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Abstract. This paper aims to determine whether the regional distribution of
corporate bond issuance in Poland is driven by spatial interdependence or by local
economic fundamentals. Using a comprehensive dataset of outstanding corporate
bonds for year-end 2024 across 73 NUTS-3 regions, the study employs Moran’s
I statistics and regression models including Ordinary Least Squares (OLS) and
Spatial Lag of X (SLX). Results reveal an extreme issuance concentration in the
Warsaw region, accounting for 62% of the total. However, no significant spatial
autocorrelation was detected, with neither Moran’s I nor the SLX specification
yielding significant evidence of spatial dependence. The strongest determinants of
issuance activity were regional wealth (GDP per capita) and innovation capacity

Article details:

Received: 15 July 2025
Revised: 22 January 2026
Accepted: 18 February 2026

Key words:

bond market,
corporate bonds,
financial geography,
spatial analysis,

(number of filed inventions). By contrast, population density, the number of Poland

registered firms, and distance from Warsaw were statistically insignificant. These

findings suggest that Poland’s corporate bond market is primarily driven by local

economic fundamentals, while spatial spillovers do not play a significant role.
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1. Introduction

The development of the corporate bond market in
Poland is a crucial aspect of the domestic finan-
cial system's functioning and the diversification of
corporate financing sources. It can also be seen as
a manifestation of the broader financialisation pro-
cess, where corporate funding increasingly shifts
from traditional bank-based financing towards mar-
ket-based instruments (Bonizzi & Karwowski, 2024).
The corporate finance literature identifies several
factors that influence companies' decisions to issue
bonds. The most important of these factors include
the cost of capital and the efficiency and complexi-
ty of capital-rising procedures (Bondt, 2005; Rixtel
et al., 2015; Tocelovska et al., 2018). Determinants
of corporate bond financing also include the specif-
ic characteristics of these entities. For example, re-
search consistently shows that larger firms are more
likely to issue corporate bonds (Weyzig, 2014; Cal-
omiris et al., 2019; Du, 2024), especially in foreign
currencies (Maggiori et al., 2023). This tendency re-
sults from both the stringent requirements of the
bond market (e.g., the need for adequate credibili-
ty, often confirmed by a rating) and the fixed costs
of preparing the issue (prospectus, advisors, market
organisation), which are disproportionately high for
minor issues. Consequently, small companies fre-
quently rely on bank financing rather than public
debt markets (Duffee & Hordahl, 2019).

However, most existing studies focus primarily
on financial and corporate determinants of bond
issuance, largely neglecting the geographical con-
texts. Despite advancements in digital infrastructure
suggesting geographic location should not signifi-
cantly influence access to financial markets, empiri-
cal observations indicate persistent disparities. This
paradox highlights the need for a more in-depth ex-
amination of regional financial ecosystems and their
impact on corporate bond market dynamics. Spa-
tial analyses of corporate bond issuance remain rare
despite the fact that they can reveal critical region-
al variations and spatial dependencies that are diffi-
cult to capture through traditional financial methods
(Butler, 2008; Francis et al., 2023).

Against this backdrop, this paper aims to ana-
lyse the spatial distribution of outstanding corpo-
rate bond value in Poland at the level of sub-regions
(NUTS-3) and to identify regional determinants of
such financial activities. The study consists of three
specific objectives: (1) presenting the spatial concen-
tration of bond issuance across sub-regions, with par-
ticular emphasis on the extent of dominance of the
Warsaw region; (2) evaluating whether the data show
spatial autocorrelation, specifically, whether issuance

values observed in one region correlate statistically
with those in neighbouring regions; (3) evaluating
the relationship between the value of outstanding
bond issuance and the economic characteristics of
the regions, including an assessment of the signifi-
cance of spatial spillover effects and their impact on
issuance inequalities. An additional contribution of
the study lies in the unique utilisation of data from
the Register of Issuers' Obligations (RIO), which
is rarely included in scientific studies on the bond
market in Poland. One of the first attempts at us-
ing RIO data was provided by Martysz (2020), al-
though without addressing spatial aspects of bond
issuance. Therefore, this study addresses this iden-
tified research gap directly.

2. Literature review: Spatial
dynamics of financial markets

2.1. Financial centres, spatial hierarchies
and evolving network logic

Financial geography has traditionally conceptualised
the spatial organisation of finance through the lens of
core-periphery hierarchies, where financial activity,
capital, and decision-making concentrate dispropor-
tionately in a few central cities (Kindleberger, 1974;
Hryniewicz, 2014). Such models align with broader
spatial-economic theories highlighting the uneven
distribution of resources and power, often charac-
terised by significant informational asymmetries
favouring the core (Aviat & Coeurdacier, 2007).
Empirical studies have historically confirmed the
dominance of global financial centres like London
or New York, underpinned by agglomeration econ-
omies that provide scale advantages, knowledge
spillovers, and robust institutional infrastructure
(Storper, 1997).

However, recent scholarship increasingly em-
phasises relational and network-based approaches,
which challenge the notion of a single dominant core.
Instead, financial geography is increasingly seen as
a multi-nodal and interconnected network of cities
(Coe et al., 2014). Studies such as those from the
Globalisation and World Cities (GaWC) research
group illustrate how multiple financial centres form
complementary and competitive relationships, facil-
itating capital flows and knowledge diffusion across
space. These networks integrate primary hubs (e.g.,
New York-London axis), secondary financial centres,
and regional nodes into global financial circuits,
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revealing a more nuanced spatial structure than
traditional hierarchies suggest (Wdjcik, 2018).

The gravity model - used in both physics and in-
ternational economics as well - further complements
network perspectives by demonstrating that financial
interactions depend strongly on economic mass and
diminish with distance due primarily to information
asymmetries and transaction costs (Portes & Rey,
2005). Despite technological advances enabling
instantaneous transactions, geographic proximity
still significantly reduces informational frictions,
underscoring why finance remains spatially sticky
(Butler, 2008).

Thus, contemporary literature views the geography
of finance as characterised by persistent hierarchies
enriched by relational dynamics, where agglomer-
ation economies coexist with multi-nodal network
structures. These spatial logics simultaneously re-
inforce the dominance of key financial centres and
allow for secondary centres to participate in wider
capital market activities, raising critical questions
regarding whether spatial concentration exacerbates
regional inequalities or promotes beneficial diffusion
to peripheral regions (Degl'Innocenti et al., 2018;
WEei et al., 2024).

2.2. Mechanisms of spatial concentration:
Infrastructure, agglomeration, and
knowledge embeddedness

The pronounced spatial concentration of financial
activity, including corporate bond issuance, stems
from several reinforcing mechanisms identified with-
in the literature. Institutional infrastructure plays
a fundamental role, as major financial centres typi-
cally host essential facilities such as stock exchanges,
clearing houses, central securities depositories, and
regulatory bodies, creating structural advantages
for these locations (Hashimoto & Wdjcik, 2021).
Kindleberger (1974) historically emphasised how
early institutional support and regulatory clustering
significantly contributed to financial centre develop-
ment by reducing transaction costs, attracting skilled
labour, and building trust among market participants.
Such institutional embeddedness remains pivotal,
creating high barriers for peripheral regions where
comparable infrastructure and expertise are limited.

Alongside institutional infrastructure, agglomera-
tion economies significantly enhance the attractive-
ness of established financial centres. Co-location of
specialised financial services - such as investment
banks, rating agencies, legal consultancies, and market
analysts - generates tangible externalities, including

labour market pooling and knowledge spillovers
(Cook et al., 2007). These agglomerative advantages
lower transaction costs, foster informal networks
and encourage rapid diffusion of industry-specific
knowledge and innovation. Even though urban
concentration can incur costs such as congestion
or high rents, the net benefits from agglomeration
consistently outweigh these drawbacks, reinforcing
the dominance of primary financial centres.

A crucial but less tangible mechanism underpin-
ning spatial concentration is the embeddedness of
tacit knowledge within dense social and professional
networks. Corporate bond issuance, reliant on com-
plex structuring and due diligence, depends heavily
on trust and nuanced expertise exchange, which are
most effectively transferred through face-to-face
interactions and established relational ties (Francis
et al., 2023). Physical proximity fosters reputational
and relational capital, significantly reducing infor-
mation asymmetry and enhancing investor confi-
dence. Despite technological advancements enabling
remote interactions, recent evidence suggests that
high-value tacit knowledge exchanges still benefit
disproportionately from physical co-location (Bratton
& Wojcik, 2024).

Lastly, regional innovation capacity has emerged
as an influential factor enabling broader capital mar-
ket participation. Regions characterised by strong
R&D activities, vibrant entrepreneurial ecosystems,
and technological dynamism frequently produce
companies with high growth potential that seek
external market-based financing (Tocelovska et al.,
2023). Such innovative environments tend to at-
tract both investors and issuers, creating conditions
conducive to bond market development. Although
innovation alone does not guarantee successful cap-
ital market engagement, when coupled with strong
institutional frameworks and financial infrastructure,
it substantially lowers barriers to entry for regional
firms.

Collectively, these mechanisms explain the persis-
tent and uneven geographical distribution of finan-
cial activities, highlighting why a few well-endowed
financial centres dominate bond markets while
other regions face structural hurdles in achieving
comparable market depth.

2.3. Empirical evidence on spatial
concentration

Empirical evidence from a wide range of countries
highlights pronounced spatial disparities in corpo-
rate bond issuance, consistently favouring econom-
ically advanced regions with stronger institutional
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infrastructure and connectivity to financial networks.
Research across developed economies demonstrates
that regional economic strength - reflected primarily
by higher GDP per capita and concentrations of
larger, financially robust firms - strongly correlates
with higher levels of bond issuance. For instance,
studies of the Baltic region have shown that the
most active corporate bond markets cluster around
capital cities and major economic hubs, indicating
a clear link between regional economic prosper-
ity and institutional capacity (Tocelovska et al.,
2018, 2023). Such findings underscore that regions
hosting more substantial, creditworthy enterprises,
supported by advanced financial infrastructures,
tend to attract greater investor interest and exhibit
increased issuance activity. The synergy between
innovative business environments and robust fi-
nancial infrastructures appears particularly decisive,
enabling regions to achieve significant engagement
with corporate bond markets.

Furthermore, empirical research consistently
indicates that greater geographical distance from
primary financial centres translates into tangible
disadvantages in accessing corporate bond financing.
Firms situated far from financial hubs encounter
higher informational asymmetries, reduced investor
familiarity, and, consequently, increased financing
costs. Empirical evidence from the US bond market
illustrates that peripheral firms, notably those located
in rural or remote areas, typically pay higher yield
spreads and face less favourable underwriting terms
compared to comparable urban-based enterprises
(Arena & Dewally, 2012; Francis et al., 2023). Despite
advances in digital technology, proximity continues
to offer informational advantages, reflecting the en-
during spatial embeddedness of trust and relational
networks vital to financial market operations. This
pattern underscores a broader phenomenon identi-
fied globally as a 'big-city bias', whereby companies
based in metropolitan areas consistently report fewer
financial constraints compared to their counterparts
in smaller towns or rural regions (Lee & Luca, 2019;
Karnd & Stephan, 2022).

In emerging markets, the spatial concentration
of corporate bond issuance often appears even more
pronounced. Empirical analyses highlight that prima-
ry financial centres in developing countries typically
dominate corporate bond markets, as exemplified by
Johannesburg in South Africa and Sdo Paulo in Brazil
(De Carvalho & Marques, 2020; Ahwireng-Obeng &
Ahwireng-Obeng, 2022). Such concentration reflects
not only the economic scale and institutional sophis-
tication of these cities but also structural weaknesses
- such as underdeveloped financial ecosystems, lack
of credit ratings, and limited investor exposure - in

peripheral regions. Consequently, spatial disparities
in bond market access tend to be especially stark in
developing economies, reinforcing a rigid core-pe-
riphery structure.

Overall, empirical literature consistently under-
scores persistent spatial unevenness in corporate
bond market development. Regions characterised
by economic prosperity, innovative capabilities, and
strong institutional frameworks continue to domi-
nate issuance activity, benefiting from proximity to
major financial centres and the associated relational
and informational advantages. Without targeted
interventions, these spatial disparities are likely to
persist, potentially exacerbating existing regional
economic inequalities and limiting financial market
development in peripheral areas.

3. Methods

3.1. Data and scope of the study

The analysis uses cross-sectional data on the value
of outstanding corporate bonds from the Central
Securities Depository (CSD) official Register of
Issuers' Obligations (RIO) (as of the end of 2024),
taking into account both public and private issues.
The RIO was established following significant dis-
turbances in the domestic corporate bond market,
particularly due to the bankruptcy of GetBack,
Poland's largest debt collection company, in 2018.
This event involved defaulted bonds worth nearly
PLN 2,9 billion, resulting in losses for over 9,000
investors. The RIO collects comprehensive data on
all non-Treasury bonds issued in Poland, including
bonds listed on Catalyst (WSE BondSpot) and pri-
vate issues registered outside the CSD before RIO’s
establishment, with historical records subsequently
supplemented into the register. This approach ensures
a comprehensive and robust dataset of corporate
bond issues generated by Polish companies. Thus,
information on outstanding corporate bonds as of 31
December 2024 was extracted from the RIO database.
Mortgage bonds and issues by local government units
and other public financial institutions (e.g., Polish
Development Bank and Polish Development Fund)
were explicitly excluded to maintain a clear focus
solely on corporate bonds. In addition, municipal
and communal companies were excluded, so that the
analysis covers only strictly commercial enterprises.

Using a unique Legal Entity Identifier (LEI) code,
data from RIO was matched with data from the
ORBIS database (Bureau van Dijk’s Orbis global
company database), allowing for the extraction of
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the official registered office address of each issu-
ing company. These addresses were geocoded and
assigned to the relevant NUTS-3 units (so-called
sub-regions). The spatial analysis adopted an ad-
ministrative division corresponding to the NUTS-3
classification, covering all 73 sub-regions currently
recognised in Poland.

In the next step, data on the nominal value of
outstanding bonds was aggregated at the level of
each NUTS-3 region. To link this data to regional
characteristics, selected macroeconomic and demo-
graphic variables available at the sub-regional level
were included: population density, GDP per capita,
number of corporates registered in each region, and
the number of inventions filed with the patent office.
Throughout this study, the term "corporates" refers
specifically to companies whose legal form under
Polish law (limited liability companies, joint-stock
companies, and simple joint-stock companies) allows
them to issue bonds. All regional macroeconomic
data was sourced from the Statistics Poland (GUS). It
should be noted that while the bond data is for 2024,
the most recently available regional macroeconomic
data from GUS at the time of analysis pertains to the
year 2022. Given the slow-moving nature of these
indicators, the 2022 figures are considered a robust
proxy for the economic conditions influencing is-
suance decisions.

Additionally, a variable corresponding to the dis-
tance of a given region (in kilometres) from Warsaw
(DIST_WAW) was included in the study. This dis-
tance was calculated using the geometric centroid
of each NUTS-3 region and the reference point in
the geographical centre of Warsaw (52.23185°N,
21.01178°E). The coordinates of the centroids were
determined based on the official NUTS-3 adminis-
trative boundary data. The Haversine formula was
applied to compute great-circle distances between
the centroids of NUTS-3 regions and Warsaw,
thereby accounting for the Earth’s curvature. In R,
this was implemented using the distHaversine()
function from the geosphere package (Hijmans,
2023), which returns distances in metres. Results
were converted into kilometres. The obtained variable
was subsequently transformed using the logarithmic
function log(1 + DIST_WAW) to mitigate the strong
rightward skewness of the distribution and to allow
the regression coefficient to be interpreted as an
approximate elasticity with respect to percentage
changes in distance. Based on the literature review
presented earlier, it was hypothesised that regions
with better economic parameters (higher population
density, higher GDP per capita, more registered cor-
porates, and higher innovation activity measured by
filed inventions) would exhibit higher bond market

activity while greater distance from Warsaw would
negatively influence the value of bond issuance.

3.2. Measures of concentration and spatial
autocorrelation

After an exploratory analysis of the data to deter-
mine the overall degree of regional concentration of
bond issuance, the Gini coefficient was calculated to
quantify the level of inequality in the distribution of
bond issuance values by region (a Gini coeflicient
of 0 indicates perfectly even dispersion of issuance
values, whereas 1 indicates complete concentration
in a single region). Additionally, a map was prepared
to visualise the regional distribution of outstanding
corporate bonds at the end of 2024, categorised by
the location of the issuer's registered office within
the relevant NUTS-3 sub-region. This map illustrates
the sum of issue values (in millions of PLN) per
region, allowing for a visual assessment of regional
disparities in corporate bond issuance.

The next stage of the analysis was to assess the
presence of spatial autocorrelation in bond issuance
formally. For this purpose, the global Moran's I sta-
tistic was used to determine whether bond issuance
values in one region exhibited a statistical correlation
with values in neighbouring regions. A matrix of
spatial weights was constructed using the queen
contiguity criterion, which defines two regions as
neighbours if they share either a common boundary
or a vertex. This specification was chosen because
it provides a more inclusive definition of spatial
proximity compared to rook contiguity and is widely
applied in studies involving irregular administrative
units (Anselin, 1988). The global Moran's I statistic
was calculated following the original formulation
by Moran (1950):

7 = n Vit Xieq Wi (=) (xj—%)
Yie1 Xjeq wij YR (xi—%)?

where:

. x, ix, denote bond issue values in regions
i and j,

. X is the average value of bond issues across
all regions,

. w, are elements of the spatial weighting

matrix indicating the neighbourhood of the
regions (a value of 1 indicates neighbourhood
and 0 no neighbourhood),

« n is the total number of regions analysed.

The value of Moran's I statistic approximate-
ly falls within the range from -1 (negative spatial
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autocorrelation, indicating that regions with different
bond issuance values tend to be adjacent) through
0 (absence of significant spatial autocorrelation)
to +1 (positive spatial autocorrelation, indicating
that regions with similar bond issuance values tend
to cluster together). However, the exact range of
Morans measure depends on the spatial structure
of the neighbourhood defined in the weight ma-
trix W (de Jong et al., 1984; Boots & Tiefelsdorf,
2000). The statistical significance of Moran's I was
assessed using the permutation method, with 999
permutations, with inference based directly on the
simulated p-values.

3.3. Spatial econometric modelling

The final element of the methodology was to model

the relationship between the scale of bond issuance

and regional characteristics while explicitly con-
sidering possible spatial effects. Initially, a classical

OLS (ordinary least squares) model was estimated.

The dependent variable (Y) was the total nominal

value of outstanding corporate bonds as of the end

of 2024 for each region. The explanatory variables

(X) included:

« Regional economic size, measured by (1) popu-
lation density and (2) GDP per capita (regions
with higher population density and higher wealth
levels were hypothesised to exhibit greater bond
issuance activity).

o Number of corporates registered in the region
(specifically, companies legally authorised to
issue bonds).

« Regional innovation capacity is measured by the
number of inventions filed with the Patent Office
(capturing activities aimed at obtaining legal
protection for new technologies or innovations).

« Distance to the financial centre, represented by
the logarithmic transformation of the distance
from Warsaw (in kilometres).

The explanatory variables were transformed using
natural logarithms to reduce skewness and to har-
monise their scales, which facilitated comparability
of coefficients across variables. Diagnostic tests were
then performed to assess spatial autocorrelation in
the OLS residuals. Specifically, the global Moran’s
I statistic and a set of Lagrange Multiplier (LM) and
robust LM tests were applied to determine whether
a spatial econometric specification was required. If
the diagnostics indicated significant endogenous
spatial dependence, appropriate models such as
the Spatial Autoregressive Model (SAR), the Spatial
Error Model (SEM), or the Spatial Durbin Model

(SDM) would be considered. In the absence of such
evidence, an alternative specification was estimated
to account for potential exogenous spillovers in
the covariates: the Spatial Lag of X (SLX) model.
The SLX incorporates spatially lagged explanatory
variables and can formally be expressed as follows:

Y=a+ X+ WX0 + ¢,

Where WX denotes the matrix of spatially lagged
explanatory variables, and 0 captures their spillover
effects from neighbouring regions. Unlike models
with endogenous spatial lags of the dependent var-
iable, the SLX focuses solely on exogenous spillover
effects in the covariates.

Furthermore, all analyses and visualisations were
conducted using the statistical software R. Spatial
data were handled with sf package (Pebesma, 2018);
spatial weights, Morans I and LM diagnostics were
computed with spdep (Bivand et al., 2025), the SLX
model was estimated with spatialreg (Bivand &
Piras, 2015), with regression diagnostics via Imtest
(Hothorn et al., 2022) and car (Fox et al., 2024).

4. Results

An analysis of the distribution of corporate bond
outstanding values across 73 sub-regions confirmed
that the Polish market is extremely spatially con-
centrated. The dominance of the Warsaw Capital
sub-region is particularly striking, as it accounted for
nearly 62% of the value of all outstanding corporate
bonds at the end of 2024. In comparison, no other
single sub-region reached a market share exceeding
5%. Warsaw's share is, therefore, many times greater
than that of the second-ranked subregion Lubelski,
which accounted for only 4.9% of total bond issu-
ance—nearly ten times less than the capital. Most
other regions contributed only marginally to the
overall value of bond issuance, with many peripheral
areas recording only token issues, representing less
than 0.01% of the total outstanding corporate bond
issuance. The breakdown of bond issuance values for
the largest regions is presented in Table 1.

The Gini coeflicient for the distribution of bond
issuance values across regions is approximately 0.864,
indicating a level of inequality that is exceptionally
high, even compared to other economic phenomena.
To put this into perspective, this level of regional
concentration significantly exceeds typical measures
of economic inequality, such as income distribu-
tion. For instance, the Gini coefficient for income
inequality in Poland stood at 0.300 in 2024, slightly
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Table 1. Structure of the face value of outstanding corporate bonds in Poland as of 31 December

2024 by NUTS3 sub-region

Bonds outstanding

No NUTS3 Region name value [mln PLN] [%]
1 PLO11 Miasto Warszawa 88 231 62,0%
2 PL814 Lubelski 7 033 4,9%
3 PL514 Miasto Wroctaw 6 640 4,7%
4 PL415 Miasto Poznan 6 406 4,5%
5 PL923 Plocki 6273 4,4%
6 PL22A Katowicki 5614 3,9%
7 PL516 Legnicko-Glogowski 2650 1,9%
8 PL432 Zielonogorski 2 640 1,9%
9 PL633 Trojmiejski 2463 1,7%
10 P1L913 Warszawski Zachodni 2222 1,6%
11 PL721 Kielecki 1687 1,2%
12 PL213 Miasto Krakow 1240 0,9%
13 PL244 Czestochowski 1150 0,8%
14 PL418 Poznanski 991 0,7%
15 Others (59 regions) 7 099 5,0%
Total 142 338 100%

Source: own elaboration

decreasing from 0.314 in 2023. Such a pronounced
disparity underscores that access to the corporate
bond market is geographically concentrated far
beyond what demographic or broader economic
indicators would suggest. Consequently, a small
number of urban centres dominate nearly the entire
bond market, while vast areas of the country remain
largely excluded from participation.

These results are clearly illustrated in the reference
map (Fig.1), where the Warsaw region distinctly
dominates, exhibiting by far the highest bond out-
standing values, while activity remains negligible
in most regions distant from the capital. Spatial
inequalities in bond outstanding value are, therefore,
extraordinarily pronounced - the concentration of
debt capital in Warsaw is greater than, for example,
the regional concentration of population density or
GDP observed anywhere else in Poland. Despite the
strong dominance of this single financial centre,
it is worth investigating whether more nuanced
spatial patterns exist within the distribution of bond
issuance activity, such as the localised clustering of
regions with similar outstanding values.

However, Moran’s global I statistic calculated for
2024 was slightly negative (I = -0.071) and statistical-
ly insignificant (p = 0.75), indicating no substantial
spatial autocorrelation. This conclusion is further
confirmed by the Lagrange Multiplier diagnostics,
where both LM-lag (p = 0.24) and LM-error (p =
0.42), as well as their robust counterparts (p = 0.36

and p = 0.75), were statistically insignificant. In
other words, high or low regional issuance activity
does not form extensive clusters, suggesting that
interdependence does not arise from simple mimicry
between neighbouring regions. Consequently, there
was no statistical basis for estimating SAR, SEM,
or SDM models. Instead, the analysis proceeds by
estimating an Ordinary Least Squares (OLS) spec-
ification and, as a robustness check, an alternative
Spatial Lag of X (SLX) model. The SLX allows for
testing potential spillover effects of neighbouring
regions’ characteristics, even in the absence of global
autocorrelation.

To identify the factors driving regional variation
in corporate bond issuance in Poland, both the OLS
and the SLX estimations were performed. The results
are presented in Table 2.

The results of both models indicate that the key
determinant of corporate bond issuance activity in
individual regions is the level of economic develop-
ment, as measured by GDP per capita. Both models
consistently identify regional wealth as the most
influential factor: in the OLS model (p = 3.744, p <
0.001) and in the SLX model (f = 3.878, p < 0.001).
The second statistically significant determinant is
the region's level of innovation, represented by the
number of patent applications filed. In both models,
this effect is positive and statistically significant
(OLS: B = 0.468, p = 0.0086; SLX: p = 0.424, p =
0.025). These results confirm that regions with higher
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Fig. 1. Graphical presentation of the value of outstanding corporate bonds in Poland as
of 31 December 2024 by NUTS3 sub-region
Source: own elaboration in R software, package ggplot2 (Wickham, 2016)

Table 2. Regression Results: Comparison of OLS and SLX models

Variable OLS estimate ~ OLS p-value SLX estimate SLX p-value
Intercept -24.393 0.0172* -12.630 0.4894
GDP per capita 3.744 <0.001* 3.878 <0.001**
Population density -0.236 0.4346 -0.252 0.4813
Corporates 0.203 0.6316 0.298 0.5169
Inventions 0.468 0.0086** 0.424 0.0250*
Distance to Warsaw -0.170 0.4896 -0.358 0.7004
Spatial lag [GDP per capita] - - -0.948 0.5828
Spatial lag [Population density] - - 0.246 0.6550
Spatial lag [Corporates] - - -0.387 0.6150
Spatial lag [Inventions] - - 0.044 0.9085
Spatial lag [Distance to Warsaw] - - 0.219 0.8534

Note: ***: p < 0.001, **: p < 0.01, *: p < 0.05.
Source: own elaboration
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innovation levels, characterised by increased R&D
activity, have greater demand for external capital,
including corporate bond issuance.

The remaining variables analysed - population
density, number of corporates, and distance from
Warsaw - did not exhibit statistical significance in
either model. The insignificance of the distance var-
iable, measuring proximity to Warsaw as Poland’s
primary financial centre, is particularly noteworthy.
In the OLS model, the coefficient for this variable
was -0.170 (p = 0. 4896), and in the SLX model, it
was -0.358 (p = 0.7004), suggesting that geographical
distance alone does not substantially affect regional
bond issuance activities.

To assess the statistical validity and robustness
of both the classical OLS and the SLX model,
diagnostic tests specific to each model type were
performed. For the OLS model, standard regression
checks were conducted, including residual normality
(Shapiro-Wilk), homoscedasticity (Breusch-Pagan),
and residual spatial autocorrelation (global Moran’s
I). For the SLX model, we tested the joint significance
of the lagged regressors using a Wald test, examined
residual spatial autocorrelation with Moran’s I, and
compared information criteria (AIC) with the OLS
benchmark.

Diagnostic results presented in Table 3 confirm
that the classical OLS model meets all fundamental
regression assumptions, including residual normality
(Shapiro-Wilk, p = 0.35), homoscedasticity (Breusch-
Pagan, p = 0.29), and critically, the absence of sig-
nificant spatial autocorrelation in residuals (Moran's
I =-0.093, p = 0.75). Additionally, the overall sig-
nificance of the OLS model is strongly supported
by the F-test (F=19.6, p < 0.001), demonstrating
robust explanatory power. The lack of spatial auto-
correlation in the OLS residuals indicates that the
spatial structure of the data is adequately captured
by the basic linear specification, implying no inher-
ent necessity for more complex spatial econometric
methods. Nevertheless, for the SLX specification,

diagnostics similarly indicate no significant residual
spatial autocorrelation (Moran’s I = -0.096, p = 0.83).
However, the joint Wald test for the spatially lagged
covariates (W-X) was clearly insignificant (p = 0.94),
confirming that contextual spillover effects are weak.
Moreover, the Akaike Information Criterion (AIC)
does not favour the SLX model (AIC = 258.6) over
the OLS benchmark (AIC = 250.1), suggesting no
improvement in model fit. Taken together, these
results indicate that the classical OLS model remains
preferable due to its interpretative clarity, statistical
robustness, and the absence of significant residual
spatial dependence.

5. Discussion

The empirical findings confirm that the corporate
bond market in Poland has a highly spatially concen-
trated structure. The marked dominance of Warsaw
as the primary issuance centre aligns with the clas-
sical framework of financial geography, wherein
capital market activities commonly centralise in
major financial hubs, frequently in the capital city.
Kindleberger (1974) had already observed that fi-
nancial systems organise themselves hierarchically,
with a single dominant centre acting as the 'keystone'
of the entire structure. Similar phenomena occur
internationally; for instance, in the euro area, bond
issuance is significantly concentrated in Paris—one of
Europe's leading financial centres (Consulat Général
de France a Houston, 2013). The strong concen-
tration of bond issuance in the Polish capital is
theoretically supported by financial agglomeration
effects. Warsaw brings together financial institu-
tions, institutional investors, and highly specialised
financial experts, creating favourable conditions for
companies located within its proximity to access the
bond market. Research on geographical variation in
the cost of debt capital confirms that firms based

Table 3. Diagnostic comparison of OLS and SLX models

Diagnostic criterion

OLS model SLX model

Residual Normality (Shapiro-Wilk)
Homoscedasticity (Breusch-Pagan)
Residual Spatial Autocorrelation (Moran’s I)
Spatial dependence (Wald test for W-X)
F-test — overall model significance (OLS)
Adjusted R?

Akaike Information Criterion (AIC)

W =0.980, p = 0.35
BP=6.19,p=029 BP=125p=025
1=-0071,p=075 1=-0.096,p=0.83
- F=0.26,p =094
F=19.6, p <0.001*** -

0.578 -

250.08 258.57

W =0.980, p=0.34

Note: ***: p < 0.001, **: p < 0.01, *:p < 0.05
Source: own elaboration
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in large metropolitan areas typically obtain more
favourable financing terms, such as lower margins
on bond issues, due to their proximity to numerous
investors and financial intermediaries (Francis et al.,
2023). This finding suggests that financial centres
maintain significant informational and networking
advantages compared to peripheral regions.

Conversely, the lack of significant spatial auto-
correlation in bond outstanding value (reflected
by a low and statistically insignificant Moran's I)
warrants further discussion. This result indicates
that intense issuance activity in one region does not
significantly influence adjacent regions, contrasting
with literature demonstrating clear regional financial
clustering elsewhere. For instance, existing research
from China has identified positive spatial autocor-
relation of regional financial efficiency, manifested
through spatial clustering of high financial develop-
ment across neighbouring provinces (Chang et al.,
2022). In Poland, however, such regional clustering of
bond issuance activity was not observed. Outside of
Warsaw, Polish regions fail to form coherent clusters,
instead showing a pattern characterised by a single
dominant financial centre surrounded by a largely
dispersed peripheral landscape. This asymmetry can
be interpreted in the context of financial centre theory
and the 'centre-periphery effect’ (Hryniewicz, 2014;
Lux, 2015). A financial centre (in this case, Warsaw)
attracts a significant amount of market activity, while
other regional centres do not demonstrate reciprocal
or complementary interactions. The geography of fi-
nance literature consistently highlights that peripheral
regions are often subordinated to dominant financial
hubs (Wegrzyn, 2025). Our results (indicating the
absence of spatial autocorrelation) are consistent
with this interpretation: the Polish periphery does
not form its own 'mini-centres’ of bond issuance
but rather issues bonds independently of issuance
activity levels in neighbouring regions. This can also
be explained by the fact that the corporate bond
market is relatively narrow and selective - only a few
regions (primarily Warsaw and a handful of major
urban centres) meet conditions conducive to issu-
ance, thus precluding a continuous spatial diffusion
of financial activity.

Additionally, existing literature points out that
modern telecommunications infrastructure and the
centralisation of financial markets have enabled firms
located outside primary financial centres to remotely
access financial services, potentially reducing the
significance of geographical proximity. However,
it is worth noting that research on SME financing
continues to identify locational advantages for large
cities; even in the digital age, businesses far from

financial centres still experience limitations in ac-
cessing finance (Kédrnd & Stephan, 2022).

In this context, our finding - the insignificant
impact of distance from Warsaw - should be inter-
preted cautiously. This could be because corporate
bond issuance is predominantly pursued by larger,
financially mature firms capable of overcoming
geographical barriers through established financial
networks and relationships. Such companies typically
rely on Warsaw-based financial intermediaries (e.g.,
major banks and investment firms), irrespective of
the physical location of their headquarters or opera-
tions, thus mitigating the importance of geographic
proximity. Consequently, while the 'distance barrier'
theory remains relevant in numerous financial con-
texts (e.g., cost of capital or SME finance access)
(Butler, 2008; Francis et al., 2023), in the case of the
Polish corporate bond market, geographical distance
from the primary financial centre did not emerge
as a significant constraint on bond issuance activity.

With regard to economic determinants, the anal-
ysis demonstrated that regional wealth (as measured
by GDP per capita) and innovation (as represented
by the number of patent applications) are key factors
influencing corporate bond issuance. This finding
is strongly corroborated by international literature,
which consistently shows that economically devel-
oped and wealthier regions tend to have larger and
more active corporate bond markets. For instance,
a study by Tocelovska et al. (2018) on the Latvian
market revealed that higher GDP per capita signif-
icantly enhances corporate bond issuance activity.
A more prosperous region typically features larger
companies, more robust financial infrastructure, and
more sophisticated investor demand, collectively
increasing the propensity of firms to issue debt secu-
rities. Regional innovation operates similarly: regions
characterised by higher levels of R&D activity, patent
filings, and a dynamic technology sector typically
host more competitive firms, which in turn are more
likely to seek capital market financing. While existing
literature offers limited direct evidence explicitly
linking regional innovation indicators to corporate
bond issuance, broader insights from the geography
of innovation and finance provide support for this
relationship. Regions identified as technological
“growth poles” generally attract investment capital
(Brown et al,, 2009; Chen et al., 2010). Consequently,
a region's high level of innovation can serve as an
indirect indicator of the presence of firms possessing
strong growth potential and reputational character-
istics (such as sufficient operational scale, financial
transparency, and robust creditworthiness), thereby
meeting key criteria for successful bond issuance.
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In contrast to the above factors, the region's
population density and the number of corporates
registered proved statistically insignificant. Initially,
this result might appear counterintuitive, as a high
population density or a high concentration of firms
would typically imply a larger pool of potential issu-
ers. However, this finding aligns with observations
from other studies, suggesting that bond market
development relies less on the sheer quantity of firms
and more significantly on their quality, maturity, and
structural characteristics. Corporate bond markets
are generally dominated by larger, financially sound
companies that possess sufficient scale and credit-
worthiness (Du, 2024; Thia & Kong, 2024). Thus,
even in densely populated regions with a large num-
ber of incorporated entities, bond issuance activity
may remain limited or involve smaller transaction
volumes if the region lacks prominent, financially
robust corporations capable of consistently issuing
significant bonds.

It is worth emphasising that the study is sub-
ject to certain limitations. First, the analysis relies
on cross-sectional data from a single year (2024),
limiting its ability to adequately capture the dy-
namics and evolution of the corporate bond market
in Poland. A more comprehensive understanding
would necessitate analysis over an extended period,
allowing for the identification of long-term trends
and shifts related to cyclical economic factors, such
as monetary policy changes, phases of the business
cycle, or evolving market conditions. Indeed, exist-
ing economic literature suggests that bond markets
often experience substantial fluctuations linked to
macroeconomic conditions, including interest rates
and overall economic health (Du, 2024; Thia & Kong,
2024). The second major limitation is the absence
of an in-depth analysis of the bond market’s de-
mand side, specifically the structural characteristics
and investment preferences of bond investors. The
geographical aspects of corporate bond markets
encompass not only issuer locations but also investor
locations and behaviours, which may be influenced
by local investment preferences, institutional policies,
information accessibility, or varying degrees of risk
aversion (Francis et al., 2023).

Additionally, a promising direction for further
research would be to conduct a comparative spatial
analysis of the Polish bond market alongside other
Central and Eastern European (CEE) countries.
Future studies could investigate whether comparable
patterns of bond issuance concentration exist in
regional financial hubs such as Prague, Bratislava,
or Budapest. Such comparative research would place
the Polish case within a broader European context,
clarifying whether the observed spatial phenomena

reflect unique national circumstances or align with
broader regional trends characterising financial
markets in the CEE region.

6. Conclusions

A spatial analysis of corporate bond issuance in
Poland has highlighted significant regional disparities
in the development of the domestic capital market,
characterised by an exceptionally strong concen-
tration of financial activity in Warsaw. The capital
region accounts for approximately 62% of the total
value of outstanding corporate bonds, confirming
its central position as the dominant financial hub in
the country. The results align with classical finan-
cial geography theories, clearly reflecting a spatial
hierarchy in capital markets, with a single dominant
metropolitan centre surrounded by significantly
weaker peripheral regions.

Despite this marked concentration, the analysis
did not identify statistically significant spatial auto-
correlation effects, indicating an absence of regional
clusters of issuance activity outside Warsaw. This
finding implies that high issuance levels in the capital
region do not lead to increased corporate bond
issuance in adjacent or nearby regions. The key
determinants of regional corporate bond issuance
identified were regional economic wealth (GDP per
capita) and innovation capacity (number of patent
filings). Conversely, factors such as population den-
sity, the number of corporates legally authorised to
issue bonds, and geographical distance from Warsaw
did not exhibit statistical significance. This pattern
highlights the predominance of local economic
and technological foundations over purely spatial
considerations in determining bond market activity.

The results have substantial implications for
economic and regional policy. To achieve greater
geographic diversification of the corporate bond
market and promote balanced economic develop-
ment, it is essential to strategically invest in regional
economic growth and innovation. This should be
accompanied by targeted measures facilitating access
to capital market opportunities for firms located
outside primary financial centres. Without such
interventions, the existing tendency towards finan-
cial centralisation may persist, further reinforcing
Warsaw's competitive advantage as the dominant
financial hub while leaving regional economic po-
tential underutilised and perpetuating geographic
disparities across Poland.
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