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Abstract

We estimate determinants of local public investments of NUTS-3 regions and
smaller municipalities in the most populous German federal state using a Bayesian
hierarchical panel analysis, accounting for the nested structure of municipalities in
their district. Tax revenue capacity and short-termed liquidity loans exert strong
effects on investment, out-ruling institutional factors, such as administrative staffing
and district-membership, showing no significant impact. Investment behavior
does not differ between district-free cities and municipalities within districts.
These findings highlight the dominance of fiscal constraints over administrative
capacity in shaping local investment decisions, underscoring the limited autonomy of

municipalities despite institutional differences.
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Highlights

o Tax revenue boosts investment in North Rhine-Westphalia’s municipalities.
o Liquidity loans reduce local public investment.

» Bayesian estimation shows financial, not institutional, constraints from person-

nel.
o District effects do not deviate from federal-level tax and personnel impacts.

« High state dependence limits municipal financial autonomy in Germany.
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1 Introduction

Public investment at the local level is essential for the provision of public services
and goods in federal systems such as Germany, where municipalities traditionally
account for roughly two-thirds of public investment (Brand et al. 2024: 128; Bremer,
Di Carlo and Wansleben 2023: 1009-1011). Municipalities, as constitutional parts of
the federal states (Ldnder), enjoy a certain degree of autonomy under guaranteed self-
governance, which includes the right to set their own business tax rates and levy minor
taxes and charges (GG 1949: Art.28 (2); Scheller and Walker 2017: 353). Within
the constraints of limited fiscal space, municipalities face challenges in balancing
revenue sources, which are highly dependent on federal and state funds, against
current expenditures and investment expenditures (Scheller and Walker 2017: 355).
The level of public investment, as a component of disposable expenditure, reveals
the functioning of municipal self-administration (Beznoska and Kauder 2020: 20).
While structural programs and a system of fiscal equalization aim at ensuring equal
living conditions in Germany under the constitutional framework (GG 1949: Art.
72 (2)), the state of North Rhine-Westphalia (NRW), with 18 million inhabitants,
illustrates the disparity of municipalities’ financial capacities and persistently high
municipal heterogeneity in investment levels (Fig. 1.1).

Debates and empirical research about the deteriorating local infrastructure prevail
(Gornig, Michelsen and van Deuverden 2015: 251; Raffer and Rietzler 2026: 2), as
Germany exhibits comparably low public investment levels, which have not yet
caught up with the modest investment recovery in recent years (Gornig, Michelsen
and van Deuverden 2015: 251). Studies identify primarily monetary factors, such
as tax revenue, liquidity loans and competing mandatory expenditures can be
attributed to diverging local public investment levels (Beznoska and Kauder 2020;
Bremer, Di Carlo and Wansleben 2023). Further, though less studied, institutional
factors, such as the number of administrative staffing in construction departments,
affects the ability of local governments to plan and carry out investments and
apply for grants (Beznoska and Kauder 2020: 23; Bremer, Di Carlo and Wansleben
2023: 1023-1024; Gornig and Michelsen 2017: 211; Scheller, Rietzler and Raffer
2021: 24).

Employing a Bayesian hierarchical model municipal investment dynamics are
studied across North Rhine-Westphalia’s 22 autonomous, district-free cities (kreisfreie
Stadte) and 31 districts (NUTS-3 regions), encompassing a total of 374 small and



1 Introduction

medium-size municipalities (kreisangehdrige Gemeinden). This modeling can account
for institutional differences and spatial dependencies by testing whether district
membership of municipalities affects investment activity through changes in tax
revenue and staffing levels. Further, the analysis investigates whether financial drivers

and administrative capacity explain variations in local public investment activity.
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(a) Public Investment per Capita in 2010

0-75 €
75-150 €
150-225 €
225-300 €
300-375 €
375-450 €
450-525 €
525-600 €
600+ €

Source: Own illustration based on IT.NRW 2025a,b; Geoportal. NRW 2026 data (no missing
values); price-adjusted to 2020 levels with the deflator of construction expenditure (Destatis
2025)

(b) Public Investment per Capita in 2019

Figure 1.1: Regional Distribution of Public Investment per Capita in NRW in the
Years 2010/2019
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2 Empirical Analysis

Local public capital investment is measured for better municipal comparison as
expenditures for construction projects, movable and immovable assets (IT.NRW
2025a). Municipal panel data are available as balanced data set for the core budget
between 2009 to 2023 due to accrual accounting from the state’s statistical office
(gpaNRW 2025; IT.NRW 2025a,b,c,d,e,f,g,h,i) and includes all 396 municipalities in
North Rhine-Westphalia. The first year, 2009, is omitted because the previous year’s
investments are used as an independent variable. Data from 2020 onward are further
excluded, as the impacts of the COVID-19 pandemic may exert distorting effects on
municipal budgets, allocations, and investment behavior (Bogumil and Holtkamp
2023: 289-292; Raffer and Scheller 2022: 14). All variables are price-adjusted and
considered in absolute values rather than per capita. Instead of dividing investments
by the number of inhabitants, which would assume a linear proportional relationship,
population size is included explicitly in the model to directly depict causal pathways.
This approach avoids the distortions associated with using population as a highly
correlated scaling factor (Firebaugh and Gibbs 1985: 720-21).

The regression model is estimated as a dynamic panel model by including last
year’s investment as lagged dependent variable, as it is likely that previous investment
influences the actual level (Bremer, Di Carlo and Wansleben 2023: 1021). We employ
a Bayesian hierarchical panel analysis to capture further heterogeneity among
district-specific parameters. District-free cities are grouped together and compared to
districts due to their similar institutional status. Within a district, it can be assumed,
that there is a similar level of investment behavior between these municipalities due
to the delegation of certain tasks to the district administration. In an extended model
setup a special focus is set on different behavior between districts on changes of tax
income and personnel capacity, capturing different uses of personnel or financial
resources. Robust estimates can be achieved through partial pooling modeling, where
individual group effects are shrunk to the group mean (Hill and Gelman 2007: 258).
The Bayesian setup can potentially overcome inconsistent estimations arising
because of the lagged dependent variable in a dynamic model (Nickell 1981; Hill
and Gelman 2007: 245-246, 258). For better efficiency and accuracy of estimation,
all non-negative variables except the binary variables are log-transformed and

subsequently z-standardized for a better model convergence in the estimation process.



2 Empirical Analysis

We use a normal distribution as robust prior for the likelihood of the dependent
variable (Equation 2.1), as the log-transformed variable is approximately symmetri-
cally distributed and provides a meaningful range for the outcome. The prior for the
standard deviation (o) of local investment is exponentially distributed (Equation 2.2),
which concentrates the probability mass near zero and ensures a positive outcome
range (McElreath 2020: 118, 407).

Invy ~ N(py,0%) t=1,...,T; i=1...,N (2.1)
o ~ exp(l) (2.2)

The average public capital investment (u;;) for the municipalities 7 is:

9
pie = Bo + BiPersy + BoTaxy + BsSocy + BaLLiy + Y BrXiwk + Ve + ugy (2.3)
k=5

The global coefficients stand for the number of personnel in construction
departments in Full Time Equivalents (FTE) (f;), for the tax revenue capacity (5z),
for the social services expenses (/33), for the amount of the liquidity loans (54), and
the other 5y with k& € {5,6,7,8,9} stand for the control variables (lagged investment,
investment transfers from the federal state, a dummy for the participation in the

! and the demographic variables through

federal state’s consolidation program
the population size and the net population change). The tax revenue capacity
is defined by the net business tax plus the municipal share of the income and
the value-added tax, measuring to a certain degree the municipalities’ financial
autonomy (Statistisches Bundesamt 2024: 11). The intercepts vary over the districts

g (ugy) and over the years ¢ (7)) as hierarchical variables.

Weakly informative priors are used for the global regression coefficients () and the
global intercept (), as well as the group-varying intercepts for districts (u,[;)) and
years (7)) (Equations 2.4, 2.5, 2.6 and 2.7). The choice of a normal prior is justified
by firstly the normality of the likelihood prior and secondly the standardization of
the data, meaning most effects are expected to be small to moderate. The moderate
skepticism towards large effects is appropriate under weak prior knowledge about
effect sizes (Gabry and Goodrich 2020; Gelman et al. 2025: 55). Due to variable

LPact to strengthen cities’ finances (Stirkungspakt Stadtfinanzen)
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standardization, the prior for the intercept (/3y) is centered near zero, as it represents
the expected value of the dependent variable when all independent variables are
at their mean (Equation 2.4; McElreath 2020: 126). The mean of group-specific
priors (ugp and 7)) are equally set to zero, meaning no deviation on average from
the global mean () at the district and year levels (Hill and Gelman 2007: 290).
These priors adaptively learn from the data distribution, depending on the strength
of the standard deviations (for districts (o,) and years (o)), which are set as weakly
regularizing, exponential priors (Equation 2.8; McElreath 2020: 216, 403, 407).

Bo ~N(0,1) global intercept (2.4)

Br ~N(0,1), forall k=1,...,9 global slopes (2.5)
Y ~ N (0, o), t=1,...,T; year-specific intercept (2.6)
ug ~ N (0, 03), g=1,...,G; district-specific intercept (2.7)
04,01 ~exp(l), for the districts g and year t (2.8)

In an extended model setup, both time-specific intercepts, district-specific inter-
cepts and slopes for tax revenue capacity and personnel levels are used to capture

institutional heterogeneity across districts and district-free cities:

tir = (Bo + Ve + Uogy) + (B + wagp)) - Persy + (B2 + ugqp) - Tax; (2.9)

9
+ B3 - Socit + By - LLy + Z B+ Xkt
k=5

The likelihood for the data and the priors for the global effects and intercept (3)
are defined as symmetric distributions over a normal distribution with exponential
distributed standard deviations (Equation 2.1, 2.2, 2.4 and 2.5). The district- and
year-specific effects (ujq1;7 € {0, 1,2} and ) are specified for the intercept and
the parameters for the number of personnel and the tax revenue capacity over
conservative symmetric priors as normal distributions (Equation 2.10 and 2.11;
McElreath 2020: 403). These effects vary as deviations from the global effect (5x) or

from the global intercept (fy), being centered around the mean:
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Yoy ~ N(0,07)  year-specific intercept (2.10)
Uoglil 0
urgp)| ~N||0],2 |, district-specific intercepts/slopes (2.11)
U2g]i] 0

The variances for the group-specific slopes and intercepts (o, und o,;) are defined
as exponential distributions, regularizing how strong the effect of the groups are
pooled to each other (Equation 2.12 and 2.13; McElreath 2020: 407). The covariances
and variances between the group-specific parameter are defined in the covariance
matrix () over the estimation of the correlation parameters as Lewandowski-
Kurowicka-Joe-distributions (LKJ) with a weakly informative scaling parameter of
one (Equation 2.14; Gelman et al. 2025: 584; Hill and Gelman 2007: 305, 311-314).

Variance of the year effects (2.12)
, 7 €40,1,2} Variance of the districts’ effects (2.13)

~ exp(1)
oy -Nexp( )

¥ ~ LKJ(1) Variance matrix of random intercepts/slopes (2.14)

Simulations of the posterior distributions are done with the Hamilton Monte Carlo
Algorithm with a No-U-Turn Sampler (NUTS), which is especially useful for complex
hierarchical models (Gelman et al. 2025: 392). The models are estimated with four
Markov chains over 4000 iterations and additionally 1000 iterations as initialization

phase (Biirkner 2017: 10).2

2The estimation is processed through the statistical software program R 4.4.3 (R Core Team 2024)
employing the package brms (Biirkner 2017) for Bayesian estimation, which builds on the Stan
programming language (Stan Development Team 2024). For the NUTS, the standard target
acceptance rate of 95 % is used and adapted to 99 % for the model with group-specific slopes
to reduce divergent transitions and thus improve model convergence. For the same reason,
district-specific effects are estimated through non-centered parametrization, implemented over a
Cholesky-decomposition of the covariance matrix.



3 Results

Local public investment heterogeneity is mainly influenced by financial drivers in the
Bayesian hierarchical estimation (Fig. 3.1; 3.2). Fiscal variables reveal a measurable
effect size and direction on local investment (Table 3.1). Municipal tax revenue
capacity positively affects investment, while the liquidity loan volume negatively
affects investment, albeit on a smaller scale (Fig. 3.1). In real terms, a 10% increase
in average tax revenue capacity is associated with a 1.586% increase in public capital
investment, which is equivalent to an increase of the average 9.6 million euros of
local investment by an additional 152,300 euros. In comparison, a 10% increase in
liquidity loans causes a reduction in investment expenditure by only 4,908 euros
(Table 3.1). The relationships of local public investment with fiscal variables are
in line with existing literature (Beznoska and Kauder 2020: 16-18; Bremer, Di
Carlo and Wansleben 2023: 1022-1024; Hesse 2024: 333-334). However, the mean
effects of social expenditures and personnel capacity in construction departments are
economically negligible, and the distribution spans zero, suggesting no clear effect
direction (Fig. 3.1).

Table 3.1: Results for Public Investment with Group-Specific Intercepts and Slopes

Model 1: Group Intercepts Model 2: Group Slopes
Local Investment ~ Mean SD 2.5% 97.5%  Mean SD 2.5%  97.5%
Investment (lagl) 0.5907 0.0114 0.5682 0.6133 0.5856 0.0117 0.5626  0.6086
Personnel -0.0007 0.0027 -0.0060 0.0047 -0.0005 0.0033 -0.0068 0.0062
Social Expend. 0.0004 0.0038 -0.0069 0.0079 0.0006 0.0038 -0.0068 0.0079
Tax Revenue cap. 0.1586 0.0398 0.0799 0.2357 0.1585 0.0407 0.0792 0.2385
Liquidity Loans -0.0051 0.0012 -0.0075 -0.0028 -0.0050 0.0012 -0.0074 -0.0026

Note: Price adjusted to 2020 prices; non-binary values in logarithm. 3960 observations.

All Models include time- and district-specific intercepts over 32 groups (the district-free cities
and the 31 districts), while the model 2 also includes district-specific tax revenues and personnel
levels. The tax revenue capacity affects positively the investment and the liquidity loans
reduce investment levels. The inclusion of group-specific slopes does not change the parameters
or reveal district-specific deviations from the global effects of taxes or personnel level on
investment.

Sources: Own Calculations; (IT.NRW 2025a,b,c,d,e,f,g,h,i); Destatis 2025.
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3 Results

When including district-specific slopes in the model, effect sizes and directions of
the variables stay stable (Fig. 3.1 and 3.2). Only minor and inconsistent deviations
from the federal-wide estimated tax and personnel effects are observed for the
districts and the group of district-free cities (Tab. 3.1). The 95% credible intervals
include zero for all district-specific slopes, with mean deviations of the districts
scattered both above and below zero ranging from -0.06% to +0.05% (Fig. 3.3).
Consequently, the positive relationship prevails between tax revenue capacity and
public capital investments for all districts and district-free cities. This indicates a
high degree of homogeneity in the investment behavior of municipalities, despite
differences in their tax revenue capacity. The effect of personnel in our estimation
remains non-directional and the small district-specific deviations reinforce this finding
(Tab. 3.1).
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Figure 3.3: Posterior Distributions of District-Specific Deviation from the Mean Tax
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4 Conclusion

This paper examines which drivers influence investment expenditure heterogeneity
and the extent to which fiscal decentralization in North Rhine-Westphalia enables
municipalities to respond autonomously to local investment needs. Our findings
highlight the primary role of disposable resources, particularly tax revenue capacity
and short-term liquidity loans, in driving investment. The positive effect of tax
revenue capacity underscores the importance of own-source funding for municipal
investment. However, the volume of liquidity loans signals chronic financial distress,
shifting from short-term stabilization to funding permanent spending (Scheller and
Walker 2017: 335-338).

The results confirm high financial dependence on the state level, limiting munic-
ipalities” autonomy to manage finances and adapt investment strategies. Notably,
administrative capacity through personnel in construction departments shows no
clear effect, suggesting that financial constraints undermine the ability to plan in-
vestments. This state-level fiscal dominance undermines the federal principle of local
self-governance, potentially exacerbating regional disparities in investment levels.
The lack of detectable institutional effects across districts and district-free cities
in the Bayesian hierarchical estimation suggests that autonomy is constrained by
financial factors rather than institutional differences. This points to the need for
non-earmarked revenue streams to meet local investment needs and ensure regional

equality.
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Data Sources

Destatis (2025): VGR Des Bundes - Deflatoren: Deutschland, Jahre, Ver-
wendung Des Bruttoinlandsprodukts - (Code: 81000-0033). https://www-
genesis.destatis.de/datenbank /online /table /81000-0033 /table-toolbar. (Visited on
02/27/2025).

Geoportal. NRW (2026): Digitale Verwaltungsgrenzen - Niedrige Stiitzpunktdichte -
Paketierung: Gesamt NRW. https://www.opengeodata.nrw.de/produkte/geoba-
sis/vkg/dvg/dvg2/. (Visited on 08/10,/2026).

gpaNRW  (Apr. 2025): Task Force -  Starkungspakt  Stadtfinanzen.
https://gpanrw.de/beratung/starkungspakt-stadtfinanzen /task-force-
staerkungspakt-stadtfinanzen. (Visited on 04/02/2025).

IT.NRW (Apr. 2025a): Auszahlungen nach Auszahlungskonten - Land, Gemein-
den, Gemeindeverbinde - Jahr (Code 71717-13i). https://www.landes-
datenbank.nrw.de/ldbnrw/online?operation=werteabruf&levelindex=2&lev-
elid=1743691783476&etname=71717-131& Werteabruf=Werteabruf#abreadcrumb.
Text. (Visited on 04/03/2025).

— (Feb.  2025b): Bevdlkerungsstand ~— und — -bewegqung (ab 1962)
- Gemeinden - Jahr (12491-014d). https://www.landesdaten-
bank.nrw.de/ldbnrw//online?operation=table&code=12491-
01d&bypass=true&levelindex=1&levelid=1740405041425#abreadcrumb. Text.
(Visited on 02/24/2025).

— (Apr. 2025¢): Finzahlungen nach Einzahlungskonten - Land, Gemeinden, Gemein-
deverbinde - Jahr (Code 71717-03i). https://www.landesdatenbank.nrw.de/ldb-
nrw/online?operation=werteabruf&levelindex=2&levelid=1743691310606& et~
name="71717-03i& Werteabruf=Werteabruf#abreadcrumb. Text. (Visited on

04/03,/2025).
— (Feb. 2025d): Fortschreibung des Bevélkerungsstands -
Gemeinden - Stichtag (12411-017). https://www.landesdaten-

bank.nrw.de/ldbnrw//online?operation=table&code=12411-
01i&bypass=true&levelindex=1&levelid=1740253331845#abreadcrumb. Landes-
datenbank Nordrhein-Westfalen. (Visited on 02/22/2025).

— (Feb. 2025e): Kassenkredite, Wertpapierschulden und Kredite der Gemein-
den und Gemeindeverbinde (2015 bis 2018) - Gemeinden/GV - Stich-
tag (71327K-051). https://www.landesdatenbank.nrw.de/ldbnrw//on-
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Data Sources

line?operation=table&code=71327K-05i&bypass=true&levelindex=1&]lev-
elid=1740413971692#abreadcrumb. Text. (Visited on 02/24/2025).

IT.NRW (Feb. 2025f): Kassenkredite, Wertpapierschulden und Kredite der
Gemeinden und Gemeindeverbinde (ab 2019) - Gemeinden/GV - Stich-
tag (71327K-011). https://www.landesdatenbank.nrw.de/ldbnrw//on-
line?operation=table&code=71327K-01i&bypass=true&levelindex=1&lev-
elid=1740413971692#abreadcrumb. Text. (Visited on 02/24/2025).

— (Feb. 2025g): Kassenkredite, Wertpapierschulden und Kredite der Gemein-
den und Gemeindeverbinde (bis 2014) - Gemeinden/GV -  Stich-
tag (71327K-09i). https://www.landesdatenbank.nrw.de/ldbnrw//on-
line?operation=table&code=71327K-09i&bypass=true&levelindex=1&]lev-
elid=1740413971692#abreadcrumb. Text. (Visited on 02/24/2025).

— (Feb. 2025h): Realsteuervergleich der Gemeinden in Nordrhein- Westfalen - Gemein-
den - Jahr (ab 2016 in EUR) (71231-01i - Nettogewerbesteuer). https://www.lan-
desdatenbank.nrw.de/ldbnrw/online?operation=werteabruf&levelindex=2&lev-
elid=1740410037101&etname=71231-01i& Werteabruf=Werteabruf#abreadcrumb.
Text. (Visited on 02/24/2025).

— (Feb.  2025i):  Realsteuervergleich ~ der — Gemeinden  in  Nordrhein-
Westfalen -  Gemeinden -  Jahr  (bis 2015 in  Tsd. EUR)
(71231-03d - Nettogewerbesteuern). https://www.landesdaten-
bank.nrw.de/ldbnrw//online?operation=table&code=71231-
03d&bypass=true&levelindex=1&levelid=1740409664838#abreadcrumb. Text.
(Visited on 02/24/2025).
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