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1. Introduction 

1.1 Problem statement 

In the past three decades, financial deregulation, or the process of removing governmental 

rules controlling the way that financial organizations operate, has facilitated 

interconnections between commercial real estate markets, the financial sector and national 

economic markets. Financial deregulation has allowed financial institutions to expand 

their lending authority and offer a wider array of investment possibilities (such as Special 

Investment Vehicles) with reduced regulatory oversight. As a result, commercial real 

estate has become an important ‘financial’ asset in the investment portfolios of both 

national and international investors (Tiwari and White, 2014). Thus, it is important to 

recognize that financial deregulation has brought substantial changes to the commercial 

real estate market and that the impact on society at large is substantial. It is this 

background of financial deregulation that forms a starting point for this thesis. 

Since the 1990s, the emergence of a wide array of investment possibilities (i.e., 

financial innovations) has expanded the commercial real estate market enormously. One 

can observe a rapidly rising trend in commercial real estate investments (both direct and 

indirect). As part of this, Foreign Direct Investments (FDIs) increased rapidly as investors 

looked around the world for the best risk-return combinations to add to their portfolios 

(Tiwari and White, 2014). Meanwhile, banks and monetary authorities were relative 

‘naïve’ in terms of financial management in those days, with disaster myopia and perverse 

provisions resulting in risky behaviour (Ball, 2010). All these developments resulted in a  

‘wall of money’ towards the commercial real estate market. This ‘wall of money’ has led 

to an overwhelming turbulence in the financial market at the onset of the Global Financial 

Crisis in 2008 (the worst financial crisis since the Great Depression in the 1930s) and had 

a devastating impact on economic growth (Crotty, 2009). The Global Financial Crisis led 

governments to enact bailouts in order to rescue financial markets. For commercial real 

estate markets, the Global Financial Crisis resulted in a collapse in real estate 

developments and to a period of negative asset price spirals and significant losses in 

commercial real estate assets (Ling et al., 2013). This phenomenon led investors to start 

concentrating on ‘safe havens’ for their real estate investments, implying an increasing 

importance for the location of real estate.   

Financial deregulation has brought profound changes in various aspects of the real 

estate market, especially in (i) ‘commercial’ real estate development, (ii) commercial real 

estate prices and (iii) commercial real estate locations. 
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(i) ‘Commercial’ real estate development 

With the increase in real estate investments, commercial and residential markets grew 

rapidly. During the period from 1990 to 2012, commercial real estate developments 

peaked around 2000 and again in 2007/2008, whereas developments in residential real 

estate peaked around 1994 and subsequently in 2006 (see Figure 1.1). In particular, Figure 

1.1 shows that the commercial real estate office market peaked significantly more than the 

residential one in terms of development. In the 1990s, the size of the commercial real 

estate market was approximately 28 million square metres whereas the size in 2013 was 

49.6 million square metres, an increase of approximately 77 per cent.    

As a result, the commercial real estate office market provides an enormous 

working environment for employees in the Netherlands (potentially 2.6 million office 

employees according to Bak, 2013).1 Further, the value of Dutch commercial real estate 

investments amounts to approximately €119 billion (IPD, 2013). 2 

 
Figure 1.1 Real esate development in the Netherlands from 1990 to 2011 (source: 
Statistics Netherlands) 

 

                                                             
1 As of 1 January 2013, based on Bak, 2013.  
2 The Investment Property Databank (IPD) index track performance of 4,421 property 

investments with a total capital value of €35.7 billion as at December 2013. The market 
coverage is estimated to be around 30%-40% of the total commercial real estate 

investments.  
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(ii) Commercial real estate prices  

Following financial deregulation, capital flows into commercial real estate expanded 

enormously. As a result of this massive inflow of capital, commercial real estate prices 

have increased significantly (see Figure 1.2). During the period from 1990 to 2008, the 

commercial (office) real estate asset price increased almost monotonically, by 

approximately 175 per cent, followed by a fall after the Global Financial Crisis erupted. In 

contrast, during the same period, commercial office rents increased by approximately 70 

per cent. This suggests a disconnection between commercial asset prices and rents leading 

to concerns about real estate bubbles. 

 
Figure 1.2 Real estate prices and rents in the Netherlands for the period 1990-2011 based on a 

hedonic price regression model (source: Strabo) 

(iii) Commercial real estate locations  

With the rapid increase in commercial real estate development and associated prices, 

regional differences in commercial real estate markets emerged (see Figure 1.3). During 

the period 1990-2011, the larger office markets have seen the greatest development. In 

particular, new offices were developed in Amsterdam, Rotterdam and The Hague between 

1990 and 2011. The location and quality of commercial real estate is an even more 

important factor as market competition ensures the efficient allocation of resources 

(Tiwari and White, 2014). The latter has also become important for retailers, particularly 

since the Global Financial Crisis that has triggered strategic repositioning of retailers.  
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Figure 1.3 Office stock (left) and development (right) in the Netherlands for the period 

1990-2011 (source: BAG) 

1.2 Overall objective and sub-objectives 

1.2.1 Overall objective 

The commercial real estate market has experienced profound changes in terms of real 

estate development, commercial real estate prices and the location of commercial real 

estate over the period from 1990 to 2010. It is important to understand to what extent  

these changes have impacted the overall ‘commercial’ real estate market. Improving the 

understanding of changes in commercial real estate markets is of great interest to 

developers, investors and policymakers. Therefore, the main research objective of this 

thesis is:  

“To analyse and document various aspects of the commercial real estate market in an era 

of financial deregulation and financial innovation” 

In this, we focus on various aspects of:  

(i) ‘commercial’ real estate development; 

(ii) commercial real estate prices;  

(iii) commercial real estate locations. 

In the remainder of this section, we present the sub-objectives and associated research 

questions. 
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1.2.2 Sub-objectives 

Based on the overall objective, the following five sub-objectives are derived. 

(a) The relationship between commercial and residential real estate development 

in the Netherlands 

The first objective is to analyse the relationship between commercial and residential real 

estate developments associated with land availability since this influences the important 

relationship between job location (commercial properties) and residential location. This 

issue is grounded in the geography literature regarding whether jobs follow people or 

people follow jobs (Hoogstra et al., 2011), and in the planning literature concerning the 

job-housing balance (Cervero, 1995). In this light, Green (1997) noted that residential and 

commercial real estate investments are correlated over time. Wigren and Wilhelmsson 

(2007) however point to crowding-out effects in the European construction industry, 

where Gyourko (2009) also observed that residential and commercial real estate share 

fundamentals. However, despite this evidence, regional aspects are also important as 

political and economic conditions - including supply, agglomeration economies, land use 

regulations and local governments - play an important role in the relationship between 

commercial and residential real estate development (Vermeulen and van Ommeren, 

2009). Therefore, we include a regional analysis of the relationship between commercial 

and residential real estate developments.  

The research questions following from this sub-objective are:  

Do commercial and residential real estate developments complement or substitute each 

other? To what extent are there regional differences in the relationship between 

commercial and residential real estate developments? 

(b) The impact of credit availability on commercial real estate asset prices for the 

Dutch office market 

The next objective is to gain further insight into the impact of the large influx of credit on 

commercial real estate asset prices from a macroeconomic perspective. Since commercial 

real estate properties are highly illiquid (Ling et al., 2009), infrequently traded (Lin and 

Vandell, 2007) and highly leveraged (Kiyotaki and More, 1997), this asset class is 

particularly vulnerable to expanding credit (Brunnermeier and Pedersen, 2009). As a 

consequence, if credit expansion results in less strict lending restrictions, and thus easier 

borrowing, commercial asset prices should rise (Brunnermeier and Pedersen, 2009). 

However, as Ling et al. (2013) and Davis and Zhu (2011) have noted, empirical evidence 

on asset price inflation in the commercial real estate sector is limited. Therefore, we have 

set out to contribute to this debate on asset price inflation for the illiquid commercial real 

estate market by taking into account the extent to which asset prices do not reflect 

fundamental market information (rents and capitalization rates).  
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The research questions following from this sub-objective are:  

To what extent has credit availability driven up asset prices beyond what market 

fundamentals would suggest, thereby creating asset price inflation? Do asset prices, in 

time, incorporate and reflect fundamental market information? 

(c) The impact of the geography of market liquidity on commercial real estate 

asset prices in the Netherlands 

This large influx of credit, as discussed in sub-objective (b), has largely determined the 

ease and opportunity for lending (Brunnermeier and Pedersen, 2009). The question arises 

as to what extent market liquidity, or the ease of borrowing, has impacted commercial real 

estate asset prices. Therefore, the third objective is to investigate this effect of market 

liquidity on commercial real estate asset prices. It has been observed that market liquidity 

can result in a premium for financial assets such as stocks and bonds (Amihud, 2002; Bao 

et al., 2010; Acharya et al., 2010). The rationale underlying these studies was that asset 

prices will rise if assets are confronted with some form of liquidity. Evidence of market 

liquidity in real estate markets is mixed (Ling et al., 2009; Fisher et al., 2009). A possible 

reason for this is that studies have largely overlooked the geographical component of 

market liquidity in commercial real estate markets. This geographical component is 

important as real estate markets are embedded in, and influenced by, local-level 

conditions (Nozeman and van der Vlist, 2014). Consequently, it is plausible that market 

liquidity is a local characteristic of the commercial real estate asset pricing process. 

Investors may be willing to pay a higher price for a more liquid commercial real estate 

asset as liquid assets have the advantage of easier disposition (Lusht, 2001). For this 

reason, further analysis of market liquidity would be valuable as the local aspect is largely 

ignored in the market liquidity measure.      

The research questions following from this sub-objective are: 

To what extent are investors willing to pay a premium for a liquid commercial real estate 

asset? To what extent do market liquidity premiums vary between prime, secondary and 

regional office markets? 

(d) The effect of agglomeration economies on capitalization rates in the 

commercial real estate office market 

The role of market liquidity, as discussed in sub-objective (c), suggests that some 

locations are more liquid than others, and this is indicative of the presence of 

agglomeration economies. Given that agglomeration economies have several advantages 

in terms of productivity (Archer and Smith, 2003), properties associated with 

agglomeration economies tend to have higher rents than similar properties elsewhere 

(Drennan and Kelly, 2011; Koster et al., 2014). Although agglomeration economies result 

in higher rents, it does not necessarily lead to agglomeration spillovers due to risk-induced 

reasoning by investors. First, it could be that investors associate agglomeration economies 
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both with risk premiums and rental growth expectations (Sivitanidou and Sivitanides, 

1999). Second, investors might associate agglomeration economies with a lower asset-

specific liquidity risk. If these assumptions are true, investors will gain from 

agglomeration spillovers, which should then compress capitalization rates. Therefore, to 

test these arguments, we investigate whether agglomeration economies compress 

capitalization rates leading to higher commercial real estate asset prices. 

The research questions following from this sub-objective are:  

To what extent have agglomeration economies compressed capitalization rates? Are there 

different effects of agglomeration economies in different market segments? 

(e) The effect of tourism on commercial retail rent levels  

As discussed in sub-objective (d), agglomeration economies result in higher rents in 

commercial office markets. Another related question is to what extent tourism is an 

indicator of agglomerations of retail properties. In attempting to answer this, our final 

objective is to provide insight into the effect of tourism on commercial retail rent levels. 

This is particularly interesting as tourists have become wealthier and more globalized, 

with shopping as one of their most important activities (MacCannell, 2002; Timothy, 

2005; Kemperman et al., 2009). As a consequence, tourism is an important indicator for 

‘attractive and competitive’ cities (Grosvenor, 2014). Nevertheless, tourism is frequently 

ignored in commercial retail rent studies because the main focus of tourism research is on 

gaining a better understanding for policymakers and destination marketers. However, we 

would argue that it is important to consider tourism in commercial retail rent studies as 

higher rental income, linked to tourists’ expenditure, could provide valuable insights into 

location decisions for retail real estate investors.  

The research question following from this sub-objective is:  

To what extent has tourism increased retail commercial rents? 

1.3 Thesis outline 

This chapter now concludes with an outline of the remaining chapters of this thesis. 

In Chapter 2, the development of commercial real estate properties is analysed by 

focusing on the relationship between the commercial and the residential real estate 

development markets in terms of the location choices made by firms and households. The 

basic model focusses on the spatial relationship between commercial and residential real 

estate developments in the Amsterdam, Rotterdam and Utrecht regions. To obtain 

estimates, a two-stage fixed effects error correction model is applied to data for the 1990-

2012 period. In the first stage, a long-run relationship is estimated while controlling for 
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the state of the economy. In the second stage, short-run deviations from the long-run 

model, together with short-run changes, are estimated. 

Chapter 3 considers, from a macroeconomic perspective, the presence of asset 

price inflation in the Dutch commercial real estate market. A conceptual model of asset 

price inflation is specified which relates asset prices to fundamentals, such as cash flow 

and capitalization rates, together with credit availability. To account for the endogenous 

relationship between asset prices and credit availability, a vector autoregressive (VAR) 

framework, for the period 1991Q1-2011Q1, is estimated. Further, we calculate impulse 

response functions to provide further insights into the link between asset prices and credit  

availability.  

In Chapter 4, the impact of market liquidity on commercial real estate is analysed 

from a microeconomic perspective. This chapter first discusses several local market 

liquidity indicators that are easily obtainable from the available data. Next, market 

liquidity indicators are constructed using Geographical Information System (GIS) 

techniques. Further, to investigate the effects of these market liquid ity indicators, we 

develop a fixed effects hedonic regression model based on a cross-sectional dataset of 

individual asset transactions for the 1990Q1-2011Q1 period. We investigate the effect of 

market liquidity in prime, secondary and regional office markets. In addition, we also use 

the model to compare the low- and high-end segments of commercial real estate markets. 

Chapter 5 again adopts a microeconomic perspective in analysing the impact of 

agglomeration economies (i.e. location) on capitalization rates. A conceptual framework 

of commercial real estate asset pricing (i.e., one that includes the main factors driving 

asset prices) is developed. To add to our understanding of the role of spatial proximity in 

agglomeration economies (Brakman, 2009; Brakman et al., 2013), we construct various 

indicators of cluster density. A fixed effects hedonic regression model is developed and 

estimated based on a cross-sectional dataset of individual asset transactions over the 

1990Q1-2011Q1 period. As a final step, we check the stability of the results by estimating 

several robustness specifications. 

In Chapter 6, we discuss the influence of tourism on commercial real estate rental 

properties. A hedonic regression model is developed and estimated based on a cross -

sectional dataset (covering Belgium, France, the Netherlands and Spain) of individual 

retail contracts in 2011. Several approaches were applied to account for possible 

endogeneity between tourism and commercial real estate rental prices. In addition, other 

factors such as property-specific characteristics (such as size and number of tenants) and 

catchment area are considered. 



23 
 

Finally, this thesis concludes with Chapter 7 that summarizes the preceding 

chapters and the main conclusions from those chapters. It also offers general conclusions 

and lessons that can be learnt from the findings. It then concludes with some suggestions 

for possible directions for future research.  
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2. On real estate development activity: the relationship 

between commercial and residential real estate markets 3 

Abstract - Real estate development and the construction of commercial and residential 

buildings largely determine the future spatial distribution of job and residential locations, 

thereby giving public planners an instrument with which they can steer urbanization. This 

paper measures whether the real estate development and urban management planning 

process, in terms of construction permits, enables a relationship between commercial and 

residential real estate developments and thus between future job and residential locations. 

We use data on construction permits for the Netherlands over 1990-2012. Our conclusion 

is that the real estate development and urban planning process, in terms of construction 

permits, allows a complementary effect between commercial and residential real estate 

developments. A one per cent increase in commercial real estate development permits 

leads to a 0.35 per cent increase in residential real estate development permits. Finally, the 

data reveal differences across regions suggesting that different local factors are at work.  

Keywords: Real estate development, Housing market, Commercial market, Panel error-

correction model  

 

                                                             
3 Reprinted from: Schoenmaker, D.A.J. and van der Vlist, A.J. (2015) On real estate 

development activity: the relationship between commercial and residential real estate 
markets. Letters in Spatial Resources Science, DOI: 10.1007/s12076-015-0144-4. 

 



30 
 

2.1 Introduction 

Real estate development, or the process of land development to construct commercial and 

residential buildings, shapes tomorrow’s urban scene. This is because real estate 

development governs future land-use and the associated spatial distribution of jobs and 

houses. As such, it provides public planners with an instrument to steer urbanization. 

More specifically, real estate development allows public planners to provide residents 

with a sense of cohesion and security, to contribute to job creation and a more prosperous 

and viable economy, and to a more sustainable and energy-efficient built environment 

(Power, 2004). As a consequence, real estate development is intrinsically linked to almost 

every major area of government policy (see, for the Netherlands, Rijksoverheid, 2012). A 

specific public policy aim is to improve the conditions in which people live, work and 

relax, suggesting a spatial link between residential and commercial real estate 

development. The focus of this paper is on the relationship between commercial and 

residential regional real estate developments.     

To address this issue, we build upon the literature regarding the spatial 

distribution of jobs and people. First, we draw on the planning literature that addresses 

how urban planning and development management affects the job-housing balance (where 

people live and where they work) and associated implications for future commuting 

patterns (see Cervero, 1995; Zhao et al., 2011). This so-called job-housing balance, which 

measures the distribution of employment (jobs) relative to the distribution of workers 

(households) in terms of spatial proximity, depends on the relationship between 

commercial and residential real estate development. Urban planning and development 

instruments, such as zoning, height and density restrictions and growth moratoria, all 

influence commercial and residential real estate development. These regulations typically 

also regulate land-use and thereby land-use changes, implying that commercial and 

residential real estate developments compete (see Evans, 2004) in terms of land, labour 

and development finance (Meen, 2002).4 Such land-use regulations create a substitution 

(crowding-out) effect between commercial and residential real estate development 

activities and thus affect the distribution of where people live and work.  

Second, the geography and economic literature addresses how people and firms 

make locational choices. These studies stress the behavioural and dynamic relationship 

between jobs and people, and question whether people follow jobs, or jobs follow people 

(Hoogstra, 2013). Haig (1926) argued that space and time constraints result in people and 

                                                             
4 Except for mixed land-use development activities.  
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jobs being within close proximity.5 In addition, Papageorgiou and Thisse (1985) suggest 

that households are attracted to places with a high density of firms (agglomeration 

economies) because of better job opportunities. Furthermore, the literature also suggests 

that firms are attracted to places with a high density of households because the generated 

business volume is expected to be higher. In other words, employees (households) want to 

live in places with many good choices of work, while firms like to locate where many 

good potential employees live. So firms will locate near people and people will locate 

near firms, creating a complementary effect in the relationship between commercial and 

residential real estate developments, and thus where people live and work. 

Studies on the relationship between commercial and residential real estate 

developments have considered whether commercial and residential real estate 

developments substitute or complement each other, and contradictory findings can be 

observed. Green (1997) concluded that commercial and residential investments are 

positively correlated over time, with Coulson and Kim (2002) finding similar results.6 

Wigren and Wilhelmsson (2007), however, found a crowding-out or substitution effect 

within the European construction industry. Meen (2002) who had considered industrial 

real estate development had suggested something similar in the relationship between 

industrial real estate and residential real estate development. 7 Gyourko (2009) noted that 

although commercial and residential real estate markets do show differences they indeed 

share fundamentals suggesting a substitution effect between commercial and residential 

real estate developments.8  

We contribute to this debate by considering whether commercial and residential 

real estate developments are complementary or substitute for each other. We consider the 

relationship between commercial and residential real estate developments on a regional 

                                                             
5 Renkow (2003) suggests that recent advances in information communication technology 

(ICT) and mobility (commuting time) have attenuated these space and proximity 
constraints and have de-linked the locational choices of firms and households. McCann 

(2008), in contrast, suggests that density and spatial proximity remain import for 

innovation, productivity and economic growth. The agglomeration seen in economies 
suggests that firms locate close to each other in order to gain in productivity and locate 

near people.  
6 Green (1997) used a Granger causality test with quarterly data on GDP, residential 

investment and non-residential investment from 1959-1992. 
7 Meen (2002) used the Johansen approach with quarterly data on private and public new 

housing construction orders, industrial new construction orders, change in manufacturing 
output and the percentage change in GDP from 1964Q4 to 2001Q1.  
8 Gyourko (2009) carried out correlation and regression tests with annual data from 1978-

2008 on real estate prices obtained from The National Council of Real Estate Investment 
Fiduciaries (NCREIF), Real Estate Investment Trust (NAREIT) and The Office of Federal 

Housing Enterprise Oversight repeat sale price index (OFHEO). 



32 
 

level. Following Broitman and Koomen (2014), we believe that it is important to 

disaggregate national level data to regional areas as real estate development differs 

substantially over space. Disaggregation is important as political and economic 

conditions, including supply, agglomeration economies, land use regulations and local 

governments, play an important role (Mayer and Somerville, 2000; Vermeulen and van 

Ommeren, 2009). As such, addressing the relationship between commercial and 

residential real estate developments on a regional basis will enable the measurement of 

any regional substitution or complementary effects in that relationship and thus in the 

spatial distribution of jobs and households. 

The remainder of this paper is organized as follows. First, in Section 2.2 below, 

we describe the main trends in the data. Section 2.3 then presents the empirical 

methodology to model the relationship between commercial and residential real estate 

development. Section 2.4 presents the empirical results, and our conclusions are presented 

in Section 2.5.  

2.2 Data and descriptives  

Randstad area in the Netherlands 

The Netherlands is among the world’s most urbanized countries, with its most highly 

urbanized area, denoted as the Randstad, located in the west. The Randstad includes three 

major metropolitan areas as shown in Figure 2.1. The Randstad covers 9.5 per cent of the 

country’s land area and is home to approximately 23 per cent of the population (based on 

Statistics Netherlands, 2008) and includes both Schiphol Airport and the Port of 

Rotterdam. In terms of economic activity, the three regions account for 25 per cent of all 

jobs in the Netherlands, and 29 per cent of the total value added (Amsterdam 11.2 per 

cent, Rotterdam 9.1 per cent and Utrecht 8.5 per cent). 

Descriptive analysis 

The data used include residential and commercial real estate developments in the 

Netherlands over the period from 1990 to 2012 and come from public sources.9 We 

measure real estate development in terms of the investment value of new housing and new 

commercial buildings. Data on residential and commercial real estate investment come 

from Statistic Netherlands and are based on construction permits. Construction permits for 

investments with a value over €50,000 are issued by Dutch municipalities and include 

information about the type of building (residential or commercial), the investment value, 

                                                             
9 In this study, we use the total investment in the commercial real estate sector (all 

commercial and industrial buildings). However, in the results section, we also include a 
model that considers only office investments to investigate any differences. The office 

market accounts for approximately 30% of the total investments in commercial real estate.  
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the region and the month. As a control variable, we use the Gross Domestic Product 

(GDP) as a measure of the demand side of real estate development. Data on national GDP 

are available from Statistics Netherlands. Table 2.1 provides descriptive statistics and all 

monetary values have been deflated to 1990 values using the consumer price index.  

 

Figure 2.1 Regional Markets (The Randstad) 

Notes: The Amsterdam Region includes the following municipalities: Aalsmeer, 

Amstelveen, Amsterdam, Beemster, Diemen, Edam-Volendam, Graft-De Rijp, Haarlemmermeer, 

Landsmeer, Oostzaan, Ouder-Amstel, Purmerend, Uithoorn, Waterland and Zeevang. The Rotterdam 

region consists of the following municipalities: Albrandswaard, Barendrecht, Bernisse, Binnenmaas, 

Brielle, Capelle aan den IJssel, Cromstrijen, Dirksland, Goedereede, Hellevoetsluis, Korendijk, 

Krimpen aan den IJssel, Lansingerland, Maassluis, Middelharnis, Nederlek, Nieuwekerk aan den 

IJssel, Oostflakkee, Oud-Beijerland, Ouderkerk, Ridderkerk, Rotterdam, Rozenburg, Schiedam, 

Spijkenisse, Strijen, Vlaardingen and Westvoorne. The Utrecht region covers the following 

municipalities: Abcoude, Amersfoort, Baarn, De Bilt, Breukelen, Bunnik, Bunschoten, Eemnes, 

Houten, IJsselstein, Leusden, Loenen, Lopik, Maarsen, Montfoort, Nieuwegein, Oudewater, 

Renswoude, Rhenen, De Ronde Venen, Soest, Utrecht, Utrechtse Heuvelrug, Veenendaal, Vianen, 

Wijk bij Duurstede, Woerden, Woudenberg and Zeist. 
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Table 2.1 - Descriptive statistics of the time-series data 

Variable mean SD Minimum maximum # obs. ADF p-value 

Amsterdam 

Cjt
𝑟 427 137 203 756 23 -1.83 0.37 

Cjt
𝑐  388 176 116 772 23 -1.66 0.45 

𝐺𝐷𝑃𝑡  316,274 48,256 243,652 386,669 23 -1.49 0.54 

Rotterdam 

Cjt
𝑟 469 131 140 663 23 -0.93 0.78 

Cjt
𝑐  300 119 78 585 23 -2.10 0.25 

𝐺𝐷𝑃𝑡  316,274 48,256 243,652 386,669 23 -1.49 0.54 

Utrecht 

Cjt
𝑟 431 105 181 641 23 -1.66 0.41 

Cjt
𝑐  284 88 144 450 23 -2.82 0.06 

𝐺𝐷𝑃𝑡  316,274 48,256 243,652 386,669 23 -1.49 0.54 

Netherlands 

Cjt
𝑟 5,736 1,234 2,772 8,117 23 -0.64 0.86 

Cjt
𝑐  3,705 765 2,293 5,339 23 -1.63 0.47 

𝐺𝐷𝑃𝑡  316,274 48,256 243,652 386,669 23 -1.49 0.54 

Notes: This table presents descriptives with annual-based values for the three Dutch regions in the 

period 1990-2012. Real residential real estate development (Cjt
r ) is the annual investment (€ 

million) in residential real estate. Real commercial real estate development (Cjt
c ) is the annual 

investment (€ million) in commercial real estate. Real GDP (GDPt) is the annual GDP in the 

Netherlands. (Source: Statistics Netherlands). The number of regions (N) multiplied by the 

number of years (T) provides the number of observations (69). We carried out an Augmented 

Dickey-Fuller (ADF) test on individual series: We test: Ho: there is a unit root; and Ha: the series 

is stationary. 

The descriptive statistics reveal a number of empirical patterns in real estate 

development. First, from the descriptive statistics, we observe that residential real estate 

development is considerably larger than commercial real estate development. From the 

lower rows in Table 2.1, one can see that for each €1 spent on commercial real estate 

development almost €1.50 goes on residential real estate. Second, regional differences are 

also apparent with residential real estate development in Amsterdam being relatively 

small. In Amsterdam, residential and commercial real estate development investments are 

similar, whereas in Rotterdam and Utrecht residential real estate development is much 

higher. Further, we observe that commercial real estate development in Amsterdam, in 

absolute investment value, is considerably larger than in Rotterdam or Utrecht. The 

metropolitan areas of Amsterdam, Rotterdam and Utrecht account for one-quarter of 

national residential and commercial real estate developments. Third, one can also observe 
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variation over time. Figure 2.2 shows real estate development over the 1990-2012 period 

for Amsterdam, Rotterdam and Utrecht for both residential (upper panel) and commercial 

real estate development (lower panel). In the left panel, one sees a rather stable profile 

until the late-1990s, after which residential real estate development almost doubled until 

the global financial crisis hit leading to a considerable fall in residential real estate 

development.   

 

 

Figure 2.2 Real residential (upper panel) and commercial (lower panel) real estate 

development. This figure shows investments in real estate development for Amsterdam, 

Rotterdam, Utrecht and the Netherlands as a whole for 1990-2012. In 1990, the values of 

investments in residential real estate development were: for Amsterdam €388 million, 

Rotterdam €312 million, Utrecht €357 million and the Netherlands €4,733 million. For 

commercial real estate, the 1990 investment value in Amsterdam was €772 million, 

Rotterdam €346 million, Utrecht €429 million and for the Netherlands €4,345 million. All 

data: Statistics Netherlands. 

 

0

50

100

150

200

250

1990 1994 1998 2002 2006 2010

R
e
si

d
e
n
ti

al
 r

e
al

 e
st

at
e
 d

e
ve

lo
p
m

e
n
t 

Amsterdam Rotterdam
Netherlands Utrecht

0

20

40

60

80

100

120

140

160

180

1990 1994 1998 2002 2006 2010

C
o

m
m

e
rc

ia
l 
re

al
 e

st
at

e
 d

e
ve

lo
p
m

e
n
t Amsterdam Rotterdam

Netherlands Utrecht



36 
 

The right panel of Figure 2.2 shows that the global financial crisis led to an even 

sharper fall in commercial real estate development. Based on the coefficients of variation 

in residential and commercial real estate development, one observes larger volatility in 

commercial real estate development (see Table 2.1). 

 

Figure 2.3 Real GDP the Netherlands, 1990-2012 

Notes: Annual GDP in €. Source: Statistics Netherlands. 

The correlations between the series indicate dependence over time and across 

sectors. The two right-hand columns in Table 2.1 address the serial correlation in the 

series. First, we tested whether the series are stationary. For this, we used the Augmented 

Dickey-Fuller unit root test statistic for one and two lags to test the null hypothesis of the 

presence of a unit root. The test indicates that, for most series, the hypothesis that a unit 

root was present could not be rejected.10 Second, we considered the possibility of 

contemporaneous correlation as presented in Table 2.2. These statistics reveal positive 

correlations between residential real estate development and commercial real estate 

development and between residential real estate development and GDP, but not between 

commercial real estate development and GDP. 

   

                                                             
10 We found that, apart from for the commercial real estate development series in Utrecht, 
the series were non-stationary. Despite this singular finding, we consider the commercial 

real estate series as non-stationary since we could not reject a unit root with most series. 

Given the recognized lack of power in unit root test with short time series, we also used 
the Hadri stationary test which allows for heterogeneous series. Again, we found clear 

evidence that the series are non-stationary.   
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Table 2.2 - Cross correlations 

   Cjt
𝑟   Cjt

𝑐    𝐺𝐷𝑃𝑡 

Cjt
𝑟 1.00     

Cjt
𝑐  0.39 *** 1.00   

𝐺𝐷𝑃𝑡  0.31 *** -0.08  1.00 

 Notes: This table presents the correlation matrix between the variables in Table 2.1. *** denotes 

significance at the 1 per cent level. 

2.3 Empirical methodology 

In exploring the long- and short-run relationship between commercial and residential real 

estate developments in the Netherlands, we applied a two-stage error correction model. In 

the first step, we estimated the long-run relationship between residential and commercial 

real estate development in region j for period t while controlling for GDP. This model has 

the form: 

𝑙𝑛 𝐶𝑗𝑡
𝑟 = 𝛾0 + 𝛾1𝑙𝑛 𝐶𝑗𝑡

𝑐 + 𝛾2𝑙𝑛 𝐺𝐷𝑃𝑡 + 𝑢𝑗𝑡                                            (2.1) 

where 𝐶𝑗𝑡
𝑟  is the residential real estate development, 𝐶𝑗𝑡

𝑐  the commercial real estate 

development and 𝐺𝐷𝑃𝑡  the Gross Domestic Product. The coefficient 𝛾1, which reflects 

the long-run relationship between residential and commercial real estate developments, 

provides important information regarding this relationship. A positive coefficient 

indicates that residential real estate complements commercial real estate whereas a 

negative estimate would indicate a substitution effect.     

In the second step, we incorporate short-term corrections to the long-run 

equilibrium relationship. These short-term corrections account for the disequilibrium, or 

speed of adjustment, in the real estate development market to return to equilibrium 

(Brounen and Jennen, 2009). We can only measure these short-term corrections if the 

trending variables of Equation (2.1) are co-integrated. Therefore, we estimate Equation 

(2.1) in first differences while including lagged residuals (short-term corrections) of the 

long-run model as regressor, such that:11 

∆ ln 𝐶𝑗𝑡
𝑟 = 𝛼0 + 𝛼1∆ln 𝐶𝑗𝑡

𝑐 + 𝛼2∆ln 𝐺𝐷𝑃𝑗𝑡 + 𝛼3𝑢𝑗𝑡−1 + 휀𝑗𝑡,                        (2.2) 

 

where 𝑢𝑗𝑡−1 captures the error correction over time. The short-run model tests whether 

residential real estate development reacts to short-run changes in commercial real estate 

                                                             
11 We first test for stationarity in the long-run model’s residuals to determine whether a 

co-integration relationship is present (see Levin et al., 2002).  
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development, to economic growth, and to the error-correction term. The estimation 

strategy is thus to first estimate the long-run model, and subsequently estimate the short-

run model.12 

As already noted in the literature, a jobs following people or people following 

jobs relationship potentially creates an endogeneity problem as the location decisions of 

households and of firms are likely to be endogenous. As a result, location choices, or the 

associated commercial and residential real estate developments, will result in biased 

parameters. What is needed is a proxy that does not suffer from this potential problem. 

We address this potential endogeneity problem by adopting an instrumental variable 

approach using lagged values of commercial real estate development as an instrument for 

commercial real estate development.13 First, we tested if the instrument is valid, because 

when the instrument is only weakly correlated with commercial real estate development, 

the estimates will be biased (Wooldridge, 2008). We tested for this eventuality using the 

F-test for weak instruments and the minimum eigenvalue statistic (Stock and Yogo, 

2005). Second, we used the Durbin Wu-Hausman test to see whether a variable presumed 

to be endogenous (commercial real estate development) should be treated as exogenous. If 

commercial real estate development is exogenous, the ordinary least square (OLS) 

estimates of the two-stage error correction model are more efficient than the instrumental 

variable approach.  

2.4 Estimation results 

Panel A of Table 2.3 contains the results for the long-run model, and the corresponding 

short-run model results are shown in Panel B. To ensure reliable estimates we also used 

instrumental variables in estimating the relationship between residential and commercial 

real estate developments (see Appendix 2A). As instrument, we included the lagged 

values of commercial real estate development. The outcomes of the instrumental variable 

approach show the following. First, there is no evidence that lagged values of commercial 

real estate development are an insufficient instrument for commercial real estate 

development (the F-value is 12.75). Second, the result of the Hausman endogeneity test is 

0.01, which is far below the five per cent confidence critical value of 3.84. Consequently, 

we feel justified in treating commercial real estate investments as exogenous, and in 

relying on the two-stage error correction model for our estimates. The long-run models 

have explanatory powers (R2-adj) ranging from 0.19 to 0.51, and the short-run models 

                                                             
12 We also attempted a Granger causality test to further investigate the relationship but the 

test lacked sufficient power due to the small number of observations. 
13 We tested several specifications of the instrumental variable approach and instrumented 

commercial real estate development on its previous lagged values. 
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have R2-adj values from 0.13 to 0.33. Overall, the results suggest that the models have 

joint significance and that a naïve model should be rejected.  

We now discuss the results for the long-run model as provided in Table 2.3: Panel 

A. Here, we correct for possible demand for space effects by including GDP. The effect 

found of GDP on residential real estate development activity was positive, and in line 

with earlier literature (see Riddel, 2004; Wigren and Wilhelmsson, 2007). We are 

particularly interested in the parameter for commercial real estate, Cjt
𝑐 , as this summarizes 

the relationship between commercial and residential real estate developments. The 

estimation results indicate a positive relationship between commercial and residential real 

estate developments. This was true in all regions tested and for both specifications of 

commercial real estate (model 1: office and industrial; model 2: only office buildings). 

Thus, there is a relationship between an expansion in commercial real estate and an 

expansion in residential real estate development activity. After controlling for changes in 

GDP, we saw, for the Randstad, that a 1 per cent increase in commercial real estate 

development is mirrored by a 0.35 per cent increase in residential real estate development. 

This outcome sheds an interesting light on the relationship between commercial and 

residential real estate developments given that the Dutch residential market is strongly 

impacted by public planning interventions (Vermeulen and van Ommeren, 2009) with an 

almost inelastic supply (Vermeulen and Rouwendal, 2007). Our results indicate that 

residential real estate development reacts to commercial real estate development and, as 

such, this outcome refines the findings of Vermeulen and van Ommeren (2009). They 

used housing stock growth as a proxy for housing supply and found that housing supply 

was insensitive to changes in employment. We measured real estate development activity 

using permits rather than completed stock, and used GDP rather than employment, and 

did find a relationship between the two. The implication of this is that not all real estate 

development activity result in new residential or commercial stock. Our main finding is 

that having permits in the real estate development and urban management planning 

process allows a connection between commercial and residential real estate developments.  

We also observed regional differences: whereas the data on the Rotterdam and 

Utrecht regions indicate a significant positive effect of commercial real estate 

development, the data on the Amsterdam region do not suggest a significant effect. This 

underlines that real estate development is a local phenomenon in which local government 

policies and land-use regulations govern land-use and real estate development. From a 

broader perspective, this is precisely the pattern one would expect to find as a result of 

differences in demographics and other local real estate market fundamentals.  
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The results of the short-run model in Table 2.3: Panel B highlights important 

differences in the short- and long-run relationships between residential and commercial 

real estate developments. First, we see that the short-run commercial real estate 

development dynamic coefficient (∆Ln(Cjt
𝑐 )) is positive but not always as statistically 

significant as in the long-run model. This suggests that either the effect size of the 

relationship between commercial and residential real estate development is weak, or the 

sample size is too small. Since we have a small sample size, we still expect a small but 

positive effect. Such an effect indicates that, even in the short-run, residential and 

commercial real estate development activities are complementary. Second, GDP has a 

considerable effect on short-run residential development activities. This short-run effect, 

which is larger than the long-run effect, is in line with previous findings (Wigren and 

Wilhelmsson, 2007). Third, we have considered whether real estate development 

activities reflect some notion of equilibrium (see Tiwari and White, 2010; Nozeman and 

van der Vlist, 2014). Such an equilibrium would mean that real estate development to an 

extent depends on the level of development in previous years. That is, real estate 

development will be lower when the development in previous years was relatively high, 

and vice versa. We can test this notion by exploiting information in the residuals of the 

long-run model and testing for the presence of a unit root. The unit-root test of the 

residuals indicates the existence of an error correction.14 The error-correction parameter 

for residential real estate development in Model 1 (Pooled (Randstad) region) amounts to 

-0.36, indicating a correction of 36 per cent if development is above its steady-state value.  

Again, we found large differences between regions. The results indicate a positive 

and statistically significant estimate for commercial real estate developments in 

Rotterdam and Utrecht, but not for Amsterdam. Thus, as in Panel A, we found a 

relationship between commercial and residential real estate development activities, this 

time in the short-run, although the magnitude of these differ between regions.  

 

 

  

                                                             
14 The Levin et al. (2002) unit-root test gives a statistic of -2.487 and -3.528 with a p-
value of 0.005 indicating that the series is stationary. For the separate regions, we use the 

ADF unit root test. For Rotterdam, the results (ADF= -3.392, p-value= 0.01) reject the 

presence of a unit root, whereas for both Amsterdam (ADF= -2.098, p-value= 0.250) and 
Utrecht (ADF= -1.184, p-value= 0.680, and for the Netherlands as a whole (ADF= -1.048, 

p-value= 0.725), the residuals suggest a unit root. 
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Table 2.3 - Error-correction model results for residential real estate development 

 Model 1 

 

Model 2 Model 3 Model 4 Model 5 Model 6 

 Pooled Offices Amsterdam Rotterdam Utrecht Netherlands 

Panel A: Long–run model 

 Ln(Cjt
𝑐) 0.35  (0.08) *** 0.18 (0.04) *** 0.15 (0.13)  0.60 (0.12) *** 0.36 (0.15) ** 0.53  (0.21) ** 

 Ln(𝐺𝐷𝑃𝑡)  0.70 (0.21) *** 0.75 (0.21) *** 0.99 (0.38) ** 0.38 (0.34)  0.65 (0.31) * 0.36 (0.27)  

 Constant -0.07 (1.31)  0.90 (1.27)  -0.54 (2.45)  0.55 (2.10)  0.30 (1.99)  2.19 (2.13)  

 N  69   69   23   23   23   23  

 R2 –adj.  0.28   0.25   0.19   0.51   0.26   0.26  

Panel B: Short-run model 

 ∆Ln(Cjt
𝑐) 0.19 (0.08) ** 0.06 (0.04)  0.07 (0.16)  0.31 (0.14) ** 0.28 (0.12) ** -0.03 (0.36)  

 Ln(𝐺𝐷𝑃𝑡) 4.00 (1.16) *** 4.18 (1.14) *** 4.48 (2.53) * 5.04 (1.93) ** 4.14 (1.69) ** 3.28 (1.89) * 

 ECT (t-1) -0.36 (0.13) *** -0.31 (0.14) ** -0.47 (0.25) * -0.73 (0.25) ** -0.38 (0.29)  -0.03 (0.26)  

 Constant -0.07 (0.05) * -0.09 (0.05) * -0.09 (0.08)  -0.09 (0.05)  -0.08 (0.05)  -0.08 (0.06)  

 N  66   66   22   22   22   22  

 R2–adj.  0.30   0.26   0.22   0.33   0.33   0.13  

Notes: This table presents the estimation results for the two-stage error-correction model approach to residential real estate development in the Amsterdam, 

Rotterdam and Utrecht regions. Panel A tests a long-run model with 𝑙𝑛𝐶𝑗𝑡
𝑟 = 𝛾0 + 𝛾1 𝑙𝑛𝐶𝑗𝑡

𝑐 + 𝛾2 𝑙𝑛𝐺𝐷𝑃𝑡 + 𝑢𝑗𝑡 and is treated as a cross-sectional fixed effects model. 

Panel B tests a short-run correction model with ∆ ln 𝐶𝑗𝑡
𝑟 = 𝛼0 + 𝛼1∆ln 𝐶𝑗𝑡

𝑐 + 𝛼2∆ln𝐺𝐷𝑃𝑡 + 𝛼3𝑢𝑗𝑡−1 + 휀𝑗𝑡 and is treated as a cross-sectional random effects model. 

The dependent variable is log residential real estate development. Model 1 shows the estimates for the panel data, and model 2 for the office-only commercial real 

estate investments. Model 3 shows the region-specific outcomes for Amsterdam, model 4 for Rotterdam and model 5 for Utrecht. Model 6 shows the outcome of a 

macro-level robustness test for the Netherlands. 𝐶𝑗𝑡
𝑐  denotes commercial real estate development, and 𝐺𝐷𝑃𝑡  the Gross Domestic Product (€ million). ECT (t-1) 

denotes the error-correction term. Standard errors are provided between brackets. Significance at the 1%, 5% and 10% levels are denoted by ***, ** and * 

respectively. 
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2.5 Conclusions 

This paper adds to the literature on the relationship between commercial and residential 

real estate developments. The literature outlines two competing views regarding this 

relationship: a substitution effect arising from land-use regulations, in terms of land, 

labour and development finance, and a complementary effect arising from the fact that 

firms will locate near people and people will locate near firms. To examine the realities of 

this relationship, we used regional data, available from public sources, on commercia l and 

residential real estate development permits in the Netherlands over the period from 1990 

to 2012. 

We used a two-step estimation approach. In the first step, we estimated the long-

run relationship between commercial and residential real estate developments. To ensure 

reliable coefficients, we also tested an instrumental variable approach. In the second step, 

we estimated a short-run model while incorporating the short-term corrections deduced 

from the long-run equilibrium model.  

We found that, in the long-run, residential and commercial real estate 

developments complement each other. This is in line with the arguments that people 

follow jobs and/or jobs follow people. This finding has implications for the job-housing 

balance. The results suggest that households wanting to live and work within close spatial 

proximity will exert pressure on future land-use as new land for development is limited. 

Further, our region-specific model shows that, at least in Rotterdam and Utrecht, 

residential real estate development complements commercial real estate development. 

Moreover, we also found a short-run complementary effect between residential and 

commercial real estate developments in Rotterdam and Utrecht. Summarizing our results, 

we conclude that the real estate development and urban planning process with its use of 

building permits enables a connection between commercial and residential real estate 

developments. 
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Appendix 2A - Instrumental variables 

In this appendix, we estimate pooled models (1) and (2) using an instrumental variable 

approach to test for the possibility of endogeneity problems between commercial and 

residential real estate developments.  

 

Table 2.4 - Robustness error-correction model results for residential real estate 

development 

 Model 1 Model 2 

Ln(Cjt
𝑐) 0.39 (0.13) *** 0.18 (0.10) * 

Ln(𝐺𝐷𝑃𝑡 )  0.39 (0.26) * 0.49 (0.26) * 

Constant 1.47 (1.57)  2.37 (1.57)  

N 60  60  

F-test for Weak Instruments 12.75  5.20  

Test for Exogeneity (Critical value) <0.01 (3.84)  0.01 (3.84)  

Notes: We used the 2sls estimation approach to test models 1 and 2. We further tested the 

robustness of this 2sls procedure and also tested with GMM. For the F-test for weak instruments, 

we rely on the minimum eigenvalue statistics. For model 1, we find that the instrument is not 

weak, whereas, for model 2, we find that the instrument is weak at the 5% level. To test for 

exogeneity, we used the Durbin Wu-Hausman test. The score test does not reject the null 

hypothesis of exogeneity and, therefore, we consider commercial real estate development as 

exogenous at the 5%. Robust standard errors are given between brackets. Significance at the 1%, 

5% and 10% levels are denoted by ***, ** and * respectively. 
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Chapter 3  

 

 

On cash flow, credit availability, and asset 

price inflation: the case of Dutch commercial 

real estate office markets  
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3. On cash flow, credit availability, and asset price inflation: 

The case of Dutch commercial real estate office markets                 

Abstract - Recent research has found that financial liberalization has strengthened the 

link between credit availability and asset prices. In real estate markets, asset prices that 

are driven by credit availability can result in a negative asset price spiral when 

destabilized or when the financial bubble bursts. We address this issue of credit 

availability and asset prices for commercial real estate markets in the Netherlands through 

a vector autoregressive framework. Using time series data for Dutch office markets over 

the 1991Q1-2011Q1 period, we find a strong relationship between credit availability and 

commercial real asset prices. This finding reveals the important role of credit availability 

in the deleveraging and significant negative price spirals seen in commercial real estate 

during the global financial crisis.  

Keywords: Asset pricing, Commercial real estate, Credit availability, Vector 

autoregressive model 
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3.1 Introduction 

Commercial real estate asset prices are volatile. Basically, there are two mechanisms 

driving real estate asset price changes. One relates to fluctuations in market fundamentals, 

namely in rental cash flows and capital discount factors. These fluctuations relate, 

respectively, to changes in user demand over the business cycle, and to the required rate 

of return on capital. The second mechanism driving real estate asset prices relates to 

mispricing, or real asset prices deviating from market fundamentals, due to credit 

availability, and this has been related to effects of price pressures and return-chasing 

behaviour (see, for a discussion, Tiwari and White, 2014). This link between credit and 

asset prices is particularly relevant to commercial real estate markets as assets are highly 

illiquid (Ling et al., 2009), infrequently traded (Lin and Vandell, 2007), display limited 

price discovery with information asymmetry (Foucault et al., 2013) and are highly 

leveraged with loan-to-value ratios of over 80 per cent (Kiyotaki and Moore, 1997). These 

stylized facts make commercial real estate markets particularly vulnerable to asset price 

inflation when credit availability causes commercial real estate asset prices to diverge 

from levels based on market fundamentals. While commercial real estate asset price 

fluctuations may reflect cash flow or discount fluctuations, it is asset price inflation 

which, when destabilized, can result in significant losses in commercial real estate asset 

prices when investors are forced to sell off commercial real estate assets.  

From a macroeconomic perspective, the literature suggests that financial 

deregulation can strengthen the link between credit availability and asset prices (Borio, 

2006; Goodhart and Hofmann, 2008). In their examination of housing markets across 17 

different countries, Goodhart and Hofmann (2008) found that liquidity shocks have an 

important role in explaining house price appreciation during periods of asset price booms. 

More recently, Liao et al. (2015) have studied the link between foreign liquidity and 

house prices in Singapore with indications of a similar relationship. Herring and Wachter 

(2003) discussed the process of credit expansion that takes place in the context of 

booming asset prices. Higher asset prices in periods of boom can increase the value of a 

bank’s capital (a feedback effect) and make them willing to increase lending. In addition, 

during boom periods, the value of the collateral on outstanding loans rises, leading to a 

reduction in perceived lending risk. This can further increase lending. Herring and 

Wachter also suggest that there are behavioural aspects to lending that should be 

considered. Firstly, they identify disaster myopia where banks underestimate the 

probability of a downward asset price spiral and, secondly, ‘perverse provisions’ by 

monetary authorities such as offering ‘a lender of last resort’ facility that encourages 

moral hazard behaviour by banks such that their lending decisions carry more risk than 

would otherwise happen in the absence of a safety net provided by monetary 

policymakers (Ball, 2010). It is in the context of this liberalized financial setting that asset 
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price volatility has been documented in real estate markets across the world. While the 

connection between credit and house prices is apparent, the connection between credit and 

commercial real estate prices has received much less attention. As the link between credit 

and asset prices is especially relevant to illiquid commercial real estate markets, this paper 

considers commercial real estate markets.  

Theoretical studies on asset price inflation in illiquid asset markets show that 

credit availability plays a crucial role in investments by determining the ease and 

opportunities for lending (or ‘funding liquidity’ as defined by Brunnermeier and Pedersen, 

2009), thereby affecting investors’ trading and bidding behaviour. Investors in markets 

with limited arbitrage turn out to outbid competitors, resulting in rising asset prices when 

credit is available. Credit availability is also affected by monetary liquidity, or the 

monetary aggregates of the central bank. This monetary transmission mechanism mainly 

affects asset prices through funding liquidity (Foucault et al., 2013). However, empirical 

evidence on asset price inflation in commercial real estate asset markets is rather thin and 

mixed. For example, Ling et al. (2009) do not find evidence of credit availability 

influencing the asset prices of private UK commercial real estate over 1987-2007. Davis 

and Zhu (2011), on the other hand, do find evidence of asset inflation for 17 countries 

over the 1970-2001 period, although they do not take into account that asset prices and 

credit availability may be mutually reinforcing in illiquid markets. More recently, Ling et 

al. (2013) do find evidence of a positive relationship between credit availability and real 

asset prices for US markets using a Vector Autoregressive (VAR) framework to capture 

the endogenous relationship between asset prices and credit availability. 

The aim of this paper is to contribute to this debate on asset price inflation in 

illiquid commercial real estate markets. First, we jointly model commercial asset prices 

and credit availability for the Netherlands, a commercial real estate market in a small 

open economy. In investigating this market, we formulate a VAR framework that captures 

the possible endogenous relationships between commercial asset prices, market 

fundamentals and credit availability.  

Second, unlike most research, we use transaction-based data rather than appraisal-

based data to construct indices for asset prices as well as for rents. We estimate these 

indices with location-specific fixed effects to control for cross-sectional differences in 

commercial real estate price responses. Most studies on commercial real estate use 

appraisal-based data and thereby suffer from appraisal smoothing, while lacking adequate 

transaction-based asset price data or data on rental cash flows, and therefore are at risk of 

misstating de- or appreciation and associated asset price risks for given periods (Darrat 

and Glascock, 1993). We draw from a large comprehensive database that includes 3,518 

commercial real estate office transactions and 17,510 rental transactions in the 

Netherlands during the period 1991Q1-2011Q1.  
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The outline of this paper is as follows. The next section presents a model of asset 

price inflation in the relatively illiquid commercial real estate market. Section 3.3 

describes our empirical model relating commercial real estate asset prices to market 

fundamentals and credit availability, while Section 3.4 describes the data and descriptive 

statistics. Section 3.5 presents estimation results. Finally, Section 3.6 offers concluding 

remarks. The notation used is summarized in Appendix 3A. 

3.2 Modeling asset price inflation in commercial real estate  

To model the effect of asset price inflation in the relatively illiquid commercial real estate 

market we relate commercial real estate asset prices to cash flows, to the capital discount 

factor and to credit as follows: 

ln𝑃𝑡 = ln𝑅𝑡 − ln𝐾𝑡 + ln𝐹𝑡                                                                                             (3.1) 

where 𝑃𝑡  is the commercial real estate asset price for period t, 𝑅𝑡 is the commercial real 

estate rent (cash flow) for period t, 𝐾𝑡 is the discount factor or capitalization rate for 

period t, and 𝐹𝑡 is the credit availability for period t.     

Gaining an understanding of fluctuations in commercial real estate asset prices 

will provide a deeper insight into the fluctuations in market fundamentals. First, 

fluctuations in commercial real estate asset prices are related to changes in commercial 

real estate rents since an upward shift in commercial real estate rents will increase 

commercial real estate asset prices, whereas an upward shift in the capitalization rate will 

decrease commercial real estate asset prices. The commercial real estate rent (𝑅𝑡), 

following Englund et al. (2008) and Hendershott et al. (2010), is related to the demand for 

office space as follows:  

ln 𝐷𝑡(𝑅𝑡, 𝐸𝑡) = 𝜆0 + 𝜆𝑅 ln 𝑅𝑡 + 𝜆𝐸 ln 𝐸𝑡                                                         (3.2) 

where 𝐷𝑡 is the long-run demand for square metres of office space, 𝑅𝑡 is the commercial 

real estate rent, 𝐸𝑡 is the office employment, 𝜆𝑜 is a constant (the technological 

coefficient), 𝜆𝑅 is the implied price (expected to be negative) elasticity, and 𝜆𝐸 the income 

(expected to be positive) elasticity. Thus, assuming equilibrium between stock (𝑆𝑡) and 

demand (𝐷𝑡), and correcting for vacancies, we get: 

𝐷𝑡(𝑅𝑡, 𝐸𝑡) =  (1 − 𝑉𝑡)𝑆𝑡                                                                                               ( 3.3) 

Substituting (3.3) into (3.2) and taking logarithms leads to: 

ln𝑅𝑡 = 𝛾0 + 𝛾𝐸 ln 𝐸𝑡 + 𝛾𝑆ln (1 − 𝑉𝑡 ) + 𝛾𝑆 ln𝑆𝑡                                                             (3.4) 
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such that 𝑅𝑡 varies over time and depends on the values of 𝐸𝑡, 𝑆𝑡, and 𝑉𝑡. Further, we can 

derive the implied price elasticity of the demand equation (equation 3.2) as 𝜆𝑅 = (1/𝛾𝑆) 

and income elasticity as 𝜆𝐸 = (−𝛾𝐸/𝛾𝑆). 

A second source of fluctuations in commercial real estate asset prices relates to 

the discount factors or capitalization rates. The capitalization rate, following Di Pasquale 

and Wheaton (1992) and Hendershott and MacGregor (2005), is related to the long-term 

interest rate, to the premium for the risk on rental income and to rental growth expectation 

as follows: 

𝐾𝑡 = 𝐼𝑇𝑡 + 𝑝𝑟𝑒𝑚𝑡 − 𝐺𝑡                                                                                             (3.5) 

where 𝐼𝑇𝑡  is the long-term interest rate for period t, 𝑝𝑟𝑒𝑚𝑡 is the risk premium on 

rental income for period t, and 𝐺𝑡 the rental growth income for period t. This reveals that 

an increase in the property’s required rate of return on capital will increase the 

capitalization rate, whereas an upward shift in rental growth expectations will decrease 

the capitalization rate. 

A third source of fluctuations in commercial real estate asset prices is linked to 

credit availability and is captured in 𝐹𝑡 in equation (3.1). The role played by credit 

availability, or lending, in real estate asset pricing was noted by Hendershott (2000), who 

noted that ‘profligate lending’ for real estate impacted commercial real estate asset prices. 

He further suggested that investors have not understood property markets: “Given the 

incentives of developers to build when value rises substantially above replacement cost 

and not to build when value is low relative to replacement cost, the property market has to 

be mean reverting” (ibid, p. 68). If investors do not take this into consideration “they will 

overvalue properties when prices are already high and undervalue properties when prices 

are low, exaggerating the cyclical swings in commercial real estate asset prices and thus 

in office construction and vacancies” (Hendershott, 2000, p. 68). Further, Adrian and Shin 

(2008) indicated that banks have a leverage-ratio target such that higher asset prices 

strengthen banks’ balance sheets and lower their leverage ratio thereby encouraging more 

lending in periods of booming asset prices. Combining this with the credit expansion that 

occurs during asset price booms, for the reasons outlined by Herring and Wachter (2003), 

it seems reasonable to test for a role of credit availability in the relatively illiquid 

commercial real estate market. 
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3.3 Empirical methodology  

The commercial real estate asset price model of equation (3.1) will be estimated in a 

dynamic model of market fundamentals and credit availability. To capture these 

dynamics, and possible endogenous relationships among commercial real estate asset 

prices, fundamentals and credit availability, we employ a vector autoregressive (VAR) 

framework. In a VAR framework, a system of multiple endogenous and exogenous 

variables is estimated using linear functions of lagged values. The VAR model considered 

here for endogenous variable (𝑦𝑡 ) at lag length p describes the short-run dynamics and 

captures the possible endogenous relationships among asset prices (𝑃𝑡), rents (𝑅𝑡), 

capitalization rates (𝐾𝑡), and credit availability (𝐹𝑡) at times t = 1, 2 …, T. This model is 

presented in equation (3.6): 

𝑦𝑡 = 𝜇 + 𝐴1𝑦𝑡−1 + ⋯ + 𝐴𝑝𝑦𝑡−𝑝 + 𝜖𝑡                                                                            (3.6) 

where 𝐴𝑖 (I = 1,…,p) is a (K x K) matrix of parameters, 𝜇 is a (Kx1) vector of intercepts, 

and the error term 𝜖𝑡 is a K vector of white noise.   

The decision over the number of lags to include in a VAR framework is based on 

the Akaike Information Criteria (AIC) for various lag lengths (p). The Schwarz Bayesian 

Information Criteria (SBIC) and likelihood ratio selection criteria to test the robustness of 

the AIC lag-length selection procedure was used. Further, when examining the 

coefficients of the VAR framework, we focus on the cumulative effect of the endogenous 

variables using the Wald test of joint significance. Finally, cumulative orthogonalized 

impulse response functions were incorporated to investigate the effect of a shock to an 

impulse variable on the response variable. Through this, the effect of a one standard 

deviation (SD) shock in an endogenous variable in terms of the change in the response 

variable in subsequent quarters could be investigated. Here, 95 per cent confidence 

bounds were employed to judge the statistical significance of the impulse response 

functions.         

3.4 Data and descriptive statistics 

3.4.1 Geographical research area 

The Dutch commercial real estate office market consists of 47 million square metres of 

office space (Bak, 2011). The Randstad area, the economic core of the Netherlands, 

located in the west of the country encompasses the three major Dutch office markets of 

Amsterdam, Utrecht, and Rotterdam and The Hague (Rotterdam and The Hague are 
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hereafter referred to simply as Rotterdam) as shown in Figure 3.1.15 Along with 

agglomerations such as London and Paris, the Randstad is one of the most urbanized 

concentrations in North West Europe. Together, the three metropolitan areas house 55 per 

cent of the total Dutch office stock. In economic terms, the three metropolitan regions 

account for 25 per cent of all jobs, and 29 per cent of the total value added in the 

Netherlands. Of the three markets, Amsterdam contributes the highest proportion of total 

value added, followed by Rotterdam and Utrecht.  

3.4.2 Commercial real estate asset prices, fundamentals and credit 

availability 

The transaction-based data used here for commercial real estate asset prices are drawn 

from the Strabo commercial real estate database, and cover the January 1991-March 2011 

period. Established in 1982, Strabo is a company that collects information on individual 

commercial real estate asset and rental transactions in the Netherlands for the real estate 

professional. The dataset contains information on the location and date of each 

transaction. The main benefit of using this dataset compared to previous research was the 

use of transaction-based data rather than appraisal-based data. The dataset used covers the 

Netherlands over the 1991Q1-2011Q1 period.  

Based on the Strabo commercial real estate database, we construct a commercial 

real estate asset price index (𝑃𝑡). The advantage of this price index was having a constant-

quality measure of asset price per square metre. 16 From this index, we utilize the quarterly 

change in the price index as our dependent variable of commercial real estate asset price 

movements. The control variables included captured potential variations in commercial 

real estate asset prices. The rent (cash-flow income) is used in the form of a quarterly 

change in the commercial real estate rent index (𝑅𝑡) based on individual transactions.17 

The capitalization rate (𝐾𝑡) measures the median capitalization rate in the Netherlands 

over time. Moreover, inflation (𝐼𝑁𝑡) and the yield (𝐼𝑇𝑡) on ten-year European Union 

                                                             
15 In this paper we define metropolitan areas on the COROP, or NUTS3, level. As such, 

we denote the Greater-Amsterdam region as Amsterdam; the Greater-Rijnmond and 's-
Gravenhage Agglomeration as Rotterdam; and Utrecht as Utrecht.  
16 The quarterly commercial real estate asset price index is based on a hedonic approach 
(1991=100) in which time-dummies are used to construct a price index. In this hedonic 

approach, we regress individual asset prices on property characteristics (including 
building size and building type (new/existing)) and locational fixed effects (PC 2). We 

further use clustered robust standard errors on the PC 6 level.  
17 The quarterly commercial real estate rent index is based on a hedonic approach 

(1999=100) in which time-dummies are used to construct a rent index. Here, we regress 

individual rents on property characteristics (such as building size and building type 
(new/existing)) and locational fixed effects (PC 2). We further use clustered robust 

standard errors on the PC 6 level.  
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Treasury securities were included as control variables to capture other potential causes of 

variation in commercial real estate asset prices. 

 

Figure 3.1 Dutch regional office markets     

Notes: The Amsterdam Region includes the following large office markets: 

Amstelveen, Amsterdam, Diemen and Haarlemmermeer (Schiphol), The Rotterdam 

region includes the large office markets of Capelle aan den IJssel, Rotterdam and The 

Hague. The Utrecht region includes the large office markets of Nieuwegein and Utrecht. 

The variable we are interested in is credit availability, and this could be measured 

in several ways. First, one could measure credit availability based on the Dutch National 

Bank (DNB) quarterly National Bank Lending Survey among Dutch banks (similar to the 

one in the US).18 However, such a measure is unavailable for the 1991-2011 period in the 

Netherlands, and, furthermore, unlike the United States, does not capture a commercial 

                                                             
18 The purpose of this survey is to collect opinions on lending standards in the euro area, 
and, furthermore, to enhance knowledge about financing conditions in the euro area to 

help the European Central Bank (ECB) assess monetary policy decisions (ECB, 2013). 
The bank lending survey is based on the following questions: “Over the past three 

months, how have your bank’s credit standards as applied to the approval of loans or 

credit lines to enterprises changed?” Responding banks can choose one of the following 
options on their bank lending standards: Tightened considerably, Tightened somewhat, 

Remained basically unchanged, Eased somewhat, and Eased considerably. 
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real estate lending component.19 We therefore base our primary measure for credit 

availability on a measure of bank liquidity creation maintained by the DNB.20 We 

hypothesize that an increase in bank liquidity creation will be highly correlated with credit 

availability to commercial real estate investors. Based on this assumption, we utilize the 

natural log of the change in bank liquidity creation as our primary measure for credit 

availability.21 Furthermore, we employ an additional measure of credit availability based 

on the pension funds’ quarterly investments in commercial real estate (F1t), maintained by 

the DNB.22 In the Netherlands, pension funds constitute a large proportion of the 

institutional investors in commercial real estate and, therefore, we would expect a strong 

correlation between the increase in the value pension funds invest in commercial real 

estate and credit availability.  

3.4.3 Descriptive statistics 

Descriptive statistics of the commercial real estate asset price index, market fundamentals, 

credit availability and control variables are presented in Table 3.1. The mean growth in 

commercial real estate asset prices was approximately 56 per cent over the 1991-2011 

period. This is considerably higher than the increase in the commercial real estate rent 

index, which averaged 33 per cent over the same period. The quarterly price return of the 

transaction based asset price index is 1.61 per cent.23 However, quarterly price return 

changes have changed between -22.2 to 30.1 per cent, indicating volatility in the asset 

price index. In contrast, the quarterly rental income of the transaction based rent index is 

0.58 per cent, ranging from a low of -4.6 per cent to a high of 5.6 per cent. The 

capitalization rate averaged 8.28 per cent over the sample period, ranging from a low of 

5.70 per cent to a high of 12.94 per cent. Turning to our credit availability measure, total 

bank liquidity creation averaged € 220 billion, with a low of €116 billion and a high of 

€373 billion. In contrast, the pension funds investment averaged €15 billion, with a low of 

                                                             
19 One could also measure the value of Special Purpose Vehicles (SPVs) issued in 
Commercial Backed Securities (CMBS). However, such data are unavailable for the 

Netherlands for the 1991-2011 period.  
20 Unlike Ling et al. (2013), we are unable to construct an equal weighted index due to 
data restrictions. 
21 Davis and Zhu (2011) use the difference (∆) and flow of real bank credit to the private 
sector as their primary measure of bank lending activity (credit availability).  
22 Note that Dutch pension fund investments incorporate equity and debt which results in 
compounded investments. The latter implicates that this measure of credit availability 

incorporates leverage and not only investment capital per se. Nonetheless, we expect the 
investment in Dutch pensions funds (including leveraged) to be correlated with 

commercial real estate asset prices.    
23 The year-on-year quarterly asset price return is 4.43 per cent, ranging from a low of 
minus 23.5 to a high of 32 per cent. In contrast, the year-on-year quarterly rent return is 

2.5 per cent, ranging from a low of minus 7.3 to a high of 13 per cent.    
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€6 billion and a high of €20 billion. Furthermore, the mean inflation rate was 2.3 per cent 

over the sample period, ranging from a low of 0.20 per cent to a high of 4.90 per cent. 

Finally, the mean return on a ten-year T-bill was 5.72 per cent, with values ranging from 

3.26 per cent to 10.20 per cent (peaking in the early 1990s). Having collected these 

descriptive statistics, we tested to see whether the time series were stationary. The results 

indicate that the hypothesis of a unit root could not be rejected for the variables in levels. 

In Figure 3.2, we depict the region-specific and national hedonic commercial 

real estate asset prices and the corresponding hedonic rent indices. First, we observe 

regional differences in the commercial real estate asset price index, with Amsterdam 

being more volatile than both Rotterdam and Utrecht. Second, one can see booming 

commercial real estate rent indices in all regions leading to a peak in 2001. Subsequently, 

rents decreased somewhat after the Dot-Com bubble burst. This, relates to the increased 

supply in the office market in the 1998-2002 period and the increasing vacancy rate since 

the 2000s (see Brouwer, 2014). Clearly, asset prices have displayed a different pattern to 

rents in the Dutch commercial real estate market.  

Figure 3.3 shows the capitalization rate and credit availability (in terms of bank 

liquidity creation) for the 1991-2011 period. All monetary values (credit availability) have 

been deflated to 1991 values using the consumer price index. One can see a compression 

in capitalization rates in the period from 1995 until the global financial crisis  (the four 

quarter moving average shows this trend more clearly). In the same period, the credit 

availability was slightly up trending in the period up to 1998, followed by an increase 

until late-2007 after which it stabilized. In contrast, the trend in Dutch pension funds’ 

investments showed a similar trend until late-2005. The trend then reversed and credit 

availability increased again until the financial crisis hit in late-2007, which was followed 

by a sharp fall in credit.  
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 Table 3.1- Data description and descriptive statistics 

Variable Definition Mean Median SD Min Max ADF p-value 

(Pt) Commercial real estate asset price index 156.4 170.4 53.1 81.1 251.9 -1.465 0.551 

(R t) Commercial real estate rent index 133.1 143.6 22.1 99.6 162.9 -1.108 0.711 

(K t) Capitalization rate 8.28 8.03 1.39 5.70 12.94 -2.36 0.15 

(Ft) Credit availability 220 217 84 116 373 0.453 0.994 

(F1t) Credit control 15 17 3 6 20 0.951 0.994 

(INt) Inflation 2.30 2.10 0.98 0.2 4.9 -2.297 0.173 

(ITt) T-bill rate on ten-year treasury securities 5.72 5.00 2.09 3.3 10.2 -2.203 0.205 

Notes: This table presents descriptives over the period 1991Q1-2011Q1 (N= 81). ASSET (Pt) is a quarterly hedonic commercial real estate asset price index based 

on individual transactions. RENT (R t) is a quarterly hedonic commercial real estate rent index based on individual transactions. Capitalization Rate (K t) is the 

quarterly mean yield in the Netherlands as a percentage, based on Strabo data. Credit (Ft) is a bank liquidity measure maintained by the Dutch National Bank (in 

billion €). CREDIT1 (F1t) is a robustness check for our measure of credit availability and measures Dutch pension funds’ investments in commercial real estate (in 

billion €). Our control variables include inflation (INt) and the T-bill rate (ITt) on ten-year treasury securities. We carried out an Augmented Dickey-Fuller unit-root 

test to test: H0 - there is a unit root; and Ha - the series is stationary. 
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Figure 3.2 Commercial real estate indices           

Notes: This figure shows the hedonic price index for commercial real estate over the sample period 1991Q1-2011Q1. The upper graphs show 

the commercial real estate price index for different regions in the left graph and the national price index in the right graph. The lower graphs show 

the equivalent commercial real estate rent indices. 
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Figure 3.3 Capitalization rates and credit availability    

Notes: This figure shows the capitalization rate and credit availability over the 

1991Q1-2011Q1 period.  

3.5 Estimation results 

Table 3.2 provides estimates of our baseline VAR models for commercial real estate 

prices in the Netherlands and captures the relationship between asset prices and credit 

availability.24 The first notable finding is that the sum of the coefficients of the change in 

credit availability (∆ CREDITt−1 to t−4) is significant and positive. This result is consistent 

with Ling et al. (2013) who found that credit availability influences commercial real estate 

asset price movements in the commercial real estate market. This suggests that credit 

availability boosts the demand for commercial real estate and drives commercial real 

estate asset prices higher (see Davis and Zhu, 2011). This finding is in contrast with a 

                                                             
24 The Augmented Dickey-Fuller test indicates that all variables are stationary in terms of 

first differences.  
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different specification of credit availability (Panel B). That is, measuring credit 

availability (∆ CREDIT1t−1 to t−4) by investments of Dutch pension funds did change the 

significance of the outcome. The fact that the estimated coefficient of credit availability in 

Panel B is insignificant might be due to the unusual drop of pension investments in late 

2005 (see Appendix 3B). The latter could be explained by the fact that the drop in 

investments is driven by pension specific policies rather than by market forces.     

We next investigate the presence of a feedback effect from asset prices to credit 

availability. The sum of the coefficients of the change in the commercial real estate asset 

price index (∆ ASSETt−1 to t−4) is positive but only significant in Panel B. Thus, 

depending on the measure of credit availability, the results suggest a feedback effect of 

changes in commercial real estate asset prices on future credit availability. This is in line 

with previous findings (Herring and Wachter, 2003; Brunnermeier and Pedersen, 2009; 

Ling et al., 2013) that higher asset prices can increase the willingness to lend.  

Table 3.2 - VAR results of commercial real estate asset prices and credit availability 

Panel A: Using credit availability 

Endogenous Variables ∆𝐴𝑆𝑆𝐸𝑇                    ∆𝐶𝑅𝐸𝐷𝐼𝑇  

∆ ASSETt−1 to t−4 -1.503 (0.000) *** 0.001 (0.696)  

∆ 𝐶𝑅𝐸𝐷𝐼𝑇𝑡−1 𝑡𝑜 𝑡−4 295.83 (0.046) ** 

 

0.028 (0.231)  

R2 0.56  0.14  

Panel B: Using different proxy for credit availability 

Endogenous Variables  ∆ 𝐴𝑆𝑆𝐸𝑇                  ∆ 𝐶𝑅𝐸𝐷𝐼𝑇1  

∆ ASSETt−1 to t−4 -1.330  (0.000) *** 

 

0.004  (0.061) * 

∆ CREDIT1t−1 to  t−4 79.126  (0.365)  

 

-0.174 (0.861)  

R2 0.52  0.17  

Notes: This table presents results from an unrestricted quarterly Vector Autoregressive (VAR) 

model for the commercial real estate office market in the Netherlands. The lag-length of each 

VAR is based on the AIC, the SBIC and the likelihood ratio for various quarterly lag lengths. The 

sample period spans 1991Q1-2011Q1. ∆ denotes the first difference of the variables. ∆ ASSET 

(𝑃t ) is the change in the commercial real estate asset price index. ∆ CREDIT (Ft) is the change in  

bank liquidity maintained by the Dutch National Bank. ∆ CREDIT1 (F1t) is the change in 

commercial real estate investments by Dutch pension funds. Our control variables are the lagged 

inflation and the T-bill (interest rate). To examine the cumulative effect of the lagged endogenous 

variables, we report the sum of the estimated lagged coefficients and p-values associated with the 

Wald test for joint significance. p-values are presented between parentheses. *, ** and *** 

indicate values that satisfy the 10 per cent, 5 per cent and 1 per cent significance levels 

respectively. 
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Figure 3.4 shows the impulse response functions resulting from a one SD shock to 

commercial real estate asset prices and credit availability. Initially, a positive shock in 

credit availability (∆ 𝐶𝑅𝐸𝐷𝐼𝑇) results in a positive change in the commercial real estate 

asset price (∆ 𝐴𝑆𝑆𝐸𝑇) in the subsequent four quarters. This illustrates that credit 

availability, in terms of bank liquidity, affects commercial real estate asset prices. The 

figure also shows that a positive shock in the commercial real estate asset price (∆ 

ASSET) has a positive impact on credit availability (∆ 𝐶𝑅𝐸𝐷𝐼𝑇1) in the subsequent four 

quarters. This implies a feedback effect between asset pricing and credit availability, with 

banks willing to increase lending during boom periods.     

Further, to the extent that lagged asset prices do not incorporate complete 

information of market fundamentals, we also included the rent and capitalization rate in 

the VAR framework.25 These results are presented in Table 3.3. The estimates in Table 

3.3 reflect that the sum of the coefficients of the change in credit availability (∆ 

CREDITt−1 to t−4) is significant and positive.  

This indicates that credit availability, in terms of bank liquidity, affects 

commercial real estate asset prices irrespective of whether the market fundamentals are 

included. Moreover, the commercial real estate rent index (∆ RENTt−1 to t−4) has a 

positive but statistically insignificant effect, whereas the effect of (∆ YIELDt−1 to t−4) is 

negative and insignificant. This provides evidence that fundamentals are reflected in 

lagged asset prices (∆ ASSETt−1 to t−4). 

To provide further insight into the relationships, we examine the response of 

commercial real estate asset prices to a 1 SD impulse shock to commercial real estate 

rents and to credit availability. The results in Figure 3.5 show that a 1 SD shock in 

commercial real estate rents (∆ RENT) has a small but insignificant positive impact on 

commercial real estate asset prices over the subsequent four quarters. Further, the effect of 

a 1 SD shock to credit availability has a positive impact on the commercial asset price in 

the subsequent four quarters. This implies that commercial real estate office markets that 

experience asset price inflation are at risk of seeing falling asset prices.  

 

                                                             
25 For comparison purposes, we also included the rent and the capitalization rates as 
exogenous variables in the model. This did not significantly change the effect of credit 

availability on commercial asset prices.  
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Figure 3.4 Impulse response functions – Commercial real estate asset prices  

Notes: This figure shows impulse response functions for the commercial real estate asset price index and credit availability measures over 

the sample period 1991Q1-2011Q1 (corresponding to the VAR models in Table 3.2, Panel A and Panel B). Cumulative impulse response functions 

are used to illustrate the cumulative effect of a shock on a response variable. The left plots are impulse response functions showing the response of 

the commercial real estate asset price index to a 1 SD shock in credit availability. The right-hand plots show the impulse response function for credit 

availability to a 1 SD shock in the commercial real estate asset price index.  



65 

 

Table 3.3 - VAR results commercial real estate asset prices, fundamentals and credit availability  

Endogenous Variables ∆ 𝐴𝑆𝑆𝐸𝑇  ∆ 𝑅𝐸𝑁𝑇  ∆ 𝐶𝐴𝑃  ∆ 𝐶𝑅𝐸𝐷𝐼𝑇 

∆ ASSETt−1 to t−4 -1.823 (0.000) *** 0.336 (0.141)  -0.003 (0.302)  0.001 (0.716)  

∆ RENTt−1 to t−4 1.565 (0.740)  -0.538 (0.098) * -0.098 (0.432)  -0.001 (0.990)  

∆ 𝐶𝐴𝑃𝑡−1 𝑡𝑜 𝑡−4 -15.151 (0.157)  -0.052 (0.633)  -2.179 (0.000) *** -0.060 (0.653)  

∆ 𝐶𝑅𝐸𝐷𝐼𝑇𝑡−1 𝑡𝑜 𝑡−4 270.355 (0.073) * 28.152 (0.504)  -4.234 (0.371)  0.082 (0.276)  

R2 0.62  0.25  0.52  0.17  

Notes: This table presents results from our unrestricted quarterly Vector Autoregressive (VAR) model for the commercial real estate office market in the 

Netherlands. The lag-length of each VAR is based on the AIC, the SBIC and the likelihood ratio for various quarterly lag lengths. The sample period spans 

1991Q1-2011Q1. ∆ ASSET (𝑃t ) is the change in the commercial real estate asset price index. ∆ Rent (R jt) is the change in the commercial real estate rent 

index. ∆ CAP (K t) is the change, based on Strabo, in the Dutch capitalization rate. ∆ CREDIT (Ft) is the change in bank liquidity maintained by the Dutch 

National Bank. As control variables, we included the lagged inflation and T-bill rates. To examine the cumulative effect of the lagged endogenous variables, 

we calculate the sum of the estimated lagged coefficients and p-values associated with the Wald test for joint significance. p-values are presented between 

parentheses. 10 per cent, 5 per cent and 1 per cent significance levels are indicated by *, ** and ***, respectively. 
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Figure 3.5 Impulse response functions – Commercial real estate asset prices  

Notes: This figure shows impulse response functions for the commercial real 

estate asset price index over the sample period 1990Q1-2011Q1 (corresponding to the 

VAR model in Table 3.3). The upper graph plots the impulse response function for 

commercial real estate asset price index to a 1 SD shock in the commercial real estate rent 

index. The lower graph plots the impulse response function for commercial real estate 

asset price index to a 1 SD shock in credit availability.  

Overall, credit availability has a considerable and economically significant effect 

on commercial real asset prices. This suggests that credit availability may lead to property 

prices increasing beyond what market fundamentals would indicate. The finance literature 

relates asset price inflation to various aspects including credit expansion, economic 

growth and leverage (see Brunnermeier, 200926; Brunnermeier and Pedersen, 2009; Davis 

                                                             
26 Brunnermeier (2009) noted a large wealth loss on the US market when the housing 
bubble burst (with significantly falling prices) forcing banks to write down billions of 

dollars due to deleveraging and “mortgage delinquencies”. 
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and Zhu, 2011). As such, asset price inflation is undermined when commercial real estate 

asset prices start falling, and investors are subjected to increasing risk and to deleveraging 

and negative real asset price spirals. In other words, asset price inflation creates asset 

price bubbles for office markets in which commercial real estate asset prices are above 

market fundamentals. 

3.6 Conclusions 

In this paper, we report on our examination of the effect of credit availability on 

commercial real asset prices to test for the presence of asset price inflation. Although 

fluctuations in real asset prices may reflect cash flow fluctuations, it is asset price 

inflation that, when destabilized, can result in a falling asset price spiral when investors 

are forced to sell their real estate assets. It is therefore important to understand how far 

credit availability drives asset prices above their fundamental level. To address this, we 

have used a vector autoregressive (VAR) framework to investigate the effect of credit 

availability on commercial real estate asset prices. For this, we used transaction-based 

data to construct a commercial real estate asset price index for the Netherlands over the 

period 1991Q1-2011Q1.    

This paper reports that the effect of credit availability on commercial real estate 

asset price movements is considerable. As credit availability increases, asset prices may 

rise above levels that reflect market fundamentals. As such, our results are economically 

significant and provide support for the existence of asset price inflation. Overall, our 

study supports the claim that asset price inflation affects commercial real estate asset 

prices. 

This paper has implications for real estate asset management practice. The results 

suggest that those office markets in which credit availability partially drives commercial 

real estate asset prices are subject to deleveraging, and are at risk of negative commercial 

real estate asset price spirals. This seems to support anecdotal evidence that markets that 

are more affected by credit availability are also the more volatile. Whether market 

liquidity, which is typically lower in small commercial markets, plays a role in 

commercial real estate asset price dynamics remains to be determined.  
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Appendix 3A - Glossary of model notation 

This appendix presents a glossary of the notations used in the modeling in this article: 

𝑃𝑡   = Commercial real estate asset price index for period t. 

𝑅𝑡  = Commercial real estate rent index for period t. 

𝐾𝑡  = Capitalization rate for period t. 

𝐹𝑡  = Credit availability for period t. 

𝐹1𝑡  = Credit availability relative to GDP for period t. 

𝐸𝑡  = Office employment for period t. 

𝑆𝑡  = Stock for commercial real estate for period t. 

𝑉𝑡  = Vacancy rate for commercial real estate for period t. 

𝐺𝑡  = Rental growth expectation for period t. 

𝐼𝑇𝑡   = Interest rate for period t. 

𝑝𝑟𝑒𝑚𝑡  = The premium risk on rental income for period t.   

𝐷𝑡  = Demand for office space in square metres for period t. 

𝜆0  = Constant in the demand equation (Eq. 3.2). 

𝜆𝑅  = Price elasticity of the demand equation (Eq. 3.2). 

𝜆𝐸  = Income elasticity of the demand equation (Eq. 3.2). 

𝛾𝑆  = Supply coefficient. 

𝛾𝐸  = Employment coefficient.  

 

  



71 
 

Appendix 3B - Credit availability proxy 

 

 

Figure 3.6 Credit availability proxy  

Notes: This figure shows the credit availability measure based on the outstanding 

investments by Dutch pension funds over the 1991Q1-2011Q1 period.  

  

0

5

10

15

20

25

1991Q1 1995Q1 1999Q1 2003Q1 2007Q1 2011Q1

C
re

d
it

 a
va

il
ab

il
it

y
 (

in
 B

il
li

o
n
 €

) 



72 
 

  



73 
 

Chapter 4  

 

 

The geography of market liquidity pricing and 

commercial real estate sales 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



74 
 

  



75 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. The geography of market liquidity pricing and 

commercial real estate sales  

Abstract – This paper measures whether market liquidity, or the ability to trade real 

estate assets in a short period of time at market value, affects commercial asset prices. 

Using transaction-based data for the commercial real estate market in the Netherlands 

over 1990-2011, we find that investors are willing to pay a premium for more liquid 

commercial real estate assets. Our analysis suggests an increase in the commercial asset 

price of approximately 0.35 to 0.68 per cent associated with market liquidity. In addition, 

we find that investors are willing to pay a higher market liquidity premium for 

commercial assets that are in regional and secondary markets than for those in prime 

office markets. The results are robust to different market liquidity measures and 

alternative model specifications.  

 

Keywords: Commercial real estate valuation, Market liquidity, Asset pricing, 

Geographical variation.  
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4.1 Introduction 

The period 2000-2010, one of the most exceptional decades in post-war commercial real 

estate markets, has underlined the importance of real estate market liquidity, or the ability 

to quickly trade an asset in a short period of time at market value. Real estate market 

liquidity was extremely low in those days, with investors experiencing difficulty in 

refinancing their investment portfolio and often unable to dispose of their commercial real 

estate. This phenomenon led some investors to concentrate on geographical ‘safe havens’ 

with relatively liquid commercial real estate markets. This chapter considers whether 

investors pay a premium for real estate assets in the more-liquid markets.  

The issue of market liquidity and its relationship with asset pricing has been 

extensively discussed in the finance literature (Brunnermeier and Pedersen, 2009; 

Foucault et al., 2013, IPF, 2015).27 Standard asset pricing theory states that, in a 

frictionless world, assets can be traded in a short period of time at market value without 

any costs for ‘market’ illiquidity (Amihud et al., 2005). In the presence of friction, 

however, market liquidity results in a premium for stocks and bonds (Amihud, 2002; Bao 

et al., 2010; Acharya et al., 2010). The rationale underlying these studies is that asset 

prices will rise if assets are more liquid.  

For real estate markets, such evidence of a liquidity premium is mixed. Ling et al. 

(2009) for example do not find evidence of market liquidity (measured as capital flows) 

driving asset price movements.28 On the other hand, Fisher et al. (2009) do find evidence 

that capital flows drive subsequent returns on commercial real estate. 29 More recently, 

Ling et al. (2013) have found evidence of a positive impact of market liquidity on 

commercial real estate asset prices in the US market.30 One reason for the mixed findings 

is that current studies largely overlook the geographical component of market liquidity in 

the commercial real estate market. This geographical component is important as real 

estate markets are embedded in, and influenced by, local-level conditions (Nozeman and 

van der Vlist, 2014). These local conditions include the presence of agglomeration 

economies (Koster et al., 2014). Potential investors may interpret assets in such situations 

as less risky given future opportunities of disposition (Lusht, 2001). These less risky 

assets are also associated with search costs, which are lower when market liquidity is high 

                                                             
27 The Investment Property Forum (2015) has investigated liquidity in commercial 
property markets and introduce a wide range of liquidity measures. 
28 Ling et al. (2009) investigate the relationship between capital flows, turnover and 
returns in the UK.  
29 Fisher et al. (2009) show that capital flows are associated with subsequent returns in the 

US. 
30 Ling et al. (2013) use the aggregated percentage of properties sold in the NCREIF 

database as their prime measure of market liquidity.  
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as the demand for real estate, i.e., the possibility of transactions, is probably higher. For 

this reason, it is plausible to presume that geographical variation in market liquidity plays 

an important role in commercial real estate asset pricing. Furthermore, this rational links 

to the work of Lizieri et al. (2000) who suggest that greater liquidity in office markets 

may result in a premium for access to that office market. To date, however, the extent to 

which local variations in market liquidity affect commercial real estate asset prices is not 

clear. The connection between commercial asset prices and market liquidity is most 

relevant to direct commercial real estate and therefore this paper considers the direct 

market.31  

This paper contributes to the commercial real estate asset pricing literature in 

several ways. First, it offers a new, direct and simple approach to investigate the 

geography of market liquidity pricing for commercial real estate offices. We thereby 

decompose asset prices into an expected value component and a component that reflects 

local market liquidity. Unlike previous studies, we base our measure of market liquidity 

on asset transactions in the local neighbourhood, within a distance d and timeframe τ, 

around the transaction time t of each subject. This allows us to incorporate and measure 

the impact of market liquidity on asset prices while taking account very local market 

conditions.  

 Second, given that commercial brokers suggest that there are structural 

differences in the impact of market liquidity, we test for structural differences across 

primary, secondary and regional office markets. This consideration of heterogeneity 

across markets encourages us to also examine differences in market liquidity premiums 

across higher, middle and lower price segments of the commercial real estate market.  

Finally, unlike most previous studies, we use transactions to measure commercial 

real estate asset prices. This gives us a great advantage in controlling for heterogeneity 

and omitted variables bias, to the extent that aggregate market data may represent a source 

of bias that affects estimates of the effect of market liquidity on asset prices given that 

commercial real estate markets are local markets. 

The findings show that investors are willing to pay a market liquidity premium of 

approximately 0.35 to 0.68 per cent, which is economically significant and robust to 

several model specifications. As an example of the significance of this finding, a 25 per 

                                                             
31 The value of the Dutch direct commercial real estate market is approximately €199 

billion according to the Investment Property Databank (IPD) index which tracks the 

performance of 4,421 property investments with a total capital value of €35.7 billion as of 
December 2013. The market covered in the IPD index is estimated to be around 30 - 40 

per cent of the total commercial real estate investments. 
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cent increase in market liquidity is associated with investors willing to pay a market 

liquidity premium ranging from €5.46 to €9.83 per square metre (on a mean property 

price of €1,560 per square metre). In gauging the magnitude of market liquidity, we 

further distinguish between prime, secondary and regional office markets. We then found 

that a 25 per cent increase in market liquidity is associated with a market liquidity 

premium of €7.25, €10.30 and €8.70 per square metre for the prime, secondary and 

regional office markets respectively.  

The rest of the paper is organized as follows. In the following section (4.2), we 

describe the empirical framework together with our measures of market liquidity. Section 

4.3 describes the data and the descriptives, while Section 4.4 presents the results of the 

empirical framework analysis in which we address the research question. Finally, in 

Section 4.5, we summarise and reflect on the results. 

4.2 Empirical framework 

The empirical framework models the commercial real estate asset price in two 

components: expected market value and market liquidity premium. The expected market 

value of a commercial real estate asset is based on arguments taken from the Efficient 

Market Hypothesis (EMH), in which asset prices reflect rental income relative to the 

capitalization rate (which in turn is based on the interest rate, the unobserved risk 

premium and the expected rental growth). The market liquidity premium reflects any 

systematic difference between asset price and expected market value that is related to 

local market liquidity.  

The logarithm of the commercial real estate asset price of a specific property at 

the time of purchase (t), is expected to be a linear function of property characteristics 

(including rent), the interest rate and the market liquidity. This hedonic commercial real 

estate asset price model is formulated as follows: 

log𝑃𝑖𝑡 = 𝛽𝑥𝑋𝑖𝑡 + 𝛽1𝐼𝑅𝑡 + 𝛽2𝑀𝐿𝑖𝑡 + 𝛿𝑟 + 𝜇𝑡 + 휀𝑖𝑡 (4.1) 

where 𝑃𝑖𝑡 is the commercial real estate asset price of a specific property (i) at the time of 

purchase (t); X is a vector of relevant property characteristics; IR is the interest rate at 

time t; 𝑀𝐿𝑖𝑡 is the market liquidity measure for a specific property i at time t; 𝛿𝑟  is a 

locational fixed effect; 𝜇𝑡 is a set of dummies for the year and quarter to control for any 

remaining time effect; and εit is the error term.  

The coefficient 𝛽2𝑀𝐿𝑖𝑡 provides important information regarding the presence of 

a market liquidity premium. A finding of  𝛽2𝑀𝐿𝑖𝑡 > 0 provides evidence that, after 

controlling for property characteristics, there is a market liquidity premium for 
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commercial real estate assets. In contrast, if  𝛽2𝑀𝐿𝑖𝑡 = 0, this is consistent with the 

Efficient Market Hypothesis since investors are not paying a premium for more liquid 

assets, with asset prices fully reflecting their fair market value based on the underlying 

fundamentals (Foucault et al., 2013). 

To measure market liquidity (ML) we use surrounding asset transactions.32 We 

base our measure of ML on real estate asset transactions by identifying nearby properties 

on the market around the same time as the subject property.33 We use two different 

measures of market liquidity (ML). The first is based on nearby asset transactions as 

proposed by Brunnermeier and Pedersen (2009). For each property i at time t, we 

calculate market liquidity as the sum of the number of real estate transactions of 

properties that are located within threshold level d and timeframe [t- τ, t+ τ] such that: 

𝑀𝐿𝑖𝑡 = ∑ 𝑊𝑗𝑖𝑡

𝑛

𝑖=1

                                                   (4.2) 

where 𝑀𝐿𝑖𝑡 is the total number of surrounding transactions for property i at time t; and 

wjit is the weight of the contribution of each office (j) to observation indicates i.   

We use three-month (τ= 90 days) and six-month (t= 180 days) timeframes before 

and after a transaction. Further, we use a threshold (d) of 4.0 km2 (a radius of 

approximately 1,129 metre) as used by Jennen and Brounen (2009) to identify 

surrounding properties.34 We also tried smaller areas (based on radii of 400 and 798 

metres) but there were then insufficient transactions to reliably calculate market liquidity.  

Alternatively, ML can be operationalized using a distance decay function in which 

surrounding transactions are weighted based on the distance to property i. This measure 

reflects the first law of geography in which closer transactions are more related than 

transactions further away in determining market liquidity, and can be expressed: 

                                                             
32 An alternative approach could use ‘time on the market’, as used in housing studies. In 

our study, such data were, however, unavailable.  
33 Here, we include all commercial properties because commercial real estate is 

investment driven by institutional investors, indicating competition is on the market level 

and not the property level. In comparison, for most households, housing is their largest 
and most important consumption with associated budget constraints and therefore similar 

analyses need to take the size/price of a property into account.  
34 In their analysis using the Greater-Amsterdam office market, Jennen and Brounen 

(2009) provide evidence of such a relationship by examining office densities and rents. 

Using rings of 0.5 km2 , 2.0 km2 and 4.0 km2 they found a positive relationship between 

office density and rent.     
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𝑀𝐿𝑑𝑒𝑐𝑎𝑦𝑖𝑡 = ∑ exp (−𝑦 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑗𝑖𝑡)

𝑛

𝑖=1

∗ 𝑃𝑖𝑡                              (4.3) 

 

where 𝑀𝐿𝑑𝑒𝑐𝑎𝑦𝑖𝑡 is the transaction volume summation for object i at time t; 𝑦 is the 

distance decay exponent reflecting the steepness of the decay function; and j is the 

distance from observation i to transaction j.   

In Figure 4.1, we depict several distance decay functions. One can observe that a 

higher decay exponent implies a more rapidly decreasing function with increasing 

distance of the subject. Further, it shows that decay functions of 0.01 and 0.005 make 

almost no contribution to the market liquidity measure beyond 400 and 800 metres 

respectively. We estimated model (4.1) using OLS and included locational fixed effects to 

control for unobserved heterogeneity. We tested fixed effects at the city (zip PC 2 level) 

and district (zip PC 3 level) levels. Further, we estimate separate models for prime, 

secondary and regional office markets to test for structural differences. 

  

Figure 4.1 Illustration of the distance decay function (-y)  

4.3 Data and descriptives 

The transaction-based data for commercial real estate prices are drawn from the Strabo 

commercial real estate database, covering the period from January 1990 - March 2011. 

The dataset contains individual asset transactions including information on property 

characteristics, transaction dates, transaction size, construction type (new or existing 

property) and address. We use the address to geocode the data using the all parcel dataset 

(BAG) maintained by the Netherlands Cadastre, Land Registry and Mapping Agency. The 

great benefit of using this dataset compared to previous research is that it includes 

transaction-based data rather than appraisal-based data. The dependent variable is the 

transaction price per square metre of office space. The control variables include specific 
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information on the property and the transaction. The rent used is the rent per square metre 

for the property at the time of the sale. By including the rental (cash-flow) income of a 

property, the model allows for unobserved property-specific quality differences, such as 

architecture, building age and construction material. We also have information on whether 

a property had been renovated, as well as the total office space. Further, we have 

information on the transaction type: whether a regular sale or a sale-and-leaseback 

transaction. Using the all parcel file, we include information on the number of properties 

within 400 metres to control for agglomeration economies.  

 

We had data on 4,331 asset sales but excluded those observations for which we 

did not have full information (2,076 observations), or for which we missed information on 

the exact geographical location (185 observations). Finally, we excluded transactions in 

the upper and lower one per cent of the commercial real estate asset price distribution to 

remove outliers. This left us with 2,025 observations to use in our empirical analysis. The 

descriptive statistics are given in Table 4.1.  

Table 4.1 provides summary statistics for the variables of interest. The table 

shows that the mean commercial real estate asset price is €1,560 with a median value of 

€1,442. This indicates a distribution skewed to the right and, therefore, we use the natural 

logarithm of asset prices. The property-specific characteristics indicate a mean rent per 

square metre of €127 (median €123) and a mean size of 3,395 square metres of office 

space (38 per cent of the properties were larger than 2,500 square metres), 7 per cent of 

transactions were for new properties, 4 per cent for renovated properties, and 5 per cent 

had a sales-and-leaseback construction. The average number of other office properties 

within 0.5 km2 (radius of 400 metre) was 18. Almost half of the asset transactions were 

within the provinces of North and South Holland within the Randstad region (Amsterdam, 

Rotterdam and The Hague).   

Table 4.1 also indicates differences in location quality between prime (or A) 

location, secondary (B) and regional (C) office markets. The prime market is seen as the 

international commercial real estate market of Amsterdam, the secondary market covers 

cities listed in the IPD/ROZ commercial real estate market database, and the regional 

market the remainder of the country.35 Table 4.1 indicates that commercial real estate 

asset prices in the prime office market are approximately 35 per cent (€541) and 48 per  

cent (€679) higher respectively than in the secondary and regional office markets .

                                                             
35 The prime market is defined as the Amsterdam market. Cities included in the secondary 

market are: Almere, Amersfoort, Amstelveen, Arnhem, Breda, The Hague, Dordrecht, 

Eindhoven, Groningen, Houten, Leiden, Maastricht, Nieuwegein, Nijmegen, Rotterdam, 
Utrecht, Zeist, Zoetermeer, Zwolle and 's-Hertogenbosch. All other cities are considered 

part of the regional market.  
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Table 4.1 - Descriptive statistics of the property dataset 

 Total market Prime market       Secondary market   Regional market 

 

 Median Mean SD Median Mean SD Median Mean SD Median Mean SD 

Price per m2 (in €, current) 1,442 1,560 714 1,985 2,071 1,016 1,451 1,530 641 1,324 1,392 545 

Rent per m2 (in €, current)  123 127 41 152 156 58 125 125 36 115 117 34 

Size (in m2)  3,395 4,694  4,925 6,196  3,349 4,601  2,832 3,914 

Size < 1,000 m2  0.30   0.26   0.32   0.30  

Size 1,000 - 2,500 m2  0.32   0.24   0.30   0.32  

Size > 2,500 m2  0.38   0.50   0.38   0.38  

New property  0.07   0.06   0.06   0.09  

Renovated property  0.04   0.05   0.04   0.03  

Sale and leaseback  0.05   0.04   0.04   0.07  

Number of offices < 400 m  17.94 18.69  25.75 20.46  19.10 18.80  13.14 16.33 

Interest rate (%)  4.95 1.37  5.27 1.55  4.98 1.43  4.78 1.28 

Total observations (N)  2,025   298   1,001   726  
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Figure 4.2 Commercial real estate asset price sales, the Netherlands 1990-2011   

Notes: This figure shows asset sales in the prime, secondary and regional markets.  

 

Figure 4.3 Commercial real estate asset sales by price, the Netherlands 1990-2011  

Notes: This figure shows sales by price segment: high (> €1,911 per m2), middle 

(€1,071 - €1,911 per m2) and low (< €1,071 per m2). 
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We also observe that rents per square metre are higher and office properties are 

larger in the prime office market than in the secondary and regional office markets. 

Further the average capitalization rate (rent/asset price) is 7.5 per cent for the prime 

market compared to 8.2 and 8.41 for the secondary and regional office markets 

respectively. These ‘financial’ differences are in line with commercial broker reports of 

prime, secondary and regional office markets in the Netherlands (DTZ, 2013). 36 

Moreover, we also observe that office properties in the secondary markets are larger than 

those in the regional office markets, although the proportion of new properties is highest 

in the regional markets. 

Figure 4.2 maps the 2,025 commercial real estate transactions for the 1990-2011 

period in the Netherlands and indicates whether they were part of the prime, secondary or 

regional office markets. A considerable number of the transactions fall within the larger 

real estate markets (i.e., Amsterdam, Rotterdam, The Hague and Utrecht) that have a 

combined market share in terms of square metres of office space of approximately 28 per 

cent (Bak, 2010).  

Figure 4.3 maps sales (transactions) by price segment (based on the square metre 

price of a transaction). One observes that the higher priced transactions are predominantly 

located in the prime and secondary commercial real estate markets, which accommodate 

50 per cent of the Dutch office market.   

Table 4.2 presents summary statistics for different measures of market liquidity. 

The mean number of transactions within the indicated spatial proximity of 4.0 km2 and 

within the timeframe (180 or 360 days around the subject property transaction date), 

varies between 0.55 and 1.02. The mean transaction volume in financial terms within the 

indicated distance decay function is €14,844. Overall, both market liquidity measures 

show substantial variation across the sample.  

4.4 Empirical Results       

4.4.1 Main results 

The results from applying the hedonic approach are presented in Table 4.3.37 In 

Specification (4.1) we report findings from the baseline model that does not include 

controls for market liquidity. First, we observe that rents are positively related to asset 

                                                             
36 22 December 2014, URL:  

http://www.dtz.nl/media/193356/01%20nederland%20compleet%202013%20klikversie%
20def_02012013.pdf 
37 The linear assumptions can be found in Appendix 4A.  

http://www.dtz.nl/media/193356/01%20nederland%20compleet%25
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prices. This makes sense because higher rents are usually associated with properties with 

higher asset prices. Further, we observe that larger properties, in terms of square metres of 

office space, have a positive effect on asset prices. Also, new properties generally 

command higher rents than existing ones, and new properties sold at a 12 per cent 

premium over existing properties. In contrast, the finding for renovated properties is 

somewhat surprising, renovated properties have seen lower asset prices than unrenovated 

ones. A possible explanation for this is that investors perceive a higher risk associated 

with renovated properties. Sale-and-leaseback constructions obtain a lower asset prices 

than those in a conventional sale. Finally, interest rates and asset prices are negatively 

related. This makes sense because higher interest rates raise the costs of holding 

commercial real estate assets (Clayton et al., 2009).38  

Table 4.2 - Market liquidity measures by distance and timeframe 

Panel A - Transaction volume (# of transactions) 

 Spatial delineation 4.0 km2 

180 day timeframe Mean 0.55 

 SD 1.01 

 Min 0 

 Max 8 

360 day timeframe Mean  1.02 

 SD 1.52 

 Min 0 

 Max 11 

Panel B- Distance decay (€, current) 

 Decay function 𝑦 = 0.001 

180 day timeframe Mean 14,844 

 SD 228,436 

 Min  <0.01 

 Max 6,007,694 

Notes: This table shows mean statistics for market liquidity based on surrounding 

transactions. Panel (A) shows the summary statistics based on the number of transactions 

(Equation 4.2). Equation 4.3 is used to calculate the distance decay function (Panel B). 

 

                                                             
38 In our specifications we used standard errors instead of robust or clustered standard 

errors. The reason for this was that with robust or clustered standard errors convergence 
of the F test was not achieved. However, robust or clustered standard errors resulted in 

similar significant results.     
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Table 4.3 - Estimation results of the effect of market liquidity on asset prices 

(dependent variable: logarithm of asset price per square metre) 

 (4.1) (4.2) (4.3) (4.4) 

Market Liquidity           

ML 0-180 days, 0 - 4.0 km2    0.015 (0.005) *** 0.015 (0.005) ***    

ML 180-360 days, 0 - 4.0 km2     -0.001 (0.006)     

ML Decay in (€) y = 0.001 (log)         0.025 (0.04) *** 

Characteristics           

Rent per m2  (log) 1.062 (0.019) *** 1.062 (0.019) *** 1.062 (0.019) *** 1.038 (0.019) *** 

Size (log) 0.012 (0.005) *** 0.014 (0.005) *** 0.014 (0.005) *** -0.013 (0.006) ** 

New property 0.126 (0.019) *** 0.125 (0.019) *** 0.125 (0.019) *** 0.122 (0.019) *** 

Renovated property -0.102 (0.024) *** -0.102 (0.024) *** -0.102 (0.024) *** -0.095 (0.024) *** 

Sale and leaseback -0.021 (0.022)  -0.021 (0.022)  -0.021 (0.022)  -0.018 (0.022)  

Number of offices < 400 metre 0.001 <(0.001) *** 0.001 <(0.001) *** 0.001 <(0.001) *** 0.001 <(0.001) *** 

Interest rate -0.020 (0.009) ** -0.021 (0.009) ** -0.021 (0.009) ** -0.020 (0.009) ** 

Constant 2.222 (0.231) *** 2.211 (0.231) *** 2.212 (0.231) *** 9.046 (0.884) *** 

Location quality A, B or C (3) Yes   Yes   Yes   Yes   

Year dummies (22) Yes   Yes   Yes   Yes   

Quarter dummies (4) Yes   Yes   Yes   Yes   

Location dummies PC 2 (202) Yes   Yes   Yes   Yes   

N 2,025   2,025   2,025   2,025   

𝑅2 0.841   0.842   0.842   0.847   

Root-MSE 0.193   0.193   0.193   0.189   

Notes: The dependent variable is the log asset transaction price per square metre. A new property is coded 1, existing properties 0. Similarly, a renovated 

property is coded 1, unrenovated 0. Sale and leaseback transactions are coded 1, conventional sales 0. We also control for the number of office properties 

within 400 metres of the subject. All specifications include fixed effects for year, quarter and location (on the city level) . We also control for location: Prime 

(A), Secondary (B) and Regional (C) markets. Specification (4.1) reflects the baseline model. Specification (4.2) adds market liquidity based on the number of 

transactions. Specification (4.3) extends the timeframe (from 180 to 360 days). In specification (4.4) we employ a distance decay function. Standard errors are 

shown in parentheses, with *, ** and *** indicating significance at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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Table 4.4 - Estimation results for Prime, Secondary and Regional markets 
(dependent variable: logarithm of asset price per square metre) 

 Prime ( A location) Secondary (B location) Regional (C location) 

Market Liquidity          

ML Decay in (€) y = 0.001 (log) 0.014 (0.007) ** 0.027 (0.004) *** 0.025 (0.008) *** 

Characteristics          

Rent per m2 (log) 1.053 (0.039) *** 1.029 (0.028) *** 1.004 (0.035) *** 

Size (log) -0.015 (0.011) ** -0.017 (0.008) ** 0.005 (0.012)  

New property 0.149 (0.053) *** 

 

0.138 (0.025) *** 0.096 (0.028) *** 

Renovated property -0.032 (0.052) *** -0.111 (0.057) *** -0.113 (0.053) ** 

Sale and leaseback 0.031 (0.062)  -0.044 (0.035)  -0.008 (0.031)  

Number of offices < 400 metre <0.001 <(0.000) *** <0.001 (0.001) *** 0.001 <(0.001) * 

Interest rate -0.040 (0.024) *** -0.013 (0.011)  -0.061 (0.021) *** 

Constant 4.057 (0.749) *** 6.445 (0.726) *** 2.430 (0.301) *** 

Location quality A, B or C (3) No   No   No   

Year dummies (22) Yes   Yes   Yes   

Quarter dummies (4) Yes   Yes   Yes   

Location dummies PC 2 (202) -   Yes   Yes   

N 298   1,001   726   

𝑅2 0.879   0.813   0.873   

Root-MSE 0.189   0.197   0.170   

Notes:  The dependent variable is the log asset transaction price per square metre. A new property is coded 1, existing properties 0. Similarly, a renovated property 

is coded 1, unrenovated 0. Sale and leaseback transactions are coded 1, conventional sales 0. We also control for the number of office properties within 400 metres 

of the subject. All specifications include fixed effect for year, quarter and location (on the city level). There is no location dummy for the prime market as 

Amsterdam is the only city within this specification. Specifications relate to model (4.4) of Table 4.3. Standard errors are shown in parentheses, with *, ** and *** 

indicating significance at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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In Specifications (4.2) – (4.4), we include various measures of market liquidity. In 

Specification (4.2), we use the number of transactions as a measure of market liquidity. 

From Table 4.3 we observe a positive and statistically significant coefficient for market 

liquidity within a 4.0 km2 area around the subject. There is evidence that investors are 

willing to pay a market liquidity premium of 1.5 per cent for more-liquid assets (for 

comparison, see Appendix 4B for national and city level market liquidity measures). This 

result is consistent with the liquidity risk argument: that the liquidity risk is lower with a 

relatively more liquid commercial real estate asset (Lusht, 2001). 39 In Specification (4.3), 

we extend the time horizon (by including 90-180 days either side of sale). Whereas, in 

Specification (4.2), the market liquidity coefficient was statistically significant at the five 

per cent level with a timeframe of three months each side of the sale, the 180-360 days 

coefficient is statistically insignificant. This reveals that market liquidity beyond the point 

of more than three months from the sale date has no marginal price effect and, therefore, 

that the willingness to pay a market liquidity premium diminishes with a further time 

horizon.  

In Specification (4.4), we employ a more refined measure based on the distance 

decay approach. We use a decay function (with y=0.001) that decreases the contribution 

of transaction volume (in €) with increasing distance. As with Specifications (4.2) and 

(4.3), we find that the estimate for ML is positive and, here, significant at the one per cent 

significance level. Note that the coefficient for market liquidity in Specification (4.4) is a 

measure of elasticity.40 That is, if the market liquidity increases by 25 per cent, then asset 

prices will increase by 0.63 per cent (coefficient 0.025 x 25 per cent). For an average 

property in our database (asset price €1,560 per m2), such an increase in market liquidity 

would be associated with a market liquidity premium of €9.83 per square metre or 

€33,373 for an average sized property of 3,395 m2. This reveals that investors are willing 

to pay a market liquidity premium for offices. 

Thus, overall, we see that investors are willing to pay a market liquidity premium 

for more-liquid commercial real estate assets. The presence of a market liquidity premium 

is in line with commercial real estate property valuation as investors are likely to put a 

lower value on the discount rate. An explanation for this market liquidity premium is that 

it is less costly for investors to convert assets into cash, to take advantage of future 

                                                             
39 We also ran alternative specifications with timeframes covering only a period leading 

up to a sale. This showed that the estimates when using Specification (4.2) are largely 
insensitive to the model specification. Further, we also tested Specification (4.2) without 

fixed effects and again found similar, albeit stronger, effects. 
40 Given the large variation in market liquidity, a one standard deviation shock would be 
much higher than the mean value. We therefore applied a 25 per cent shock in market 

liquidity to interpret the results.  



89 
 

opportunities or disposition, to the extent that investors can reduce liquidity risk. This 

reduction means that an investor is willing to pay a higher commercial real estate asset 

price (i.e., accept a lower discount rate) for more-liquid commercial assets. Although both 

market liquidity measures identified a premium, we will focus on the distance decay 

option (Specification (4.4)) in investigating the effect of market liquidity. We selected this 

option on the basis that the distance decay is a more refined measure because: (i) it treats 

closer transactions as more related (first law of geography) and (ii) takes into account the 

size of the transaction (incorporates more information). 41 

A possible concern with the empirical framework is that the coefficient for the 

effect of market liquidity might be endogenous to commercial real estate rents. Ideally, 

we would like to mitigate this potential endogeneity problem with an instrument (for 

example the population before 1900). Unfortunately, we have been unable to identify a 

feasible instrument for market liquidity. Instead, we tried to examine the effect of market 

liquidity by comparing the previous results with an alternative specification with a much 

more limited range put on market liquidity. This was on the basis that the market liquidity 

within a very close proximity would affect asset prices more than the market liquidity 

further away. However, this test did not produce significant results due to the small 

number of transactions within an extremely close proximity (See Appendix 4C). 

4.4.2 Structural differences  

In this subsection, we distinguish between different types of office markets to investigate 

whether the willingness to pay a market liquidity premium for more liquid commercial 

real estate assets might differ between cities. To this end, we model the effect of market 

liquidity for prime, secondary and regional office markets. Table 4.4 reports the estimates 

of several models to investigate any differences. The results indicate that the market 

liquidity coefficient varies between 0.014 and 0.027 over the different types of real estate 

markets. Market liquidity has a lower effect in prime office markets (0.014) than in 

secondary (0.027) and regional (0.025) office markets. In terms of purchase price, it 

appears that investors are willing to pay a market liquidity premium of €7.25 per m2 for a 

typical building on the prime market compared to €10.30 and €8.70 for the secondary and 

regional markets respectively (based on a shock of 25 per cent in market liquidity). This 

suggest that investors place a higher value on liquidity in the secondary and regional 

markets and are consequently willing to pay a higher premium for relatively liquid assets 

in secondary and regional markets. A likely reason is that investors are unlikely to be as 

                                                             
41 The distance decay function here takes into account the fact that a dense market could 

have many sales but low turnover rates (Amihud style market liquidity measure).  
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concerned about disposing of commercial real estate assets in the relatively strong prime 

markets as they are in the weaker secondary and regional markets. 

Next, we consider whether structural differences exist between price segments of 

commercial real estate markets. Here we investigate the effect of market liquidity within 

cities as market liquidity varies across different office market segments. A possible  

argument for making such a distinction is that the higher price segments of a market are 

predominantly situated in locations that can be perceived as a “good address”, with more 

potential buyers than the lower price segments of the market (Jennen and Brounen, 2009). 

To investigate this, we apply a quantile regression to identify differences between high 

and low price segments of the commercial real estate market. Table 4.5 presents the 

estimates for the low (25 per cent), middle (50 per cent) and high (75 per cent) asset price 

quantiles of the market. The results indicate that the coefficient of market liquidity varies 

between 0.016 and 0.020 in all three price segments. This suggests that the effect (in 

percentage terms) of market liquidity is independent of the price segment of the market. 

Based on the quantile statistics (with a shock of 25 per cent in market liquidity), it appears 

that investors are willing to pay a liquidity premium of €5.46 for the low (based on a 25th 

percentile asset price of €1,091 per square metre) and €9.03 for the high (the 75th 

percentile asset price is €1,911 per square metre) quantile assets respectively. 

4.4.3 Robustness checks 

In this subsection, we test several specifications to assess the robustness of the results  

discussed above.42 Estimations are presented in Table 4.6. In Specification (4.5), we 

include lower-level locational fixed effects (PC 3 level) to investigate possible concerns 

with respect to omitted location-specific variables. It could be argued that locational fixed 

effects on zip code level two may not be sufficient as these areas may be too large. 

Therefore, we now try zip code level three fixed effects (Specification (4.5)) to see if 

these more appropriately capture variations in asset prices. However, the results including 

zip code level three fixed effects are almost identical to those with zip code level two 

fixed effects in Specification (4.4).43 As an illustration, an increase of 25 percent in  

 

                                                             
42 For completeness, we also tried several other specifications, which are reported in 

Appendices 4A and 4B. Further, we run specifications with alternative time horizons to 
check the sensitivity of our timeframes. Also, we used the transaction volume in euros, as 

an alternative to the number of transactions, within the specified distance ring as a proxy 
for market liquidity. Finally, we also tested a model without fixed effects. Overall, we 

concluded that the estimates reported in Table 4.3 are largely insensitive to the model 

specification. 
43 This implies that the rent (cash flow income) controls for specific locational unobserved 

heterogeneity. 
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  Table 4.5 - Estimation results for high, middle, and low price segment 

(dependent variable: logarithm of asset price per square metre) 

 (Low) 

25th percentile 

(Middle) 

50th percentile 

(High) 

75th percentile 

Market Liquidity          

ML Decay in (€) y = 0.001 (log) 0.020 (0.004) *** 0.016 (0.003) *** 0.019 (0.003) *** 

Characteristics          

Rent per m2 (log) 1.058 (0.026) *** 1.087 (0.020) *** 1.071 (0.019) *** 

Size (log) 0.007 (0.008)  0.003 (0.006)  -0.016 (0.006) *** 

New property 0.129 (0.026) *** 0.106 (0.019) *** 0.108 (0.019) *** 

Renovated property -0.204 (0.033) *** -0.012 (0.025)  0.022 (0.025)  

Sale and leaseback 0.002 (0.029)  -0.023 (0.023)  -0.046 (0.022) ** 

Number of offices < 400 metre 0.001 (0.000) *** 0.001 (0.000) ** 0.001 (0.000) ** 

Interest rate -0.041 (0.022) * -0.017 (0.017)  -0.013 (0.016)  

Constant 5.508 (0.807) *** 4.718 (0.617) *** 5.426 (0.599) *** 

Location quality A, B or C (3) Yes   Yes   Yes   

Year dummies (22) Yes   Yes   Yes   

Quarter dummies (4) Yes   Yes   Yes   

Location dummies PC 2 (202) Yes   Yes   Yes   

𝑅2 (Pseudo) 0.641   0.641   0.658   

N = 2,025    

Notes: The dependent variable is the log asset transaction price per square metre. A new property is coded 1, existing properties 0. Similarly, a renovated property is 

coded 1, unrenovated 0. Sale and leaseback transactions are coded 1, conventional sales 0. We also control for the number of office properties within 400 metres of the 

subject. All specifications include fixed effect for year, quarter and location (on the city level). Here, we also control for Prime (A), Secondary (B) and Regional (C) 

markets. The 25th percentile asset price per square metre is €1,071 per square metre, and the 75 th percentile €1,911 per square metre. Specifications relate to model (4.4) 

of Table 4.3. Standard errors are shown in parentheses, with *, ** and *** indicating significance at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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Table 4.6 - Estimation results for robustness checks 

(dependent variable: logarithm of asset price per square metre) 

 (4.5) (4.6) 

Market Liquidity       

ML Decay in (€) -y = 0.001 (log) 0.026 (0.006) *** 0.026 (0.004) *** 

Characteristics       

Rent per m2 (log) 1.003 (0.020) *** 1.039 (0.020) *** 

Size (log) -0.015 (0.007) ** -0.014 (0.006) ** 

New building 0.132 (0.019) *** 

 

0.129 (0.020) *** 

Renovated building -0.089 (0.024) *** -0.097 (0.025) *** 

Sale and leaseback -0.017 (0.020)  -0.011 (0.023)  

Number of offices within 400 metres 0.002 <(0.000) *** 0.001 <(0.000) *** 

Interest rate -0.023 (0.009) *** -0.014 

 

(0.006) ** 

Constant 9.284 (1.154) *** 2.659 (0.239) *** 

Location quality A, B or C (3) Yes   Yes   

Year dummies (22) Yes   Yes   

Quarter dummies (4) Yes   Yes   

Location dummies PC 2 (202) No   Yes   

Location dummies PC 3 (266) Yes   No   

N 2,025   1,864   

𝑅2 0.853   0.843   

Root-MSE 0.189   0.192   

Notes: The dependent variable is the log asset transaction price per square metre. A new property is 

coded 1, existing properties 0. Similarly, a renovated property is coded 1, unrenovated 0. Sale and 

leaseback transactions are coded 1, conventional sales 0. We also control for the number of office 

properties within 400 metres of the subject. All specifications include fixed effect for year, quarter 

and location (on the city level). We also control for Prime (A), Secondary (B) and Regional (C) 

markets. Specifications relate to model (4.4) of Table 4.3. Specification 4.5 reflects the estimates 

with PC 3 level locational fixed effects. In Specification 4.6 we selected the period before the Global 

Financial Crisis. Standard errors are shown in parentheses, with *, ** and *** indicating significance 

at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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market liquidity results in a market liquidity premium of €10.14 per square metre 

(Specification, (4.5)).44 

In specification (4.6), we turn to the possible impact of the Global Financial 

Crisis. The Global Financial Crisis caused a structural break in real estate markets (see for 

example: Chervachidze and Wheaton, 2013) and caused a flight to investments of high 

quality, which in turn had a significant impact on market liquidity. We test for this effect 

by examining the effect of the structural break based on the number of monthly asset 

transactions. To this end, we re-estimate specification (4.4) but only with the data up to 

February 2008.45 The results indicate a pattern that is largely consistent with previous 

estimates. The Global Financial Crisis does not seem to have altered the effect of market 

liquidity on asset prices, indicating that the evidence is robust over different periods. 

4.5 Conclusions      

This article considers market liquidity premiums in commercial real estate asset prices for 

more-liquid markets. Theoretically, relatively more liquid commercial real estate assets 

have an advantage in that disposal and future opportunities (for example to switch to other 

investments) can be more easily achieved. Therefore, it is likely that investors will be 

willing to pay a premium for more liquid commercial real estate assets as property-

specific liquidity risks can be reduced. 

To investigate this, we created a comprehensive measure of market liquidity to 

model the possible presence of a market liquidity premium for relatively liquid 

commercial real estate assets, while controlling for expected returns (rents). In this, we 

constructed several different market liquidity proxies: within a distance d, taking place 

within a timeframe τ around the time t of each transaction. In addition, we introduced the 

idea of prime, secondary and regional office markets into the empirical framework to 

control for possible differences between cities. This study used transaction-based 

commercial real estate data obtained from Strabo covering the Netherlands over the 1990-

2011 period. 

We found that investors are willing to pay an asset premium, and that this seems 

to be in the range of approximately 0.35 per cent to 0.68 per cent. It appears that a spatial 

concentration of liquid assets increases asset prices, implying that investors perceive a 

lower liquidity risk. Moreover, we find structural differences across prime, secondary and 

                                                             
44 We also tried zip code level four locational fixed effects. However, lower level of 

locational fixed effects results in a rather selective sample given the low number of 

observations. 
45 One would like to estimate Specification 4.6 with only post-February 2008 data, but the 

small number of observations (n=161) prevented this. 
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regional office markets. Investors are only willing to pay a market liquidity premium for 

more liquid assets in prime office markets of €7.25 per square metre compared to €10.40 

and €8.77 in secondary and regional office markets respectively. This could be because 

market conditions are already stronger in prime markets and so investors are likely to be 

less concerned about market liquidity than they would be in the weaker secondary and 

regional markets. Overall, our hedonic study supports the claim that there is a market 

liquidity premium for more-liquid commercial real estate assets.  
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Appendix 4A - OLS Assumptions 
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Appendix 4B - Estimation results for country and city ML measures 

 

  

Table 4.7 - Estimates with country and city ML measures 

(dependent variable: logarithm of asset price per square metre) 

Spatial delineation Country City 

Market Liquidity       

ML Country <0.001  <(0.001)     

ML City    0.003 (0.002

) 

* 

Characteristics  Yes      Yes     

Location quality A, B or C (3) Yes   Yes   

Year dummies (22) Yes   Yes   

Quarter dummies (4) Yes   Yes   

Location dummies PC 2 (202) Yes   Yes   

N 2,025   2,025   

𝑅2 0.842   0.842   

Root-MSE 0.193   0.192   

Notes: The dependent variable is the log asset transaction price per square metre. The country-

specific ML measure is the sum of asset transactions for year i. The city-specific ML measure is the 

sum of asset transactions by city for year i. We also control for Prime (A), Secondary (B) and 

Regional (C) market locations. Further, all specifications include fixed effects for year, quarter and 

city-level location. Standard errors are shown in parentheses, with *, ** and *** indicating 

significance at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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Appendix 4C - Estimation results for varying spatial delineations 

 

  

Table 4.8 - Estimates with different spatial delineations 

(dependent variable: logarithm of asset price per square metre) 

Spatial delineation   50 metre  100 metre  150 metre 

Market Liquidity          

ML (0-180 days) -0.008 (0.021)  0.017 (0.015)  0.019 (0.013)  

Characteristics  Yes Yes   Yes 

Location quality A, B or C (3) Yes Yes Yes 

Year dummies (22) Yes Yes Yes 

Quarter dummies (4) Yes Yes Yes 

Location dummies PC 2 (202) Yes Yes Yes 

N 2,025 2,025 2,025 

𝑅2 0.842 0.842 0.842 

Root-MSE 0.193 0.193 0.193 

Notes: The dependent variable is the log asset transaction price per square metre. The spatial 

delineations tested are at 50, 100 and 150 metre radii around the subject. All specifications include 

the characteristics used in the earlier estimates. We also control for Prime (A), Secondary (B) and 

Regional (C) market locations. Further, all specifications include fixed effects for year, quarter and 

city-level location. Standard errors are shown in parentheses, with *, ** and *** indicating 

significance at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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Chapter 5  

 

 

Agglomeration economies and capitalization 

rates: evidence from the Dutch office market 
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5. Agglomeration economies and capitalization rates: 

evidence from the Dutch office market 

Abstract - Agglomerations of economic activity result in higher rents, however this does 

not necessarily include agglomeration spillovers due to risk-induced reasoning by 

investors. This is because higher rents might result from other reasons than agglomeration 

or productivity externalities. We address this issue by testing whether the effects of 

agglomeration economies, traditionally based on commercial real estate office rents, carry 

over to capitalization rates as a theoretically more refined measure of productivity 

externalities. Using unique transaction-based data for the period 1990-2011 on individual 

commercial real estate properties in the Netherlands, we show that agglomeration 

economies result in capitalization rates that are lower by approximately 8 to 42 basis 

points. Further, we find that this effect of agglomeration diminishes with distance, which 

is in line with the first law of economic geography. 

Keywords: Capitalization rates, Agglomeration economies, Real estate valuation, 

Geographical variation. 
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5.1 Introduction 

Agglomeration economies, i.e. those with positive externalities associated with 

geographical clustering of economic activity, have been widely discussed in the academic 

literature. Essentially, agglomeration economies lead to a productivity advantage 

associated with the sharing of information, the availability of labour and/or the proximity 

to suppliers (Marshall, 1920; Glaeser et al., 1992; Archer and Smith, 2003; Melo et al., 

2009).46 Rosenthal and Strange (2004) indicate that higher wages and high labour 

productivity are indicative of agglomeration economies.47 For real estate markets, 

agglomeration economies result in higher rents as observed by Drennan and Kelly (2011) 

and Koster et al. (2014). Their findings suggest a positive effect of agglomeration 

economies on rents for large Central Business Districts (CBDs) of 5 per cent. The 

underlying explanation is that if firms within a dense spatial proximity of office space 

gain from agglomeration economies, then those gains will be reflected in higher office 

rents (Arzaghi and Henderson, 2008; Glaeser and Gottlieb, 2009; Puga, 2010). The 

question arises as to whether real estate investors benefit from agglomeration economies 

as higher office rents are a necessary, however, not a sufficient condition for higher rent-

to-asset price ratios. It is the topic of this paper to consider this issue in detail.   

In this paper, we go beyond rents and use property-specific capitalization rates, or 

rent-to-price ratios, to measure agglomeration economies in commercial real estate office 

markets. We test whether agglomeration externalities in rents carry over to cross-sectional 

variation in capitalization rates in real estate investments. As such, this paper connects to 

the work of Gunnelin et al. (2004) who claimed that valuers do see capitalization rates as 

varying across properties. They found that valuers use higher capitalization rates for 

properties outside a CBD than for those within it, and refer to the higher discount rate for 

rental cash flows, the lower expected growth rate in cash flow and a higher exit 

capitalization rate on future sale. If investors are to gain from agglomeration economies, 

then these gains should be reflected in lower capitalization rates. This is, when risks are 

lower, investors will be willing to pay a higher price. Furthermore, identifying 

agglomeration economies using property-specific capitalization rates allows one to 

control for heterogeneity in commercial real estate markets. This implies that property-

                                                             
46 Studies on agglomeration economies show a positive relationship between firm 

productivity and agglomeration economies (Henderson, 1986; Henderson, 2003; 

Rosenthal and Strange, 2008; Greenstone et al., 2010; Koster et al., 2014).  
47 For studies on wages and agglomeration economies see, among others, Glaeser and 

Mare (2001) and Amiti and Cameron (2007).  
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specific capitalization rates are a more refined measure for agglomeration economies than 

market rents.48 

We investigate the effect of agglomeration economies on capitalization rates and 

contribute to the literature in several ways. First, we include property-specific 

capitalization rates in investigating agglomeration economies in commercial real estate 

markets, while controlling for commercial real estate rents and recognizing that property-

specific factors explains both cross-sectional and temporal variation in capitalization 

rates.   

Second, we consider several measures of cluster density used to identify 

agglomeration economies and thereby take into account the attenuation of agglomeration 

economies’ spillovers. We do this because the literature on agglomeration economies 

recognizes that the spatial definition is largely arbitrary (Brakman, 2009; Brakman et al., 

2013). In the literature, the measurement of agglomeration economies is often at a city, 

metropolitan, or state level (Rosenthal and Strange, 2004). These levels of spatial data 

produce fairly course measures and make it difficult to interpret the geographical extent of 

agglomeration economies. We use more refined measures using GIS techniques.  

Finally, we use transaction-based data, in both the rental and asset markets, to 

measure property-specific capitalization rates in the Dutch commercial real estate market 

for the period from 1990-2011. This is preferable to using appraisal-based data since the 

latter risks misstating depreciation or appreciation rates and price risks for a particular 

period (Darrat and Glascock, 1993). More recently, Chaney and Hoesli (2014) contributed 

to the debate on transaction- versus appraisal-based data by stating that, on average, 

investors and appraisers differ in how they price real estate. Further, using transaction-

based capitalization rates has advantages when it comes to controlling for heterogeneity in 

the commercial market.  

The main finding of this paper is that capitalization rates are lower for offices 

within an economically significant cluster and that this finding holds with various 

specifications of office concentrations. The results show that investors require a lower 

capitalization rate by approximately 8 to 42 basis points (by a one standard deviation 

increase in the cluster size from the mean). As an example, investors that would be 

willing to pay €2,000,000 for a property of 2000m2 with a rent of €176,200 (a 

                                                             
48 This argument is analogous to agglomeration externalities and productivity. Our 

approach basically follows Henderson (1986) where rather than using simple measures of 
productivity (such as the number of employees) more refined multifactor productivity 

measures were used to measure the presence of agglomeration externalities.   
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capitalization rate of 8.81 per cent) outside an agglomeration area would be willing to pay 

an extra €18,328 (a capitalization rate of 8.73) if the property was within such an area.   

The remainder of the paper is organized as follows. In the next section, we specify 

a stylized capitalization rate model of commercial real estate to assess the effect of 

agglomeration economies on capitalization rates. Section 5.3 then describes the empirical 

framework used to efficiently estimate hedonic models for capitalization rates (or yields). 

Following this, Section 5.4 describes the data and our measurements for ident ifying 

agglomeration economies. Section 5.5 then investigates the effect of agglomerations on 

capitalization rates and also tests for structural differences in capitalization rates, 

including robustness tests for the main findings. Finally, in Section 5.6 we reflect on the 

results and offer suggestions for further research.  

5.2 Conceptual framework 

This section offers a stylized conceptual framework (based on Gordon, 1962) to motivate 

the effect of agglomeration economies on commercial real estate capitalization rates (i.e., 

rent-to-price ratios).49 We start by modeling the asset price of a specific property at the 

time of purchase (See the notational glossary in Appendix 5A). The asset price model 

implies that the asset value of a specific property at the time of purchase (Pit) is 

determined by the discounted sum of expected future rent, i.e., Net Operating Income 

(NOI), and the expected selling price at the end of the investment horizon T. This is 

reflected in the following asset pricing equation for a specific property at the time of 

purchase: 

𝑃𝑖𝑡 =
𝑁𝑂𝐼𝑖,𝑡+1

(1 + 𝑅𝑖𝑡)
+

𝑁𝑂𝐼𝑖,𝑡+1(1 + 𝐺𝑖,𝑡+2)

(1 + 𝑅𝑖𝑡)2
+

𝑁𝑂𝐼𝑖,𝑡+1(1 + 𝐺𝑖,𝑡+3)

(1 + 𝑅𝑖𝑡)3
+ ⋯ 

+
𝑁𝑂𝐼𝑖,𝑡+1(1 + 𝐺𝑖,𝑡+𝑇) + 𝑃𝑆𝑖,𝑡+𝑇

(1 + 𝑅𝑖𝑡)𝑇                                         

(5.1) 

where 𝐺𝑖𝑡 is the property-specific expected growth in NOI at time t; T the investment 

horizon of a property; 𝑅𝑖𝑡 is the property specific discount rate; and 𝑃𝑆𝑖,𝑡+𝑇 the expected 

selling price of the property in year t+T.     

For real estate investors, the key determinants in this model are the increases in 

the NOI and the expected selling price, and the property-specific discount rate. If we 

                                                             
49 Investors use capitalization rates to relate the space (on which rents are determined) and 

capital market (asset valuation) and quote asset price levels (similar to asset prices on the 
stock market) for a specific property in a market for heterogeneous goods (Clayton et al., 

2009). 
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assume that the growth rate of net operating income 𝐺𝑖𝑡 is constant over time and that PS 

is expected to remain a fixed multiple of NOI (see Geltner et al., 2007; Clayton et al., 

2009), then the asset price can be expressed as: 

𝑃𝑖𝑡 =
𝑁𝑂𝐼𝑖,𝑡+1

𝑅𝑖𝑡 − 𝐺𝑖𝑡
.                                                   (5.2) 

The gross capitalization rate CAPit (the gross income yield for a specific property at the 

time of purchase) is given by:50 

 𝐶𝐴𝑃𝑖𝑡 ≡
𝑅𝐸𝑁𝑇𝑖𝑡+1

𝑃𝑖𝑡
= 𝑅𝑖𝑡 − 𝐺𝑖𝑡 .       (5.3) 

The capitalization rate (CAPit) for a specific property can be defined as the risk-free real 

interest rate (RFRIt) plus the expected inflation (EIt) plus a risk premium (RPit) minus the 

rent growth rate (Git):  

𝐶𝐴𝑃𝑖𝑡 = 𝑅𝐹𝑅𝐼𝑡 + 𝐸𝐼𝑡 + 𝑅𝑃𝑖𝑡 − 𝐺𝑖𝑡.  (5.4) 

The capitalization rate can be interpreted as follow. First, investors that require a higher 

discount rate (𝑅𝐹𝑅𝐼𝑡 + 𝐸𝐼𝑡 + 𝑅𝑃𝑖𝑡) are more risk averse in that they require more 

compensation for more risky investments.51 This is because more risk creates more 

uncertainty about future rental income, and hence investors require a higher capitalization 

rate. In this study, the risk-free real interest rate and expected inflation are assumed to be 

nationally consistent and therefore independent of geographical location (Sivitanidou and 

Sivitanides, 1999). This implies that variation in property-specific discount rates is 

captured in the risk premium (Lusht, 2001). Second, it is assumed that investors who have 

a more positive market outlook about rental growth (𝐺𝑖𝑡) will assess the current value of 

an investment higher and therefore be willing to pay a higher price relative to the rent 

(Sivitanidou and Sivitanides, 1996). Under these conditions, we can explain why investors 

accept a lower capitalization rate (i.e., are willing to pay a higher price) for a specific 

property associated with an agglomeration economy where rents are already higher. First, 

investors identify local risk perceptions within commercial real estate markets to establish 

market perceptions based on prevailing vacancy rates (Sivitanidou and Sivitanides, 1999). 

These market analyses include both risk premium perceptions and rental growth 

expectations. Markets with high vacancy rates have a higher risk that future rents will not 

                                                             
50 Assuming that net operating income equals rent.  
51 Following Lusht (2001) and Sivitanidou and Sivitanides (1999), the discount rate is 

made up of: the risk-free rate of return (the “pure” real rate of return), the expected 
inflation, the risk premium (with market risk and liquidity risk) and a premium for non-

risk costs (for example search costs).   
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be realized, leading to a higher risk premium or lower growth expectation. However, in 

commercial real estate markets associated with geographical clustering’s of economic 

activity, the proximity of additional office structures may suggest efficiency gains in 

terms of production, services and a highly skilled employment market (Archer and Smith, 

2003). In such a situation, we would expect the vacancy rate to be lower as tenants 

perceive this as the best location for their businesses (Jennen and Brounen, 2009).52 This 

implies that agglomeration economies lower the risk premium or increase the rent growth 

expectations.53    

Second, investors shape perceptions about property-specific liquidity risks. 

Relatively liquid assets have an advantage over less liquid assets in terms of future 

investment opportunities in that they are less costly to convert into cash (Lusht, 2001). We 

would expect the liquidity risk to be lower in agglomeration economies as these markets 

attract more institutional investors who tend to favour prime (high rent) markets. The 

latter can be linked to the exit yield that investors require as it is less costly to convert 

assets into cash. This suggests that investors require a lower risk premium for relatively 

liquid assets as they evaluate the capitalization rate as the risk premium minus the rental 

growth expectation minus a percentage for the exit yield. Further, the investment horizon 

plays an important role in the perceived liquidity risk of investors, with longer horizons  

reducing the risk (Cheng et al., 2013).   

The conceptual framework above provides a testable hypothesis regarding the 

question why investors require a lower capitalization rate (i.e., are willing to pay a higher 

asset price) for properties associated with agglomeration economies: investors evaluate 

asset prices higher, irrespective of the rent level, at the time of purchase if they associate 

agglomeration economies with lower vacancy rates (higher rental growth) or lower 

liquidity risk. 

5.3 Empirical model 

In this section, we specify an empirical model to test the effect of agglomeration 

economies on capitalization rates. Here, we estimate a capitalization rate model using a 

hedonic regression framework. The logarithm of the capitalization rate at the time of 

purchase for a specific property at time t is related to a linear function of property 

characteristics like RENT (cash-flow income), interest rates and office clustering 

                                                             
52 Anecdotal evidence shows that locations with high and low vacancy rates can be in 

close proximity. 
53 This seems to be supported by anecdotal evidence that larger markets have seen higher 

rent increases than smaller markets. 
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conditions (capturing agglomeration economies). This hedonic capitalization rate model is 

as follows: 

log 𝐶𝐴𝑃𝑖𝑡 = 𝛽𝑥𝑋𝑖𝑡 + 𝛽1𝐼𝑅𝑡 + 𝛽2𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑖𝑡 + 𝛿𝑟 + 𝜇𝑡 + 휀𝑖𝑡    (5.5) 

where CAPit is the capitalization rate for a specific property i at the time of purchase t; X 

is a vector of the relevant property characteristics, including the log rent level; IR is the 

interest rate at time t; Clusterit is the office cluster for a specific property based on one of 

the three cluster methods described in Section 5.4.2 below; 𝛿𝑟  is the locational fixed 

effect; 𝜇𝑡 is a set of dummies for the year and season (quarter) to control for any 

remaining time effect; and 휀𝑖𝑡 is the error term.54,55  

The coefficient 𝛽2 provides important information regarding the effect of 

agglomeration economies on capitalization rates. If 𝛽2 < 0, this suggests that spillovers of 

agglomerations economies carry over from the rent to the capitalization rate, since we are 

controlling for the rent level (𝛽𝑥 includes the log rent level). If this is the case, 

agglomeration economies must compensate investors for a lower capitalization rate since 

investors are willing to pay a higher asset price irrespective of the rent level. On the other 

hand, if 𝛽2 ≥ 0, this would be inconsistent with the conceptual framework since it would 

indicate that investors assess properties in agglomeration economies as riskier.    

Commercial real estate properties are not randomly located, and this creates a 

potential endogeneity issue within our specification. More specifically, since developers 

favour developing commercial real estate in places with low capitalization rates, office 

clusters could arise from new developments. To deal with this potential endogeneity issue, 

we first started by searching for an appropriate instrument among the instrumental 

variable methods but could not identify a suitable instrument. Therefore, we adopted a 

pseudo repeat sales approach on the ZIP two (city) level (Guo et al., 2014). With this 

approach, we can control for all time-invariant variables, whether observed or not, and 

treat the observations as repeat sales on the city level. The pseudo repeat sales model 

considered is based on the following equation for properties i and j at time t and s: 

 

                                                             
54 Note that we control for unobserved locational variations in capitalization rates by 

including fixed effects. We include locational fixed effects on the ZIP code two (city) 
level. In addition, we control for year and seasonal (quarter) fixed effects. 
55 In our specifications we used standard errors instead of robust or clustered standard 

errors. The reason for this was that with robust or clustered standard errors convergence 
of the F test was not achieved. However, robust or clustered standard errors resulted in 

similar significant results.     
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 log(𝐶𝐴𝑃𝑖𝑡) −  log(𝐶𝐴𝑃𝑗𝑠) = (𝑋𝑖𝑡 − 𝑋𝑗𝑠)𝛽𝑋 + (𝐼𝑅𝑡 − 𝐼𝑅𝑠)𝛽1 +….                  

+ (𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑖𝑡 − 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑗𝑠)𝛽2 + (𝜇𝑡 − 𝜇𝑠) + (휀𝑖𝑡 − 휀𝑗𝑠)                         
(5.6) 

5.4 Data and descriptives       

The key variables used for testing the effect of agglomeration economies on capitalization 

rates are based on two datasets: the Strabo commercial real estate database and the 

Department of Infrastructure and Environment’s all parcel file. In this section, we first 

discuss the construction and the descriptives of the capitalization rate and the control 

variables. We then construct variables to capture agglomeration economies.  

5.4.1 Capitalization rate and control variables 

Capitalization rates are calculated from the Strabo commercial real estate database of 

commercial real estate transactions, which tracks rental and asset transactions for 

individual properties at the time of purchase. This dataset allows us to construct property 

level capitalization rates as both asset and rental transaction values at the time of purchase 

are available. The data used cover the period from January 1990 to March 2011 and 

include periods of both boom and bust in the commercial real estate market. For each 

property sold in the sample period, we compute the capitalization rate as the asset price 

per square metre divided by the rent (cash-flow income) per square metre at the time of 

purchase. We also have limited information about a property’s structural characteristics 

such as the total square metres of office space in the asset transaction.56 We are also able 

to distinguish between new and existing properties.57 For the risk-free interest rate, we use 

the rate on ten-year Dutch government bonds. 

In our analysis, we only calculate capitalization rates for properties that have asset 

and rental transactions at the time of purchase. The removal of those transactions for 

which we do not have this information reduces the sample to 2,649 observations. We 

further excluded transactions where we had insufficient information on the property 

characteristics, reducing the sample to 2,646. Finally, we excluded transactions lacking a 

complete postal address, leaving us with 2,065 observations. 

The main descriptive statistics are given in Table 5.1. In the table, we can see that 

the mean capitalization rate over the 1990-2011 period was 8.81 per cent, with a median 

                                                             
56 We do not have detailed information on characteristics such as building year, property 

quality and the condition of the property. We take this into account by seeing the rent as a 

proxy for quality. 
57 The size is based on the useable office space in the asset transaction and not on the 

property size. This is because some transactions are within-property transactions.     
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capitalization rate of 8.40 per cent. So investors pay on average 12 times the annual rent at 

the time of purchase. The property-specific capitalization rates show substantial variation, 

ranging from a low of 3.48 per cent to a high of 33.1 per cent.  

Table 5.1 - Descriptive statistics 

 Panel (A) Mean Median SD Minimum Maximum 

Capitalization rate (%) 8.81 8.40 2.40 3.48 33.10 

Price per m2 (€, current) 1,570 1,443 736 220 5,882 

Rent per m2 (€, current) 127 123 42 36 367 

Size (m2)  3,698 1,847 6,024 42 75,000 

    < 1,000 0.31     

    >=1,000 & =< 2,500 0.30     

    > 2,500+ 0.39     

New property 0.07     

Interest rate (%) 4.94  1.38 2.98 8.92 

Panel (B)  Year of transaction  Province  

1990 0.03  Drenthe 0.02 

1991 0.03  Flevoland 0.02 

1992 0.02  Friesland 0.02 

1993 0.02  Gelderland 0.09 

1994 0.02  Groningen 0.05 

1995 0.02  Overijssel 0.04 

1996 0.05  Limburg 0.03 

1997 0.06  Noord-Brabant 0.15 

1998 0.04  Noord-Holland 0.23 

1999 0.05  Utrecht 0.12 

2000 0.06  Zeeland <0.01 

2001 0.05  Zuid-Holland 0.23 

2002 0.07     

2003 0.06    

2004 0.06  Other defined regions 

2005 0.07  Randstad 0.58 

2006 0.08  Amsterdam 0.15 

2007 0.11  Rotterdam 0.06 

2008 0.06  The Hague 0.07 

2009 0.02  Utrecht 0.04 

2010 0.01     

2011 <0.01     

Total observations (N) 2,065     

Notes: This table shows the descriptive statistics for the variables of interest. Panel (A) shows the 

summary statistics for the capitalization rate (asset price/rent), rent per square metre, asset price 

per square metre, contract size, new office property (dummy), and interest rate. Panel (B) shows 

the distribution over time, between the provinces in the Netherlands, and also in specific 

metropolitan areas. * The 2011 data only include transactions in the first three months.  
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While variation in property specific capitalization rates reflect different risk-return levels 

over time, it reflects heterogeneity across properties as well and underlines the great 

benefit of using transaction-based data. The mean real rent per m2 ranges from €36 to 

€367 with an average of €127 per square metre over the period studied, and a median of 

€123 per square metre. The mean contract size was 3,707 m2, with a median size of 1,847 

m2. On average, 7 per cent of the transactions involved new properties, relative to existing 

properties. We can also observe that transactions peaked in 2007, with approximately 11 

per cent of all the transactions in our period. 

Table 5.2 - Correlation matrix 

Variable Cap rate Rent Size New property Interest rate 

Cap rate 1  -0.31 *** -0.15 *** -0.13 *** 0.28 *** 

Rent -0.31 *** 1  0.23 *** 0.08 *** -0.33 *** 

Size -0.15 *** 0.23 *** 1  0.15 *** -0.08 *** 

New property -0.13 *** 0.08 *** 0.15 *** 1  0.06 *** 

Interest rate 0.28 *** -0.33 *** -0.08 *** 0.06 *** 1  

Notes: This table presents the correlation matrix between the variables included in Table 5.1 and 

indicates dependencies between the variables of interest. Significant relationships at the 1 per cent 

levels are indicated by ***. 

Table 5.2 shows the correlations among the variables of interest used in the 

analysis. The results reveal that the capitalization rate is negatively correlated with the 

rent (cash-flow generated), the office size, as well as to new properties. This univariate 

evidence indicates that higher cash-flows are associated with lower capitalization rates, 

and that larger transactions and new properties have lower capitalization rates. In addition, 

we find that the interest rate is positively correlated with the capitalization rate. 

To further explore temporal and cross-sectional variation in capitalization rates, it 

is informative to examine the bivariate relationship of capitalization rates with interest 

rate, and of asset prices with rents. Figure 5.1 depicts the capitalization rate and the 

interest rate by year (upper panel) and the rent by asset price (lower panel). From the 

upper panel, one observes that the interest rate ranged from a high of 8.92 per cent in 

1990 to a low of 2.98 per cent in 2010. The first observation is of a rising mean 

capitalization rate and a declining interest rate in the period up to 1995. Furthermore, we 

observe a strongly declining pattern for both the capitalization rate and the interest rate 

from 1995 up to 2004. After 2004, the capitalization rate and interest rate tended to move 

in opposing directions. So, while capitalization rates reflect interest rate variation to a 

certain extent is does not fully mimic temporal variation in interest rates. The cross-

sectional variation in capitalization rates is reflected in the bivariate relationship of asset 

prices with rents. While one observes a linear relationship between asset prices and rents, 
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considerable variation can be observed in the lower panel of Figure 5.1. In this chapter we 

consider to what degree property-specific variation in capitalization rates relates to 

agglomeration economies.   

 

 

 

Figure 5.1 Capitalization rates and interest rate by year (upper panel) and rent against 

asset price (lower panel)       

Notes: The upper panel shows the mean capitalization rate and the interest rate 

over the 1990-2011 period. In the lower panel, we plot the asset prices against rents for 

individual transactions.   

 

5.4.2 Agglomeration economies 

We have operationalized agglomeration economies using several different measures. 

Initially, we used a common approach (following Jennen and Brounen, 2009) based on 

the total office space available within distance d. That is: 
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𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐼𝑖𝑡 = ∑ 𝑤𝑗𝑖𝑡

𝑛

𝑗=1

𝑠𝑖𝑧𝑒𝑗                                                    (5.7) 

where 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐼𝑖𝑡 is the total office space for subject i (capitalization rate observation at 

time of purchase) at time t; wjit is the weight of the contribution of each office to 

observation i; and j is the property of the all parcel dataset. We used three different 

distances (d) based on work by Jennen and Brounen (2009). They established three 

concentric rings with areas of 0.5 km2, 2.0 km2 and 4.0 km2 to identify offices in the 

vicinity of the subject property.58 These areas have radius of approximately 400 metres, 

798 metres and 1129 metres respectively.   

A second approach to operationalize agglomeration economies is to extend 

equation (5.7) by including an exponential distance decay function. This enables one to 

assess the robustness of the mutually exclusive rings approach used initially. Here, we 

applied the following distance decay function:  

𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐼𝐼𝑖𝑡 = ∑ exp

𝑛

𝑗=1

(−𝛾 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗)  ∗  𝑠𝑖𝑧𝑒𝑗                                                              (5.8) 

where 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐼𝐼𝑖𝑡 is the summation of the square metres of office space for subject i at 

time t, according to the first law of geography. As such, closer properties have a stronger 

influence than properties further away. The distance decay exponent, 𝛾, influences the 

steepness of the decay function.59 A smaller distance decay function means that a function 

decreases more slowly with distance. We use different levels of distance decay following 

Jennen and Brounen (2009).   

Finally, we determine whether properties are located within an office cluster or 

not. Therefore, we calculate office density within a specific grid (100 x 100 metre grid). 

This is done by calculating the number of properties (from the middle of the grid) within a 

search radius of 400 metres (based on the 0.5 km2 area used by Jennen and Brounen, 

2009). Next, each grid is compared with its neighbouring grids using a sharp threshold 

level.60 If the neighbouring value exceeds or equals the cut-off value, then the grid squares 

                                                             
58 In their analysis using the Greater-Amsterdam office market, Jennen and Brounen 

(2009) found a positive relationship between office density and rent. They employed a 

sharp cutoff at 0.5 km2 in their regression analysis.  
59 For example, an office of 30,000 square metres with a distance decay 𝛾 of 0.001 at 700 

metres from the central point contributes 14,898 m2 to the cluster.  
60 The method we use implicitly uses the number of offices within the search radius. This 

means that every office counts the same irrespective of size. A methodology development 
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are merged to form an office cluster. In this way, we can distinguish between properties 

located inside and outside office clusters. For those inside an office cluster we assign the 

value one (𝑤𝑘𝑖𝑡 = 0) or zero otherwise (𝑤𝑘𝑖𝑡 = 0). 

To measure agglomeration economies, we rely on the all parcel dataset that covers 

all office properties in the Netherlands (Department of Infrastructure and Environment). 

For each office property, the dataset provides information about the location, construction 

year and the property size. Using this dataset, one can pinpoint the geographical location 

(longitude and latitude coordinates) of all office properties with more than 500 m2 of 

office space using GIS techniques.61 Figure 5.2 maps all the office properties (n=22,126) 

in the Netherlands with more than 500 m2 of office space. We see that a considerable 

number of these properties are located within the Randstad area (including: Amsterdam, 

Rotterdam, Utrecht and The Hague). The all parcel dataset is used to identify the office 

clusters. 

Our sample of 2,065 transaction-based capitalization rates for the 1990-2011 

period is mapped in Figure 5.3. We observe that more than half of the property 

transactions took place within the Randstad area62 that includes the major cities of 

Amsterdam, Rotterdam, Utrecht and The Hague. Approximately 55 per cent of the Dutch 

office market space lies within this area (Bak, 2010). We mapped the sample on the all-

parcel dataset to identify whether the transaction is inside/outside an office cluster.  

In Figure 5.4, we present the outcome of the GIS clustering technique with on the 

right panel more detailed maps for the major office markets. First, we observe that the 

clustering technique indeed show most of the office clusters in the Amsterdam, 

Rotterdam, The Hague and Utrecht regions. We also map the office clusters for the 

Greater Amsterdam market (Figure 5.4, upper right panel) and Greater Rotterdam market 

(Figure 5.4, lower right panel). Here, one observes several office clusters within 

Amsterdam as, for example, one can see one in the southeast part of the city and a large 

one in the city centre. In the Rotterdam area, the ‘Blaak’ area within the city centre is the 

largest office cluster.  

                                                                                                                                         

would be to incorporate office size in this method. Furthermore, we use a threshold level 
in this study of 50, based on a trial-and-error approach. 
61 In line with Bak (2010), we exclude all office properties with less than 500 square 
metres office space.   
62 The Randstad area consists of the metropolitan areas of Greater-Amsterdam; Haarlem, 

IJmond, Zaanstreek, Het Gooi and Vechtstreek; Utrecht; Leiden and Bollenstreek; 
Greater-Rijnmond; The Hague and Southeast South Holland; plus the Municipality of 

Almere.  
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Figure 5.2 GIS information on commercial office properties, The Netherlands  

Notes: This figure shows all commercial office properties in the Netherlands (N=22,126).  
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Figure 5.3 GIS information on commercial real estate transactions, The Netherlands    

Notes: This figure shows all commercial real estate transactions in the period 1990-2011 (N=2,065).  

 



116 

 

 

Figure 5.4 GIS information on office clusters based on the clustering approach described in Section 5.4.2.  

Notes: This figure shows office clusters in the Netherlands. Insets show office clusters with asset transactions in the Amsterdam (upper) and 

Rotterdam (lower) regions in greater detail.   



117 

 

Table 5.3 - Agglomeration economies statistics 

Panel (A) Cluster Area  Distance decay 

0.5 km2 2.0 km2 4.0 km2  𝛾 = 0.001 𝛾 = 0.01 𝛾 = 0.1 

Mean 45,168 123,308 197,248  213,629 9,951 1,951 

Median 25,114 66,719 109,552  151,252 6,179 527 

St. Dev 57,702 147,233 233,342  208,390 12,639 5,065 

Minimum 0 0 0  380 <0.01 <0.01 

Maximum 525,946 1,057,352 1,552,189  1,083,990 207,180 137,493 

Panel (B) inside cluster statistics 

Netherlands    0.31       

Randstad    0.40       

Amsterdam     0.58       

Rotterdam    0.56       

The Hague    0.59       

Utrecht    1.00       

Notes: This table shows statistics for agglomeration economies in the Netherlands. Panel (A) provides summary statistics using different 

cluster area definitions and various distance decay measures. Panel (B) indicates how the inside cluster statistic is distributed. The distance 

decay function utilizes the following equation (5.8):  

𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑖𝑡 = ∑ exp

𝑛

𝑗=1

(−𝛾 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗) ∗  𝑠𝑖𝑧𝑒𝑗  
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Table 5.3 presents summary statistics for the variables used to measure 

agglomeration economies. The mean cluster sizes are 45,168 m2 and 197,248 m2 of 

office space for the 0.5 km2 and 4.0 km2 clusters respectively. Furthermore, we observe 

that the distance decay function varies between 1,951 m2 and 213,629 m2 of office space. 

We also note that 31 per cent of the office transactions are inside an office cluster.  

5.5 Estimation results 

In this section, we first analyse the base models with cluster sizes based on the total office 

space within a spatial proximity. This will help to gain a better understanding of the effect 

of agglomeration economies on the capitalization rate. Following this, we incorporate 

different cluster measurements to refine our results and to reflect the first law of 

geography. After this, we consider the relative importance of each variable within the 

overall dependent variable. Finally, we discuss structural differences and a pseudo repeat-

sales approach to check the robustness of the results. 

5.5.1 Main results 

The results for the hedonic approach are presented in Table 5.4. Specification (5.1) 

reflects the baseline model without controls for agglomeration economies.63 The estimates 

are as one would expect: rents per square metre (generated cash-flow) are negatively 

associated with capitalization rates (i.e., higher asset prices). Larger transactions, in terms 

of office space, have lower capitalization rates. Also, new properties on average have 

lower capitalization rates than older properties: on average, new properties have a 

capitalization rate that is 13.2 per cent lower than existing or refurbished properties. 

Whereas the overall mean capitalization rate is 8.81 per cent (see Table 5.1), the mean 

capitalization rate of new properties is 7.65 per cent. In addition, we can see that the 

interest rate is positively associated with the capitalization rate (see Clayton et al., 2009; 

Chaney and Hoesli, 2014).  

Specifications (5.2) – (5.4) include several measures for office cluster size with 

different spatial areas based on equation (5.7). In Specification (5.2), we observe a 

positive coefficient for the office cluster size (in terms of floor space) within a 0.5 km2 

area (a radius of 400 metre) around the subject, while controlling for the rent. 64 That is, if 

the office cluster size would increase with one standard deviation from the mean (an 

                                                             
63 The R-squared value was 39.6 per cent which is lower than reported elsewhere (see 

Chaney and Hoesli, 2014). However, their R-squared of 46 per cent was based on a 

specification with 22 independent variables whereas our specification only has four.    
64 We also tested this model including only transactions above 500 m2 and obtained 

similar results.  



119 
 

increase of 57,702 m2, see Table 5.3), capitalization rates would decrease by about 8 

basis points (for example from, from 8.81 to 8.73). As an illustration, a 2,000 m2 property 

costing €2,000,000 and generating a rent of €176,200 (a capitalization rate of 8.81 per 

cent) would command an extra €18,328 (or €9.16 per m2) if a capitalization rate of 8.73 

per cent was acceptable. From a different angle, the floor space of an office cluster would 

need to increase by approximately 593,000 m2 to decrease the capitalization rate from 

8.81 per cent to 8.00 per cent. This indicates that the effect of office clustering is 

economically significant and suggests that investors place a value on discount rates and 

future rental income growth associated with office cluster size. 

Specifications (5.3) and (5.4) extend the physical extent of office clusters by 

adding additional rings to the central area. More specifically, we first add a ring 

(Specification 5.3) extending the area from 0.5 km2 to 2.0 km2, and in Specification 5.4 to 

4.0 km2. This allows us to investigate whether a diminishing effect of office cluster size 

exists. The specifications indicate that the coefficient of office clustering is statistically 

not significant different from zero once the cluster size moves beyond 0.5 km2 (a radius of 

400 m). That is, the agglomeration effect is rather local and diminishes with distance, a 

result consistent with the first law of geography in that this assumes that near objects are 

more related than objects further away.  We now focus further on this “law” by including 

agglomeration economies using a distance decay function of equation (5.8) which 

incorporates a decreasing contribution of office properties at increasing distances. Table 

5.5 reports the estimates using this approach. Specifications (5.5) – (5.7) include different 

decay functions (𝛾=0.001, 𝛾=0.01 and 𝛾=0.1) in order to determine which decay function 

best captures the first law of geography. Note that a decay parameter of 𝛾=0.01 will not 

include any properties outside 400 metre and relates to the measure of ‘Cluster 0 – 0,5 

km2’ (see Appendix 5B). 

The estimates are only significantly negative (at the 1 per cent significance level) 

for the decay functions in Specifications (5.5) and (5.6), and much stronger in 

Specification (5.5) at -0.045 than in Specification (5.6) at -0.009. This indicates that if an 

average office cluster size were to increase by one standard deviation (an increase of 

208,390 m2, see Table 5.3), the capitalization rate would decrease by about 39 basis points 

(for example from 8.81 to 8.42). Based on the earlier illustration, this agglomeration 

effect amounts to €92,637 or €46.32 per m2. This suggests that the decay function 

included in Specification (5.5) best captures the effect of agglomeration economies in 

modeling the first law of economic geography.     
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Table 5.4 - Estimation results for base hedonic models with cluster measures 

(dependent variable: logarithm of the capitalization rate) 

 (5.1) (5.2) (5.3) (5.4) 

Characteristics             

Log Rent -0.070 *** (0.019) -0.064 *** (0.019) -0.064 *** (0.019) -0.064 *** (0.019) 

Log Size -0.013 *** (0.005) -0.012 *** (0.004) -0.012 *** (0.004) -0.012 *** (0.004) 

New property -0.132 *** (0.019) -0.133 *** (0.019) -0.132 *** (0.019) -0.132 *** (0.019) 

Interest rate 0.025 *** (0.008) 0.024 *** (0.008) 0.024 *** (0.008) 0.024 *** (0.008) 

Constant -2.198 *** (0.126) -2.156 *** (0.126) -2.173 *** (0.127) -2.170 *** (0.129) 

Clustering             

Cluster 0-0.5 km2    -0.007 ** (0.002) -0.007 *** (0.002) -0.007 *** (0.002) 

Cluster 0.5-2.0 km2       0.002  (0.003) 0.002  (0.003) 

Cluster 2.0-4.0 km2          -0.001  (0.003) 

Location dummies Yes   Yes   Yes   Yes   

Year dummies Yes   Yes   Yes   Yes   

Quarter dummies Yes   Yes   Yes   Yes   

𝑅2 39.6   39.9   39.9   39.9   

Root-MSE 0.20   0.20   0.20   0.20   

N 2,065   2,065   2,065   2,065   

Notes: The dependent variable is the logarithm of the capitalization rate. A new property is given a value 1 and an existing property 0. Log Rent denotes the rent 

per square metre (€ per m2) and Log Size the size of the contract (m2). All models include fixed effects for location (ZIP code two level), year and quarter. 

Specification (5.1) is our baseline model. Specifications (5.2) – (5.4) estimate different spatial delineations of office clustering. Standard errors are shown in 

parentheses with *, ** and *** indicating significance at the 10 per cent, 5 per cent and 1 per cent levels respectively. 
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Table 5.5 - Estimation results for hedonic models with distance decay functions  

(dependent variable: logarithm of the capitalization rate) 

 (5.5) (5.6) (5.7) 

Characteristics          

Log Rent -0.058 *** (0.019) -0.060 *** (0.019) -0.066 *** (0.019) 

Log Size -0.012 *** (0.004) -0.010 ** (0.005) -0.012 *** (0.005) 

New property -0.137 *** (0.019) -0.134 *** (0.019) -0.133 *** (0.019) 

Interest rate 0.026 *** (0.008) 0.025 *** (0.008) 0.025 *** (0.008) 

Constant -1.669 *** (0.174) -2.184 *** (0.125) -2.222 *** (0.126) 

Clustering          

Decay (𝛾 = 0.001) -0.045 *** (0.010)       

Decay (𝛾 = 0.01)    -0.009 *** (0.003)    

Decay (𝛾 = 0.1)       -0.001 ** (<0.001) 

Location dummies Yes   Yes   Yes   

Year dummies Yes   Yes   Yes   

Quarter dummies Yes   Yes   Yes   

𝑅2 40.2   39.9   39.7   

Root-MSE 0.20   0.20   0.20   

N 2,065   2,065   2,065   

Notes: The dependent variable is the logarithm of the capitalization rate. A new property is given a 

value 1 and an existing property 0. Log Rent denotes the rent per square metre (€ per m2) and Log 

Size the size of the contract (m2). All models include fixed effects for location (ZIP code level 

two), year and quarter. The three specifications have different distance decay functions based on 

the following equation (5.8): 

𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑖𝑡 = ∑ exp

𝑛

𝑗=1

(−𝛾 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗) ∗  𝑠𝑖𝑧𝑒𝑗  

Standard errors are shown in parentheses with *, ** and *** indicating significance levels of 10 

per cent, 5 per cent and 1 per cent respectively. 

 

Table 5.6 reports the results from specifications (5.8) – (5.10) that investigates the 

effect of agglomeration economies using a geographic information system (GIS) 

methodology that estimates whether properties are located within or outside an office 

cluster. In Specification (5.8), we establish this cluster method using a dummy variable. 

The results indicate a significantly lower capitalization rate (at the 1 per cent significance 

level) for properties inside office clusters. More specifically, being inside an office cluster 

decreases a property’s capitalization rate by approximately 33 basis points: if a property is 

located inside an office cluster the capitalization rate is 8.48 per cent compared with 8.81 

per cent if it were outside. In Specifications (5.9) and (5.10), we extend the model by 

including an interaction term between (inside or outside a cluster) and the office cluster 
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size. These specifications indicate that the effect of agglomeration economies on 

capitalization rates, irrespective of the measurement used (cluster or decay function), is 

greater for properties inside an office cluster. Hence, we conclude that (I) investors 

perceive and value properties inside office clusters as less risky and/or (II) investors 

expect greater rental growth within office clusters. One possible explanation for this is 

that tenants and investors perceive properties within office clusters as best for their 

businesses (Jennen and Brounen, 2009). Perhaps, investors might view future cash-flow 

income more positively, or as less risky, because they perceive a lower likelihood of 

vacancies within office clusters. Another possible explanation is that office clustering 

offers several benefits that make investments more attractive (Sivitanidou and Sivitanides, 

1999). One benefit is that having relatively more liquid assets is advantageous in terms of 

future opportunities (easier to convert assets into cash). As such, investors may be willing 

to pay a higher asset price (i.e., accept a lower capitalization rate) for space within a 

cluster since they see this as easier to convert into cash. Further, as also observed by 

Gunnelin et al. (2004), our results do indicate that valuers see capitalization rates as 

varying across properties.  

5.5.2 Relative importance 

In this subsection, we turn to the contribution of each independent variable to the R2 value 

since this will shed light on their relative importance. Here, we use a metric based on a 

dominance analysis65 of four specifications.66 Of the independent variables, the rental 

income generated by a property is the most important. On average, rental income explains 

41 per cent of the R2 term. This is perhaps not surprising since rent can serve as a proxy 

for unobserved aspects such as property quality and age. Further, both whether a property 

is new and the interest rate at the time of the transaction are important (explaining 15 per 

cent and 30 per cent of the R2 term respectively). Finally, the office cluster size, 

contributes approximately 6 per cent to the R2 term. This implies that office clusters 

explain just 0.53 per cent of a mean capitalization rate of 8.81 per cent. 

                                                             
65 A dominance analysis (a user written command in Stata, DOMIN) is useful for 

investigating the relative importance of independent variables in a regression model. The 
method is based on overall model fit statistics and runs regressions for all 2p-1 

combinations of the independent variables. We determined the relative importance of the 
independent variables using the following protocol: first we estimated the regressions 

with the locational, annual and seasonal fixed effects all being given a weight of zero. We 

then rescaled the independent variables for each specification.  
66 We run the dominance analysis with four specifications: the baseline (Spec. 5.1), with 

clustering within 0.5 km2 (Spec. 5.2) , with the distance decay function (Spec. 5.5) and, 

finally, based on the GIS methodology (Spec. 5.8). 
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Table 5.6 - Estimation results for hedonic models with distance decay functions 

(dependent variable: logarithm of the capitalization rate) 

 (5.8) (5.9) (5.10) 

Characteristics          

Log Rent -0.061 *** (0.019) -0.056 *** (0.019) -0.060 *** (0.019) 

Log Size -0.014 *** (0.004) -0.013 *** (0.005) -0.013 ** (0.004) 

New property -0.129 *** (0.019) -0.135 *** (0.019) -0.131 *** (0.019) 

Interest rate 0.026 *** (0.008) 0.026 *** (0.008) 0.024 *** (0.008) 

Constant -2.216 *** (0.125) -1.772 *** (0.188) -2.179 *** (0.138) 

Clustering          

Inside cluster -0.038 *** (0.011)       

Decay (𝛾 = 0.001) * Inside cluster    -0.038 *** (0.011)    

Decay (𝛾 = 0.001) * Outside cluster    -0.037 *** (0.012)    

Cluster 0-0.5 km2 * Inside cluster       -0.007 *** (0.002) 

Cluster 0-0.5 km2 * Outside cluster       -0.005 ** (0.002) 

Location dummies Yes   Yes   Yes   

Year dummies Yes   Yes   Yes   

Quarter dummies Yes   Yes   Yes   

𝑅2 40.0   40.1   40.0   

Root-MSE 0.20   0.20   0.20   

N 2,065   2,065   2,065   

Notes: The dependent variable is the logarithm of the capitalization rate. A new property is given a value 1 and an existing property 0. Log Rent denotes the rent 

per square metre (€ per m2) and Log Size the size of the contract (m2). All models include fixed effects for location (Zip code level two), year and quarter. 

Specification (5.8) includes a dummy for transactions (capitalization rates) inside an office cluster. Specifications (5.9) and (5.10) include an interaction term 

between inside/outside an office cluster and the cluster measurements shown in Tables 5.4 and 5.5. Standard errors are shown in parentheses with *, ** and *** 

indicating significance levels of 10 per cent, 5 per cent and 1 per cent respectively. 
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Table 5.7 - Relative Importance of Variables 

(Relative Importance of each variable in the capitalization rate) 

Variable Spec. 5.1 Spec. 5.2 Spec. 5.5 Spec. 5.8 Average 

Rent 43.76 40.99 39.75 40.24 41.19 

Size 10.06 9.20 9.00 9.56 9.46 

New property 15.14 14.72 14.90 14.24 14.75 

Interest rate 31.04 29.80 30.29 30.19 30.33 

Cluster  5.29 6.06 5.77 5.71 

Notes: These relative importance metrics are based on a dominance analysis. This method is 

useful to investigate the relative importance of independent variables in a regression model. The 

method is based on overall model fit statistics. The regression model includes all 2p-1 combinations 

of the independent variables. The model was rescaled to exclude locational, yearly and seasonal 

fixed effects. Figures are in percentages.  

 

 

Table 5.8 - Estimation results for quantile regression models 

(dependent variable: logarithm of the capitalization rate) 

 (Low) (Middle) (High) 

Characteristics          

Log Rent -0.075 *** (0.019) -0.108 *** (0.018) -0.079 *** (0.026) 

Log Size -0.010 ** (0.004) -0.023 *** (0.004) -0.023 *** (0.006) 

New property -0.107 *** (0.019) -0.111 *** (0.018) -0.142 *** (0.027) 

Interest rate 0.014  (0.015) 0.022  (0.014) 0.043 ** (0.021) 

Constant -1.810 *** (0.201) -1.528 *** (0.195) -1.467 *** (0.284) 

Clustering          

Decay (𝛾 = 0.001) -0.034 ** (0.010) -0.030 *** (0.010) -0.045 *** (0.015) 

Location dummies Yes   Yes   Yes   

Year dummies Yes   Yes   Yes   

Quarter dummies Yes   Yes   Yes   

𝑅2 28.9   26.9   27.8   

N = 2,065    

Notes: The dependent variable is the logarithm of the capitalization rate. A new property is given a 

value 1 and an existing property 0. Log Rent denotes the rent per square metre (€ per m2) and Log 

Size the size of the contract (m2). All models include fixed effects for location (ZIP code level two), 

year and quarter. Specifications relate to model (5) in Table 5.5. Standard errors are shown in 

parentheses with *, ** and *** indicating significance at the 10 per cent, 5 per cent and 1 per cent 

levels respectively. 
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5.5.3 Structural differences and robustness checks 

This subsection reports on structural differences and some robustness checks. Thus far, 

we have provided an average effect of office cluster size on capitalization rates. However, 

the effect of office clustering may vary across market segments (Sivitanidou and 

Sivitanides, 1999) as investors will evaluate the risks associated with local office 

characteristics and so the strength of local office markets may affect capitalization rates. 

To test for this, we apply quantile regressions to investigate differences in office market 

segments. The results are presented in Table 5.8 and show that the effect of increasing 

office cluster size is negatively significant and varies between -0.030 to -0.045 across the 

office market. This implies that office clustering has the greatest effect on properties with 

high capitalization rates.  

In the main empirical analysis, the effect of agglomeration economies on 

capitalization rates was estimated while controlling for locational, year and seasonal fixed 

effects. As noted in developing the empirical framework, office clusters could arise from 

new development in places with low capitalization rates, generating a possible 

endogeneity issue within our specification. To minimize this endogeneity risk, we 

estimated a specification based on the pseudo repeat-sales approach. 

Table 5.9 - Estimation results for pseudo-repeat sales (PRS) ZIP code two level 

(dependent variable: ∆logarithm of the capitalization rate) 

        PRS 

Characteristics    

∆Log Rent -0.009  (0.025) 

∆Log Size -0.022 *** (0.005) 

∆New property -0.121 *** (0.017) 

∆Interest rate -0.058 *** (0.008) 

Constant <0.001  (0.006) 

Clustering    

∆Decay (𝛾 = 0.001) -0.048 ** (0.022) 

𝑅2 23.2 

N = 1,860  

Notes: The dependent variable is the ∆logarithm of the capitalization rate. The model includes ∆year 

and ∆quarter. Specifications relate to Specification (5.5) of Table 5.5. Cluster standard errors are 

shown in parentheses with *, ** and *** indicating significance at the 10 per cent, 5 per cent and 1 

per cent levels respectively. 

The results are presented in Table 5.9. The effect of office cluster size is similar 

but slightly higher than in our other estimations: the agglomeration effect is -0.048, which 
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is similar to the outcome of the hedonic model (Specification 5.5, Table 5.5). This implies 

that the agglomeration effect (with a one standard deviation increase from the mean) for 

an average office property results in a decrease in the capitalization rate of 42 basis points. 

This recalculated agglomeration effect amounts to a €98,196, or €49.10 premium per 

square metre (based on the earlier illustration).67 

5.6 Conclusions 

This article reports on an analysis to assess the impact of agglomeration externalities on 

capitalization rates. Theoretically, agglomeration economies should be reflected in higher 

rents since firms are perceived as benefitting from being situated within a cluster because 

such locations are the best for business. Further, it is argued that having other office 

structures in the vicinity suggests efficiency gains in terms of production and services. 

The question arises as to whether real estate investors benefit from agglomeration 

economies as higher office rents are a necessary, however, not a sufficient condition for 

higher rent-to-asset price ratios. 

To investigate this aspect, we measured capitalization rates and related these to 

whether a property was situated within an agglomeration economy (i.e. a cluster). In 

examining this, we used a dataset with transaction-based commercial real estate 

capitalization rates covering the period from 1990 to 2011. We adopted various 

approaches to defining and modeling office clusters and consistently demonstrated a 

lower capitalization rate (by between 8 and 42 basis points). We see this as evidence that 

investors perceive future cash-flow income as less risky and future rental income growth 

as likely to be higher inside office clusters. As such, our study supports the claim that 

investors accept lower capitalization rates within office clusters because these properties 

are likely to be less risky and more liquid.   
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Appendix 5A - Glossary of model notation 

This appendix presents a glossary of the notations used in modeling the capitalization rate 

in this article: 

𝑃𝑖𝑡  = Asset price for property i at time t (€, current).  

𝑁𝑂𝐼𝑖𝑡  = Net Operating Income for property i at time t (€, current). 

𝐺𝑖𝑡  = Rental growth expectation for property i at time t. 

𝑅𝑖𝑡  = Discount rate for property i at time t.  

𝑃𝑆𝑖𝑡  = Expected selling price for property i at time t. 

𝑇  = Investment horizon.  

𝑅𝐸𝑁𝑇𝑖𝑡  = Rent for property i at time t (€, current).  

𝐶𝐴𝑃𝑖𝑡  = Capitalization rate for property i at time t.  

𝑅𝐹𝑅𝐼𝑡  = Risk-free real interest rate at time t. 

𝐸𝐼𝑡  = Expected inflation at time t. 

𝑅𝑃𝑖𝑡  = Risk premium for property i at time t.  
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Appendix 5B - Distance decay function  

 
Figure 5.5 Illustration of the distance decay function  
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Appendix 5C - Instrumental variable approach  

Table 5.10 – Instrumental variable approach 

(dependent variable: logarithm of the capitalization rate) 

                     5.11   5.12   

Clustering  

Cluster 0-0.5 km2 -0.015 *** (0.005)    

Decay (𝛾 = 0.001)    -0.036 ** (0.016) 

Control variables Yes   Yes   

PC2 fixed effects Yes   Yes   

Time fixed effects Yes   Yes   

Number of observations 2,065   2,065   

F-test for weak instruments 168.014   580.643   

Test for exogeneity 3.465   0.524   

Overidentification test 0.816   4.209   

Notes: The dependent variable is the logarithm of the capitalization rate. The model includes the 

control variables Log Rent, Log Size, New property and interest rate. Specification 5.11 relates to 

Specification (5.2) of Table 5.4 and Specification 5.12 relates to Specification (5.5) of Table 5.5. The 

critical value for the test of exogeneity and the overidentification test  is 3.84. Instrument in 

Specification (5.11) and (5.12) is the distance to train station in 1870 and office clusters in 1980. 

Standard errors are shown in parentheses with ** and *** indicating significance at the 5 per cent 

and 1 per cent levels respectively. 
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Chapter 6  

 

 

Tourism and commercial retail rent levels: 

evidence from the European retail market 
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6. Tourism and commercial retail rent levels: evidence from 

the European retail market 

 

Abstract - Tourists are typically recreation-oriented shoppers for whom shopping is one 

of the most important activities when visiting. This paper reports on an analysis to 

measure whether tourism affects commercial retail rents. For this, we use a unique tenant-

specific commercial retail rent database of several European countries for 2011. We find 

that tourism leads to higher commercial retail rents. A 25 per cent increase in tourism 

implies a 0.7 to 0.93 per cent higher commercial retail rent. The results are robust with 

alternative model specifications.  

 

Keywords:  Commercial retail, Rents, Hedonic regression, Tourism. 
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6.1 Introduction 

In a shifting global landscape, tourism has gained increasing attention from academia and 

investors. Shopping is one of the most important activities for many tourists, 

(MacCannell, 2002; Timothy, 2005; Kemperman et al., 2009) with tourists typically seen 

as recreational-oriented shoppers (Kaltcheva and Weitz, 2006) with various shopping 

motives (Kim and Literell, 1999; Moscardo, 2004). As a consequence, retail investors use 

tourism as an indicator to benchmark ‘attractive and competitive’ cities (Grosvenor, 

2014).68 Understanding the effect of tourism on commercial retail activity is important as 

this could link city marketing to commercial retail rents and thereby provide insights into 

‘competitive’ cities. The focus in this paper is on the effect of tourism on commercial 

retail rents.  

To address this issue, we build upon the literature regarding determinants of 

individual retail rental values (Sirmans and Gaudy, 1993; Hui et al., 2007; Carter, 2009; 

Yuo et al., 2011). This line of research provides cross-sectional evidence that tenants in 

larger buildings pay lower rents per square metre. In addition, it shows that anchor stores 

(i.e., major retail chain) pay lower rents per square metre. However, to the best of our 

knowledge, previous research has not determined the effect of tourism on commercial 

retail rents. The extent to which tenants are willing to pay higher rents per square metre 

for retail properties within locations that are positively affected by tourism is not clear.  

In this paper, we contribute to the commercial retail rents debate by analysing the 

effect of tourism while controlling for tenant- and property-specific characteristics. In 

order to estimate the effect of tourism, we adopt a hedonic framework approach with area 

fixed-effects. This allows one to control for unobserved factors within the fixed-effect 

area. However, when developers build new commercial real estate properties in locations 

with high numbers of tourists, then tourism may be endogenous to commercial retail 

rents. We take this potential endogeneity issue into account by also using an instrumental 

variable approach.  

Second, we have been able to use a unique new dataset that includes information 

on tenant and property characteristics. A major advantage of this dataset is that it includes 

high-street retail as well as shopping centres and warehouses. Here, we draw on 2011 data 

on 1,503 specific retail tenant contracts across four European countries in a large 

comprehensive database. 

                                                             
68 A specific aim of this benchmarking exercise was to rank cities according to various 

dimensions ranging from macroeconomic indicators (Gross Domestic Product) through 
market indicators (rents, yield, vacancies and tourism) to institutional indicators (such as 

transparency and planning restrictions). 
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This paper is organized as follows: in the next section (6.2), we outline the 

empirical framework used to efficiently estimate the effect of tourism on commercial 

retail rents. In Section 6.3, we describe the data we use, while Section 6.4 presents the 

results from the estimation models. Finally, Section 6.5 offers some discussion and 

concluding remarks.   

6.2 Empirical methodology  

In this section, we specify our empirical model for investigating the effect of tourism on 

commercial retail rents. For this, we estimate a commercial real estate rents model using 

hedonic regression techniques (Rosen, 1974). If 𝑅𝑖 denotes the log commercial retail rent 

per square metre for retailer i, then the hedonic commercial retail rent model to be 

estimated is as follows: 

ln (𝑅𝑖) = 𝛼 + 𝐵𝑥𝑋𝑖 + 𝐵1𝑇𝑖 + 𝜃𝑟 + 휀𝑖                                                                                      (6.1) 

where 𝑋𝑖 is a vector of relevant property and tenant characteristics; T is the measure of 

tourism; 𝜃𝑟 is the fixed effects and 휀𝑖 the error term. To control for unobserved 

heterogeneity, we include fixed effects on the province (NUTS-2) level. This enables one 

to control for economic differences between regions. The coefficient 𝐵1 is designed to 

provide information on the effect of tourism on commercial retail rents. A value of 

𝐵1 > 0 provides evidence of tourism having a positive effect on commercial retail rents.  

The main econometric concern with this hedonic regression model is that tourism 

is potentially endogenous to commercial retail rents. Tourism will be endogenous to rents 

if developers build new commercial real estate properties in locations because they have 

large numbers of tourists. If this is the case, it may lead to biased estimates of the effect of 

tourism on commercial retail rents. One way to control for this potential endogeneity, is to 

use instrumental variables that are correlated with tourism but uncorrelated with current 

commercial retail rents. Ideally, a good option would be to use city-level population 

densities before 1950. However, due to data limitations, such an instrument was 

unavailable.     

Instead, we use the number of nearby UNESCO world heritage locations as an 

instrument for tourism. The instrument’s validity rests on the assumption that UNESCO 

world heritage locations are correlated with tourism but uncorrelated with commercial 

retail rents (see Arezki et al., 2009). However, one could argue that investors might see 

UNESCO locations as a good place to invest as the designation of a UNESCO location is 

not random and (public) investments are made in UNESCO locations. We, however, 

argue that UNESCO world heritage locations are exceptional and unique natural or 

cultural sites, often created centuries or millennia ago, and therefore exogenous to current 
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retail rents. This is supported by univariate evidence69 in that we failed to find any 

significant correlation between UNESCO locations and commercial retail rents. Using 

this measure enables us to estimate the effect of tourism while minimizing endogeneity 

concerns.70 

6.3 Data and descriptives 

Our analysis uses information from a commercial retail dataset for 2011. The dataset 

contains private information on commercial retail rents for a sample of individual retail 

leases. The dataset provides information on retail contracts and a wide range of property 

characteristics, such as the rental size, retail type and the number of tenants within the 

building. Further, we add information on the location of each property based on the 

Geographical Information System of the (European) Commission (GISCO). This system 

visualizes urban clusters (based on population) within Europe. The primary tourism data 

(number of hotel properties and rooms) come from the STR Global database. Established 

in 2008, STR Global provides city specific information for the worldwide hotel industry.71 

Further, we use the number of nights spent by tourists on the provincial level as a proxy 

(Eurostat, 2011). Finally, we add latitude and longitude coordinates using the 

Geographical Information System (GIS). 

The dependent variable is the commercial retail rent per square metre for an 

individual retailer. Further, we also include property-specific characteristics such as the 

size of the building in the rental contract, the remaining lease period, the number of 

tenants, the location of the property and the type of property. Finally, we also include 

information on tourism by focusing on the number of hotels and rooms within a city as 

well as the number of nights spent by tourists. This leaves us with 1,503 individual 

retailer contracts. 

Table 6.1 presents descriptive statistics. Our first observation is that the mean 

commercial retail rent per square metre is €349, ranging from a low of €47 to a high of 

€1,318. Given that the commercial retail rent distribution is skewed, we use the natural 

logarithm of the retail rent in our empirical analysis. The size of the retail contracts within 

the dataset ranges from 13 to 3,332 square metres with an average of 337 square metres. 

Moreover, we observe that retail properties have, on average, 31 tenants who, on average, 

have of 4.96 years remaining on their contracts. In addition, we find that 56 per cent of the 

                                                             
69 Correlation tests also show a significant correlation between UNESCO locations and 

tourism and between tourism and commercial retail rents. 
70 We use a two-stage least squares model incorporating the ivregress (Stata) function 
which produces robust and accurate standard-errors. 
71 Cities without hotels are linked to the closest city with hotels in the STR database.  
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observed contracts are within metropolitan areas. Further, 51 per cent of the tenants rent 

premises in a shopping centre, 36 per cent a high-street property and 13 per cent other 

properties. Furthermore, one observes that the number of hotels (which we use as a proxy 

for tourism) ranges from 1 to 1,040, with an average of 65. There are, on average, 7,093 

hotel rooms per city. Moreover, the number of nights spent (NUTS 2 level) by tourists 

ranged from 408,000 to 77.4 million, with an average of 15.2 million nights per year. On 

average, there are 2.16 UNESCO locations within a radius of 50 kilometres, and 9.18 

within a radius of 100 kilometres.  

Table 6.1 - Descriptive statistics 

 Mean SD Min Max 

Property     

   Rent (in € per 𝑚2) 349 237 47 1,318 

   Size (in 𝑚2) 337 453 13 3,332 

   Remaining lease period (in years) 4.96 3.50 0 19 

   Number of tenants 31 36 1 114 

   Metropolitan area 0.56    

   Retail type – High street shopping 0.36    

   Retail type – Shopping Centre  0.51    

   Retail type – Other  0.13    

Tourism     

   Number of Hotel properties 65 125 1 1,040 

   Number of Hotel rooms 7,093 14,269 11 67,682 

   Number of nights spent by tourists 

(thousands) 

15,178 17,662 408 77,404 

Instruments     

   UNESCO listings within 50 km 2.16 1.84 0 8 

   UNESCO listings within 100 km 9.18 4.60 0 18 

Note: This table summarizes the descriptive statistics for the variables of interest. Retail contracts 

are coded 1 if within a metropolitan area and 0 otherwise. The number of hotel properties and 

rooms is a city specific measure, whereas the number of nights spent by tourists is a regional 

measure (NUTS-2). The number of observations is 1,503. 

 

Figure 6.1 maps all the retail locations for which we have a retail contract in the 

dataset using GIS. One observes a relatively high concentration of properties within the 

Netherlands and to a lesser extent Belgium, with a lower density in France and especially 

Spain. Further, most properties are concentrated in the more urbanized regions 

(Amsterdam, Antwerp, Brussels, Paris, Madrid, etc.). 
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Figure 6.1 GIS information on commercial retail locations, Europe   

Notes: This figure shows the tenanted retail locations throughout Belgium, 

France, the Netherlands and Spain. 

Figure 6.2 illustrates the ‘metropolitan area’ measure for the western part of the 

Netherlands (the Randstad area). One observes a large number of properties within an 

urban cluster (based on population size). Figure 6.3 depicts all UNESCO locations  within 

the study area.72 In both Belgium and the Netherlands, the UNESCO locations are 

concentrated in the western parts, whereas in France and Spain they are more evenly 

distributed. 

                                                             
72 We have included all the UNESCO locations in the four counties except the Waddensea 

area within the Netherlands since this is essentially a large rural region.  
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Figure 6.2 GIS information on urban clusters and retail locations, the Netherlands 

 Notes: This figure shows urban clusters (metropolitan areas) based on 

population figures for the Netherlands from Eurostat. 

6.4 Empirical results  

The results are presented in Table 6.2.73 The specifications have R-squared values of 

approximately 0.63. Overall, the models indicate a joint significance for all of the 

specifications. The first column gives the baseline Specification (6.1) without controls for 

tourism. The estimates are in line with our expectations. Various relationships can be 

inferred from the control variables. First, the size in terms of floor area of a retail property 

contract has a negative impact on the rent per square metre. That is, larger floor areas tend 

to have lower rents per square metre, a finding in line with previous reports (Yuo et al., 

2011). Second, we find that tenants who have a longer remaining lease period tend to pay 

a higher price per square metre. In Specifications (6.2) - (6.4), a range of possible 

measures for tourism are included. The coefficients for tourism in these specifications 

give the elasticity.74 In Specification (6.2), we use the number of nights spent by tourists 

                                                             
73 In our specifications we used standard errors instead of robust or clustered standard 

errors. The reason for this was that with robust or clustered standard errors, convergence 
of the F test was not achieved. However, robust or clustered standard errors resulted in 

similar significant results. 
74 Based on the coefficients, we interpret the effect of a 25 per cent increase in tourism on 
rents. We do this because the more conventional approach of imposing a one standard 

deviation shock (in our case in the tourism measure) would be unrealistic given the large 
 



142 
 

as a proxy for tourism. From Table 6.2 we observe that this tourism proxy has a positive 

and statistically significant coefficient. One can interpret this coefficient as implying that, 

if tourism (i.e. the number of nights spent by tourists) increased by 25 per cent (an annual 

increase in nights spent of approximately 3.8 million), commercial retail rents would 

increase by roughly 3.73 per cent.75 In Specification (6.3), we use the number of hotel 

properties within a city as the proxy for tourism. The estimate reveals that ‘tourism’ again 

has a significantly positive effect (this time a coefficient of .037) on commercial retail 

rents indicating that if tourism (i.e. the number of hotel properties) increases by 25 per 

cent (i.e. 16 more properties), commercial retail rents will increase by approximately 0.93 

per cent.76  

 

Figure 6.3 UNESCO world heritage locations (GIS) in selected European countries  

    

                                                                                                                                         

standard deviations in our data. Furthermore, it is important to understand that we 
interpret tourism based on geographical differences instead of time differences.   
75 A one standard deviation increase in the number of nights spent by tourists would 

increase rents by 17.3 per cent. 
76 A one standard deviation increase in the number of hotel properties would increase 

rents by 7.1 per cent.  
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Table 6.2 - Estimation results for hedonic models with Tourism 

(dependent variable: logarithm of retail rent per square metre)  

 (6.1) – OLS (6.2) – OLS (6.3) - OLS (6.4) - OLS 

Number of nights spend by tourists (log)   0.149 (0.055) ***     

Number of Hotel properties (log)     0.037 (0.013) ***   

Number of Hotel rooms (log)       0.028 (0.011) ** 

Size of rental contract (log) -0.326 (0.013) *** -0.326 (0.012) *** -0.323 (0.012) *** -0.323 (0.012) *** 

Lease period (in years) 0.009 (0.004) *** 0.009 (0.004) *** 0.009 (0.004) ** 0.009 (0.004) ** 

Number of tenants 0.003 (0.001) *** 0.003 (0.001) *** 0.003 (0.001) *** 0.003 (0.001) *** 

Metropolitan area 0.285 (0.038) *** 0.285 (0.038) *** 0.249 (0.039) *** 0.254 (0.039) *** 

Retail type – Shopping centre 0.357 (0.060) *** 0.357 (0.060) *** 0.399 (0.062) *** 0.389 (0.061) *** 

Retail type – High street shopping 0.580 (0.055) *** 0.580 (0.065) *** 0.587 (0.055) *** 0.589 (0.055) *** 

Constant 7.733 (0.239) *** 5.032 (0.858) *** 7.479 (0.253) *** 7.428 (0.267) *** 

Province fixed effects (NUTS-2) Yes  Yes  Yes  Yes  

Property fixed effects No  No  No  No  

Number of observations 1,503  1,503  1,503  1,503  

R-squared 0.634  0.634  0.636  0.636  

Root MSE 0.431  0.430  0.430  0.430  

Notes: The dependent variable is the logarithm of the rent per square metre. Retail contracts are coded 1 if within a metropolitan area and 0 otherwise. The retail 

type ‘other’ is the reference group. All models include fixed effects on a province level. Specification (6.1) represents the baseline model. Specifications (6.2) – 

(6.4) are estimates with different tourism proxies. Standard errors are shown between parentheses with *, ** and *** indicating 10 per cent, 5 per cent and 1 per 

cent confidence levels respectively.  
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Finally, in Specification (6.4), we use the number of hotel rooms as a proxy for 

tourism to assess the appropriateness of Specification (6.3)’s measure of the number of 

hotel properties. We do this to control for the size of hotel properties. The results show a 

slightly lower but still significant coefficient (0.028) for tourism. Thus, all three proxies 

return values indicating that tourism has a statistically significant positive effect on retail 

rents. 

Overall, our analysis of the effect of tourism sheds new light on commercial retail 

rents.77 In our model estimates, all the tourism measures support the view that tenants pay 

higher rents for properties in areas with more tourists. We select the number of hotel 

properties as our prime tourism measure in further interpreting the economic impact of 

tourism. We use this as measuring tourism on a city (NUTS-3) level is a more refined 

measure compared to our data on the number of nights spent by tourists, which we only 

have on the NUTS-2 level. In economic terms, tenants would be willing to pay 

approximately 0.7 - 0.93 per cent per square metre more in rent if tourism were to 

increase by 25 per cent. This equates to roughly €2.44 to €3.25 per square metre per year 

(equivalent to €822 - €1,095 on an average contract of €117,613). 

Table 6.3 - Robustness checks for tourism hedonic models  

(dependent variable: logarithm of retail rent per square metre) 

 (6.5) – IV (6.6) - OLS 

Number of Hotel properties (log) 0.352 (0.181) *   

UNESCO location  0.142 (0.052) *** 

Rental Property characteristics Yes  Yes  

Province fixed effects (NUTS-2) Yes  Yes  

Number of observations 1,503  1,503  

R-squared  0.636  

Root MSE  0.430  

F-test for weak instruments 12.494    

Test for Exogeneity (critical value) 5.411 (3.840)    

Notes: The dependent variable is the logarithm of the rent per square metre. Retail contracts are 

coded 1 if within a metropolitan area and 0 otherwise. The retail type ‘other’ is the reference 

group. Specification (6.5) used the number of UNESCO world heritage locations within a radius 

of 50 km as an instrument for tourism. Specification (6.6) used UNESCO world heritage locations 

as a proxy for tourism. A retail unit within 50 km of a UNESCO location is coded 1, otherwise 0. 

Standard errors are shown between parentheses with *, ** and *** indicating 10 per cent, 5 per 

cent and 1 per cent confidence levels respectively.  

                                                             
77 In our specifications we used standard errors instead of robust or clustered standard 

errors. The reason for this was that with robust or clustered standard errors, convergence 
of the F test was not achieved. However, robust or clustered standard errors resulted in 

similar significant results. 



145 
 

The analysis thus far finds a positive effect of tourism on commercial retail rents. 

As noted earlier, there are concerns with respect to the model specifications. For example, 

if developers deliberately build new commercial real estate properties in locations with 

large numbers of tourists, then tourism may be endogenous to retail rents. Therefore, we 

consider several specifications with respect to instruments in more detail to assess the 

robustness of our findings. Results are presented in Table 6.3. 

In Specification (6.5), we control for the possible endogeneity concern related to 

tourism and rents.78 To minimize the possible endogeneity, we instrument tourism using 

the UNESCO world heritage list and perform a two stage least-square instrumental 

approach. In Specification (6.5), we adopt the number of UNESCO locations within a 50-

kilometre radius as an instrument for tourism. Here, the model delivers a much higher 

coefficient than the earlier specifications. To investigate this difference in coefficients, we 

test the strength of the instrument because weak instruments can produce biased IV 

estimators with large distortions (Stock and Yogo, 2005). Indeed, the F-test indicates that 

the instrument is weak.   

As noted earlier, UNESCO world heritage locations are exceptional and unique 

natural or cultural sites which were created centuries or millennia ago and therefore 

exogenous of current retail rents. As such, UNESCO world heritage locations could 

perhaps be used as a proxy for tourism. To test this, we determine whether a retail 

location is close to a UNESCO world heritage location. In Specification (6.6), we define a 

retail location as being within a tourist location if it is within 50 km of a UNESCO 

location. From Table 6.3 we observe a positive and statistically significant coefficient of 

0.142 for UNESCO locations. This implies that commercial rents are about 14.2 per cent 

higher for retail tenants within 50 km of a UNESCO location than elsewhere.  

 

6.5 Conclusions 

In this paper, we have examined the effect of tourism on commercial retail rents. In the 

analysis, we rely on a unique dataset on individual retail tenants across four European 

countries for 2011. The literature states that shopping is one of the most important 

activities for recreation-oriented tourists. Understanding the impact of tourism on 

commercial retail rents is therefore important as investors use tourism, among other 

things, to rank the attractiveness of cities. Therefore, we used a hedonic framework to 

                                                             
78 We also tested Specification (6.5) with a 100-kilometre radius but did not find any 
significant results. We also tested Specification (6.5) using the number of hotel rooms as 

our tourism measure but again we failed to find any significant estimates.  
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investigate the effect of tourism on commercial retail rents. In addition, we also estimate 

the effect of tourism using an instrumental variable approach.  

We show that tenants would be willing to pay approximately 0.7 - 0.93 per cent 

more per square metre if tourism were to increase by 25 per cent. This equates to tenants 

being willing to pay a premium of approximately €2.44 - €3.25 per square metre for a 

typical retail property. We attempted to use UNESCO world heritage locations as an 

instrument (IV) to control for a possible endogeneity bias in our tourism estimates but, 

unfortunately this resulted in biased IV estimators. However, when we used UNESCO 

locations as a proxy for tourism, we saw that proximity to such a location resulted in retail 

rents that were, on average, 14.2 per cent higher. Overall, the empirical approach 

presented here has a promising but stylized character. Future research could incorporate 

tourism measures on a lower spatial level. For example, whether variations in tourism 

within a city affects commercial retail rents in different ways remains to be addressed.  

Acknowledgements: We gratefully acknowledge the Centre for Geographical 

Information Technology, Univers ity of Groningen for computational assistance with the 

Geocoding. 
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7. Discussion and conclusions  

In this chapter, we discuss the main findings from this research. In Section 7.1, we start 

with the main conclusions based on the research objectives as specified in Section 1.1. 

Furthermore, we present some policy recommendations in Section 7.2 and limitations 

with suggestions for future research in Section 7.3.  

7.1 Research findings 

As outlined in Chapter 1, the main objective of this thesis is to analyse and document 

various aspects of the commercial real estate market in an era of financial deregulation 

and financial innovation. This resulted in five different studies: the relationship between 

commercial and residential real estate development; the impact of credit availability on 

commercial real estate asset prices; the impact of market liquidity on commercial real 

estate asset prices; the effect of agglomeration economies on capitalization rates; and the 

effect of tourism on retail rents.  

(a) The relationship between commercial and residential real estate developments 

in the Netherlands 

The first research objective relates to the relationship between commercial and residential 

real estate developments. In Chapter 2, we report on a study into the relationship between 

commercial and residential real estate developments in the Netherlands. In essence, the 

literature outlines two competing views regarding this relationship. First, a substitution 

effect is claimed arising from land-use regulations in terms of land, labour and finance. 

Second, a contrasting view is argued: a complementary effect arising from the fact that 

firms will locate near people and people will locate near firms. To contribute to the debate 

in this relationship, we constructed a two-stage error correction model based on regional 

data for the Netherlands covering the 1990-2012 period. In addition, we addressed the 

possible endogeneity issue that might well arise as location decisions by firms and 

households are likely to be endogenously linked. 
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Firstly, we found that commercial and residential real estate, in terms of real estate 

development permits, complement each other in the long run. A one per cent increase in 

commercial real estate development permits leads to a 0.35 per cent increase in residential 

real estate development. This supports that commercial and residential real estate 

developments are interlinked, as both the people follow jobs and the jobs follow people 

arguments suggest. As such, this outcome refines the findings of Vermeulen and van 

Ommeren (2009) in that the use of permits enables a link between commercial and 

residential real estate developments. We also found that the impact of GDP on residential 

real estate development is positive and in line with earlier literature.  

Secondly, we found regional differences in the relationship between commercial 

and residential real estate developments. This is in line with the regional character of local 

government policies and land use regulations which govern future land-use and real estate 

development. Here, we found that commercial and residential real estate developments 

complement each other in the Rotterdam and Utrecht region whereas, in Amsterdam, 

residential real estate development is insensitive to commercial real estate development.  

(b) The impact of credit availability on commercial real estate asset prices for the 

Dutch office market 

Chapter 3’s objective relates to the impact of credit on commercial real estate asset prices. 

Since, commercial real estate markets are highly illiquid, infrequently traded and highly 

leveraged, the prices of real estate assets (properties) are particularly vulnerable to credit 

expansion. To examine this relationship, we analysed commercial asset prices whilst 

using outstanding bank liquidity as a proxy for credit availability. The descriptive analysis 

showed that the growth in commercial asset prices over the 1991-2011 period (56 per 

cent) was not supported by the rents that grew by only 33 per cent. In the empirical 

analyses, we investigated the endogenous relationship between commercial asset prices 

and credit availability using a Vector Autoregressive (VAR) framework to calculate the 

effect of credit on asset prices. 

The first step of the analysis showed that credit availability has a positive effect 

on commercial real estate asset prices in the Netherlands, thereby supporting the notion of 

asset price inflation. This finding (for the Netherlands) is consistent with results for the 

US market (Ling et al., 2013). In the second step of the analysis, we considered including 

fundamentals (rents and capitalization rates) on the basis that lagged commercial asset 

prices do not fully incorporate all market information. It was found that the inclus ion of 

these fundamentals did not alter the finding that credit availability drives commercial 

asset prices. The implication is that those markets where credit availability drives, at least 

in part, commercial asset prices will be subject to deleveraging and at risk of negative 

asset price spirals. 
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(c) The impact of the geography of market liquidity on commercial real estate 

asset prices in the Netherlands 

The third research question relates to the impact of market liquidity on commercial real 

estate asset prices. This question was addressed in Chapter 4. From a theoretical 

perspective, those commercial real estate assets that are more liquid should have an 

advantage to investors as their disposal is easier should the need arise. This presumption 

makes it likely that investors will be willing to pay a premium for more liquid commercial 

real estate assets. To examine if such a market liquidity premium exists, we introduced 

several geographical measures of market liquidity. In the empirical analyses, we related 

the variation in market liquidity to commercial asset prices by means of a fixed effects 

hedonic regression model for the 1990-2011 period in the Netherlands. 

The analysis revealed that investors are willing to pay a premium for more liquid 

commercial real estate assets. We presume, that the rationale behind this is, that it is less 

costly for investors to convert such commercial assets into cash and thus reduce their 

exposure to liquidity risks. Consequently, investors will be willing to pay a higher price 

for a more liquid commercial asset. These findings were economically statistically 

significant and robust with alternative model specifications. For example, when we 

incorporated the decreasing contribution of market liquidity, investors were willing to pay 

a market liquidity premium of €9.83 (0.63%) per square metre.  

Furthermore, we compared the market liquidity premiums in the prime, secondary 

and regional commercial real estate markets as we assessed these markets for structural 

differences. It was found that investors are willing to pay a higher market liquidity 

premium in secondary and regional commercial real estate markets than they are in prime 

markets. We argued that this is logical, as investors in the prime market will be less 

concerned about liquidity risks because the market conditions are stronger.  

(d) The effect of agglomeration economies on capitalization rates in the 

commercial real estate office market 

In Chapter 5, the effect of agglomeration economies on capitalization rates was 

empirically analysed. It is widely believed that agglomeration economies lead to 

advantages in terms of productivity and commercial rents. However, the extent to which 

the advantages of agglomeration economies carry over from rents to capitalization rates is 

not clear. The underlying rationale is that when the risks are lower due to benefits from 

agglomeration economies, investors might be willing to pay a higher commercial asset 

price. To examine this relationship, between agglomeration economies and capitalization 

rates, we estimated a fixed effects hedonic regression model with data for the 1990-2011 

period for the Netherlands. 
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The analysis revealed that agglomeration economies lower capitalization rates. 

This implies that investors perceive a lower risks (for example: higher future rental 

growth) in office clusters. The analysis further showed that the effect of agglomeration 

economies diminishes with distance; a result consistent with the first law of geography 

that close objects are more strongly related than objects further away. Overall, all the 

measures of agglomeration economies tested were economically significant and robust 

with alternative model specifications. Further, it was found that agglomeration economies 

have the greatest effect on capitalization rates in the low price segment, in which 

capitalization rates are the highest. 

Finally, we addressed the possible endogeneity in the relationship between 

agglomeration economies and capitalization rates. As commercial properties are not 

randomly located, office clustering could arise from new developments being placed in 

locations with low capitalization rates. We controlled for this possibility in a pseudo-

repeat sales model on the city level. The results showed a similar but slightly higher 

estimate than the estimates in the main results. 

(e) The effect of tourism on commercial retail rent levels  

Our final research objective was related to the effect of tourism on commercial retail rent 

levels. Since shopping is seen as one of the most important tourist activities, investors 

may well use tourism as an indicator to benchmark the attractiveness and competitiveness 

of cities. The question as to whether tourism boosts retail rents was addressed in Chapter 

6. In examining such a possible effect, we measured tourism using three distinct 

indicators: (i) the number of hotel properties; (ii) the number of hotel rooms; and (iii) the 

numbers of nights spent by tourists in a year. The last of these was measured on the 

NUTS2 level whereas the other two were measured on the city level.  

We analysed the relationship between tourism and commercial retail rents using a 

hedonic regression model. The results revealed that tourism has a positive effect on 

commercial retail rents. More specifically, it was found that tenants are willing to pay a 

rent premium of approximately 0.7 - 0.93 per cent (i.e., €2.44 to €3.25 per square metre 

on average). We further tested the robustness of the results through an instrumental 

variable approach. As an instrument, we used the number of UNESCO locations within a 

radius of 50 kilometres from the retail location. The results showed an effect of tourism 

on commercial retail rents that is significantly higher than the effect in the main results. 

The results further showed that UNESCO locations enjoy higher retail rents.  
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7.2 Policy implications 

This research has generated a number of findings that are of interest to developers, 

investors and policymakers, and to society at large, as they help to understand the 

profound changes taking place in the real estate market in an era of financial deregulation. 

The most important implications are discussed in this section. 

From the analyses, we conclude that real estate development and the urban 

planning process, in terms of the granting of construction permits, allow a regional 

relationship between commercial and residential real estate developments. Then, since the 

relationship between commercial and residential real estate developments is regionally 

dependent, policymakers should encourage strong collaboration between local and 

regional governments in order to enhance the distribution of real estate developments. 

Another important implication of our findings is that in case credit drives 

commercial asset prices to levels far above market fundamentals, this can result in 

negative asset price spirals and deleveraging when asset prices are destabilized. This has 

become increasingly relevant as the proportion of money invested in the commercial real 

estate market has increased enormously with this sector becoming deeply rooted in the 

financial market. It was this dominance that led to government bailouts to prevent the 

financial market collapsing. To prevent the commercial real estate market from such 

collapses in the future, stronger institutional restrictions are needed to prevent banks 

making perverse provisions and behaving in a morally hazardous way. 

Further, we saw that market liquidity is an important aspect of real estate markets. 

This reveals that investors, in searching for ’safe havens’ in which to invest, do judge 

properties based on the liquidity of their region, and this leads to the liquidity of 

commercial real estate markets becoming more dispersed across regions. Furthermore, in 

terms of real estate development, the behaviour of investors provides interesting insights 

into the relationship between commercial and residential real estate developments and the 

associated jobs-housing relationship. 

Finally, the analyses also indicate that retail properties in areas associated with 

tourism attract higher rents. The link between tourism and commercial retail rents could 

be used as a management information source by policymakers and city marketers to 

design new policies to promote new destinations and attract more tourists.  
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7.3 Limitations and future research 

In this section, we reflect on the limitations of our research from substance, 

methodological and data perspectives, and further give suggestions for future research. 

First, the influx of credit to investments in direct real estate led to an evolution in 

international real estate markets which ensured greater market competit ion between 

investors as well as more diversity in the options open to investors. This raises the 

question as to whether the type of investor has changed and whether this plays a role in 

the estimates reported in this thesis on commercial asset prices. From an investor 

perspective, institutional investors and hedge funds have other investment strategies than 

developers or private investors. This could lead to there being different risk premiums that 

investors are willing to accept, and this might affect the market liquidity premiums and 

the capitalization rates reported in Chapters 4 and 5. Further, an understanding of investor 

characteristics (for example whether they are from the financial, logistics or government 

sectors) might give valuable insights into the motives for investing. Taken together, these 

aspects would make it interesting to extend our models to see how investor type affects 

commercial real estate pricing.  

Another aspect is that the analyses presented in this thesis reveal that credit 

availability drives up commercial asset prices to levels beyond those that market 

fundamentals would sustain. From a theoretical perspective, local investors should be 

better able to evaluate market value than non-local investors, an argument consistent with 

the home-bias puzzle (van Nieuwerburgh and Veldkamp, 2009). This suggests that 

markets that are largely driven by foreign credit will be at the most risk. Foreign direct 

investment in real estate increased significantly following financial deregulation, resulting 

in an integration of financial markets (Tiwari and White, 2014). In this light, future 

research should account for the credit flows from investors from the Netherlands, the EU 

and elsewhere. 

We have also estimated the effect of tourism on commercial retail rents (Chapter 

6) but did not distinguish between (intra)-national and international tourists. One might 

argue that international tourists have different shopping motives (Moscardo, 2004) than 

national tourists. Therefore, future research could focus on the impact of own-national 

versus international tourism on the retail sector as this might provide valuable insights for 

real estate investors into the effect of tourism on commercial retail rents. Further, it would 

give policymakers and place marketer’s valuable insights into the attractiveness of a city 

as a retail location. 

In this thesis, we have applied a wide range of statistical techniques, including 

panel error-correction (VEC) models in Chapter 2, vector autoregressive (VAR) models in 
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Chapter 3 and ordinary least square (OLS) models in Chapters 4, 5 and 6. A common 

statistical feature of the OLS models in the latter chapters is the presence of fixed effects. 

These fixed effects are preferably measured on a low level of aggregation (zip code four 

to six) since this allows one to control for local unobserved characteristics and spatial 

variation in commercial asset prices or rents. However, due to the limited number of 

observations, we were forced to use fixed effects on a higher level of aggregat ion (zip 

code two – the city level). 

Furthermore, although we used uniquely appropriate data on commercial asset 

prices in our analysis in Chapter 3, the measure of credit availability used was not as 

suited to the task in hand. Ideally, one would measure credit availability using data from 

the Dutch National Bank Lending Survey or data on the amount of Commercial Mortgage 

Backed Securities (CMBS) outstanding in the Netherlands. However, such measures were 

not available for the 1991-2011 period and so a measure based on the outstanding bank 

liquidity was instead used as a less-precise proxy for the credit availability in the 

commercial real estate sector. Finally, the potential endogeneity in some of the 

relationships studied in this thesis may represent a limitation since endogeneity can lead 

to spurious results if not accounted for in the empirical approach. In Chapters 2 and 6, we 

addressed this potential endogeneity by applying an instrumental variable approach. A 

requirement in using this approach is that the instrument adopted is correlated with the 

explanatory variable but uncorrelated with the response variable. Although our data 

satisfied this requirement in the above three chapters, we were unable to identify a 

suitable instrument for the investigations in Chapters 4 and 5. Therefore, we identified 

conditional models to address the potential endogeneity issue (see, for example, Guo et 

al., 2014).  
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8. Samenvatting in het Nederlands 

In de laatste drie decennia heeft financiële deregulering, oftewel het verminderen van 

overheidsinterventies op financiële instituties, geleid tot een toename van verbindingen 

tussen de commerciële vastgoedmarkt, de financiële sector en de economische markt. 

Financiële deregulering heeft financiële instellingen de mogelijkheid gegeven om hun 

kredietverlening en investeringsmogelijkheden uit te breiden met een verminderde 

regelgevend toezicht. Als gevolg hiervan is commercieel vastgoed een belangrijk 

‘financieel’ instrument geworden binnen portfolio’s van zowel nationale als internationale 

investeerders (Tiwari and White, 2014). In dit proefschrift analyseer ik verschillende 

kernaspecten van vastgoed, zoals ontwikkelingen, prijzen en locaties in een tijdperk van 

financiële deregulering.   

In hoofdstuk 2 wordt gekeken naar de relatie tussen commerciële en residentiële 

vastgoed ontwikkeling in termen van de locatie keuzes van bedrijven en huishoudens, en 

de implicaties hiervan voor regionale ontwikkelaars. Het basismodel in dit hoofdstuk richt 

zich op de ruimtelijke relatie tussen commerciële en residentiële vastgoedontwikkelingen 

in Amsterdam, Rotterdam en Utrecht. Aan de hand van dit model wordt een error 

correctie model geschat over de periode 1990-2012. Binnen deze periode hebben de 

schattingen betrekking op twee fasen. In de eerste fase, wordt een lange termijns relatie 

geschat terwijl gecontroleerd wordt voor macro economische ontwikkelingen. In de 

tweede fase worden de korte termijn veranderingen geschat. De resultaten laten zien dat 

commerciële en residentiële vastgoedontwikkelingen complementair zijn op de lange 

termijn: één procent toename in commerciële vastgoedontwikkeling leidt tot een stijging 

van 0.35 procent in residentiële vastgoedontwikkeling. Deze schatting verfijnt de 

bevinding van Vermeulen en Van Ommeren (2009) dat het gebruik van 

bouwvergunningen een link tussen commerciële en residentiële vastgoed ontwikkeling 

toestaat. Daarnaast laten de resultaten zien dat er regionale verschillen zijn in de relatie 

tussen commerciële en residentiële vastgoedontwikkeling, waarbij het opvalt dat in 

Amsterdam residentiële vastgoedontwikkeling ongevoelig is voor commerciële 

vastgoedontwikkeling ten opzichte van Rotterdam en Utrecht.    

In hoofdstuk 3 wordt aandacht besteed aan de invloed van krediet op de 

Nederlandse commerciële vastgoedmarkt. De theorie suggereert dat commercieel 
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vastgoed zeer illiquide is, zelden wordt verhandeld en met veel vreemd vermogen 

gefinancierd wordt, wat deze asset klasse bijzonder kwetsbaar maakt voor krediet 

expansie. Om meer inzicht te krijgen in het effect van krediet op commercieel vastgoed 

wordt in hoofdstuk 3 de endogene relatie tussen vastgoedprijzen, fundamentals en krediet 

simultaan geanalyseerd over de periode 1991-2011. Allereerst wordt een eenvoudig 

empirisch model geschat dat de relatie tussen vastgoedprijzen en krediet onderzoekt. Het 

blijkt dat een expansie van krediet leidt tot hogere prijzen, een bevinding die in 

overeenstemming is met eerdere empirische onderzoeken. Een andere bevinding uit het 

onderzoek is dat de opname van de onderliggende fundamentals, zoals huurinkomsten en 

aanvangsrendementen, geen invloed heeft op het effect van krediet op commerciële 

vastgoedprijzen. Dit wijst erop dat vastgoedmarkten die gedreven zijn door krediet 

onderhevig zijn aan grotere risico’s wanneer vastgoedprijzen dalen. 

In hoofdstuk 4 wordt onderzocht wat het effect van marktliquiditeit is op 

commerciële vastgoedprijzen. Vanuit een theoretisch perspectief, moeten commerciële 

vastgoedmarkten die meer liquide zijn, een voordeel bieden voor beleggers omdat 

verkoop van hun pand relatief makkelijker is. Deze veronderstelling maakt het 

waarschijnlijk dat beleggers bereid zijn een premie te betalen voor vastgoed in meer 

liquide lokale markten. Om meer inzicht te verschaffen in deze mogelijke premie voor 

lokale marktliquiditeit, wordt een unieke maatstaf voor liquiditeit gebruikt in een 

hedonisch prijs model, over de periode 1990-2011. Deze maatstaf maakt het mogelijk om 

liquiditeit te onderzoeken binnen een gebied van circa 1129 meter. De resultaten laten 

zien dat investeerders bereid zijn een liquiditeitspremie te betalen van € 9.83 per vierkante 

meter. We veronderstellen, dat de gedachte hierachter is, dat het goedkoper is voor 

beleggers om dergelijke commerciële activa te gelde te maken doordat het 

liquiditeitsrisico beperkt is. Dit resultaat is economisch significant en robuust voor 

alternatieve model specificaties. Daarnaast blijkt dat beleggers bereid zijn om een hogere 

liquiditeitspremie te betalen voor secundaire en regionale markten. Het vermoeden is dat 

beleggers in primaire markten minder zorg hebben over liquiditeitsrisico’s omdat over het 

algemeen genomen marktomstandigheden beter zijn in primaire markten.        

In hoofdstuk 5 wordt aandacht besteed aan agglomeratievoordelen en 

aanvangsrendementen op de Nederlandse commerciële vastgoedmarkt. In wezen leiden 

agglomeratievoordelen tot een productiviteitsvoordeel door de uitwisseling van 

informatie, de beschikbaarheid van arbeidskrachten en/of de nabijheid van leveranciers 

(Marshall, 1920; Archer and Smith, 2003). Uit de literatuur blijkt dat 

agglomeratievoordelen resulteren in hogere huren in ‘Central Business Districts’ tot circa 

5 procent. De vraag rijst echter of, en in hoeverre deze agglomeratievoordelen ook terug 

te vinden zijn in aanvangsrendementen voor investeerders. Op basis van een cross-sectie 

databestand is een hedonisch prijsmodel geformuleerd waarin verschillende ruimtelijke 
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variabelen zijn opgenomen om het effect van agglomeratievoordelen op 

aanvangsrendementen te analyseren. De resultaten laten zien dat agglomeratievoordelen 

een dempend effect hebben op aanvangsrendement. Dit geeft bewijs dat investeerders 

lagere aanvangsrendementen accepteren voor kantoorlocaties die geassocieerd zijn met 

agglomeratievoordelen. Dit bewijs sluit aan bij eerder onderzoek naar de variatie tussen 

aanvangsrendementen van kantoren binnen en buiten ‘Central Business Districts’. Een 

andere bevinding uit het huidige onderzoek is dat agglomeratievoordelen het grootste 

effect hebben op aanvangsrendementen in het lagere prijssegment, waarin 

aanvangsrendementen het hoogst zijn.  

In hoofdstuk 6 wordt gekeken naar het effect van toerisme op huurprijzen van 

winkelvastgoed. Aangezien winkelen wordt gezien als één van de belangrijkste 

toeristische activiteiten, is het van belang om te kijken in hoeverre toerisme een indicator 

van agglomeratievoordelen is voor winkelvastgoed. In een poging om deze vraag te 

beantwoorden wordt een hedonisch prijsmodel geformuleerd op basis van individuele 

winkelvastgoed huurcontracten in België, Frankrijk, Nederland en Spanje. In dit model 

zijn het aantal hotels en hotel kamers opgenomen als maatstaf voor toerisme. De 

resultaten uit het empirisch onderzoek laten zien dat toerisme een positief effect heeft op 

huurprijzen van winkelvastgoed. Additionele resultaten, voor alternatieve 

modelspecificaties, bevestigen de robuustheid van het gerapporteerde effect van toerisme. 

Daarnaast blijkt dat locaties die geassocieerd zijn met UNESCO locaties een hogere 

huurprijs genieten. Alhoewel meer onderzoek nodig is naar het effect van toerisme, en 

dan voornamelijk naar het ruimtelijke meetniveau van toerisme geven de resultaten een 

eerste inzicht in het effect hiervan.  

Tot slot geeft het onderzoek mogelijke richtingen voor toekomstig onderzoek die 

de uitkomsten van dit onderzoek kunnen verdiepen. Allereerst, vervolg onderzoek kan 

zich richten op de vraag hoe toerisme op een lager ruimtelijk schaalniveau gemeten kan 

worden. Dit zou kunnen helpen om te onderzoeken of binnenstedelijke variatie in de 

intensiteit van toerisme de huurprijzen van winkelvastgoed beïnvloed. 

Om meer inzicht te verkrijgen in de relatie tussen krediet en commerciële 

vastgoedprijzen, zou het de moeite waard zijn om het type investeerder te onderzoeken. In 

feite hebben institutionele beleggers en hedge funds andere investeringsstrategieën dan 

ontwikkelaars of private investeerders. Verder zou het de moeite waard zijn om 

verschillende karakteristieken van investeerders, zoals bijvoorbeeld welke sector, te 

onderzoeken om zo meer inzicht te kunnen verschaffen in de totstandkoming van 

commerciële vastgoedprijzen 

Verder blijkt uit empirisch onderzoek in deze thesis dat de beschikbaarheid van 

liquiditeit een prijs opdrijvend effect heeft op commerciële vastgoedprijzen. Echter, lokale 
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investeerders kunnen een andere strategie voeren dan non-lokale investeerders, waarbij 

deze non-lokale investeerders een extra prijsopdrijvend effect kunnen hebben. Daarom 

zou toekomstig onderzoek zich kunnen richten op het onderscheid tussen lokale versus 

non-lokale investeerders.  
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