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A SPATIAL OLG MODEL OF REGIONAL RISK: PRODUCTIVITY,
MOBILITY, HOUSING AND PENSION TRANSFERS

Purpose. This study aims to develop an advanced dynamic spatial theoretical framework capable of capturing the
interactions among regional security conditions, labour mobility, housing-market rigidity, and intergenerational fiscal
mechanisms under asymmetric shocks and conflict-related risks. The model is designed to reveal how spatial risk
affects the behaviour of economic agents, shapes regional labour-market outcomes and determines the long-run spatial
equilibrium of an economy undergoing profound structural disruptions. Methodology. The research employs a
dynamic spatial overlapping-generations (OLG) model in which individuals optimise choices regarding location,
consumption, savings and migration. The model formalises the influence of a regional risk index on productivity,
wages, rental prices, locational attractiveness and the functioning of the PAY G pension system. Analytical derivations,
including intermediate proofs, demonstrate how security risk monotonically affects key macroeconomic variables and
ensure the existence of a dynamic spatial equilibrium with endogenous migration flows. Results. The findings show
that reductions in regional risk increase effective productivity, raise wages, stimulate inflows of young workers and
heighten pressure on inelastic housing markets, producing persistent spatial differentials in rents and wages. Short-
run housing rigidity is shown to amplify regional disparities and delay the convergence of economic conditions. The
study further establishes that shifts in the spatial allocation of labour alter the fiscal balance of the PAYG pension
system, generating new interregional distributional tensions. Scientific novelty. The study introduces a fully
integrated framework in which the security indicator simultaneously acts as an amenity, a productivity determinant
and a discount factor in housing valuation. This enables the identification of a coherent “security multiplier”
mechanism that transmits conflict-related shocks through all major markets in the spatial economy. Practical
significance. The results provide a theoretically grounded foundation for designing post-war recovery strategies,
including housing and transport policies, regional development programmes, and pension system reforms. They may
also support forecasting exercises and scenario modelling for Ukraine’s long-term spatial recovery under varying
security trajectories.
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Problem Statement

Russia's full-scale invasion of Ukraine in 2022 has caused significant regional disparities in security,
economic activity, and population displacement. While frontline regions face destruction and depopulation,
relatively safer areas, particularly in the west and centre of the country, have become zones of immigration,
increased housing demand, and shifts in local labour markets. These uneven spatial shocks raise important
questions for economic recovery policy:

1. How do security conditions interact with mobility, housing frictions, and fiscal institutions to
influence regional economic dynamics?

2.Can national recovery programmes effectively address such diverse regional needs?

Despite the expanding research on war economics and post-conflict recovery, few formal models have
captured the interaction between internal migration, local labour markets, and spatial risks during an
ongoing conflict. Ukraine offers a particularly complex case, with millions of internally displaced persons
(IDPs), localised security risks that change over time, and limited fiscal capacity. Understanding how
individuals and firms respond to spatially differentiated shocks is essential for designing targeted policies
that prevent the deepening of regional inequalities and promote long-term resilience.

The importance of this issue extends beyond Ukraine. Climate change, geopolitical instability, and
regional conflicts increasingly create asymmetric shocks within national economies- particularly in middle-
income or developing countries. Spatial economics and overlapping generations models provide valuable
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insights into how such shocks spread and how policies—such as housing subsidies, infrastructure
investments, or interregional transfers—can influence outcomes.

In Ukraine, key national policy tools such as Pay-As-You-Go (PAYG) pension systems, housing support
programmes, and infrastructure investments are not inherently spatially targeted. This raises the question:
how effectively can centralised redistributive systems operate when regions differ markedly in risk and
population movements?

Analysis of recent research and publications

The recent literature addressing our question has developed along three largely parallel tracks: spatial
equilibrium and urban economics; quantitative spatial and dynamic geography; and overlapping-
generations and conflict-displacement studies. Together, they provide many of the ingredients we need.
Still, they do not yet assemble them into a framework well-suited to Ukraine’s recovery and the central role
of regional security.

A natural starting point is the spatial equilibrium tradition introduced by Roback’s [11] analysis of
“wages, rents, and the quality of life”. In that framework, local amenities and disamenities are collectively
capitalised into wages and land rents under full spatial mobility, resulting in compensating differentials that
balance utility across locations. Subsequent urban and regional research has examined similar wage—rent—
amenity trade-offs, but usually in static contexts with amenities considered as time-invariant or slowly
changing. Comprehensive reviews of modern spatial economics, such as Redding and Rossi-Hansberg [10]
and Proost and Thisse [9], highlight that contemporary quantitative spatial models can incorporate
significant heterogeneity in trade costs, productivity levels, and amenities, and are now routinely employed
to assess regional and national policies. However, these models generally omit explicit life-cycle behaviour,
social security design, and intergenerational impacts of shocks—all crucial considerations for a country
experiencing demographic shifts and large-scale forced population movements.

A second strand has introduced time and spatial dynamics more explicitly. Desmet and Rossi-Hansberg
[2] develop a model of “spatial development” in which locations accumulate population and productivity
over time and can experience agglomeration or decline. This work demonstrates how geography and
dynamics interact to produce persistent regional divergence. Related contributions in quantitative spatial
economics study how trade, migration, and local productivity shocks shape the long-term distribution of
economic activity. Behrens and Murata [1], for instance, analyse general-equilibrium models of
monopolistic competition in space, highlighting how increasing returns and market access can generate
multiple spatial configurations. Yet even in this dynamic spatial literature, the focus is typically on infinitely
lived agents or representative households, and on productivity or trade shocks rather than on security
conditions that differentially affect cohorts and interact with a pay-as-you-go (PAYG) system.

The overlapping-generations tradition, originating from Diamond’s [3] influential model of capital
accumulation with two-period lives, offers precisely the life-cycle features missing from most spatial
analyses: finite horizons, saving for retirement, and the natural incorporation of PAYG social security. OLG
models have since become a standard tool for analysing pension reforms, public debt, and intergenerational
redistribution. However, they are typically formulated in “aspatial” economies, involving at most a small
number of representative countries, and do not account for the reallocation of cohorts across regions within
a country, the interaction of that reallocation with regional housing markets, or how security conditions
influence productivity and location choices.

The literature most relevant to our context is the growing body of research on conflict, internal
displacement, and housing outcomes in and around Ukraine. Perelli-Harris et al. [8] examine subjective
well-being among internally displaced persons (IDPs) in Ukraine and residents in 2018, showing that IDPs
report significantly lower life satisfaction than locals, and that economic hardship and housing conditions
explain a substantial share—though not all—of this gap. Their analysis highlights housing loss, insecure
accommodation, and exposure to violence as key channels through which displacement affects welfare.
International Organisation for Migration (IOM) [6] reports document the scale and geography of internal
displacement and provide descriptive evidence on housing conditions, rental costs, and intentions to move;
these reveal strong pressures on rental markets in receiving regions and varied integration outcomes for
IDPs [7].
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Closely related work in neighbouring countries shows how forced migration from Ukraine has impacted
host housing markets: Trojanek and Gluszak [12] identify a short-term rise in Polish housing prices linked
to the refugee influx, while recent research by Gluszak and Trojanek [5] explores broader responses of the
housing market to the refugee crisis and war. These studies confirm that conflict-related migration can
quickly tighten rental markets, but they are mainly partial-equilibrium analyses and do not account for
intertemporal savings or pension systems.

Taken together, these literatures establish several key facts: wages and rents jointly adjust to local
amenities and disamenities; spatial dynamics and agglomeration can generate persistent regional
divergence; life-cycle and PAYG mechanisms are essential for studying intergenerational incidence; and
conflict-induced displacement has considerable, spatially uneven consequences for housing, welfare and,
in host countries, property markets.

What is missing is a unifying framework that: (i) treats a regional safety index as a first-order driver of
preferences, productivity and housing demand; (ii) embeds location choice for the young into an
overlapping-generations structure with PAYG; and (iii) is explicitly conceived as a tool for analysing
transitional dynamics of recovery in Ukraine.

Purpose of the Article

The purpose of this article is to develop a coherent theoretical framework that captures the interaction
between regional security risks, internal mobility, housing market frictions, and intergenerational fiscal
institutions in a conflict-affected economy. Building on insights from spatial equilibrium theory,
quantitative spatial models, and overlapping-generations (OLG) macroeconomics, the article proposes a
dynamic spatial OLG model tailored to the Ukrainian context.

The model is designed to achieve three central objectives: (1) to formalise how regional safety
conditions shape individual location choices, labour allocation, housing demand, and productivity in an
economy where mobility is costly and housing supply is short-run inelastic; (2) to integrate
intergenerational mechanisms—specifically the functioning of the PAYG pension system—into a spatial
framework, thereby allowing for the analysis of how conflict-induced population flows affect fiscal
sustainability and distributional outcomes across cohorts; (3) to derive testable implications for post-
conflict recovery policies, including housing programmes, infrastructure and transport investments, and
measures aimed at restoring safety and reducing spatial risk.

By pursuing these objectives, the article aims to offer a rigorous analytical foundation for evaluating
regional recovery strategies in Ukraine and to contribute to broader debates on resilience and policy design
in economies exposed to highly asymmetric regional shocks.

The main material of the research

The theoretical structure of the model is built upon a dynamic spatial economy in which overlapping
generations of individuals choose where to reside and work. At the same time, firms allocate capital and
labour across regions that differ in productivity, security conditions and housing availability. The
interconnections among these forces are summarised schematically in Figure 1, which depicts how regional
attributes shape wages, rents, population flows and fiscal balances, and how these, in turn, feed back into
household and firm decisions.

The diagram serves to emphasise that security risk, productivity and housing-market tightness do not
operate in isolation but form a mutually reinforcing system that governs spatial dynamics.

Individuals live for two periods. When young, they supply labour, consume, save and choose a region
of residence; in old age, they consume savings and receive a pension financed through a national pay-as-
you-go (PAYG) system. A young individual born in region (s) who chooses region (r) in period (t) enjoys
lifetime utility.

Usrt(r) = u(c?r, t) + Bru(cr, t + 1) + x4y — YByr — ulr #s,(1)
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Fig. 1. Structural Diagram of the Dynamic Spatial OLG Model

where the amenity value of productivity and the disamenity of insecurity are captured by xA,..and B, .,
respectively, the security-risk index B, . is central to the structure: it not only enters utility directly but also
reduces effective regional productivity and depresses the valuation of housing. Its effects are therefore
transmitted simultaneously through labour income, housing costs and the non-pecuniary attractiveness of a
region. When young, individuals face the budget constraint
cdr,t+srt+ R h+ 1l +1r #sCsr = (1 —1)w,y, (2)

while old-age consumption follows
c’r,it+1=A+7r")sr,t+beyq.(3)

Location decisions arise from the maximisation of this lifetime utility and are increasing in wages and
productivity, and decreasing in rents, risks and mobility costs. Under standard random utility assumptions,
these location choices translate into smooth migration probabilities that depend continuously on the
underlying fundamentals.

Regional production follows a Cobb—Douglas specification,

Yie = Ar,tKrcftL%_ta- 4)
Security risk affects productivity according to
A,y = Are98Bre (5)
so that unsafe regions experience both lower amenities and lower efficiency. Firms hire capital at an
exogenous world interest rate and choose capital to satisfy
QA KT % =18, (6)
which implies a unique capital stock

ad, L,l,_a 1/(1~a)
Ky = () @

Differentiating this expression with respect to risk yields a strictly negative derivative, since regional
productivity decreases with risk. Substituting this expression into the wage equation

Wyt = - a)Ar,tKraft ;% 8)
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demonstrates that wages decline monotonically in regional risk as well. Both effects are essential: lower
risk raises productivity directly and increases capital inflows indirectly, making regions safer not only in
an amenity sense but also in economic terms.

The housing market provides an additional mechanism through which risk shapes equilibrium outcomes.
Housing supply is fixed within each period, and rents adjust according to

_ ¢
R, =Rr (—’;_IL::) e~¢BBre. (9)
The term e~$BBr: captures the discount that households apply to housing services in insecure

environments, while the labour-demand component reflects short-run inelasticity of supply. Differentiating
this expression with respect to risk yields

ORyr 1 9Ly,

9Br;y Ryt [zmaBnt B EB]' (10)
which is strictly negative because both the direct discount term and the induced migration response
(0L, /0B, ;) are negative. Hence, a risk reduction unambiguously raises equilibrium rents.

To establish how risk affects migration flows, consider the deterministic part of lifetime utility
(Usy ¢ (). Its derivative with respect to risk is

AUsre(r) ou(c),) aw,., OAr;
25~ owne 5 Xom, ¥ A1

where each term is negative, therefore Us, .(r) it is strictly decreasing in risk. Under a logit decision
rule,

exp(ylm(r))
Y KER exp(yﬁglzt(k))'

(12)

Psr,t =

the derivative

dPsr,t 0Ug (1)
9By, = VPsr,t(l - Psr,t) Trtt (13)

is strictly negative. A fall in risk, therefore, increases the probability that a young person chooses region
(), raising labour supply there and lowering it elsewhere.

The PAYG system links these regional adjustments to national fiscal dynamics. Total contributions
equal (t¢ X wy¢ L, ). Because wages and labour inflows both rise when risk falls, the derivative of this
total contribution base with respect to (B, () is negative. Under fixed benefits, the contribution rate must
rise when risk increases; under fixed contribution rates, benefits adjust downward. In either case, the spatial
distribution of risk has direct implications for intergenerational redistribution.

These intermediate derivations ensure the internal coherence of the model: lower risk raises
productivity, wages and amenities; higher wages and amenities attract young workers; the inflow of
workers tightens housing markets and increases rents; and changes in wages and labour supply shift the
fiscal position of the PAYG system.

Because each component of the system responds monotonically to risk, the mapping from population
distributions to wages, rents, and utilities, and back to population distributions, is continuous, and the space
of possible distributions is compact and convex. This ensures the existence of a fixed point and thereby a
dynamic spatial equilibrium.

The model therefore closes with a well-defined dynamic spatial equilibrium in which regional security,
productivity, wages, housing-market tightness, mobility frictions, and intergenerational transfers jointly
determine the long-run allocation of population and economic activity across space. Because security risk
enters simultaneously as an amenity, a determinant of productivity and a discount factor in housing
valuation, changes in the regional risk profile propagate through all markets in a mutually reinforcing
manner. Lower risk improves effective productivity and raises wages; higher wages attract young workers;
inflows of workers tighten local housing markets and increase rents; changes in the wage bill alter the fiscal
position of the pay-as-you-go pension system; and shifts in the pension system feed back into disposable
income and thereby into individual location decisions. With housing supply fixed in the short run and
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mobility imperfect, the economy does not eliminate spatial differences instantly; instead, it converges to an
equilibrium in which safety-driven wage differentials and rent gradients coexist with persistent population
patterns.

The equilibrium is thus characterised by a system of mutually consistent wages, rents, capital stocks,
population distributions and fiscal variables, all of which resolve from the interplay of regional risk and
individual spatial choices. This logical closure ensures that the theoretical framework is sufficiently rich to
capture the principal mechanisms relevant for a conflict-affected economy, while remaining coherent,
internally consistent and capable of generating clear predictions for empirical examination and policy
design.

This spatial OLG simulation model provides a dynamic analytical framework for evaluating regionally
differentiated public policies within an ageing economy. By incorporating endogenous migration, wages,
rents, and PAYG burdens across heterogeneous territories, the model enables the ex ante assessment of
how specific interventions, such as housing subsidies, infrastructure investment, or pension reform, reshape
equilibrium trajectories over time.

The model supports an evidence-based policy design by visualising how alternative policy scenarios
influence the spatial distribution of population and fiscal sustainability. It also helps identify which policy
levers are most effective at mitigating demographic decline or fiscal stress in high-risk regions, thereby
providing a robust empirical basis for targeted, regionally adaptive welfare interventions.

Conclusions and Directions for Further Research

This study has developed a dynamic spatial overlapping-generations model that links regional security,
labour mobility, housing-market frictions and the PAYG pension system within a unified analytical
framework. By treating security risk as a key spatial characteristic influencing amenities, productivity and
housing valuation, the model demonstrates how improvements in regional safety trigger mutually
reinforcing adjustments in wages, rents, migration flows and fiscal balances. Lower risk raises productivity
and attracts young workers, while the resulting pressure on inelastic housing markets increases rents and
indirectly shapes the financing of intergenerational transfers. The model thus provides a coherent
explanation for the spatially uneven economic dynamics observed in conflict-affected settings.

Although the framework captures the main mechanisms relevant to post-conflict recovery, several
extensions would enrich future research. Allowing housing supply to adjust endogenously would enable an
analysis of reconstruction and urban redevelopment. Introducing heterogeneous households with different
risk sensitivities or income profiles would refine the model’s distributional implications. A further avenue
involves embedding expectations about future security conditions to capture forward-looking relocation
and investment decisions. Finally, calibration to regional Ukrainian data would allow the simulation of
alternative recovery scenarios and provide a solid basis for policy evaluation. Together, these extensions
would strengthen the model’s ability to inform regionally sensitive and fiscally sustainable recovery
strategies.
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INPOCTOPOBA OLG-MOJEJIb PET'TOHAJIBHOI'O PU3UKY:
NPOAYKTUBHICTh, MOBLIBHICTh, XHUTJO TA MEHCIAHI
TPAHC®EPU

Meta. MeTor0 ITOCTiKEHHS € PO3pOOTICHHS y3aralbHEHO! THHAMIYHOI TIPOCTOPOBOI TEOPETUIHOI MOJIENi, 3JaTHOL
BiJITBOPUTH B3a€MOJIII0 MK PETIOHATILHOIO O€3MEK0I0, MOOIITBHICTIO POOOYOi CHIIH, KOPCTKICTIO KUTJIIOBOTO PHHKY
Ta MDKIIOKOIHHUMH (DiCKabHIMH MEXaHi3MaMH B YMOBaX aCHMETPUYHHX IIOKiB Ta BOEHHHX 3arpo3. JlociiKeHHs
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CHpsIMOBaHE Ha BHSBJIEHHS CIIOCO0IB, SKUMH ITPOCTOPOBI PU3MKH 31aTHI TpaHC()OPMYBATH HOBEIIHKY EKOHOMIYHUX
areHTiB, CTPYKTYpy PHMHKY Ipali Ta JOBIOCTPOKOBY MiXpeETiOHaJbHY piBHOBary. Meroamka. MeTonuuHy OCHOBY
CTaHOBUTDH JAWHAMiYHA MPOCTOPOBO-EKOHOMIYHA MOJIENb 3 HepekpuTTsaM nokomink (OLG), y Mexax sIKol iHIuBiIH
ONTHMI3YIOTh BHOIp MicCUs TIPOKUBAHHS, CIIOKMBAaHHS, 3a0lIa/DKEHb Ta MIrpalifHuX pimeHb. Y Mopjeni
(opMaTi3oBaHO BIUIMB IH/EKCY pETiOHANBHOTO PH3MKY Ha IPOAYKTHBHICTH, 3apoOiTHI IUIATH, PEHTHI CTaBKH,
JIOKAJBbHY TPUBa0IUBICTh Ta TapaMeTpH QyHKIioHyBaHHS PAY G-mieHCiHOT cucTeMu. AHATITUYHUNA anmapat MoJesi
MICTHUTh IPOMIXKHI JTOBEAEHHS, 110 IEMOHCTPYIOTh MOHOTOHHUH BILIMB PU3UKY Ha KJIIOYOBI MAKPOEKOHOMIYHI 3MiHHI,
Ta BH3HAya€ iCHYBaHHS AWHAMIYHOI MPOCTOpPOBOi piBHOBaru. Pe3ynabraTn. Bu3HaueHO aHaNiTHYHY 3aJI€XKHICTH
PpETiOHaIbHOTO PU3UKY OE3IIEKH 1 BCTAHOBJICHO XapaKTep BIUTMBY Ha e)EKTUBHY IPOIYKTUBHICTh Ta 3apO0iTHI IUIaTH,
BHYTPIIIHIO MIrpamilo MOJO/IOr0 HAaCeNeHHs, TUCK Ha OOMEXEeHY IPOIO3HUIII0 JKUTIa Ta (OPMYBaHHS CTIHKHX
perioHanbHUX AudepenianiB peHTy. [lokazaHo, 10 KOPOTKOCTPOKOBA HEENACTUYHICTD MPOMO3HUIIT HA PHHKY JKUTIIA
TIOCHJTIOE PETiOHANBHI AUCTIPONOPLIT 1 YITOBUTLHIOE BUPIBHIOBAHHS €KOHOMIYHHX YMOB MiX TepuTOpisMu. OTpuMaHo
aQHAJITUYHUHA BUCHOBOK, L0 3MiHM B PO3MO/IiII 3aifHATOCTI TpaHChOpMyIoTh dickanbHi napamerpu PAY G-cucremu,
CTBOPIOIOUM HOBI MiXperioHaibHi JucOanancu. HaykoBa HOBH3HA. Ymepile 3ampolOHOBAaHO IHTETPOBAHY
JMHAMIYHY IIPOCTOPOBY MOJIENb, Y SIKil MOKa3HHUK O€3MEeKN 0THOYACHO BUCTYMAE SK SIKICTh CEPEIOBHIIA IIPOKUBAHHS,
JICTEpPMIHAHTOI0 TPOMYKTUBHOCTI Ta (PakTOpOM KamiTamizamii Ha PUHKY XHTiIa. Taka KOHCTPYKIIS A€ 3MOTY
ineHTH(IKYBaTH «MYJIBTHILTIKATOP Oe3MeKkn» SK KIIOYOBUH MEXaHi3M TOMIMPEHHS KOHQUIIKTHUX IIOKIB Y
npocTopoBiit exkoHoMili. [IpakTuyna 3HaUUMicTB. Pe3ynbraTu g0CiiHKeHHS MOXKYTh OyTH BUKOPHCTaHI OpraHaMu
BJaI¥ Ta AHATITHYHUMH LEHTPaMH JJIsl MPOTHO3YBaHHSI IMICISBOEHHOTO BiJHOBJICHHS, PO3POOJICHHS IOJIITHKH
peTioHaIbHOTO BUPIBHIOBAHHS, ONTHMI3allil )KUTJIOBUX Ta TPAHCIIOPTHUX MPOrpaM, a TAKOXK OLIHIOBAHHS CTIHKOCTI
NEHCIHOT ccTeMU B yMOBax JieMOrpa)iqHuxX 1 MPOCTOPOBHUX 3PYIIEHb.

Kniouosi cnoea: TPOCTOPOBE MOJCIIOBAHHS, perioHaibHa O€3Meka; PU3WK; MIrpailis; KHTIOBHH pPUHOK;
npoayKkTuBHicTh; PAY G; Mi>knokoniHHI TpaHchepu
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