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Abstract 

The last couple of years there has been a significant increase in demand of attractive office 

locations in Stockholm consequently leading to all-time low office prime yields within the 

Central Business District (CBD), indicating warning signals regarding an overheated 

submarket. As the real estate market is crucial for the economy as a whole, it is essential to 

improve the understanding and predictability of future real estate cycles. This study produced 

three different logistic regression models with the purpose of identifying downturns in the office 

market of Stockholm CBD. The most successful model were able to predict 74 % of the actual 

downturns occurring throughout 114 observed quarters between Q3 1989 and Q4 2017. The 

dependent downturn variable consist of prime yield explained by variables on a national basis 

combined with submarket specific variables. Another produced model contained variables 

regarding confidence and expectations of tenants in Stockholm. However that model was 

unsatisfactory, leading to this study’s suggestion of further research on fluctuations of demand 

related to the current characteristics of Stockholm CBD.  
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Sammanfattning 

Under de senaste åren har det skett en betydande ökning av efterfrågan på attraktiva 

kontorslokaler i Stockholm vilket resulterat i rekordlåga direktavkastningskrav inom Stockholm 

Central Business District (CBD), vilket indikerar på varningssignaler avseende en överhettad 

delmarknad. Eftersom fastighetsmarknaden är avgörande för ekonomin som helhet är det viktigt 

att förbättra förståelsen och förutsägbarheten för framtida fastighetscykler. Denna studie 

producerade tre olika logistiska regressionsmodeller med syfte att identifiera nedgångar i 

kontorsmarknaden inom Stockholm CBD. Den mest framgångsrika modellen kunde identifiera 

74 % av de faktiska nedgångarna som inträffade under 114 observerade kvartal mellan Q3 1989 

och Q4 2017. Den beroende nedgångsvariabeln består av prime yield som förklaras av variabler 

på nationell basis i kombination med delmarknadsspecifika variabler. En annan producerad 

modell innehöll variabler avseende förtroende och förväntningar hos hyresgäster i Stockholm. 

Denna modell var dock otillfredsställande, vilket ledde till att denna studie föreslog ytterligare 

forskning om fluktuationer i efterfrågan relaterade till de nuvarande egenskaperna inom 

Stockholm CBD. 
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1) Introduction 

1.1 Background 

The last couple of years we have had a significant increase in demand of attractive office 

facilities  in Stockholm Central Business District (CBD) (SEPREF, 2012) currently resulting in 

the highest prime rents1 within EU after London corresponding to a CAGR2 of ~ 8 % between 

2009-2017  (JLL, 2018). 

The capital region of Stockholm accounts for just over one-quarter of Sweden’s population and 

generates over 30 percent of the national economic output. The last two decades the region have 

outperformed several of major advanced regional economies in OECD in terms of employment 

and output growth. The fundamental growth has led to a continuous trend of high labour 

productivity which has led to higher living standard in the region (Parilla, et al., 2015).   

Of course this is a very good receipt for Stockholm as a business region, still the office stock in 

m2 rentable area has been insufficient in meeting the demand requirements approaching from a 

strong underlying economic growth in the region where the total amount of office based 

businesses has increased by ~ 30 % in the region (SCB, 2018) and the total supply only by ~ 9 

% between 2007-2017. Consequently the vacancies in Stockholm CBD are bottoming at 2.0 % 

(JLL, 2018) and several business services established in the region are alarming lack of facilities 

as the main obstacle for business expansion (Stockholm Chamber of Commerce, 2018). 

 

Figure 1 – No office premises Stockholm County (SCB, 2018) & office stock in & around Stockholm CBD (JLL, 2018) 

 

                                                 

1 The top open-market rent that could be expected for a notional unit of the highest quality and specification in 

the best location in a market (JLL, 2018) 

2 Compound Annual Growth Rate 
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When companies within central Stockholm stand before a change in office location, 9/10 

companies would like to continuously stay within the central parts as well as 1/3 companies are 

expected to grow out of their current facilities within 3 years and roughly 1/10 have abstained 

recruitment due to lack of office space. Furthermore 15 % of the companies are moveable and 

could consider moving their business to another similar European city centre, such as 

Copenhagen and Berlin which both currently have substantially lower rents and higher vacancy 

rates (Stockholm Chamber of Commerce, 2018). A straightforward solution could be a major 

increase in supply, i.e. new office facilities in attractive locations within and around Stockholm 

CBD. However a rapid increase in supply to match the demand in the nearby future is unlikely. 

Several of the ongoing developments within Stockholm CBD are already pre-leased and 

locations for new developments are very limited due to current building restrictions and lack of 

buildable land. Even if new development is possible, the construction time of new development 

from initiation to occupation typically take several years in Sweden (Lind & Lundström, 2011). 

This raises question of how long the ongoing trend with the continuously increasing gap 

between demand and supply of office facilities can carry on. Together with the recent years 

low rate environment have attracted a lot of financial capital allocated to the office market in 

Stockholm CBD resulting in all-time high capital values within the submarket currently in 

average ~ 115 000 SEK/m2 annualised capital growth3 of ~ 9 % between 2005 and 2017. This 

indicates a strong average growth even though the occurrence of the great recession in 

2008/2009 (MSCI, 2018). 

 

Figure 2 - Capital Value per m² office space 2005-2017 (MSCI, 2018)  

                                                 

3 Change in asset capital value over a period of time, relative to the capital employed (MSCI, 2017) 
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All these factors points out an important issue; are the growing market values fundamentally 

explanatory or have Stockholm CBD developed into an overheated market? If we decompose 

the underlying determinants of the capital value in the same time frame within office Stockholm 

CBD we get Market rental value growth4 and Yield impact5 together with a minor residual. 

Since the last major financial crisis in 2008 the capital growth consists of approximately an 

equal increase in both yield impact and rental growth (MSCI, 2017).  

 

Figure 3 Components of capital growth Stockholm Office CBD 2005-2017 (MSCI, 2018) 

The Great Recession in 2008 were relatively moderate towards the office market in Sweden 

compared to other developed countries such as the US and UK. Still the capital growth were 

negative for two following years in Stockholm CBD in 2008 and 2009, mainly driven by a 

excessive increase in yield in 2008 while market rental growth over the time period actually 

stayed positive (MSCI, 2018).  

The real estate and banking crisis occurring in the early 1990s Sweden originated primarily 

from the office market and shed the light on how large exposure the banks and other financial 

institutions have towards the office market and how great influence the real estate business has 

for the whole financial system (Ingves, et al., 2009). History tells us that a decline will 

eventually happen as the current trend is unlikely to be sustainable in the long run; the challenge 

is to identify how and when the market will decline. As the office market for Stockholm CBD 

is crucial for the Swedish economy as a whole, it is essential to improve the understanding and 

predictability of future downturns. 

                                                 

4 The increase in nominal market rental value  

5 The impact of a change in yield on capital value 



4 

 

1.2 Purpose 

The purpose of this study is to develop an econometric model to improve the predictability of 

warnings signals regarding downturns in an office submarket. 

1.3 Research questions 

1) Which variables can quantify fluctuations in the office market? 

2) How can we increase the predictability of warning signals regarding downturns in an 

office submarket? 

1.4 Contribution 

The intention is that the model will contribute and provide a framework of how real estate 

investors and other stakeholders can estimate the probability of a downturn. Regardless if the 

model will provide as a framework or not of detecting future downturns, the research will 

provide a greater understanding for how and what historicly have affected an office market such 

as Stockholm CBD in this case. 

1.5 Earlier research 

Shiller (2008) claims that the greatest challenge for economic forecasters is to predict turning 

points. Several authors argues likewise Shillers thesis about the difficultness of predicting 

downturns, also as forecasters sometimes even do not recognize them in real time (Stekler & 

Talwar, 2011).  

In 2017 Steven Laposa and Andres Mueller published a study with the purpose of improving 

the understanding of what went wrong with the macroeconomic and commercial forecasts 

methods prior to the great recession in 2008 and how to predict future downturns by developing 

a model consisting of US public quarterly national data since 1982. The authors developed a 

probit model6 with the NCREIF quarterly office appreciation rate (capital growth) as dependent 

variable explained by publicly available national variables.  

  

                                                 

6 A regression model where the dependent variable only can take two values (e.g. downturn/not a downturn) 
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Even though the authors gathered evidence of macroeconomics variables indicating negative 

office appreciation rate, they conclude that their study has significant limitations with 

unexpected signs on several variables. The authors suggest that adding submarket variables 

such as office supply and office vacancy rates accompanied with the use of more sophisticate 

econometric techniques could improve the model (Laposa & Mueller, 2017). 

One characteristic in the office market is the inability to react to volatile and changing economic 

conditions if use of questionable and unreliable economic forecasts is used. A typical office 

market characteristic regarding fluctuations in the office market is the low elasticity of supply, 

implying it can take years for the market to adjust the office supply to demand. Consequently 

economic forecasts regarding fluctuations in occupancy, i.e. demand, is crucial for several 

different stakeholders such as landlords, tenants and developers (Kaiser, 1997). 

A publication by Fransesca Leccis (2017) consists of a broad literature review and analysis of 

several published studies regarding real estate cycles. The author noticed a lack of consensus 

within the current real estate cycle prediction and some researchers who assert the complete 

randomness of price fluctuations. The author also observes different real estate firms interacting 

and influences each other before publications of forecasting of real estate trends, causing 

inefficiency and homogenization. Lastly the author recommends development of new 

prediction models that integrate mathematical and behavioural variables (Leccis, 2017). 

1.6 Limitations 

Although many different approaches exist of predicting downturns, this study consist 

exclusively of secondary and third-party data based on one specific methodology, a 100 

percentage quantitative model of predicting downturns in one specific submarket explained by 

applicable theory and submarket characteristics. Furthermore the regional and submarket 

variables used are not on aggregate level between different sources and this might provide a 

less general impression regarding the perceptions of the output from variables in the specific 

submarket.  
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2) Theoretical Framework 

Initially important to define and understand the relevant features and flows of the real estate 

office market in order to better understand the thereafter presented existing real estate cycle 

theories applicable for this study. At the end of the chapter relevant hypothesises based on the 

presented theories are outlined.  

2.1 Real estate market characteristics 

The real estate market has several inefficiencies compared to e.g. the financial market which 

are important to differentiate: 

Durability 

Real estate is a durable asset as a building typically can last for centuries. Consequently real 

estate markets are modelled as a Stock/flow market, meaning the currently available stock 

within a real estate market and flow of new developments in the market (IPD, 2013). 

Illiquidity 

Due to infrequent transactions compare to e.g. the stock market, there is limited comparable 

evidence to base assumptions on. As a result observed transaction prices might be out of date 

and misleading, entitled noisy price information in the transaction market (Geltner, et al., 

2006). 

Heterogeneity  

Every real estate is unique in some way, e.g. unique location, age, architecture. This result in 

difficulties in comparing different real estate assets to each other. Instead stakeholders require 

subjective adjustments of market evidence (IPD, 2013). 

Market inefficiencies 

Lack of transparency in the transaction market combined with the features of an illiquid and 

heterogeneous asset leading to information asymmetry and long time delays and subsequently 

relatively high transaction costs (IPD, 2013). 

2.2 The real estate system  

The real estate market can be divided into two major types of markets: Space market and Asset 

market. The space market is the real estate market for the usage (or the right to use) real 

property, meaning land and built space. The space market is more fundamental as it directly 
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comprises the cash flows of the properties entitled as the Net Operating Income7 (NOI) resulting 

from the usage of a real property, determined by tenants from the demand side and landlords 

from the supply side (Wheaton & DiPasquale, 1992). 

The asset market within real estate determines the financial capital to the space market through 

investor’s transactions and value estimations. The real estate asset market is a part of the broader 

capital market - the market for capital assets of all types such as stocks, bonds and mortgages. 

Financial capital is used to purchase physical capital assets from the space market, where the 

property market values is determined by the cash flows from the space market and yield 

requirement (cap rate) from the asset market 

A main difference between the two markets is that the space market is highly segmented 

(heterogeneous) and the asset market depends on financial capital from the whole capital 

market, which can move quickly as it is determined by investor’s beliefs and preferences of risk 

(e.g. volatility) and return and is necessary not bound by a specific location and/or submarket.  

 

Figure 4 - Interaction of the Space Market, Asset Market, and Development Industry (Geltner, et al., 2006) 

                                                 

7 Net operating income = All revenue from the property minus all reasonably necessary operating expenses 
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2.3 Real estate yield 

An important indicator to observe when the market values are too high is the yield (or cap rate) 

derived from the real estate value by a simple quota (Corgel, 2003). Defined as the Net 

Operating Income (NOI) divided by the market value8 (MV) of the property, or in equation 

form:  

𝒚𝒊𝒆𝒍𝒅 =
𝑵𝑶𝑰

𝑴𝑽
 

The determinants of the yield consist of the discount rate (𝑟) minus expectations of annual NOI 

growth at a constant rate (𝑔): 

𝒚𝒊𝒆𝒍𝒅 = 𝒓 − 𝒈 

The discount rate (𝑟) equals a risk-free rate (𝑟𝑓) such as a 10 year government bond, plus a risk 

premium return for risk (𝑟𝑝). The risk premium it the expected volatility of future income 

streams containing an illiquidity premium and a premium regarding pool of tenants, such as risk 

for vacancies (Linneman & Rubenstein, 2008): 

𝒓 = 𝒓𝒇 +  𝒓𝒑 

Finally the yield and it’s components in full view: 

𝒚𝒊𝒆𝒍𝒅 = (𝒓𝒇 +  𝒓𝒑) − 𝒈 

The tenant credit premium regarding pool of local tenants fluctuates regarding market specifics 

for the real estate. That could be high demand for office locations in a specific market generate 

lower risk for vacancies and lower risk premium regarding pool of tenants in the yield. The 

illiquidity premium is generally lower in stronger/deeper markets as the real estates are more 

liquid there (Linneman & Rubenstein, 2008). 

Even if yield movements should anticipate rental movements by a substantial margin, the yield 

tends to be very influenced by current returns of the property. The expectations of NOI growth 

is in practice often decided by comparable transactions (Tiwari & White, 2014). In recent years 

the risk free rate have been historically low compared to earlier decades as well as relatively 

                                                 

8 The estimated amount for which an asset or liability should exchange on the valuation date between a willing 

buyer and a willing seller in an arm’s length transaction, after proper marketing and where the parties had each 

acted knowledgeably, prudently and without compulsion (RICS, 2017) 
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low yields in many developed office markets. If the yield falls too much compared to risk free 

rates, there is a risk that buyers pays to much and underestimate the NOI growth as well as the 

risk on the property market. 

To sum up, factors leading to lower yield: 

 Low risk free rate – such as a 10 year government bond 

 Low risk premium from investors – tenant pool and illiquidity premium 

 High expectations of future NOI growth  

2.4 Natural vacancy rates 

When conditions varies in a perfectly efficient and elastic real estate market, supply would 

instantly equals demand and the natural (equilibrium) vacancy rate would be zero. However in 

reality, the real estate market is characterised by frictions, elasticises and inefficiencies resulting 

in a mismatch on the space market between landlords (supply) and tenants (demand) 

(Sanderson, et al., 2006). In this inefficient market, landlords wish to maximize profits and 

constantly pursue the tenants who can pay the most rent for their facilities, resulting in natural 

vacancy rate equilibrium above zero. 

As supply and landlords are limited to a specific submarket, landlords might act as monopolist 

during downturns as they are in general not interested to compete against each other regarding 

rent reduction, forming the behaviour of implicit collusion (Lind & Lundström, 2011). During 

downturns in the asset market, landlords choose to wait through a potential recession due to 

lease contracts of typically several years. This in order to lease a long term rental contract when 

the market turns up, thus the resulting vacancy is seen as an option (Lind & Lundström, 2011).  

The level of natural vacancy rate (NVR) depends on the level of elasticity of demand and 

supply and their reaction to economic shocks in the specific market (Sanderson, et al., 2006). 

For example, if location is a very strong preference for tenants, they are insensitive for rent 

change, i.e. low demand elasticity. A market with low elasticity both within demand and 

supply would have a relatively low natural vacancy rate as tenants act as “price takers”, i.e. 

the expected return for moving to cheaper space. The level of rent is a direct consequence of 

the natural vacancy rate according to theory (Sanderson, et al., 2006). When actual vacancy 

rates are less than the NVR, real rents increase as a consequence of vacant space being 

difference between the supply and demand in the asset market.  
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Consequently within a submarket according to theory, fluctuations in vacancy occurring 

below the NVR does not affect the direction of the increasing real rent growth (Sanderson, et 

al., 2006).   

2.5 Real estate cycles in the office market 

A real estate cycle is defined as a logical sequence of recurrent events reflected in factors such 

as fluctuating prices, vacancies, rentals and demand in the property market. (MacGregor, et al., 

1994). The timing and extent of a cycle in a specific submarket is heavily dependent on the 

impact of global, state and regional economic and government activity, they are not fixed 

cycles. Instead the periodicity of a real estate cycle spans from short cycles lasting four to five 

years, longer cycles lasting nine to ten years, long swings up to twenty years and finally long 

waves spanning up to 50 years (Barras, 1994).  

The business- and credit cycle is related to the real estate cycle in the economy through the 

credit cycle and the monetary economy where important components in real estate price 

fluctuations is levels of capitals flows and interest rates, when vacancy increase, rents increase 

and consequently yields fall (Barras, 1994). Also the real estate cycle moves in advance prior 

to the business cycle, meaning the business cycle is lagged (Fanning, 2006). According to 

Fanning, this can be explained due to real estate activities in general act in advance by e.g. 

adjusting demand for properties in the short run, leading to the creation of economic activities 

through loans and mortgages which generates a more extent exposure towards real estate from 

the financial market.  

 

Figure 5 – The linkage of the real estate market to the business- and credit market cycle (Barras, 1994) 
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The real estate cycle can be distinguished between the physical cycles of supply and demand 

that drive rents and thus affect financial cycles that in turn influence property prices through the 

capital flows to real estates (Mueller, 1995).These are also related to the distinction of real estate 

market types: 

1) Physical cycle – cycle of demand and supply which determines vacancy and further on rents 

in the space market 

2) Financial cycle – cycle where capital flows from investors affects prices in the asset market 

2.5.1 Physical cycle 

Physical cycles are local as demand for space depends on both the supply of space from 

landlords and demand through the vacancy rate in the specific market. The vacancy rate is a 

fundamental factor typically affecting rent lagging in average one fourth of the cycle periodicity 

(Mueller, 2005). The property curve is an intersection between the two curves, referred to as 

the supply and demand curves of the space market (Pyhrr, et al., 1999). 

 

Figure 6 Supply and demand cycles (Pyhrr, et al., 1999) 

Myopic agents and construction lags 

One phenomena is when agents assumes that the current price will stay the same in the future 

and then base their decisions on the current price. Future real estate prices are determined by 

present prices on the market where individuals tend to base decision on the current situation. 

Problems arise as the real estate market is characterised by lag in construction of developments 

leading to a developers (agents) acting myopic in the belief that current demand will endlessly 

stay constant (Wheaton, 1999).  
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A related concept is overbuilding - when new developments are completed while the demand 

has declined low due to construction lag. Overbuilding leads to construction rates faster than 

the rate of absorption of new supply and therefore increasing vacancies in the market and lastly 

resulting in a price collapse (McNulty, 1995).  

Attractive real estate markets combined with supply constraints in the development could lead 

to inelastic supply with longer construction lags and consequently longer time for supply to 

adjust to increasing demand, resulting in increasing rents and lower vacancy rates (Hilber & 

Vermeulen, 2014). Sticky rents is also a related concept, meaning landlords are use the lack of 

knowledge from tenants (asymmetric information) by increasing rents which are not 

fundamentally explained and thus a part of the inefficiencies of the real estate market 

(Verbrugge & Gallin, 2017). 

2.5.2 Financial cycle 

Real estate bubbles 

Property prices can strongly deviate from values that are supported by fundamentals, bubbles, 

ultimately end in price crash (Shiller & Case, 2003). According to Glaeser, rising real estate 

prices are very strongly associated with optimistic expectations of which the credit market 

conditions play a supporting role (Glaeser, 2013) 

Irrational exuberance  

Price increases caused by unrealistic public expectations leading to investors observing 

continuously increasing prices. This leads to the development of a “credible story” that tells 

them the increase will continue in the future.  The “story” of continuous price increase spreads 

further on to public excessive expectations. Consequently investors increase their reservation 

prices, and as a result a herding behaviour develops in a viscous cycle which further triggers 

demand, finally resulting in a bubble (Shiller & Case, 2003).  
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2.6 Hypothesises for relevant explanatory variables  

According to the theory, fluctuations in the office market can origin in many different ways and 

from different levels of the whole economy. A central part within the casual flows of real estate 

is the fluctuations in market values of the properties, which are directly determined by the cash 

flow from the properties (NOI) in the space market and yield requirement from the asset market. 

Consequently a number of general theories are presented and analysed in order to come up to 

relevant explanatory variables for the study. All hypotheses keep in mind the risk of 

endogeneity, meaning the risk that explanatory variables are explained by the dependent 

variable, which will provide inaccuracy in the model: 

1) Volatile real estate stock market as investors in the capital market constantly value 

and weight risk and return against each other. If  investors notice perceptions about 

increased volatility in office investments relative to safer investments they might require 

a higher risk premium for investing in real estate  higher yield requirement  

declining market value 

Possible explanatory variable(s): Return of publicly listed real estate companies 

2) Exogenous demand shock for tenants consequently resulting a more pessimistic view 

on the future  less purchasing power  landlords unable to lease new contracts  

vacancies erupt  less rental income (cash flow)  less belief in future NOI growth  

declining market value 

Possible explanatory variable(s): GDP, Employment rate, Business services confidence, 

vacancy rates, real rent growth 

3) Irrational exuberance, investors following strong past price increase  “plausible 

story” tells them price increases will go on forever  excessive public expectations of 

future price increase  buyers increase their reservation prices  herding behaviour of 

investors further spurs demand increasing transaction prices  increased borrowing 

and lending which enlarges the exposure for banks and other financial institutions   

bubble  rapid increase in yield  declining market value 

Possible explanatory variable(s): bank lending rate, tenant’s expectations 

4) Overbuilding when new developments of real estate enters the market when demand is 

low due to the construction lag, leading to the market being unable to absorb the new 

supply  vacancies erupt  decline in rent  declining market value 

Possible explanatory variable(s): Office stock, vacancy rates 
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3) Methodology 

3.1 Approach  

The intention of this study is to develop a time series regression model based on Laposa & 

Muellers study of the US office market (Laposa & Mueller, 2017). In their study the authors 

use quarterly market value return rates as the dependent variable with the following output:  

 

Figure 7 – Dependent variable in Laposa & Mueller (2017) 

Quarterly returns in market value will also be the intention to use as dependent variable in this 

study, meaning that the study is not bound by the use of market value as the dependent variable. 

This because the main purpose of the study is identifying downturns in an office submarket, not 

necessarily downturns in market value. Laposa and Muellers use generally publicly available 

macroeconomic variables as explanatory variables such as GDP, office-related employment 

sectors, cap rate spreads, and commercial mortgage flow of funds. A major difference is that 

three models in total will be developed in this study, one containing only national data as in 

Laposa and Mueller, one adding submarket specific variables and lastly a model focusing on 

confidence and expectations (Laposa & Mueller, 2017). Consequently several of the variables 

in this study will most likely differ from Laposa and Muellers selection. Also the differences of 

the chosen markets, Swedish submarket compared to whole US, indicates a major possibility 

of different selection of variables even in the first model intended for this study.  

A major focus for this study is the collection of different variables from different sources. 

Because the aim of this study is to analyse downturns, it is very much preferred to have data 

comprising several historical cycles in order to get a reliable result (2-3 major downturns). The 

data is intended to be gathered from several different sources, both public available secondary 

data as well as provided third-party data. The variables collected should preferably be on at 

least a quarterly basis, however depending on how important and volatile a variable on lower 

frequency they can possibly be included. In that case necessary approximation techniques 

relevant for the specific variable will be conducted. Appropriate time series techniques will be 

used for univariate explanatory variables in order to increase the accuracy and fit of the model 

when needed, such as estimating quarterly growths, differencing, adjusting for seasonality and 

adjusting for inflation. 
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3.2 Output 

The logistic regression model will be developed through a dynamic general linearized 

regression with an assumption of binomial distributed output, a probit model regression 

(Estrella & Mishkin, 1998). Probit regression is a type of regression analysis with a binary 

outcome, i.e. 1 = downturn and 0 = not a downturn at time t. The dependent variable (𝑑𝑒𝑝) of 

the probit model takes the following form:  

𝒅𝒆𝒑𝒕 =  {
𝟏,                     𝒅𝒐𝒘𝒏𝒕𝒖𝒓𝒏
𝟎, 𝒏𝒐𝒕 𝒂 𝒅𝒐𝒘𝒏𝒕𝒖𝒓𝒏

 

The probit model in full form at time (𝑡) together with explanatory variables with corresponding 

coefficients and time lag(𝑘) as well as an error term results in: 

𝑷𝑹(𝒅𝒆𝒑𝒕 = 𝟏|𝑿𝒏𝒕−𝒌
) =  𝑿𝒏𝒕−𝒌

 𝜷 + 𝜺𝒕 

Where 𝛽 is a vector of coefficients from the explanatory variables (𝑋) to be estimated at time 

(𝑡) minus the appropriate number of time lag(𝑘). 𝜀𝑡 is a normally distributed error terms 

(residual) at time t. The explanatory variables (𝑋) are in dynamic form, i.e. can be modified 

with different lag structures (𝑡 − 𝑘) in order to maximize the fit and significance of coefficients 

for the model together with relevant characteristics of the specific submarket. All explanatory 

variables are lagged from one to six quarters prior to the quarter of the dependent (downturn) 

variable. This in order to take the timing of economic reporting from different sources into 

account and also make the model a possible for prediction, meaning no output with zero lag in 

the explanatory variables. Prior to the produced probit model, descriptive statistics for the 

explanatory variables and the dependent variable in original form is generated in order to 

analyse simple relationships between variables over the entire time frame. The descriptive 

consist of all variables at time t, meaning no time lag is applied. 

The output of the probit model will be based in measurements which best describes the 

goodness of fit (R2) as well as the accuracy in order to estimate the predictability level of the 

model. As regular R2 do not apply for logistic regression, McFadden pseudo R2 will be used in 

order to estimate a fit for likelihood in the model (Long, 1997). Lastly the output accuracy will 

be used, which compares the predicted values from the model compared to the actual output 

together with an arbitrary level of accuracy limit. The accuracy will be divided both by the total 

amount of observations per model as well as accuracy in times of downturns, thus when(𝑑𝑒𝑝)𝑡 

equals 1.  
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4) Empirical analysis 

The focus of the theory and hypothesises have been to capture general real estate market and 

cycles theories leading up to four hypothesises of how a real estate submarket could decline. As 

different submarkets have different characteristics some theories will probably be more relevant 

than other in certain downturns and vice versa. This chapter begins in describing the local 

features of the submarket further on leading to a description and output of the produced 

dependent variable. Afterwards the explanatory variables with suitable adjustments for the 

model are presented.  

Note that the number of observations mentioned in following chapters is the actual output 

generated by the model, i.e. after corresponding lags from the explanatory variables. 

4.1 Local features of submarket 

The submarket to analyse in this research is the office market of Stockholm CBD, the central 

business district of Stockholm. The recent years the region of Stockholm has experienced an 

enormous growth due to fundamental factors such as a strong population growth in the region, 

higher productivity and increasing living standards (Parilla, et al., 2015). A recent publication 

from the well-reputed Oxford Economics (2018) predicts Stockholm as Western Europe´s 

fastest growing city in the next five years, enlightened by Stockholm’s big and dynamic 

business sector and home too many successful digital companies and large manufacturing 

companies. Also hand in hand with good quality of life which attract and maintain high-quality 

labour (Oxford Economics, 2018).  

 

Figure 8 - Division of office submarkets within “Total Stockholm” (JLL, 2018) 
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What characterise an attractive business district such as Stockholm CBD are a dynamic 

environment that promotes innovations and creativity which eventually increasing demand of 

the area. Also the possibilities of workplaces in Stockholm CBD tends to contribute in a bigger 

scale for the entire region as a workplace in Stockholm CBD contributes 10 % more than a 

workplace outside Stockholm City (BuroHappol Engineering, 2017). This due to business 

agglomeration, increased knowledge and innovation as well as a retail and destination offer 

contributes to the overall attractiveness and competitiveness of Stockholm CBD. In Stockholm 

90 % of the business currently located in Stockholm centre would continuously like to stay in 

the city centre. Even though the high rents, the consensus between the companies is that location 

is important both for the business as well as the ability to attract the appropriate competence to 

the company (Stockholm Chamber of Commerce, 2018). 

Since 2001 the rentable area of Stockholm CBD has been around 15 % of the total stock in 

Stockholm according to JLLs division of office submarket in and around central Stockholm. In 

the same time frame, Stockholm CBD have had an increase of 17 % in office stock, this means 

the net increase in office facilities in Stockholm has only been about 1 % per year in average 

between 2001 and 2017 (JLL, 2018). 

 

Figure 9 – Office Stock Stockholm CBD 2001-2017 in ‘000s rentable area (JLL, 2018) 

Outside Stockholm CBD the vacancy rate is generally higher compared to CBD, indicating a 

great available facilities for tenants with lower rents than CBD. Still several of these facilities 

are outdated and customized for the needs decades ago. For example recent years trend consist 

of close access to public transportation, less space allocation per employee and activity based 

office environments (Stockholm Chamber of Commerce, 2018). Also the tenant’s product 

cycles moves toward lower time frames which requires higher flexibility in a rental agreement 

(Lind & Lundström, 2011). 
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Since 1988 the office market of Stockholm CBD has had three major downturns in capital 

growth (MSCI, 2018). All these downturns in the office market of Stockholm CBD are related 

to the three major financial recessions in Sweden since 1988. Firstly the banking and real estate 

crisis in the early 90ths, secondly in the early 2000s related to the burst of the it-bubble and 

lastly the Great Recession in 2008/2009 originated from the US mortgage market (Ingves, et 

al., 2009). 

The recent year’s continuous trend seems to be fundamentally justified in many ways with 

which has led to an increasing output of office locations in the region. This has ultimately 

created an enormous gap between demand and supply encouraged by increasing capital flows 

into the office submarket.  

Summing up the current characteristics of Stockholm CBD and general theories gives the 

following output: 

Space market characteristics 

 Construction constraints in Stockholm CBD  Very inelastic supply which has been 

insufficient meeting the produced demand for office facilities 

 Strong fundamental growth in the region  High demand and low demand elasticity as 

tenants are still willing to pay higher rents even though the recent years rapid prices 

increase  

 Demand >> Supply the past years  all time low vacancy rates 

 A supply constrained market  supply lags demand  higher growth rates of NOI 

 Higher demand of modern facilities and more flexible leases  

 Trend of lower space allocation per employee  

 Historically a lot of speculative production 

Asset market characteristics 

 Few transactions  few comparable sales  observed transactions might be random 

noise 

 A lot of financial capital allocated to office properties Stockholm CBD, creating large 

exposure for banks and other financial institutions 
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4.2 Dependent variable 

Initially in this chapter, an approach of identifying the relevant downturn variable intended for 

this study will be presented. When determined, the variable will be thoroughly explained and 

lastly constructed into binary form in order to be able to use the variable in a probit regression 

model as the dependent variable.   

4.2.1 Identifying downturn variable 

The initial intention of the study is to use some measurement of office market value returns as 

the dependent variable such as in (Laposa & Mueller, 2017) by distinguishing negative and 

positive quarterly return as the dependent variable with a binary output, i.e. 1 = downturn and 

0 = not downturn next quarter.  

Time series of market values in the submarket is available in the MSCI: s database where MSCI 

has collected capital returns for office Stockholm CBD ranging back to 1988 (MSCI, 2018). 

However, the MSCI data only figures on an annual basis which might be a considerable 

limitation for this model, although the components of capital growth are of interest in analysing 

such as in the introduction of this study. One major reason MSCI only reports on an annual 

basis in Sweden is that real estate companies historically have been insufficient in revaluing 

their properties on a quarterly basis due to lack of regulations prior to 2005 when IFRS9 was 

implemented (PWC, 2016). 

In the theory of this study as well as an important and widely used concept within the real estate 

business is the yield, the direct earnings requirment for investors. Adjustments in the yield is an 

effect of fluctations of supply and demand according to e.g. Barras (1994), indicating yield 

could be a applicable variable in identifiyng forthcoming downturns explained by variables 

from different levels of the economy. 

  

  

                                                 

9 International Financial Reporting Framework 
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Data of prime yield since 1980 for office Stockholm CBD has been provided by the consultant 

firm Jonas Lang LaSalle (JLL) on a quarterly basis. As the data is on a quarterly basis, through 

three major cycles as well as a major component of the market value, the prime yield is a suitable 

dependent variable to use according to the purpose of this study, identifying downturns.  

 

Figure 10 – Comparison of Capital Return and Prime Yield annual growth rates 

On an annual basis,  the  real capital growth and the growth in prime yield seems to follow a 

negative correlation pattern, with the expection of the late 90ths. Thus by analyzing a simple 

relationship with basis in theory, the prime yield is with this studies conditions, an appropriate 

dependent variable in order to understand fluctations in the office market of Stockholm CBD.   

The variable is defined as the prime yield, that is: a yield representing the lowest ”rack-rented” 

yield estimated to be achievable for a notional property of the highest quality and specification 

in the best location in the market, as of the survey date (JLL, 2018). A certian adventage of 

using prime yield is increased volatility as this represenent the best-in-class properties within a 

specific submarket, such as Stockholm CBD.  
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4.2.2 Description of downturn variable 

According to theory, the yield equation in full is:  

𝒚𝒊𝒆𝒍𝒅 = (𝒓𝒇 +  𝒓𝒑) − 𝒈 

 

Figure 11 – Prime office yield, 10 year government bond and prime real rate index 

Since 1987 the prime yield for Stockholm CBD have ranging between 7.5 % in 1993 and down 

to today all time low 3.5 % (JLL, 2018). Since the last recession in 2008/2009, the yield have 

continuously dropping down to rates similar to prior the major real estate- and financial crisis 

in the early 90ths in Sweden. In figure 11 it is clearly how the trend of declining prime yield 

have been affected by a strong real rent growth and decline in interest rates since 2009. However 

there is a major difference because of the current low rate environment which affect one of the 

major components of the yield - the risk free rate (𝒓𝒇). Subtracting yield minus a long term risk 

free rate such as the 10 year government bond in Sweden result in a completely different trend. 

The residual is the risk premium from investors as well as expected growth in NOI. Meaning 

that in around year 1990 prior to the crisis, investors acquired office properties with a direct 

earning (NOI/investment) reflecting initial negative cash flow. This was possible as nominal 

interest rates were up to ~ 10 % and the growth in NOI could be borrowed by generous banks 

(Sveriges Riksbank, 2018). Since the early 90ths government bonds have been a prevailing 

decreasing trend supported by monetary policies such as the implementation of the 2 % inflation 

target rate in 1992 by the Swedish central bank (Ingves, et al., 2009). 
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Figure 12 Comparison of Prime Yield and Prime Yield minus 10 Year Government Bond (JLL/Riksbanken) 

Consequently according to theory the risk premium minus g is currently ~ 3 % indicating low 

risk premium and/or a strong belief of increasing NOI growth. A further analysis of the 

distribution and level of the yield component is however not covered by this study but still 

important to be aware of and could be intended for future possible research.  

4.2.3 Output variable  

In order to transform the dependent variable into a binary form, the variable is differenced by 

one quarter in order to identify the quarterly fluctuations of the yield in terms of Basis Points 

(BPS). Additionally with reference from the comparison of the simple relationship between the 

annual growth rates of yield and capital return; negative correlation between the variables 

supported with theory gives the following formula for construction the dependent variable:  

𝒅𝒆𝒑𝒕 =  {
𝟏, 𝒒𝒖𝒂𝒓𝒕𝒆𝒓𝒍𝒚 𝒑𝒓𝒊𝒎𝒆 𝒚𝒊𝒆𝒍𝒅 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 > 𝟎
𝟎, 𝒒𝒖𝒂𝒓𝒕𝒆𝒓𝒍𝒚 𝒑𝒓𝒊𝒎𝒆 𝒚𝒊𝒆𝒍𝒅 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 ≤ 𝟎

 

 

Figure 13 – Probit variable output and actual prime yield differenced (JLL, 2018) 
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Thus quarterly increase in yield, independently of the extent of the increase, is defined as a 

downturn according to the constructed dependent variable. Here we can identify a very clear 

upturn in the early 90ths, some volatility in the late 90ths after peaking around 2000 and finally 

the 2008 recession resulting in increasing yields once more. Since almost 10 year now the yield 

have had a downwards trend, bottoming at 3.5 % as of Q4 2017 (JLL, 2018).   

4.3 Explanatory variables and models 

In order to capture different characteristics and combinations of variables three different models 

are used in the study. All input data is on quarterly basis and terminates in Q4 2017, two of the 

variables are linearly interpolated at their annual frequencies.  

1) National data – publicly available data on national level, Q3 1989 – Q4 2017 

2) Submarket specific data – adding submarket specific variables, Q3 1989 – Q4 2017 

3) Expectations and confidence – new, demand focused model, Q2 2001 – Q4 2017 

 

Variable Acronym 
Unit of 

measurement 
Level 

Model 

(1-3) 
Frequency 

Exp. sign of 

coefficient 

Public real estate 

index 
GPR 

Annualised 

return rate 
National 1,2,3 Quarterly - 

Bank lending rate BANK Percentage National 1,2 Quarterly + 

GDP (constant) GDP 
Annualised 

growth rate 
National 1,2 Quarterly + 

Employment growth 

rate 
EMPLOY 

Annualised 

growth rate 
National 1,2 Quarterly + 

Real rental growth RENT 
Quarterly 

growth rate 
Submarket 2 Quarterly - 

*Net absorption 

growth rate 
NABS 

Annualised 

growth rate 
Submarket 2 

Annual (-99) 

Quarterly (00-) 
- 

Vacancy rate VAC Percentage Submarket 3 Quarterly + 

Confidence Indicator CONF Net number Regional 3 Quarterly - 

No. of employees - 

expectations 
EXP Net number Regional 3 Quarterly - 

* Interpolation at annual frequencies 

     

Table 1 – Summary of explanatory variables 
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4.3.1 National data 

As the office market Stockholm CBD is of major importance for the entire Swedish economy 

there is an assumption here that national macroeconomic variables will have a direct impact of 

tenants and investor’s preferences of establishment in Stockholm CBD, both physically and 

financially. Only public available data on a national basis will be used in order to explain 

downturn.  

Public real estate index (GPR General Index) 

The real estate asset market is part of the broader capital market where financial capital can 

move swiftly according to preferences of risk and return from investors. If investors notice 

perceptions of the real estate market being too risky in relation to other financial investments in 

the capital market in combination with less belief in increasing NOI growth, the yield might 

increase, leading to a downturn. 

In order to capture these perceptions of increasing risk, an index that is published once a month, 

Global Property Research General Index, will be used as an explanatory variable in the model. 

The index is a total return index (including both price and dividend return) currently containing 

18 Swedish public real estate companies based on GPR:s rules for company inclusion (Global 

Property Research, 2018). Notice the number of stocks included over time since, evolving from 

2 Swedish public Swedish real estate companies in 1988 until 18 today.      

 

Figure 14 – Number of Swedish publicly listed companies in GPR general index 1988-2017 (Global Property Research, 2018) 

In the model the variable is annually differenced, with quarterly returns based on a 3 month 

average, as the index is published on a monthly basis (Global Property Research, 2018). The 

output is annualised, thus resulting in the output quarterly annualised return. 
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The index is relatively volatile, much probably because of the addition and loss of number of 

companies in the index. Two clear declines in the index is observed, firstly around 1992 and 

secondly in 2008.  

 

Figure 15 – Quarterly annualised return of GPR general index 1988-2017 (Global Property Research, 2018) 

Bank lending rate 

A possible variable of a short-run risk-free rate in Sweden is STIBOR 3M fixing, a 3 month 

treasury bill which is more or less perfectly correlated to the bank lending rate, which is the 

lending rate banks lend to non-financial institutions in average. Even if the variables are highly 

correlated, the bank lending rate is chosen as it is a better representation to which rate the banks 

de facto exposure themselves to while lending. The bank lending rate have had a clear 

downwards trend during the time frame and in general the rate seems to be higher in terms of 

recession. Data collected from statistics Sweden (SCB, 2018) and the Swedish central bank 

(Sveriges Riksbank, 2018). 

 

Figure 16 – Bank lending rate and STIBOR 3M per quarter 1988-2017 (SCB, 2018) 
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Gross domestic product (constant) and employment rate 

Two typical macroeconomic indicators in analysing cycles is constant (real) gross domestic 

product and employment rate growth, estimated as quarterly annualised growth in order to take 

seasonality in consideration, e.g. GDP growth is generally substantially higher in Q4 compared 

to Q3 which require appropriate seasonal adjustment. The employment growth is the total 

number of Swedish citizens employed divided by the total population of Sweden. In figure 18 

a clear cycle pattern in both variables, even though the employment rate seem to be less volatile, 

especially in times of downturns. The graph also indicates a time lag after the decline of the real 

estate market indicating positive signs of coefficients when lagged prior to a downturn in the 

office market. Data collected from Statistics Sweden (SCB, 2018). 

Subcategories regarding constant GDP and Employment growth were first included used by 

involving only certain SNI-codes10 typical for business services on a national basis. However, 

after running the model, the result according to methodology was better if all industries in 

Sweden were included. Thus the variables with unique SNI-codes were omitted.  

 

Figure 17 – Quarterly annualised growth of constant gross domestic product and employment rate (SCB, 2018) 

4.3.2 Submarket specific data  

An extension to the first model is adding submarket specific variables with the intention to 

improve the accuracy of the model by adding variables containing real estate specifics in the 

chosen submarket. New variables are real rental growth, supply and vacancy rate, all submarket 

data has been provided JLL (JLL, 2018). 

  

                                                 

10 Swedish Standard Industrial Classification (SCB, 2018) 
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Real rental growth 

In an equilibrium market, the growth component of the yield equals expectations of future NOI 

growth. The variable provided from JLL is nominal prime rent expressed as SEK/m2/year. The 

provided variable consist of rental levels for new signed contracts in prime locations, and thus 

not the average rent in the submarket, or nonetheless the NOI.  

Still the relevance of this variable is to contain the actual growth rate as the variable is added to 

the model in order to include the NOI growth component of the yield in the study. The variable 

have first been transformed into quarterly growth in nominal values and afterwards adjusted for 

quarterly changes in inflation11 in order to remove increases affected by the inflation. The output 

generated is thus quarterly real rental growth. In figure 18 there is a clear cyclical pattern of 

the real rent growth. The minor negative oscillation noted at several quarters are times of no 

change in nominal rent, consequently returning lower real rent due to the adjustment of 

quarterly inflation. 

 

Figure 18 Quarterly real rental growth Stockholm CBD 1989-2017 (JLL, 2018) 

 

Net absorption growth 

In order to quantify the true effect of demand from the office stock and vacancies, the 

measurement net absorption growth is used. The measurement basically refers to the net growth 

in occupied (non-vacant) office stock between two time periods.  

 𝑵𝑨𝑩𝑺𝒕 =  𝑶𝑺𝒕  −  𝑶𝑺𝒕−𝒌 

                                                 

11 Quarterly average of 3m KPI increase  
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The input data is physical vacancy rates and rentable office stock for the area “Stockholm 

Total”, involving totally five12 submarkets (JLL, 2018). Both components is on annual basis 

until Q4 1999 and from Q3 2000 on a quarterly frequency. Linear approximation of both 

components during the annual frequencies is applied.  

Stockholm have historically had a large amount of speculative production of new office 

production which has consequently generated large drop in demand when the market turns, 

which clearly can be seen in figure 19. Additionally the effect of more frequent (quarterly) input 

data from 2000 is also observable in the graph indicating lower accuracy of the variable prior 

to 2000.  

The output is annualised as several observations are approximated and supply differences 

between quarters could provide a misleading result if differenced on a quarterly basis. Thus the 

generated output is Annualised net absorption growth rate.  

 

Figure 19 – Annualised quarterly net absorption growth rate Stockholm Total 1989-2017 (JLL, 2018) 

4.3.3 Confidence and expectations  

To identify fluctuations in demand; vacancy rates for Stockholm CBD as well as net numbers 

for confidence and expectation variables are included in order to identify forthcoming 

movements in demand for office space. As earlier explained, the last couple of years the supply 

has been relatively constant, why focus is solely on demand variables in this model.  

 

                                                 

12 Stockholm CBD, Stockholm Rest of Inner City, Solna/Sundbyberg, Kista and Stockholm Adjacent Suburbs 
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Vacancy rate Stockholm CBD 

Here the intention is to use solely the physical vacancy rate of the submarket Stockholm CBD 

provided by JLL on a quarterly basis throughout the period. As the supply in Stockholm CBD 

has been relatively constant the last couple of years and as this model is mainly demand driven 

no supply variable is included. Notice that this variable only includes the submarket Stockholm 

CBD, not Total Stockholm as in the previous model (JLL, 2018). In figure 20 the recent years 

declining trend is clearly shown. 

 

Figure 20 – Vacancy rate Stockholm CBD 2001-2017 (JLL, 2018) 

 

Confidence and expectations 

The confidence indicator for private business services in Stockholm is a measurement of how 

the company’s view of the future fluctuates over time, which according to the listed 

hypothesises is an explanatory indicator of forthcoming downturns. The confidence indicator 

index has a mean of 100, meaning output values above 100 indicate positive confidence of 

business services and vice versa.   

The second explanatory variable is a seasonally adjusted trend of how many employees 

companies require in the future. The hypothesis is that if tenants established in Stockholm have 

decreasing belief in the outlook of the future and expectations of increasing number of 

employee’s, lower demand for office facilities and in the end higher market yield. Higher value 

of output indicates higher expectations from the tenants in the region, meaning the differences 

of quarterly expectations are the interesting part to analyse.  
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Both variables shown in figure 21 has a relatively similar pattern indicating high correlation 

and a possibility of multicollinearity. The data consists of data provided by Stockholm Chamber 

of Commerce who in collaboration with Konjunkturinstitutet (KI) carry on quarterly surveys to 

companies established in the Stockholm region with the purpose of estimating the economic 

tendency in the region (Stockholm Chamber of Commerce, 2018). 

 

Figure 21 – Net numbers confidence and Expectations 2001-2017 (Stockholm Chamber of Commerce, 2018) 

 

5) Result and analysis 

Initially in this chapter all the descriptive statistics of the prime yield and all explanatory 

variables is listed, corresponding to lag equals 0 in every variable. Afterwards the 

implementation of the methodology is described and lastly the output of the developed probit 

model is presented and analysed.  

5.1 Simple relationships  

As model 1 and 2 have the same time frame they are jointly examined. Table 2 consist of general 

descriptive statistics grouped by the output of the constructed dependent variables, i.e. whether 

the office prime yield difference between two quarters was positive (1) or not (0). The output 

of the mean in times of downturn (1) is highlighted if it is less than no downturn (0) 

Even though no statistical test of the descriptive statistics is implemented the output indicates 

expected result for all variables but Net Absorption rate in model 2 (positive means) and the 

vacancy rate in model 3 (higher mean of vacancy rate in times of downturn).  

The probable reason for the positive sign of mean in Net Absorption is the continuous increase 

in demand over time since the start date of the model, meaning that the level of new office space 

in Stockholm is directly filled by tenants even in downturns, though in a gentler and less volatile 

degree compared to times of non-downturn.   
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The GPR index shows very high volatility (standard deviation) and the bank lending rate is ~ 

two times more in times of downturns indicating both are uphold by the theory and hypotheses.  

In the descriptive of model 3 it reveals that very few quarters of downturn have occurred since 

2001, only 8 out of 67 quarters since Q3 2001 have had a downturn per definition according to 

this study. Thus model 3 might obtain a misleading output due to low frequency of actual 

downturns.  

 

Table 2 – Descriptive statistics divided by the probit variable 

Model 1-2 n Mean St. Dev. Min Max

YIELD 87 5,1 0,9 3,5 7,5

GPR 87 16,8 20,3 -35,5 74,0

BANK 87 4,9 3,0 1,6 14,1

GDP 87 2,7 2,4 -7,3 7,9

EMPLOY 87 -0,1 1,8 -7,5 2,8

RENT 87 1,0 3,9 -11,6 14,7

NABS 87 1,0 3,1 -7,0 8,3

YIELD 27 5,7 0,9 4,1 7,5

GPR 27 -23,1 37,6 -114,9 39,4

BANK 27 10,0 5,3 2,7 21,3

GDP 27 0,2 3,1 -6,7 4,8

EMPLOY 27 -1,1 2,6 -6,2 2,8

RENT 27 -2,4 4,7 -11,5 12,1

NABS 27 1,0 2,8 -4,2 6,8

Model 3 n Mean St. Dev. Min Max

YIELD 59 4,9 0,9 3,5 6,8

GPR 59 20,0 17,1 -23,9 60,5

VAC 59 6,8 3,8 2,6 14,4

EXP 59 7,8 7,9 -7,0 26,0

CONF 59 100,1 9,5 75,1 116,4

YIELD 8 5,5 0,9 4,5 6,8

GPR 8 -15,2 24,3 -45,2 22,5

VAC 8 5,4 1,8 2,2 8,3

EXP 8 2,4 14,8 -14,0 27,0

CONF 8 87,6 10,8 74,5 106,0

Probit = 0

Probit = 1

Probit = 0

Probit = 1
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5.2 Econometric model 

As described in the methodology the produced models have the following equation:  

𝑷𝑹𝒏(𝒅𝒆𝒑𝒕 = 𝟏|𝑿𝒏𝒕−𝒌
) =  𝑿𝒏𝒕−𝒌

 𝜷 + 𝜺𝒕 

All variables with their corresponding lag structure are included in the model in order to 

estimate the probability of a downturn per quarter in the chosen time frame. The explanatory 

variables are lagged between one to six quarters in order to get significant variables as well as 

a good fit together with realistic result according to the submarket characteristics.  

The methodology to find the optimal lag structure(𝑘) had several interferences until the final 

output was produced. Some lag structures provided a better fit in terms of McFadden R2 and 

accuracy, but with too many insignificant variables and/or unrealistic result according to the 

historical characteristics of Stockholm, consequently those results are not included in the output.  

Model 2 consists the exact same variables and lag structures as model 1. The difference is the 

addition of the submarket specific variables – real rental growth and annualised net absorption 

growth. The expected signs of the coefficients  is accordingly to theory, e.g. as business cycle 

lags the real estate cycle there is a great possibility of a positive sign of GDP and employment 

growth prior to a downturn in an office market. The variables selected for the third model 

(demand and expectations) composes of completely new variables, with the expectation of the 

real estate index as it drastically improved the accuracy and fit of the model.  

The output is explained by the McFadden Pseudo R2 and accuracy with a corresponding 

arbitrary accuracy limit. The accuracy limit chosen for this study is 50 %, meaning that if the 

predicted value are more than 50 % during times of actual observed downturn (𝑑𝑒𝑝𝑡 = 1), the 

model quantify that the model predicts the outcome and vice versa during times of non-

downturn  (𝑑𝑒𝑝𝑡 = 0). The output of accuracy is distinguished by the total amounts of 

observations as well as accuracy in times of downturn. 

The vectors of the explanatory variables with corresponding time lag are: 

𝑋1𝑡
=   [𝐺𝑃𝑅𝑡−1 𝐵𝐴𝑁𝐾𝑡−2 𝐺𝐷𝑃𝑡−2 𝐸𝑀𝑃𝐿𝑂𝑌𝑡−6] 

𝑋2𝑡
=   [𝐺𝑃𝑅𝑡−1 𝐵𝐴𝑁𝐾𝑡−2 𝐺𝐷𝑃𝑡−2 𝐸𝑀𝑃𝐿𝑂𝑌𝑡−6 𝑅𝐸𝑁𝑇𝑡−6 𝑁𝐴𝐵𝑆𝑡−4] 

𝑋3𝑡
=   [𝐺𝑃𝑅𝑡−1 𝑉𝐴𝐶𝑡−1 𝐶𝑂𝑁𝐹𝑡−1 𝐸𝑋𝑃𝑡−2] 
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5.3 Regression result 

The summary of the output results are listed below in table 3 accordingly in the three different 

models. Model 1 and 2 are very similar in both the input and output regarding both coefficients 

and the accuracy even though the second one provides the best result, both in significance and 

predictability. Therefore the discussion and analysis of model 1 and 2 are merged by solely 

focusing on model 2 due to the similarities and better output of model 2. Still despite the lack 

of analysis, the output of model 1 is published in order for the possibility of readers own analysis 

of the model. Model 1 contains only publicly available data, meaning a more user-friendly 

model in practice due to the availability of data.  

Model 3 will be analysed separately as it have totally different features and characteristics 

compared to the other models. In the following subchapters an analysis of the coefficient is 

firstly presented followed by analysis of the overall fit and predictability of the model.   

Output summary Model 1 Model 2 Model 3 

Observations total 114 114 67 

Observations downturn 27 (24%) 27 (24%) 8 (12%) 

McFadden R2 0.55 0.60 0.65 

Accuracy total 88% 91% 96% 

Accuracy downturn 67% 74% 63% 

Table 3 – Output summary of produced models 

 

5.3.1 Model 1 and 2 

Model 1 
Lag 

(k) 

Coefficient 

(β) 
P-value  Model 2 

Lag 

(k) 

Coefficient 

(β) 
P-value 

GPR 1 -0.04*** (0.012)  GPR 1 -0.04*** (0.012) 

BANK 2 0.28*** (0.059)  BANK 2 0.23*** (0.068) 

GDP 2 0.37** (0.157)  GDP 2 0.38** (0.157) 

EMPLOY 6 0.72*** (0.194)  EMPLOY 6 0.81*** (0.226) 

Constant - -3.37*** (0.820)  RENT 6 -0.11* (0.061) 

Note: *p<0.1; **p<0.05; ***p<0.01  NABS 4 0.24** (0.107) 

     Constant - -3.99*** (0.976) 

     Note: *p<0.1; **p<0.05; ***p<0.01 

Table 4 – Coefficients with corresponding significance values model 1 and 2 
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Coefficients 

The explanatory variables are listed in table 4 and all have significant coefficients at p < 0.05 

expect for the real rent growth which is significant at p < 0.10.  

The real estate index (lag 1) and bank lending rate (lag 2) produces very high significance (p < 

0.01) as well as expected sign of the coefficient. Together with the simple relation analysis of 

the descriptive statistics, we can clearly observe that the output of these two variables from the 

probit model are very good explanatory variables. This means, declining aggregated annualised 

quarterly returns from the publicly listed real estate companies in Sweden together with 

increased bank lending rates, are good indicators for an upcoming downturn in the office market 

of Stockholm CBD.  

The macroeconomic indicators GDP (lag 2) and employment rate (lag 6) are both statistically 

significant with positive signs of coefficients, indicating positive changes in GDP- and 

employment rate growth increase the probability of observing a downturn. The most probable 

explanation for this is the linkage of the cyclical behaviour of the business cycle lagging behind 

the real estate cycle. This indicates that downturns in Stockholm CBD are historically explained 

by prosperous times with significant GDP and employment growth 2, respectively 6 quarters 

ahead of a downturn. In practice this result is much more difficult to interpret compared to GPR 

and the bank lending rate and should be more seen as determinants of historical cyclical 

behaviour.   

The real rental growth (lag 6) is statistically significant at p < 0.1, with a negative sign of the 

coefficient indicating lower real rental growths prior to a downturn. This could mean that less 

real rental growth for newly signed contracts in prime locations within Stockholm CBD 

eventually spill over to less expectation from investors of the actual growth in the cash flows of 

the property after re-negotiating leases.  

Finally the net absorption growth rate at lag 4 is statistically significant at p < 0.5 and generates 

a positive sign of the coefficient.  This confirms the simple relationship analysis made of the 

descriptive statistics that the demand has been continuously increasing together with a very 

inelastic and constrained supply in the submarket, indicating that the positive coefficient sign 

could be seen confidently for the outcome of this study.  The variable is very interesting as net 

absorption directly captures the demand of office premises from tenants in and around 

Stockholm centre (Total Stockholm according to JLL). With the last couple of year’s continuous 

increasing trend of demand, a sudden decline in net absorption rate could be a very good 
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indicator in capturing the effects initiated by an exogenous demand shock which might spill 

over to the office market of Stockholm. 

Output 

 

Figure 22 – Result of model 1 compared to the actual values 

 

Figure 23 – Result of model 2 compared to the actual values 

The output of model 2 in figure 23 illustrates quarterly probabilities of upcoming downturns – 

the probability between 0-100 percent of an increase in yield prior to the quarter before. As all 

explanatory variables consist of time lags of at least one quarter, the output should be interpreted 

as the probability of a downturn occurring at quarter t, explained by the output of univariate 

explanatory variables between 1 and 6 quarter prior to time t.  
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E.g. the model identifies a downturn happening in Q4 2008 by 94 % predictability which 

resulted in an actual outcome of an increase of 50 BPS in the prime yield.  

The accuracy of model 2 is very high, 91 % for all observations and 74 % for all observations 

in times of actual downturn. The McFadden R2 output of 0.60 also indicates a very good fit. 

The model does well in explaining both the beginning and termination of the early 90ths crisis 

with predicted values all over the accuracy limit. From 1997 until 2003 the yield is relatively 

volatile which is clearly seen in the predicted values. The model succeeds in identifying the first 

downturn in Q3 1997 with an 80 % predictive accuracy, which is the first downturn since Q1 

1993.   

However the accuracy is inadequate the following years, e.g. a major downturn with an increase 

of 50 BPS in the prime yield in Q4 2001 the model only result in a predictive accuracy of 16 

%. Afterwards between 2003 and 2007 the model predicts the recovery phase of the it-bubble 

very well.  

Before the great recession the model predicts the first downturn in Q4 2007 by 19 %. Even 

though 19 % is a fairly low rate, the model could be a good indicator that the office market is 

starting to get more instable for the first time since early 2003 according to the model. Between 

Q1 2008 and Q3 2009 the models produced very high predicting values of a downturn, which 

is a good result as all quarters (expect for Q1 2008) had increasing prime yields. The pre-

eminent result here is though the high predictability of identifying stabilization in the market 

with a 1 % accuracy predictability in Q2 2009 of a downturn, meaning still in the essence of the 

great recession, the model were able to forecast stabilization in the office market of Stockholm 

CBD with a high level of accuracy predictability. 

Since the great recession terminating in 2009 the office market of Stockholm CBD have had 

continuous decline in prime yield since 2009. In Q3 2012 the model predicted a 32 % 

predictability of an upcoming downturn – probably due to the euro-crisis which also affected 

the Swedish economy (Geinin, et al., 2016). Thus not a downturn actually happened – the model 

did identify reasonable warnings signals according to the purpose of this study.  

Since Q3 2012 the accuracy of the predictability has been constantly below 5 %, meaning the 

model confirms the recent year’s continuous growth of Stockholm CBD.  
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5.3.2 Model 3 

Model 3 
Lag 

(k) 

Coefficient 

(β) 
P-value 

GPR 1 -0.03* (0.017) 

VAC 1 0.04 (0.108) 

CONF 1 -0.08* (0.048) 

EXP 2 0.14*** (0.050) 

Constant - 5.02 (3.878) 

Note: *p<0.1; **p<0.05; ***p<0.01 

Table 5 - Coefficients with corresponding significance values model 3 

Coefficients 

Firstly the GPR index is included to take the fluctuations of the real estate market in 

consideration regarding investors’ perceptions of the future and is statistically significant at        

p < 0.1 and produces a negative sign on the coefficient.  

The confidence variable for business services is also an indicator that less belief in the future 

leads to a downturn in the office submarket the sequent quarter, which sounds reasonable. 

However the variable regarding expectations of future employment within business services 

have a unexpected sign, meaning that expectations is high prior to a downturn with high 

significance (p < 0.01).  

This could be interpreted in two ways. Firstly it could be an indicator that tenants have irrational 

exuberance of future growth, meaning they over anticipate the growth of their business, leading 

to an immediate downturn as perceptions drastically change. For example the only major 

recession covered by this models time frame consist of the great recession in 2008/2009 which 

barely no forecasting model were able to predict.  

The other more probable explanation for the coefficient output is an observed endogeneity in 

the model, meaning the constructed downturn variable in this model rather functions better by 

explaining the movements in tenants expectations about future employees than vice versa. To 

clarify, changed investor perceptions at time t could initially trigger a downturn in an office 

market, subsequently afterwards leading to lower expectations among tenants in the submarket.  

Lastly the Vacancy rate of Stockholm CBD was unsuccessful in generating significance, even 

when different lag structures were applied, indicating vacancy rate is an unsuccessful indicator 

in detecting downturns according to this model.  
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Output 

 

Figure 24 - Result of model 3 compared to the actual values 

 

Model 3 produces a very high accuracy of 96 % and a R2 of 0.65. Even though a good fit, only 

8 out of 67 observations have had a downturn since Q2 2001, meaning the interpretation of the 

good fit should be handled with caution. Also out of these 8 actual downturns, only 5 were 

predicted by the model with the assumption of a 50 % accuracy limit. Compared to model 1 and 

2, model 3 produces the least predictability in accuracy of downturns of all three models with 

an accuracy in downturns of 63 %, even though shorter time frame and all data on quarterly 

basis. Several of the variables are statistically significant, thus mostly with unexpected sign of 

the coefficient and a non-significant vacancy rate.  

The biggest surprise in model 3 was the unsuccessfulness of the vacancy rate for Stockholm 

CBD as according to several theories the variable should be a vital explanatory variable. Firstly 

in relation to the risk premium associated with local pool of tenants in the submarket and 

secondly the expectations of NOI growth directly affected by the willingness to pay from 

tenants.  

One possible explanation for the insignificance is that due to the very inelastic supply in 

Stockholm and continuous high demand, the vacancy rate fluctuates well below the natural 

vacancy rate. According to theory, fluctuations in vacancy occurring below the natural vacancy 

rate does not affect the direction of the real rent growth. This could very well be the case here, 

e.g. an assumption of a hypothetical natural vacancy rate in Stockholm CBD of 5 ,% visualised 

in figure 25 compared to the actual vacancy rate. This could cause the real rent growth to 
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constantly increase below this level as long as the natural vacancy rate stays below 5 %, no 

matter how much it fluctuates below the line. This together with the increasing demand of 

flexible leases with shorter term-lengths could indicate a much more elastic demand in 

Stockholm CBD which consequently might tie the business cycle closer to the real estate cycle.  

 

Figure 25 – Vacancy rate Stockholm CBD 2001-2017 and a hypothetical natural vacancy rate (NVR) 

5.4 Practical implications 

Model 2 is the most successful developed model with an accuracy of predicting 74 % of the 

actual downturns occurring between Q3 1989 and Q4 2017. Even though some downturns could 

be observed as more likely to identify than others such as in the early 90ths, the output should 

still be interpreted as a very good fit with possible practical implementations. The model 

provides a very good guidance on which historical indicators to track in order to identify 

fluctuation in an office market such as the GPR index, bank lending rate and net absorption rate. 

In the last major downturn in 2008/2009, model 2 succeeds very well in predicting the extent 

and timing of the recession. This result is important as the last recession is the only major one 

with likewise submarket characteristics as of today. Also in 2012 connected to the European 

debt crisis, warning signals arise with a 32 % predictability of an upcoming downturn. Now 

with history in hand we know nothing major occurred towards the Stockholm office market 

during 2012 – even though warning signals were provided from the model.   

Model 2 can be practically implemented by updating the variables on a quarterly basis with 

corresponding time lag accordingly to the methodology described in this study. The time frame 

of model 2 consists of almost thirty years, meaning a lot has happened in the real estate market 
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and for the tenants occupying the facilities in Stockholm CBD. The presumptions in the 

submarket are very different today compared to the historical characteristics such as current 

extremely low vacancy rate, very limited addition of new supply, higher demand for more 

flexible leases and lower space allocation per employee.  

The model could be implemented as an indication regarding future warning signals in the office 

market of Stockholm CBD. The more practical implication is probably the timing of when the 

market is starting to get stabilized once more. An increased knowledge of when the tide is about 

to change could provide very useful for investors and other stakeholders.  

6) Concluding remarks 

An application of model 2 on a quarterly basis could provide a practical tool in detecting 

warning signals and could hopefully provide helpful practical implications in the future for 

investors and other stakeholders. Currently the prime yield is at all time low 3.5 % in Stockholm 

CBD and accordingly to the developed models in this study, there are currently no indications 

of the yield increasing the next quarter.  

A limitation to this research is that the regression models does not take the level of the yield in 

consideration and thus not entirely predicts a very relevant issue relevant in today’s office 

market – how low can the yield actually be? Prior to the recession in the early 90ths the growth 

component of the yield were very high and related to over confidence regarding expected NOI 

growth. If the current low rate environment maintains as well as investors continues to see real 

estate as an attractive investment compared to other investments and the fundamental growth 

in the region remains; what does then prevent the yield for declining even more? Mainly driven 

by an increase in expectations of NOI growth due to the continuous increase demand for office 

facilities in central locations originating for the overall growth of the region.  

However one thing is certain, the continuous growth of Stockholm CBD is not sustainable in 

the long run and the market will eventually decline. The current characteristics of Stockholm 

CBD may trigger a more elastic demand meeting a very inelastic supply and consequently a 

more sensitive office market more closely related to the fluctuations of the business cycle. A 

possibility for the next major downturn could thus be caused by a decline of expectations and 

confidence from tenants in the market initially caused by an exogenous demand shock not 

related to the real estate market.  
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More research within the area is necessary in order to better understand the fluctuations of an 

office submarket such as Stockholm CBD in this case. E.g. a better understanding regarding 

changes in vacancy rates and the natural vacancy rates could be further examined in order to 

fully understand the fluctuations of demand in Stockholm CBD with application to the current 

preferences for tenants. A more volatile dependent variable such as quarterly capital returns 

since the implementation of IFRS in 2005 together with the use of more advanced econometric 

methodology could possibly improve the accuracy in order to identify forthcoming downturns.  

In summary, this study presents a successful and intuitive model with possible practical 

applications in order to identify warning signals based on a historical pattern. Still the recent 

years change in characteristics of the office market in Stockholm CBD provides an uncertain 

future of what exactly will initiate the next downturn. Therefore further analysis of fluctuations 

of tenants confidence and expectations is recommended in order to even better understand 

fluctuations in an office submarket.  

 

Figure 23 from page 35 – Result of model 2 compared to the actual values 
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