (0.002) (0.001) (0.001) 

U.S. CMBS Spread 0.086 ∗∗∗ 0.128 0.025 0.024 0.074 ∗∗∗ 0.113 0.024 0.023 

(0.016) (0.100) (0.015) (0.016) (0.015) (0.096) (0.015) (0.016) 

TED Spread −3.015 ∗∗ −4.842 ∗∗ −0.233 −0.199 

(0.772) (2.230) (0.828) (0.841) 

�GDP 0.407 ∗ 1.205 0.423 ∗ 0.315 0.309 0.995 0.398 0.392 0.355 1.146 0.411 0.392 

(0.215) (0.312) (0.247) (0.267) (0.199) (1.103) (0.247) (0.284) (0.197) (1.414) (0.253) (0.300) 

StockReturns 0.090 0.195 ∗∗∗ 0.146 ∗∗∗ 0.118 ∗∗ 0.079 0.195 ∗∗∗ 0.131 ∗∗ 0.123 ∗∗ 0.043 0.142 ∗∗ 0.124 ∗∗ 0.120 ∗∗

(0.067) (0.067) (0.056) (0.050) (0.065) (0.058) (0.056) (0.050) (0.068) (0.063) (0.060) (0.050) 

Crisis Dummy −0.002 −0.0003 −0.021 −0.020 −0.039 −0.045 −0.035 −0.036 −0.034 −0.041 −0.036 ∗ −0.035 

(0.024) (0.078) (0.020) (0.019) (0.024) (0.099) (0.021) (0.023) (0.024) (0.105) (0.022) (0.023) 

�Exchange Rate −0.572 −1.457 ∗∗ −0.061 −0.018 −0.239 −0.955 ∗ 0.035 0.037 −0.092 −0.799 0.038 0.039 

(0.443) (0.726) (0.465) (0.457) (0.422) (0.517) (0.471) (0.470) (0.406) (0.712) (0.471) (0.468) 

Observations 464 464 368 368 464 464 368 368 464 464 368 368 

Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Pesaran CD 11.99 ∗∗∗ 24.95 ∗∗∗ 5.55 ∗∗∗ 4.18 ∗∗∗ 10.01 ∗∗∗ 20.71 ∗∗∗ 5.24 ∗∗∗ 5.10 ∗∗∗ 6.17 ∗∗∗ 15.20 ∗∗∗ 5.05 ∗∗∗ 4.83 ∗∗∗

Adj.- R 2 0.486 0.446 0.521 0.525 0.529 0.497 0.517 0.517 0.549 0.528 0.516 0.517 
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We re-estimate each model to test for office market depen- 

ence during normal periods ( Normal ). Therefore, we restrict the 

lements of the weighting matrix to zero for the defined cri- 

is periods and allow for time-varying weights during normal 

imes. However, we do not observe a statistically significant spatial 

ag coefficient. During normal times, the expected capital short- 

all of financial institutions provides only a hypothetical mea- 

ure of the undercapitalization in the banking sector that would 

nly be observed in the event of a global stock market de- 

line. Hence, the common systemic risk in financial centers should 

ot translate into office market return co-movements during nor- 

al times. Since we find no evidence of spatial dependence 

mong office markets during normal times, we can also rule out 

hat the office market dependence might be related to some 

mitted time-invariant institutional factors during the sample 

eriod. 

We also compare the dependence among office markets ( Of- 

ce ) to the counterfactual within-city retail sector ( Retail ) during 

urmoil periods. Using retail market returns as the endogenous 

ariable, we re-estimate Models I to III to test for spatial depen- 
12 
ence during financial turmoil periods by restricting the weighting 

atrix to zero in normal times. Again, we do not find a statisti- 

ally significant spatial lag coefficient for the counterfactual. This 

upports our hypothesis that office market return co-movements 

ight be transmitted through the common systemic banking sec- 

or risk during financial distress. For additional robustness, we also 

e-estimate the spatial lag for the counterfactual retail sector dur- 

ng normal times. As expected, the coefficient is statistically in- 

ignificant. 

We use contemporaneous covariates in our model to rule out 

hat the observed spatial dependence might arise from omitted 

ommon risk factors or macroeconomic fundamentals. As can be 

een from the separate regressions, the control variables receive 

lightly different parameter estimates for the retail and office sec- 

or, suggesting different exposure to common fundamentals. 

The models control for the positive relation between office mar- 

ets and the underlying stock market performance in financial cen- 

ers. Model I implies that a 1%-change in stock market returns in- 

reases the local office market return by 0.09%. Correlated risk in 

nancial center office markets prevails conditional on the relation- 
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hip between stock market returns and office market performance. 

s expected, retail market performance is also positively related to 

tock market returns, which could be explained by consumption 

xpenditures of employees from the financial service industry af- 

ecting the retail sector. 

We find no statistically significant relation between the aggre- 

ated level of expected capital shortfall of the banking sector in 

he financial center and the related office market. Intuitively, a 

igher office market exposure to the hypothetical undercapital- 

zation of the local banking sector might have a dampening ef- 

ect on expected rental cash flows. Yet, the effect is economically 

nsignificant. We control for the total expected capital shortfall 

o isolate the common systemic risk contribution between finan- 

ial centers as the transmission channel for correlated risk of fi- 

ancial center office markets. 19 The concentration of systemic rel- 

vant banks in financial centers might increase the vulnerabil- 

ty of the underlying local office market during periods of finan- 

ial distress. However, this effect should be reflected in the spa- 

ial lag parameter, which measures the overall return dependence 

mong office markets during turmoil periods. In normal times, 

he SRISK level in financial centers reflects only a hypothetical 

ffect. 

Model I includes macroeconomic fundamentals, such as GDP 

rowth, the term spread, and the local exchange rate relative 

o the USD. At the city-level, population growth and the addi- 

ional supply of commercial real estate capture systematic dif- 

erences between cities. We find a positive and statistically sig- 

ificant relation between commercial real estate and the resi- 

ential housing market. National REIT market returns control for 

he direct channel between stock market and property market 

eturns. As an additional control, we include the potential re- 

urn correlation of the representative national stock market with 

he MSCI world index as a proxy for the degree of financial in- 

egration. The variable �Claims reflects the potential effect on 

roperty markets coming from international bank lending activ- 

ty (e.g., Davis and Zhu, 2011 ). To capture the reflection problem, 

e control for the average stock market return and the global 

DP growth as a potential driver for the correlation among inter- 

ational property markets (see, e.g., Case et al., 20 0 0 ). The crisis

ummy disentangles the crisis-related level effect from correlated 

isk. 20 

The results hold, when we include additional control variables. 

odel II reveals the exposure of commercial real estate markets to 

he performance of mortgage-backed securities and investor senti- 

ent. The positive relation between office market returns and the 

.S. CMBS spread can be interpreted in terms of higher risk premi- 

ms. Our findings also suggest that a decline in investor confidence 

ncreases office market returns in financial centers. This is in line 

ith our intuition that investors require higher returns as a com- 

ensation for holding less attractive real estate assets. Model III ad- 

itionally captures the TED spread as proxy for the overall global 

nterbank credit risk ( Brunnermeier, 2009 ). A widened spread re- 

ects a higher default risk of the banking sector and can be in- 

erpreted as a dry-up of funding liquidity, which lowers the office 

arket performance. 
19 The variable log(SRISK) differs from the transmission channel captured in the 

eighting matrix. Total SRISK measures the expected capital shortfall of the local 

anking sector, whereas the weights reflect the interconnectedness of financial cen- 

ers based on their common systemic risk contribution. Technically, the intercon- 

ectedness is based on main office locations of financial firms weighted by their 

 SRISK. We therefore can rule out that our model suffers from overfitting. 
20 In Table A.8 in the Internet Appendix, we replicate our results without the crisis 

ummy to illustrate that this variable does not remove potential correlated risk in 

he counterfactual retail sector or during normal times, which would translate in a 

tatistically significant spatial lag. 
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.2. Additional robustness 

Our findings are robust against alternative channels. In Panel A 

f Fig. 7 , we show the magnitude of the spatial lag coefficients and 

he corresponding 95% confidence intervals for each model, when 

e control for additional variables. 21 Conditional on the additional 

ovariates, we still find cross-sectional dependence among finan- 

ial center office markets during the global financial crisis. The spa- 

ial lags are again insignificant during normal times and for the 

ounterfactual retail sector. 

First, the findings reveal correlated risk among financial center 

ffice markets during turmoil times, which is still statistically sig- 

ificant at the 10% level, when we control for city-level unemploy- 

ent rates. The employment channel as contractual counterparty 

isk in global office markets might be reinforced during periods of 

nancial distress, leading to potential job cuts and lower demand 

or office space in the banking sector (see, e.g., Hendershott et al., 

999 ). Due to data limitations, we do not include this variable in 

he baseline model. 

We also capture the potential impact of conventional and 

nconventional monetary policy on global commercial real es- 

ate markets to further control for the funding liquidity channel 

 Duca and Ling, 2020 ). Instead of the term spread, we use the 

hort-term interest rate level as proxy for the financing costs of 

ommercial real estate, which is confirmed by the negative rela- 

ion with property returns. Due to limited data availability in some 

ountries, the short-term rate is used as risk-free proxy instead of 

ore appropriate long-term mortgage rates. Similarly, unconven- 

ional monetary policy tools after the financial crisis, i.e., a sharp 

ncrease in quantitative easing, as proxied by central bank assets 

s a share of GDP, do not affect our results on correlated risk. 

A potential concern could also be that, by construction, financial 

nstitutions’ SRISK depends on the performance of the MSCI world 

quity index as an omitted factor. We show that even after control- 

ing for global MSCI world equity index market returns, our trans- 

ission channel of common systemic risk among financial centers 

revails and implies statistically significant return co-movements 

mong the related office markets during turmoil periods. 

The baseline models include cross-sectional averages of GDP 

rowth and stock market returns to account for the reflection 

roblem. Both common factors might capture some of the varia- 

ion coming from an omitted property-specific global market fac- 

or. To fully preclude that the spatial weights reflect the impact 

f the overall property market portfolio, we first regress market 

eturns on their sector-specific global market portfolio. 22 In a sec- 

nd step, we then use the residuals as endogenous variable to re- 

stimate the spatial lag models. We conclude that correlated risk 

oes not merely reflect a global property market portfolio, but can 

e explained by the systemic risk channel from the interconnected 

nancial system. 

Panel B shows that the results are also robust against different 

pecifications of the weighting matrix. Correlated risk in financial 

enters might not be driven by systemic risk, but by the systemati- 

ally larger amount of financial institutions based on which the ex- 

ected capital shortfall is aggregated. For instance, the overall ex- 

ected capital shortfall in large financial centers might actually de- 

end on the number of located banks. To address this concern, we 

rst show that the findings hold when we normalize the weights, 

.e., divide them by the number of located banks. Second, we find 
21 To conserve space, we present the regression results in Tables A.9 to A.12 in the 

nternet Appendix. 
22 For the corresponding global property market portfolios, we estimate factor 

oadings of 1.15 (office) and 1.17 (retail). We also find correlations up to 65% and 

7% between the equally-weighted property market portfolio and the common fac- 

ors. 
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Fig. 7. Additional Robustness Tests: Correlated Risk among Financial Centers. This figure shows the magnitude of the spatial lag coefficients and the corresponding 95% 

confidence bands for different model specifications. As crisis period, we use the financial crisis period 20 07/20 08. To measure spatial dependence during the crisis period, 

the elements of the weighting matrix are restricted to zero for normal times. To measure dependence during normal times, we restrict the weighting matrix to zero for 

the crisis period. Panel A replicates the results conditional on control variables as alternative channels: i) city-level unemployment rate, ii) conventional and unconventional 

monetary policy (defined as short-term interest rate level and central bank assets relative to GDP), iii) the MSCI world equity index returns, and iv) based on residuals 

conditional on the global property-specific market portfolio. Panel B replicates the results for different specifications of the weighting matrix: i) the spatial weights are 

divided by the number of common located banks (Normalized), ii) the spatial weights multiplied with the number of located banks, giving financial centers with a higher 

banking concentration a larger weight (Number Banks), iii) defining financial centers as the upper tercile of cities ranked according to the total SRISK (Upper Tercile), iv) 

using the Acharya et al. (2017) Marginal Expected Capital Shortfall as alternative systemic risk measure (MES). 
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imilar results when we give those linkages between financial cen- 

ers with more financial institutions a larger weight. Hence, in- 

tead of dividing by the number of banks, we multiply the spatial 

eights with the corresponding amount of located banks. As in- 

icated by the results, we can also rule out that financial centers 

ith many systemically relevant banks might reveal a stronger re- 

urn dependence among related office markets. 

We also confirm our findings when we use a less restrictive 

efinition of financial centers. In an additional robustness test, we 

ank all cities in our sample according to their average total sys- 

emic risk level and define the upper tercile of cities as financial 

enters. Correlated risk among financial center office markets is 

till statistically significant at the 10% significance level. 23 

As an additional robustness test, we replicate our findings when 

e implement the spatial weights based on the marginal expected 

apital shortfall (MES) proposed by Acharya et al. (2017) , as alter- 

ative systemic risk measure. Instead of multiplying the indicator 

ariables in the spatial weights with % SRISK, we aggregate the in- 
23 We show the regression results in Table A.13 in the Internet Appendix. Top 

ercile SRISK cities are listed in Panel A of Fig. 4 , additionally including Brussels, 

ublin, Vienna, and Zurich. 

f

i

14 
ividual MES of financial institutions. As our weighting structure 

epends on the overall systemic risk level in a financial center, we 

ave to rely on systemic risk measures, which allow for aggrega- 

ion. 

Non-Financial Centers. Next, in Table 3 we re-estimate the spa- 

ial models for non-financial center office markets. Since the ex- 

ected capital shortfall of the banking sector in non-financial cen- 

ers is significantly smaller than in financial centers, office markets 

n these cities should be less vulnerable to the global systemic risk 

uring periods of financial distress. As expected, we find no statis- 

ically significant correlated risk, or office market co-movements, 

n non-financial centers implied by the common systemic banking 

ector risk. Following the criterion of how we define financial cen- 

ers, our sample of non-financial centers also includes the cities 

oston, Chicago, San Francisco, and Washington. These cities are 

anked among the top 15 financial centers according to the GFCI 

ut do not host national stock exchanges. Before estimating the 

odel, we therefore exclude these four cities from our sample. 24 
24 Table A.13 in the Internet Appendix confirms our results when we use cities 

rom the bottom tercile with the lowest SRISK level as non-financial centers, also 

ncluding the cities Boston, Chicago, and Washington. 
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Table 3 

Correlated Risk among Non-Financial Center Office Markets. This table shows the results of spatial models for office and retail markets in non-financial centers from 20 0 0 

to 2015. As Turmoil period, we use the financial crisis period 20 07/20 08. To measure spatial dependence during the turmoil period, the elements of the weighting matrix 

are restricted to zero for normal times. To measure dependence during normal times, we restrict the weighting matrix to zero for the crisis period. The Pesaran (2004) 

CD test shows t -statistics of the null hypothesis of residual independence. Spatial HAC-robust standard errors are given in parenthesis. ∗∗∗ , ∗∗ , and ∗ indicate statistical 

significance at 1%, 5%, and 10% level, respectively. 

Model I Model II Model III 

Office Retail Office Retail Office Retail 

Turmoil Normal Turmoil Normal Turmoil Normal Turmoil Normal Turmoil Normal Turmoil Normal 

Spatial Lag −0.143 0.104 −0.131 0.115 −0.053 0.090 −0.070 0.010 −0.008 0.045 −0.003 0.123 

(0.193) (0.149) (0.179) (0.119) (0.197) (0.110) (0.185) (0.203) (0.204) (0.126) (0.195) (0.130) 

Stock Returns 0.070 0.066 0.075 0.070 0.056 0.054 0.069 0.066 0.047 0.047 0.061 0.066 

(0.044) (0.044) (0.046) (0.047) (0.045) (0.044) (0.047) (0.046) (0.046) (0.046) (0.047) (0.046) 

log(SRISK) −0.001 −0.002 0.001 0.000 −0.003 −0.003 −0.000 0.000 −0.003 −0.003 −0.000 0.000 

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.003) (0.003) (0.003) 

�GDP Capita 1.168 ∗∗∗ 1.137 ∗∗∗ 0.368 ∗∗ 0.361 ∗∗ 1.137 ∗∗∗ 1.112 ∗∗∗ 0.365 ∗∗ 0.386 ∗ 1.079 ∗∗∗ 1.072 ∗∗∗ 0.344 ∗∗ 0.364 ∗∗

(0.183) (0.175) (0.154) (0.152) (0.175) (0.169) (0.156) (0.200) (0.176) (0.174) (0.160) (0.175) 

Term Spread −1.190 ∗∗ −1.080 ∗∗ 0.314 0.302 −1.169 ∗∗ −1.146 ∗∗ 0.366 0.250 −1.031 ∗ −1.047 ∗ 0.516 0.335 

(0.582) (0.538) (0.468) (0.432) (0.595) (0.546) (0.552) (0.723) (0.606) (0.562) (0.556) (0.554) 

�Floor Space −1.057 ∗∗∗ −1.050 ∗∗∗ −0.183 −0.197 −0.932 ∗∗∗ −0.928 ∗∗∗ −0.175 −0.227 −0.863 ∗∗∗ −0.862 ∗∗∗ −0.167 −0.192 

(0.251) (0.248) (0.193) (0.197) (0.232) (0.235) (0.190) (0.201) (0.227) (0.232) (0.190) (0.194) 

�REIT 0.326 0.232 0.660 ∗∗ 0.688 ∗∗ 0.207 0.159 0.560 ∗ 0.606 0.399 0.366 0.605 ∗ 0.603 ∗

(0.339) (0.324) (0.324) (0.322) (0.338) (0.324) (0.336) (0.406) (0.330) (0.332) (0.336) (0.350) 

�Population −0.102 −0.105 −0.245 −0.248 −0.307 ∗∗ −0.293 ∗∗ −0.325 −0.262 −0.326 ∗∗ −0.319 ∗∗ −0.316 −0.284 

(0.138) (0.137) (0.202) (0.199) (0.143) (0.143) (0.214) (0.220) (0.141) (0.143) (0.215) (0.208) 

�Residential 0.217 ∗ 0.223 ∗∗ 0.512 ∗∗ 0.514 ∗∗∗ 0.244 ∗∗ 0.240 ∗∗ 0.525 ∗∗∗ 0.511 ∗∗∗ 0.218 ∗∗ 0.217 ∗∗ 0.519 ∗∗∗ 0.510 ∗∗∗

(0.112) (0.109) (0.100) (0.099) (0.109) (0.105) (0.095) (0.124) (0.110) (0.107) (0.096) (0.102) 

�Claims 0.085 ∗ 0.093 ∗∗ 0.075 0.070 0.125 ∗∗∗ 0.128 ∗∗∗ 0.092 ∗ 0.086 0.106 ∗∗ 0.109 ∗∗ 0.085 ∗ 0.083 

(0.046) (0.045) (0.047) (0.048) (0.047) (0.047) (0.050) (0.057) (0.048) (0.048) (0.050) (0.051) 

�Sentiment −0.469 −0.421 −0.250 −0.216 −0.226 −0.224 −0.211 −0.297 

(0.602) (0.594) (0.581) (0.739) (0.591) (0.593) (0.584) (0.622) 

U.S. CMBS Spread 0.065 ∗∗∗ 0.058 ∗∗∗ 0.026 0.021 0.059 ∗∗∗ 0.056 ∗∗∗ 0.023 ∗ 0.019 

(0.014) (0.015) (0.013) (0.017) (0.014) (0.015) (0.013) (0.014) 

TED Spread −1.296 ∗∗ −1.188 ∗ −0.672 −0.217 

(0.652) (0.710) (0.527) (0.561) 

�GDP 0.061 −0.050 0.455 ∗ 0.424 −0.114 −0.178 0.330 0.330 0.127 0.078 0.408 0.318 

(0.278) (0.280) (0.274) (0.266) (0.279) (0.279) (0.297) (0.346) (0.289) (0.315) (0.306) (0.319) 

StockReturns 0.180 ∗∗∗ 0.162 ∗∗∗ 0.102 ∗ 0.094 ∗ 0.174 ∗∗∗ 0.166 ∗∗∗ 0.101 ∗ 0.098 ∗ 0.147 ∗∗ 0.147 ∗∗∗ 0.088 0.095 ∗

(0.059) (0.054) (0.055) (0.051) (0.057) (0.052) (0.056) (0.056) (0.060) (0.054) (0.059) (0.053) 

Crisis Dummy 0.049 ∗∗ 0.043 ∗∗∗ 0.025 0.024 0.022 0.022 0.014 0.015 0.023 0.024 0.012 0.017 

(0.019) (0.015) (0.017) (0.015) (0.022) (0.017) (0.019) (0.021) (0.022) (0.017) (0.019) (0.017) 

�Exchange Rate −0.907 −0.723 −0.767 −0.820 −0.671 −0.575 −0.593 −0.686 −0.977 ∗ −0.916 ∗ −0.655 −0.673 

(0.568) (0.541) (0.553) (0.553) (0.552) (0.528) (0.573) (0.683) (0.545) (0.543) (0.573) (0.598) 

Observations 416 416 304 304 416 416 304 304 416 416 304 304 

Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Pesaran CD 5.76 ∗∗∗ 4.56 ∗∗∗ 3.28 ∗∗∗ 2.04 ∗∗∗ 2.74 ∗∗∗ 2.02 ∗∗ 2.50 ∗∗ 1.64 ∗∗ 1.48 1.25 1.73 ∗ 1.07 

Adj.- R 2 0.560 0.539 0.558 0.566 0.553 0.560 0.558 0.536 0.557 0.560 0.558 0.555 
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erage values of each variable for financial (treated) and non-financial centers (con- 

trol group) plotted against the propensity score. Both graphs show the improved 

common support after matching. Similarly, Table A.14 shows average values for all 
As a potential limitation, the selection of non-financial centers 

s restricted by PMA data availability. To further improve the com- 

arability between available financial and non-financial center of- 

ce markets in our sample, we apply a propensity score match- 

ng approach. As matching variables, we use city-level informa- 

ion on population growth, construction activity, as well as GDP 

rowth per capita, which we additionally collected for most cities 

n our sample from 2002 to 2015. We also use the short-term 

nterest rate as a matching variable to allow for a direct within- 

ountry comparability between financial and non-financial centers 

nd to capture the homogeneity of countries affected by the same 

onetary policy regime. Our choice of matching variables is mo- 

ivated by DiPasquale and Wheaton (1992) , reflecting macroeco- 

omic fundamentals, the development sector, and financing costs 

s potential drivers of real estate markets. Additionally, we con- 

truct a dummy variable based on nearby located top universities 

s proxy for knowledge and technology hubs ( Audretsch and Feld- 

an, 1996 ). This pre-determined variable allows to match cities 

ased on their classification as multi-functional centers and tech- 

ology hubs. 25 Table 4 reveals that we still find no evidence of 
25 Panel A of Figure A.2 in the Internet Appendix shows the histograms of the 

stimated propensity scores before and after matching. Panel B compares the av- 
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15 
orrelated risk among the matched sample of non-financial cen- 

ers. The findings also prevail when we replicate the models with 

ll available non-financial centers before matching, also including 

he cities Boston, Chicago, San Francisco, and Washington. 

Placebo Tests with Other Crisis Periods. Table 5 tests for cor- 

elated risk in financial center office markets during the European 

overeign debt crisis and the dotcom bubble burst. We use both 

risis periods as a placebo test to show that our transmission chan- 

el is related to systemic risk. Model I uses the established weight- 

ng matrix based on the interconnectedness between all financial 

enters in the sample. Model II replicates the results with spatial 

eights based on a subsample of cities, which were specifically af- 

ected by the corresponding crisis. Applying the same identification 

trategy, we allow the weights to vary during the turmoil period 

nd restrict them to zero in normal times. 
atching variables and the corresponding t-test mean differences between treated 

nd control group before and after the matching. The comparability can be im- 

roved for all variables, except for construction activity, which differs between both 

roups and is therefore included as covariate in the model. 
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Table 4 

Matching Financial and Non-Financial Center Office Markets. This table compares the results of the spatial models for office markets in financial and non-financial centers . 

Both subsamples are matched ( Matched ) based on the following covariates: city-level information on unemployment rate, construction activity, GDP growth per capita, as 

well as the short-term interest rate and a dummy variable as proxy for knowledge and technology hubs. Matching is based on a nearest-neighbor approach, allowing units 

from both groups to be discarded if outside the common support region. The Full Sample contains all non-financial centers for robustness, including Boston, Chicago, San 

Francisco, and Washington. We do not control for stock market integration when replicating the spatial models for non-financial centers as they do not host national stock 

exchange trading platforms. As Turmoil period, we use the financial crisis period 20 07/20 08. To measure spatial dependence during the turmoil period, the elements of 

the weighting matrix are restricted to zero for normal times. To measure dependence during normal times, we restrict the weighting matrix to zero for the crisis period. 

The Pesaran (2004) CD test shows t -statistics of the null hypothesis of residual independence. Spatial HAC-robust standard errors are given in parenthesis. ∗∗∗ , ∗∗ , and ∗

indicate statistical significance at 1%, 5%, and 10% level, respectively. 

Financial Centers Non-Financial Centers 

Matched Matched Full Sample 

Turmoil Normal Turmoil Normal Turmoil Normal 

Spatial Lag 0.234 ∗ −0.326 −0.128 −0.391 −0.112 0.060 

(0.120) (0.951) (0.173) (1.038) (0.182) (0.152) 

Stock Return 0.114 ∗∗ 0.122 ∗∗ 0.167 ∗∗ 0.216 0.066 0.064 

(0.052) (0.061) (0.067) (0.139) (0.048) (0.048) 

log(SRISK) −0.001 0.001 −0.005 ∗ −0.002 −0.003 −0.004 

(0.017) (0.031) (0.003) (0.008) (0.002) (0.002) 

�GDP Capita 1.020 ∗∗∗ 1.124 ∗∗∗ 1.283 ∗∗∗ 1.603 ∗∗∗ 1.102 ∗∗∗ 1.098 ∗∗∗

(0.173) (0.217) (0.218) (0.486) (0.179) (0.178) 

Term Spread 0.281 0.251 −1.290 ∗∗ 0.072 −1.107 ∗∗ −1.054 ∗∗

(0.390) (0.589) (0.581) (1.535) (0.534) (0.518) 

�Floor Space −1.364 ∗∗∗ −1.535 ∗∗∗ −1.675 ∗∗∗ −1.822 ∗ −0.893 ∗∗∗ −0.905 ∗∗∗

(0.346) (0.369) (0.540) (0.949) (0.230) (0.233) 

�REIT 0.160 0.382 0.406 0.156 0.456 0.367 

(0.231) (0.425) (0.383) (0.960) (0.311) (0.330) 

�Population 0.042 0.052 1.443 ∗∗ 2.220 −0.304 ∗∗ −0.296 ∗∗

(0.069) (0.094) (0.694) (1.549) (0.133) (0.136) 

�Residential 0.559 ∗∗∗ 0.586 ∗∗∗ 0.188 ∗ 0.331 0.158 0.168 ∗

(0.141) (0.161) (0.106) (0.268) (0.103) (0.101) 

�Claims 0.008 −0.016 0.197 ∗∗∗ 0.213 ∗ 0.087 ∗ 0.091 ∗

(0.046) (0.079) (0.054) (0.126) (0.049) (0.049) 

�Sentiment −0.006 ∗∗∗ −0.006 ∗∗∗ −0.742 −2.017 −0.036 −0.030 

(0.002) (0.002) (0.673) (1.480) (0.602) (0.602) 

Correlation to MSCI 0.084 0.086 

(0.065) (0.075) 

U.S. CMBS Spread 0.029 0.040 0.077 ∗∗∗ 0.116 0.056 ∗∗∗ 0.052 ∗∗∗

(0.022) (0.092) (0.021) (0.078) (0.015) (0.017) 

TED Spread −3.237 ∗∗∗ −4.697 ∗ −1.565 ∗∗ −0.738 −2.280 ∗∗∗ −2.167 ∗∗∗

(0.984) (2.662) (0.701) (2.433) (0.611) (0.724) 

�GDP 0.558 ∗∗ 1.098 0.114 0.047 0.303 0.228 

(0.241) (1.222) (0.262) (1.082) (0.222) (0.279) 

�StockReturns 0.034 0.096 0.070 0.044 0.130 ∗∗ 0.116 ∗∗

(0.072) (0.083) (0.071) (0.148) (0.059) (0.053) 

Crisis Dummy −0.029 −0.034 0.039 ∗ 0.007 0.032 0.028 ∗

(0.023) (0.095) (0.020) (0.054) (0.020) (0.017) 

�Exchange Rate −0.856 ∗∗ −1.464 −1.380 ∗∗ −1.162 −1.179 ∗∗ −1.023 ∗

(0.403) (0.948) (0.582) (1.462) (0.509) (0.531) 

Observations 365 365 364 364 480 480 

Fixed Effects Yes Yes Yes Yes Yes Yes 

Pesaran CD 3.76 ∗∗∗ 7.63 ∗∗∗ 1.97 ∗∗ 10.41 ∗∗∗ 1.60 ∗∗ 1.25 

Adj.- R 2 0.621 0.608 0.597 0.496 0.533 0.536 
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For the sovereign debt crisis, Model I compares the spatial de- 

endence across financial center office markets with the counter- 

actual retail sector for the crisis period from 2010 to 2012. As 

xpected, the results reveal no correlated risk, when the Euro- 

ean sovereign debt crisis hit the banking sector. Specifically, the 

overeign debt crisis was mainly confined to Ireland and Southern 

uropean countries, such as Italy, Portugal, Spain, and particularly 

reece ( Lane, 2012 ). Model II confirms the results, when we only 

llow for interconnectedness between those affected countries, re- 

tricting the spatial weights to zero for all other countries. 

We also find no evidence of correlated risk during the dotcom 

ubble burst 20 0 0 to 20 02. 26 The result presented in Model I for

he dotcom bubble is in line with Aoki and Nikolov (2015) . When 
26 The findings remain insignificant when we re-estimate the spatial lag mod- 

ls for both crisis periods, but restrict the corresponding turmoil periods to 

horter time windows, e.g., only using 20 0 0/20 01 for the dotcom bubble burst and 

010/2011 for the Sovereign debt crisis, respectively. 

5

c

t

q

16 
anks hold exposure to overvalued assets, an asset price bubble 

ollapse, such as the one at the U.S. housing market in 2007, dev- 

states the equity of the financial system. The bank exposures to 

ubbles are the reasons why the dotcom bubble did not result in 

 banking crisis, while the subprime mortgage crisis did. Model II 

ndicates no correlated risk for the dotcom bubble burst when we 

pecify the interconnectedness only between countries with more 

xtreme stock market declines observed during the burst than the 

ownside risk threshold of −0 . 24% based on mean and standard 

eviation of the MSCI world index. 

.3. Quantifying the devaluation shock 

Section 5.1 shows empirical evidence of correlated risk in finan- 

ial center office markets during the global financial crisis period, 

riggered through the systemic risk channel. In this subsection, we 

uantify the entire effect of the immediate valuation shock on fi- 
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Table 5 

Placebo Test on Alternative Crisis Periods. This table shows the results of spatial models for office and retail markets in financial centers from 20 0 0 to 2015. As Turmoil 

period, we use the sovereign debt crisis period (2010–2012) and the dotcom bubble burst (20 0 0–20 02), respectively. Model I computes the weighting matrix based on 

the interconnectedness of all financial centers in the sample. For the Sovereign Debt Crisis, Model II calculates the interconnectedness in the weighting matrix only based 

on the affected countries Greece, Ireland, Italy, Portgual, and Spain. For the dotcom bubble burst, Model II defines the interconnectedness in the weighting matrix only 

for countries with more extreme stock market declines than the MSCI world index-based downside risk of μ − σ = 0 . 03 − 0 . 27 = −0 . 24 . To measure spatial dependence 

during the turmoil period, the elements of the weighting matrix are restricted to zero for normal times. To measure dependence during normal times, we restrict the 

weighting matrix to zero for the crisis period. The Pesaran (2004) CD test shows t -statistics of the null hypothesis of residual independence. Spatial HAC-robust standard 

errors are given in parenthesis. ∗∗∗ , ∗∗ , and ∗ indicate statistical significance at 1%, 5%, and 10% level, respectively. 

Sovereign Debt Crisis Dotcom Bubble Burst 

2010–2012 20 0 0–20 02 

Model I Model II Model I Model II 

Office Retail Office Retail Office Retail Office Retail 

Spatial Lag −0.288 0.029 −0.522 −0.361 0.498 0.324 0.638 0.111 

(0.257) (0.212) (0.470) (0.266) (0.491) (0.427) (0.393) (0.310) 

Stock Returns 0.084 ∗∗ 0.076 ∗ 0.081 ∗ 0.076 ∗ 0.080 ∗ 0.078 ∗ 0.077 ∗ 0.078 ∗

(0.043) (0.044) (0.042) (0.044) (0.042) (0.044) (0.042) (0.044) 

log(SRISK) −0.011 −0.009 −0.016 −0.008 −0.011 −0.004 −0.011 −0.007 

(0.011) (0.011) (0.010) (0.010) (0.011) (0.012) (0.011) (0.012) 

�GDP Capita 0.549 ∗∗∗ 0.800 ∗∗∗ 0.542 ∗∗∗ 0.808 ∗∗∗ 0.516 ∗∗∗ 0.814 ∗∗∗ 0.515 ∗∗∗ 0.805 ∗∗∗

(0.174) (0.190) (0.175) (0.190) (0.175) (0.187) (0.173) (0.191) 

Term Spread 0.064 1.068 ∗ −0.157 1.113 ∗∗ −0.019 0.934 ∗ 0.031 1.054 ∗

(0.473) (0.563) (0.448) (0.545) (0.448) (0.556) (0.446) (0.554) 

�Floor Space −0.784 ∗∗∗ 0.049 −0.839 ∗∗∗ 0.058 −0.859 ∗∗∗ 0.037 −0.780 ∗∗∗ 0.052 

(0.295) (0.164) (0.282) (0.165) (0.280) (0.162) (0.285) (0.167) 

�REIT 0.220 −0.173 0.161 −0.170 0.153 −0.178 0.183 −0.177 

(0.220) (0.285) (0.215) (0.282) (0.214) (0.289) (0.216) (0.285) 

�Population 0.083 0.860 0.083 0.894 0.078 0.838 0.078 0.866 

(0.121) (0.845) (0.125) (0.850) (0.126) (0.859) (0.127) (0.845) 

�Residential 0.568 ∗∗∗ 0.475 ∗∗∗ 0.569 ∗∗∗ 0.472 ∗∗∗ 0.567 ∗∗∗ 0.476 ∗∗∗ 0.554 ∗∗∗ 0.477 ∗∗∗

(0.158) (0.117) (0.158) (0.117) (0.157) (0.118) (0.156) (0.117) 

�Claims 0.007 0.007 0.024 0.005 0.027 0.006 0.027 0.007 

(0.047) (0.064) (0.046) (0.063) (0.046) (0.063) (0.046) (0.064) 

�Sentiment −0.006 ∗∗∗ 0.000 −0.006 ∗∗∗ 0.000 −0.006 ∗∗∗ 0.000 −0.006 ∗∗∗ 0.000 

(0.047) (0.001) (0.002) (0.001) (0.002) (0.001) (0.002) (0.001) 

Correlation to MSCI 0.095 0.101 0.086 0.104 ∗ 0.079 0.109 ∗ 0.081 0.100 

(0.063) (0.062) (0.062) (0.061) (0.062) (0.061) (0.063) (0.062) 

U.S. CMBS Spread 0.084 ∗∗∗ 0.023 0.073 ∗∗∗ 0.027 0.063 ∗∗∗ 0.038 0.058 ∗∗∗ 0.027 

(0.021) (0.019) (0.016) (0.016) (0.017) (0.025) (0.017) (0.018) 

TED Spread −3.311 −0.218 −3.018 −0.250 −2.889 ∗∗∗ −0.024 −2.899 ∗∗∗ −0.182 

(0.826) (0.822) (0.779) (0.788) (0.832) (0.906) (0.836) (0.826) 

�GDP 0.302 0.413 0.260 0.418 0.260 0.431 ∗ 0.279 0.414 

(0.198) (0.253) (0.194) (0.254) (0.199) (0.258) (0.201) (0.255) 

StockReturns 0.175 ∗∗∗ 0.120 ∗∗ 0.157 ∗∗∗ 0.122 ∗∗ 0.162 ∗∗∗ 0.126 ∗∗ 0.167 ∗∗∗ 0.121 ∗∗

(0.055) (0.051) (0.054) (0.050) (0.055) (0.052) (0.055) (0.051) 

Crisis Dummy 0.026 −0.038 ∗ 0.008 −0.036 ∗ 0.017 −0.048 ∗∗ 0.021 −0.039 ∗∗

(0.021) (0.021) (0.018) (0.018) (0.017) (0.019) (0.018) (0.018) 

�Exchange Rate −0.270 0.045 −0.144 0.027 −0.095 0.036 −0.142 0.044 

(0.409) (0.474) (0.406) (0.469) (0.413) (0.486) (0.408) (0.471) 

Observations 464 368 464 368 464 368 464 368 

Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes 

Pesaran CD 6.37 ∗∗∗ 5.02 ∗∗∗ 7.10 ∗∗∗ 5.14 ∗∗∗ 7.87 ∗∗∗ 4.25 ∗∗∗ 7.94 ∗∗∗ 4.90 ∗∗∗

Adj.- R 2 0.548 0.516 0.547 0.516 0.545 0.518 0.548 0.516 
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27 Table A.16 in the Internet Appendix re-estimates the difference-in-difference 

model for a placebo test for the years 2004 and 2005 to show that both sector 

performances are not significantly different prior to the global financial crisis. 
ancial center office markets relative to the counterfactual retail 

ector and non-financial office markets. 

Office versus Retail Markets in Financial Centers. If the com- 

on systemic risk in the banking sector negatively affects the of- 

ce market performance in financial centers, we should observe a 

ignificant return decline in the aftermath period 20 08/20 09 rel- 

tive to the counterfactual retail sector. We exploit the global fi- 

ancial crisis period as shock to compare the return performance 

f both sectors within financial centers. We specify the following 

inear difference-in-difference model 

 it = β0 + β1 D Crisis + β2 D O f f ice + β3 (D Crisis × D O f f ice ) + X it β + εit , 

(6) 

ith property market returns r it in year t regressed on the dummy 

ariable for the period of the financial crisis aftermath, D Crisis , the 

ffice market dummy, D O f f ice , and their interaction conditional on 

 set of control variables X . The pre-crisis period ranges from 
it 

17 
0 05 to 20 07. The years 20 08 and 20 09 resemble the aftermath

f the financial crisis, for which we set the crisis dummy equal to 

. 

Model I of Table 6 estimates the difference-in-difference model. 

e find a statistically significant coefficient of −0.088 for the 

nteraction term between the global financial crisis aftermath 

0 08/20 09 and the office market dummy. The negative coefficient 

uggests that the asset price bubble burst results in an average 

nnual decrease in office market returns of 8.8%-points compared 

o the counterfactual retail sector. Given the within-city compar- 

son between office markets and the retail sector, common fac- 

ors should be removed by the difference-in-difference structure. 27 

owever, to further reduce a potential bias in the estimated in- 
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Table 6 

Difference-in-Difference Model: Office versus Retail. This table shows the regression result of the difference-in-difference model for financial centers. We regress property 

market returns on the dummy variable for the financial crisis period, D Crisis , the office market dummy, D O f f ice , and their interaction term. We use retail markets as the 

within-city counterfactual. For the global financial crisis (GFC), we use a sample from 2005 to 2009 with dummy variable D Crisis equal to one for 20 08 and 20 09 as the 

aftermath. For the sovereign debt crisis, we use a sample from 2005 to 2011, with 2010 and 2011 defined as the turmoil period. For the dotcom bubble burst, we use a 

sample from 1995 to 2001, with turmoil dummies equal to one for 20 0 0 and 2001. The estimation is based on OLS. Cluster-robust standard errors are given in parenthesis. 
∗∗∗ , ∗∗ , and ∗ indicate statistical significance at 1%, 5%, and 10% level, respectively. 

Financial Crisis Sovereign Debt Crisis Dotcom Bubble Burst 

20 08-20 09 2010-2011 20 0 0-20 01 

Model I Model II Model I Model II Model I Model II 

constant 0.096 0.209 ∗∗∗ 0.078 0.192 ∗∗∗ 0.114 ∗∗∗ 0.162 ∗∗∗

(0.123) (0.041) (0.089) (0.029) (0.016) (0.043) 

D Crisis × D O f f ice −0.088 ∗∗ −0.080 ∗∗ 0.001 −0.029 −0.057 ∗ −0.065 ∗∗

(0.039) (0.031) (0.025) (0.018) (0.029) (0.032) 

D Crisis −0.150 ∗∗∗ −0.040 −0.044 ∗∗

(0.045) (0.025) (0.022) 

D O f f ice 0.007 −0.034 ∗ −0.016 

(0.022) (0.018) (0.018) 

Stock Returns 0.079 ∗ 0.108 ∗∗∗

(0.042) (0.036) 

log(SRISK) 0.000 0.004 

(0.009) (0.007) 

�GDP Capita 0.400 0.535 ∗∗

(0.293) (0.222) 

Term Spread 0.745 −0.051 

(1.139) (0.378) 

�Floor Space 0.094 −0.166 −0.060 

(0.258) (0.256) (0.046) 

�REIT −0.532 ∗ −0.394 

(0.320) (0.240) 

�Population −0.664 −0.103 

(0.928) (0.539) 

�Residential 0.490 ∗∗∗ 0.446 ∗∗∗

(0.178) (0.159) 

�Claims 0.109 0.049 

(0.078) (0.053) 

�Sentiment −0.003 −0.002 

(0.003) (0.003) 

�Exchange Rate 1.065 ∗ 0.862 ∗ 1.048 ∗∗∗

(0.635) (0.461) (0.072) 

GFC Turmoil −0.193 ∗∗∗

(0.031) 

Observations 265 265 424 424 355 424 

City FE No Yes No Yes No Yes 

Year FE No Yes No Yes No Yes 

Adj.- R 2 0.644 0.583 0.612 0.544 0.465 0.108 
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eraction term, we control for the established covariates from our 

aseline spatial model. Model II confirms our findings with a co- 

fficient estimate of −0.080. This specification includes city × year

xed effects as a generalization of the difference-in-difference 

odel to address the potential omitted variable bias ( Angrist and 

ischke, 2009 ). We use city × year dummy variables to addition- 

lly control for observable and unobservable factors which might 

xplain office market returns. 

We also replicate both model specifications for the sovereign 

ebt crisis and the dotcom bubble burst. To analyze the impact 

f the European sovereign debt crisis, we split the sample into a 

re-crisis period from 2005 to 2009 before the bubble burst, in- 

luding a dummy to capture the impact of the global financial cri- 

is 20 07/20 08, and the subsequent turmoil by setting the crisis- 

ummy to 1 for the years 2010 and 2011. We restrict the crisis pe-

iods to two years and estimate the aftermath effect immediately 

fter the bubble burst. We find no statistically significant impact 

f the turmoil period on office market returns relative to the retail 

ector. For the dotcom bubble burst, we use a sample from 1995 

o 2002 with the crisis dummy equal to 1 for 2001 and 2002 to 

apture the aftermath of the bubble burst. 28 We find a significant 
28 Note that the PMA sample is now not restricted by availability of the SRISK 

easure, so that the starting year 1995 of the full sample can be used. 

w

o

18 
mpact of −0.057 on financial center office markets relative to the 

etail sector. The coefficient is slightly smaller than the estimated 

ffect for the global financial crisis. While the spatial models in- 

icate that this effect is not driven by the systemic risk channel, 

he return decline in the financial sector could be related to a re- 

uction in demand for stock exchange services. However, due to 

ata limitations on our control variables prior to the sample period 

tarting in 20 0 0, we abstain from interpreting the difference-in- 

ifference specification (Model I) for the dotcom bubble burst. In- 

tead, we refer to the city × year fixed effects specification (Model 

I), which provides a comparable estimate on the interaction term. 

Financial versus Non-Financial Center Office Markets. We also 

ompare office market returns between financial and non-financial 

enters and test whether the exposure to a higher agggregated 

RISK level leads to stronger return declines during the global fi- 

ancial crisis. To clearly distinguish between financial and non- 

nancial centers, we exclude the cities of Boston, Chicago, San 

rancisco, and Washington. To be consistent with the definition 

sed for the spatial models, we do not use them as non-financial 

enters, as these cities are ranked as financial centers by the GFCI. 

owever, we include them in an additional robustness test when 

e allow for a less restrictive definition of financial centers, based 

n the aggregated SRISK level. 
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Table 7 

Difference-in-Difference Model: Financial versus Non-Financial Center. This table shows the regression result of the difference-in-difference model for office markets. We 

regress office market returns on the dummy variables for the financial crisis period, D Crisis , the financial center dummy, D C ent er , and their interaction term. We use non- 

financial centers as counterfactual. For the global financial crisis (GFC), we use a sample from 2005 to 2009 with dummy variable D Crisis equal to one for 2008 and 2009 as 

the aftermath. For the sovereign debt crisis, we use a sample from 2005 to 2011, with 2010 and 2011 defined as the turmoil period. For the dotcom bubble burst, we use a 

sample from 1995 to 2001, with turmoil dummies equal to one for 20 0 0 and 2001. The estimation is based on OLS. Cluster-robust standard errors are given in parenthesis. 
∗∗∗ , ∗∗ , and ∗ indicate statistical significance at 1%, 5%, and 10% level, respectively. 

Financial Crisis Sovereign Debt Crisis Dotcom Bubble Burst 

20 08-20 09 2010-2011 20 0 0-20 01 

Model I Model II Model I Model II Model I Model II 

constant 0.105 ∗∗ 0.185 ∗∗∗ 0.103 ∗∗∗ 0.133 ∗∗∗ 0.098 ∗∗∗ 0.112 ∗∗∗

(0.052) (0.066) (0.038) (0.036) (0.010) (0.042) 

D Crisis × D C ent er −0.087 ∗∗ −0.126 ∗∗∗ −0.005 −0.011 −0.039 −0.019 

(0.034) (0.039) (0.023) (0.024) (0.033) (0.027) 

D Crisis −0.134 ∗∗∗ −0.026 −0.066 ∗∗∗

(0.037) (0.020) (0.018) 

D C ent er 0.031 −0.005 −0.002 

(0.022) (0.018) (0.015) 

Stock Returns 0.039 0.087 ∗∗∗

(0.036) (0.031) 

log(SRISK) −0.003 −0.002 

(0.004) (0.003) 

�GDP Capita 0.897 ∗∗∗ 1.011 ∗∗∗

(0.291) (0.231) 

Term Spread 0.314 0.205 

(1.318) (0.428) 

�Floor Space −0.823 ∗∗∗ −0.832 ∗∗∗ −0.125 ∗∗

(0.233) (0.212) (0.053) 

�REIT 0.155 −0.211 

(0.338) (0.239) 

�Population 0.037 0.310 

(0.946) (0.492) 

�Residential 0.334 ∗ 0.288 ∗

(0.197) (0.162) 

�Claims 0.205 ∗∗∗ 0.134 ∗∗∗

(0.068) (0.049) 

�Sentiment −0.007 ∗∗∗ −0.007 ∗∗∗

(0.002) (0.001) 

�Exchange Rate −0.347 0.303 0.917 ∗∗∗

(0.685) (0.490) (0.083) 

GFC Turmoil −0.154 ∗∗∗

(0.027) 

Observations 275 275 440 440 290 440 

City FE No Yes No Yes No Yes 

Year FE No Yes No Yes No Yes 

Adj.- R 2 0.678 0.539 0.648 0.531 0.329 0.097 
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In a first step, we follow a similar difference-in-difference ap- 

roach from the previous sector analysis comparing office market 

erformances in financial and non-financial centers. For instance, 

odel I in Table 7 suggests that office market returns in financial 

enters decrease by 9%-points more than in non-financial centers 

uring the aftermath of the global crisis. We find no significant 

ean difference for the sovereign debt crisis 2010/2011 or the dot- 

om bubble burst. We control for city-level heterogeneity in the 

onstruction sector and population growth, as well as additional 

ational macroeconomic control variables to remove potential dif- 

erences between financial and non-financial centers in different 

ountries. The findings are confirmed by the city × year fixed ef- 

ects specification (Model II). Although we control for fixed effects 

r include country-level covariates, we do not have sufficient city- 

evel controls to capture all systematic differences between finan- 

ial and non-financial centers. Therefore, the intention of this ro- 

ustness test is not to make any causal statement but to use the 

odels as a mean comparison approach between both office mar- 

et types. 

We then extend our analysis on office market returns and study 

hether a higher SRISK exposure is related to stronger declines 

uring the aftermath of the global financial crisis in the years 2008 

nd 2009. From Fig. 5 , we conclude that the total SRISK is sys-

ematically higher in financial than in non-financial centers. Cross- 
19 
ectional regressions in Table 8 show that, conditional on a global 

nancial crisis dummy, office market returns are not significantly 

ower in cities with a higher expected capital shortfall, both in 

erms of a level effect (Model I) and its growth rate (Model II). 

owever, Models III to V indicate that the decrease in office mar- 

et returns during the financial crisis period is stronger in cities 

ith a higher total SRISK. Because we are interested in the cross- 

ectional variation of market returns, we do not include individual 

xed effects. 

We distinguish between office markets for which the aggre- 

ated SRISK in the banking sector belongs either to the 25% high- 

st or the 25% lowest each year. We specify dummy variables for 

oth quartiles ( SRISK high and SRISK low 

) and interact them with the 

ummy for 2008 and 2009 to capture the aftermath effect of the 

nancial crisis. On average, office market returns decrease by 12% 

n those years (Model IV). In contrast, the magnitude equals −21% 

or office markets in cities with a banking sector that belongs to 

he group with the 25% highest expected capital shortfall. During 

ormal times a higher expected capital shortfall does not have a 

ignificant impact on office market returns. However, a higher po- 

ential undercapitalization in the banking sector increases the vul- 

erability of the underlying office market during periods of finan- 

ial distress. 



R. Füss and D. Ruf Journal of Banking and Finance 133 (2021) 106311 

Table 8 

Effect of Financial Center-Specific SRISK on Office Market Returns. This table shows the effect of the total financial center-specific systemic risk on international office 

markets. Estimates are based on OLS. SRISK high and SRISK low capture office markets with the 25% highest and 25% lowest aggregated systemic risk per year. The Financial 

Crisis dummy is equal to one for the years 2008 and 2009. ×SRISK high and ×SRISK low define the interaction of both variables with the Financial Crisis dummy, respectively. 

×SRISK high × TechnologyC ent er defines the interaction term between the Financial Crisis dummy, the dummy variable for being a Technology Center, and the variable 

SRISK high . Cluster-robust standard errors are given in parenthesis. ∗∗∗ , ∗∗ , and ∗ indicate statistical significance at 1%, 5%, and 10% level, respectively. 

Model I Model II Model III Model IV Model V Model VI 

Stock Returns 0.123 ∗∗∗ 0.121 ∗∗∗ 0.123 ∗∗∗ 0.124 ∗∗∗ 0.123 ∗∗∗ 0.125 ∗∗∗

(0.024) (0.024) (0.021) (0.021) (0.021) (0.015) 

log(SRISK) −0.001 

(0.001) 

�SRISK −0.007 

(0.004) 

�GDP Capita 0.840 ∗∗∗ 0.910 ∗∗∗ 0.843 ∗∗∗ 0.830 ∗∗∗ 0.844 ∗∗∗ 0.834 ∗∗∗

(0.197) (0.228) (0.179) (0.179) (0.180) (0.067) 

Term Spread −0.633 ∗∗∗ −0.578 ∗∗ −0.746 ∗∗∗ −0.777 ∗∗∗ −0.745 ∗∗∗ −0.809 ∗∗∗

(0.220) (0.248) (0.224) (0.222) (0.223) (0.225) 

�Floor Space −0.739 ∗∗∗ −0.809 ∗∗∗ −0.780 ∗∗∗ −0.762 ∗∗∗ −0.780 ∗∗∗ −0.740 ∗∗∗

(0.216) (0.257) (0.208) (0.217) (0.208) (0.115) 

�Claims 0.068 ∗∗ 0.084 ∗∗ 0.076 ∗∗∗ 0.070 ∗∗ 0.076 ∗∗∗ 0.066 ∗∗

(0.033) (0.034) (0.028) (0.028) (0.028) (0.028) 

�Sentiment −0.007 ∗∗∗ −0.007 ∗∗∗ −0.007 ∗∗∗ −0.006 ∗∗∗ −0.007 ∗∗∗ −0.006 ∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

�Exchange Rate 0.017 −0.047 −0.003 −0.011 −0.003 0.011 

(0.269) (0.320) (0.237) (0.238) (0.239) (0.089) 

SRISK high −0.005 0.007 −0.005 0.002 

(0.008) (0.011) (0.008) (0.010) 

SRISK low 0.001 0.001 0.001 

(0.009) (0.009) (0.010) 

Technology Center 0.020 ∗∗

(0.009) 

Financial Crisis −0.143 ∗∗∗ −0.137 ∗∗∗ −0.139 ∗∗∗ −0.119 ∗∗∗ −0.139 ∗∗∗ −0.119 ∗∗∗

(0.019) (0.018) (0.017) (0.015) (0.020) (0.014) 

× SRISK high −0.090 ∗∗ −0.068 ∗∗

(0.045) (0.031) 

× SRISK low −0.002 

(0.031) 

× SRISK high × Technology Center −0.061 

(0.045) 

Observations 830 787 946 946 946 946 

Adj.- R 2 0.509 0.517 0.509 0.514 0.508 0.517 
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Finally, Model VI tests whether cities defined as technology cen- 

ers are less affected by systemic risk during crisis periods. We 

pecify an interaction term between the variable SRISK high , the fi- 

ancial crisis dummy, and the dummy equal to 1 if a top university 

s located in close proximity to the center. While office market re- 

urns are significantly higher in technology centers, we do not find 

 statistically significant interaction term between the variables. 

ence, we conclude that multi-functional centers, i.e., proxied by 

op university locations, are not less affected by systemic risk. 29 

. Conclusion 

This paper tests for the systemic risk of financial firms between 

ocal banking sectors as a source of return co-movements among 

lobal financial center office markets. We first quantify the over- 

ll expected undercapitalization of the banking sector in financial 

enters. In a second step, we test for cross-sectional dependence 

mong financial center office markets during financial turmoil pe- 

iods, when a substantial decline in stock market prices leads to 

n immediate valuation shock on the balance sheet of financial 

rms with main offices in different financial centers. We exploit 
29 We confirm this finding in Panel E of Table A.15 in the Internet Appendix, when 

e re-estimate the spatial models and give linkages between multi-functional cen- 

ers the largest weight to test whether technology centers are less exposed to sys- 

emic risk. While we still observe correlated risk among financial center office mar- 

ets during periods of distress, the estimated spatial lag coefficient is comparable 

o the baseline results. Hence, we conclude that the degree of correlated risk is not 

ifferent when specifically accounting for technology centers. 

b

fi

a

a

r

e
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20 
he global financial crisis in 20 07/20 08 as a banking crisis with 

ubstantial exposure to the U.S. housing market bubble. 

We find empirical evidence of return co-movements among fi- 

ancial center office markets during financial crisis periods which 

an be related to the common systemic banking sector risk. The 

eturn dependence cannot be observed during normal times as 

 placebo test. Our findings further suggest no co-movements 

mong financial center retail markets as within-city counterfactual 

r among non-financial center office markets. We also compare 

he office market return performance between financial and non- 

nancial centers during the aftermath of the global financial crisis. 

he results indicate a negative impact on the return performance, 

hich is stronger for financial center office markets. This is in line 

ith our economic intuition: the total expected capital shortfall is 

ignificantly larger in financial than in non-financial centers, which 

ncreases the fragility of the related office markets during periods 

f financial distress. 

Our findings offer important implications for regulatory au- 

horities and policy makers. First, we provide new insights into 

he interconnectedness of seemingly unrelated local office mar- 

ets due to the systemic risk exposure of globally interconnected 

anks. Systemic risk as a transmission channel for correlated of- 

ce market risk in financial centers and co-movements with other 

ssets in periods of financial distress has additional risk man- 

gement implications for investors. Second, considering systemic 

isk and banking crises in isolation from related commercial real 

state neglects the vulnerability of the banking sector from re- 

nforced valuation shocks and risk spillovers on undercapitalized 

anks with office property value on their balance sheets. Third, we 
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uantify the overall expected capital shortfall in financial centers, 

hich can be used as a macroprudential tool for assessing finan- 

ial costs of bail-out strategies and to implement implied linkages 

nd risk spillovers in stress tests when studying the economic con- 

equences of systemic shocks on the financial stability. 
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