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Research topic and 

motivation

Office market convergence in Visegrad Group (V4) capital cities (Czech 

Republic, Hungary, Poland, Slovakia)

Understanding regional economic dynamics

Contributing to academic knowledge and providing implications for policy-

makers and business



Threefold Aims of the Research

1 ECM Suitability 

Verification

Assess alignment of V4 office 

markets with Error Correction 

Models. Study 

responsiveness to short-term 

deviations from equilibrium.

2 Unified Market 

Characteristics 

Exploration

Investigate if individual V4 

markets can be treated as a 

unified market.Utilize panel 

data to identify shared trends 

and dynamics.

3 Convergence Investigation

Examine the potential for convergence within individual V4 office 

markets.Identify potential reduction in disparities over time.



Research Questions

ECM Suitability Verification

Do the office markets in capital cities of 

the Visegrad Group countries conform to 

the Error Correction Models (ECM) 

framework?

Unified Market Characteristics 

Exploration

Can the office markets in capitals of the 

Visegrad Group countries be considered 

as a single, integrated market?

Convergence Investigation

Is there evidence of convergence among the office markets in capitals of the Visegrad Group 

countries?



Office Market Overview 

Prague

In the Czech Republic, the capacity of the 

office market is about 3.8 million square 

meters of office space.

Budapest

In Budapest, the area of the office market is 

about 4.2 million m²

Warsaw

In Warsaw, the capacity of the office market is 

about 6.3 million square meters of office 

space.

Bratislava

In Slovakia, the capacity of the office market is 

about 2.0 million square meters of office 

space.



Key Office Market Characteristics

Total office stock

The cumulative contemporary office space, measured in thousands square meters (m², 

sqm), serves as a indicator of market growth and responsiveness (in the model refers 

to SU, supply variable, “stock“).

Office vacancy rate

The proportion of unoccupied offices to total available office space (%) is a key indicator 

of market dynamics, economic adaptability, and office property appeal to potential tenants 

(𝑣, “vacancy rate“).

Prime office rent

The cost of renting prime office spaces, measured in euros per sqm per month, 

indicates market attractiveness and responsiveness (𝑅 ,“rent“).

Employed persons

The total persons employed (in thousands) in the capital city, reflects its workforce and 

economic role as a hub for jobs and growth (𝐸, demand variable, “employment“).



Unveilling office market trends

Total office stock Office vacancy rate

Prime office rent Employed persons



Research methodology

1

Individual market assessment

Error Correction Models (ECMs) are 

constructed for each city's office 

market.These models capture the dynamic 

relationships between variables and 

assess how quickly deviations from 

equilibrium are corrected.

2

Panel data analysis

A panel data model is established, 

incorporating data from all the four office 

markets. This approach enables the 

exploration of interdependencies and 

shared trends across the markets.

3

Convergence ratios estimation

Convergence ratios are calculated to 

gauge the degree of convergence in rents 

or relevant indicators across the four office 

markets.



Research question 1

Do the office markets in capital cities of the Visegrad Group 

countries conform to the Error Correction Model (ECM) 

framework?



Error correction model

Where: 𝑅 – rent, 𝐸 – demand variable (employment), 𝑣 – vacancy rate, 

𝑆𝑈 – supply variable (office stock), 𝑢 - residuals from the long term 

equation.

(source: Hendershott, MacGregor & Tse, 2002)

log𝑅𝑡 = log 𝛾0 + 𝛾1 log𝐸𝑡 + 𝛾2 log 1 − 𝜈𝑡 + 𝛾3 log 𝑆𝑈𝑡 + 𝑒𝑡

Δ log𝑅𝑡 = 𝛼0 + 𝛼1Δ log𝐸𝑡 + 𝛼2Δ log 1 − 𝜈𝑡 + 𝛼3Δ log 𝑆𝑈𝑡 + 𝛼4𝑢𝑡−1 + 𝜂𝑡











Research question 2

Can the office markets in capitals of the Visegrad Group 

countries be considered as a single, integrated market?



Synchronisation of office 
markets in V4 group

Pedroni (1999) tests for cointegration - The seven test statistics allow heterogeneity in
the panel, both in the short-run dynamics as well as in the long-run slope and intercept
coefficients. Unlike regular time-series analysis, this tool does not consider 
normalization or the exact number of cointegrating relationships. Instead, the 
hypothesis test is simply the degree of evidence, or lack thereof, for cointegration in the 
panel among two or more variables. In our analysis only tests, for which statistics were
reliably calculated are presented. Three separate models have been calculated, they
differ by the explanatory variables. The results of the Pedroni cointegration procedure 
for the office market variables in the Visegrad Group capitals can be interpreted in terms 
of synchronization, comovement, and codependence among the variables. 
Panel VAR of a form: 

𝑌𝑖𝑡 = 𝑌𝑖𝑡−1𝐴1 + 𝑋𝑖𝑡𝐵 + 𝑢𝑖 + 𝑒𝑖𝑡
where 𝑌𝑖𝑡 is a vector of dependent variables, 𝑋𝑖𝑡 is a matrix of exogenous covariates (or
ECM errors) and 𝑢𝑖and 𝑒𝑖𝑡 are vectors of dependent variable specific panel fixed effects
and idiosyncratic errors

long run analysis (demeaned variables from model 3) – fixed effects PVAR estimation, 
groupped by City and date (192 obs. 4 groups) short run analysis (demeaned first
differences of variables from model 3) – fixed effects PVAR estimation, groupped by City 
and date (192 obs. 4 groups) 







Discussion of synchronization results

•Comovement and codependence: The consistent absence of cointegration at the panel level (as indicated by the "nipanel" 
statistic) suggests that, overall, there isn't strong evidence of a long-term equilibrium relationship across the entire set of variables in 
each model. However, the presence of potential cointegration among subsets of variables (as indicated by the negative "rhogroup"
statistics) suggests that certain combinations of variables exhibit synchronization and comovement tendencies over the long term. 
This synchronization and comovement among specific variables could indicate codependence, where the behavior of certain 
variables is interconnected and collectively influenced by common factors or forces. These relationships might not be evident when 
looking at the entire panel but become apparent when examining subsets of variables.

•Long run synchronization: The coefficients for the lagged levels of the variables capture the long-term relationships among the 
variables after accounting for any short-term dynamics. "demeaned_lag1_Prents" has a coefficient of 0.9263, which is statistically 
significant at the 0.01 level. This suggests that a one-unit increase in the lagged level of "Prents" leads to an increase of 0.9263 
units in the level of itself in the long run. Similarly, "demeaned_lag1_Tstock," "demeaned_lag1_ORate," and 
"demeaned_lag1_Emp" have coefficients close to 1, indicating strong positive relationships with their own lagged levels in the long 
run. In addition to the above, "demeaned_lag1_ORate" and "demeaned_lag1_Emp" have statistically significant coefficients 
indicating a long-term relationship between these variables and "Prents". However, one could expect that the impact Employment 
as well as of Occupation Rate on rent would be positive.

•Short run synchronization: The coefficients for the lagged first differences of the variables indicate the short-term dynamics 
and interactions among the variables. "demeaned_lag1_Prents" has a coefficient of 0.2030, which is statistically significant at the 
0.01 level. This suggests that a one-unit increase in the lagged first difference of "Prents" leads to an increase of 0.2030 units in 
the first difference of itself. The other lagged first differences do not appear to be statistically significant at conventional
significance levels.



Research question 3

Is there evidence of convergence among the office markets 

in capitals of the Visegrad Group countries?



Convergence ratios estimation

Beta convergence - the constant over time negative correlation betwen the level
of rents 𝑌𝑖𝑡 and its growth rate. It means that regions with initially lower level of 
rents will catch up the better developed markets. The analysis is based on the 
dynamic model of a form 

log
𝑌_𝑖𝑡

𝑌𝑖𝑡−1
= 𝛼0 − 𝛼1 log 𝑌𝑖𝑡−1 + 𝑢𝑖 + 𝑒𝑖𝑡 → 𝛽 = −log(1 − 𝛼1), 

where 𝑢𝑖 - group effects, 𝑒𝑖𝑡 - error term
Sigma convergence - refers to a reduction in the dispersion of levels of rents

across office markets 𝜎𝑡
2 =

1

𝑁
 𝑖 log 𝑦𝑖𝑡 − log 𝑦𝑖𝑡

2

Gamma convergence – relates to intermobility within rents distribution: 

𝛾𝑡 =
𝜎2( 𝑖𝑅(𝑦𝑖𝑡))

𝜎2( 𝑇 + 1 ⋅ 𝑅 𝑦𝑖𝑜 )
where Kendall’s 𝑅 𝑦𝑖𝑡 rank of rent level in the i-th market in year t, 𝑅(𝑦𝑖0) –
Kendalls’ rank of rent level in the i-th market in year 0 (first period of analysis)



Convergence ratios results

Sigma Beta Gamma

Bratislava 0.04328162 -5.232798e-15 -2.264839e-16

Budapest 0.1082355 -1.487064e-14 -1.609531e-15

Prague 0.08367568 -1.768579e-14 -1.47987e-15

Warsaw 0.07051279 0.03774033 0.002661176

Overall 0.18205 1.116977e-16 2.033458e-17



Convergence analysis

A lower sigma value indicates that rents are becoming more equal across regions. In this context, we can observe that Bratislava 

has the lowest sigma value, which means that there's relatively less rent inequality in this city compared to the others. The overall 

sigma value is higher, suggesting that there's still significant rent inequality across all the cities combined, despite some reduction 

in inequality over time.

A negative beta value suggests that regions with lower rents initially are growing faster, while a positive value suggests the 

opposite. In this case, Bratislava, Budapest, and Prague have very small and negative beta values, indicating that these cities are 

not following the typical beta convergence pattern. Warsaw, on the other hand, has a positive beta value, implying that it's 

experiencing growth in rents faster than what would be expected based on initial rent levels.

Gamma convergence combines both sigma and beta convergence. It gives an overall picture of whether there's convergence in 

both rent levels and growth rates of rent. Negative gamma values suggest that regions with lower rents are growing faster, 

contributing to overall convergence. In this case, Bratislava, Budapest, and Prague have negative gamma values close to zero,

indicating limited convergence. Warsaw has a positive gamma value, suggesting some level of convergence due to its positive 

beta value, although the effect is still relatively small.



Further remarks
•Overall, based on these results, it seems that there is some reduction in rent inequality (sigma 

convergence) across the cities, but the growth rates are not following the typical beta 

convergence pattern for most cities.

•Warsaw's rent growth is contributing to a moderate level of overall convergence according to 

gamma convergence. The sigma convergence analysis indicates the degree of rent inequality 

reduction among the office markets. The values suggest that rent disparities are gradually 

decreasing over time in each city.

•Bratislava has the lowest sigma value, implying a relatively higher degree of rent equality, 

followed by Warsaw, Prague, and Budapest. However, the overall sigma value, while positive, is 

still relatively high, suggesting that despite individual reductions in inequality, there remains 

significant variation in rents across the Visegrad Group cities.

•The beta convergence analysis focuses on the growth rates of rent across the four markets. 

Bratislava, Budapest, and Prague exhibit extremely small and negative beta values, which 

suggest that these cities do not conform to the typical pattern of poorer regions growing faster 

than richer regions. Instead, they seem to experience negligible growth rate differences based on 

initial rent levels. Conversely, Warsaw's positive beta value signifies that it is growing at a rate 

higher than expected from its initial rent level. This observation could be attributed to Warsaw's 

unique economic conditions and attractiveness to investors.

•The gamma convergence analysis combines both rent levels and growth rates. For Bratislava, 

Budapest, and Prague, the negative gamma values suggest that despite their individual growth 

patterns, the overall convergence effect is limited. These cities seem to experience slow changes 

in rent levels and growth rates. Warsaw's positive gamma value, while small, indicates some 

convergence due to its unique growth trajectory



Main findings

Market stability

The office markets in 

capital cities of the 

Visegrad Group countries 

do conform to the Error 

Correction Model (ECM) 

framework. However, 

exogenous factors together 

with characteristics of the 

markets may influence the 

relationships depicted by 

the ECM approach.

Synchronization

According to the VAR and 

VECM results the office 

markets in capitals of the 

Visegrad Group countries 

can be considered as a 

single, integrated market. 

However, the influence of 

aforementioned factors is 

also visible.

Convergence

There is no clear 

convergence in rent and 

rent growth on the office 

markets within the Visegrad 

Group capital cities.



Thank you for your attention

Questions and comments are welcome


