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Abstract. TUkraine's post-war reconstruction requires effective strategies to
transform war-torn areas into resilient, smart cities, with geospatial technologies playing
a pivotal role. Several key scientific methods were employed for the study, including
data extraction and analyses, system modeling, and complexity decomposition. This
study explores the challenges and innovations in applying geospatial technologies to
Ukraine's reconstruction efforts. It examines data accuracy and availability, and the
integration of ecological and urban planning within GIS frameworks. Key challenges
identified include data inaccuracy, technological limitations, and a shortage of skilled
professionals. Innovations such as the development of the GIS for Regional Development
and integration with the Digital Restoration Ecosystem for Accountable Management
(DREAM) aim to address these issues. A sustainable economic reconstruction model
is presented, emphasizing geospatial data integration. Enhancing legislation on
geospatial data infrastructure and implementing capacity-building initiatives are
essential. Effective integration of advanced geospatial technologies and improved
legislation will enable Ukraine to meet reconstruction demands, fostering sustainable
urban environments and serving as a model for other nations.

Keywords: urban renovation, GIS, restoration economy, sustainable development,
innovation technology, urban economics.

Introduction full-scale conflict, has witnessed exten-

sive destruction, impacting numerous

The reconstruction of cities and  cities, villages, and essential infrastruc-
lands devastated by war presents a crit-  ture such as bridges. This war has not
ical and multifaceted challenge for any  only caused significant physical dam-
nation. Ukraine, currently enduring a  age but has also led to severe ecological
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consequences. As part of Ukraine's dig-
ital restoration and development toolkit,
an essential phase of implementing GIS
will be its integration with the Digital
Restoration Ecosystem for Accountable
Management (DREAM). DREAM aims
to digitize the entire reconstruction pro-
cess, making it fully public, transparent,
and more efficient. It provides a unique
mechanism for collecting systematic in-
formation about reconstruction projects
at all implementation stages and ensures
transparent and accountable use of re-
construction funds.

By integrating modem digital
solutions, such as GIS and DREAM,
Ukraine aims to ensure transparency
and accountability throughout the re-
construction process, making it an ex-
emplar of efficient and effective post-
war recovery. This article explores the
multifaceted role of geospatial technol-
ogies in the post-war reconstruction of
Ukraine, focusing on the challenges and
innovations essential for transforming
war-torn areas into smart cities. It exam-
ines the current state of geospatial data
accuracy and availability, the integra-
tion of ecological and urban planning
within GIS frameworks, and the techno-
logical advancements required to over-
come existing limitations. Furthermore,
it discusses capacity-building strategics

L]

to enhance local expertise in geospatial
technologies, ensuring that reconstruc-
tion efforts are informed, effective, and
sustainable.

The Ministry of Community Devel-
opment, Territories, and Infrastructure
of Ukraine has started developing the
GIS for Regional Development (Fig.
1), which will serve as a single geoin-
formation system to monitor every
stage of development and restoration
of Ukraine’s regions and communi-
ties. The GIS system, administered by
the Agency for Restoration and owned
by the Ministry, will identify common
community problems, assess the effec-
tiveness of local and regional recovery
plans, evaluate the social and economic
situation in each community, and moni-
tor the development and recovery stages
of Ukraine’s regions and communities.

The GIS system will feature func-
tionalities for collecting and processing
data on socio-economic development
indicators of communities and territo-
ries, monitoring regional development
and recovery status at the local level
based on these indicators, and providing
geo-analytics and data visualization for
decision-making by communities, re-
gions, and the state. The system is set to
be operational in a test environment by
the end of the year, with funding for its

Fig. 1. Web interface of the GIS for Regional Development presented by
the Ministry of Infrastructure of Ukraine on March 14, 2024 (prepared by:
Martyn A. based on [1])
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development provided by international
technical assistance.

Analysis of recent researches and
publications

The destruction of the Kakhovka
Dam, for instance, has profoundly af-
fected the southern Ukrainian ecosys-
tem, while the Black Sea has suffered
from pollution due to military activities.
Furthermore, the conflict has displaced
approximately 2 million people, forcing
them to seek refuge in other countries
[1-4]. These factors underscore the ur-
gent need for a comprehensive and in-
tegrated post-war reconstruction plan
that addresses both urban renewal and
ecological restoration [5-7].

In this context, geospatial technol-
ogies, including Geographic Informa-
tion Systems (GIS) and advanced car-
tographic methods, emerge as pivotal
tools for planning and implementing
effective post-war reconstruction strat-
cgies [8-10]. These technologies offer
comprehensive solutions for assessing
damage, planning redevelopment, and
ensuring sustainable growth, thereby
playing a crucial role in transforming
devastated areas into modern, resilient,
and smart cities [11-12].

Purpose. By highlighting the critical
role of geospatial technologies in post-
war reconstruction and detailing the
framework established by the Ukrainian
government, this article aims to con-
tribute to developing resilient, smart,
and sustainable urban environments in
Ukraine.

Methods and research data

In line with this need, the Ukrainian
government has created a unified geoin-
formation system for monitoring and

evaluating the development of regions
and territorial communities, as approved
by the Cabinet of Ministers of Ukraine
on May 23, 2023 (Resolution No. 522).
This system, known as the GIS for Re-
gional Development, is designed to pro-
vide analytical processing of information
to support decision-making in the resto-
ration and development of regions and
communities and to monitor and evaluate
the implementation of these processes.
Creating a Geographical Information
System (GIS) for use in wartime and
post-war reconstruction presents a mul-
titude of challenges. These challenges
stem from the unique and often severe
conditions created by conflict, including
infrastructure destruction, displacement
of populations, and the complex logis-
tics of coordinating reconstruction ef-
forts. Below, we delve into some of the
most significant problems encountered
in developing and implementing GIS
under these circumstances (Table 1).

Results

In the context of post-war reconstruc-
tion, the requirements for GIS extend
far beyond those of peacetime topo-
graphic maps. The unique and complex
challenges presented by a war-torn en-
vironment necessitate the inclusion of
new and atypical data sets to effective-
ly support recovery and redevelopment
efforts. These data sets must capture a
wide range of factors, from infrastructure
damage to environmental degradation
and socio-economic impacts, providing a
comprehensive foundation for informed
decision-making (Table 2 and 3).

Post-war reconstruction necessitates
that the GIS industry accumulates and
collects new types of data with corre-
sponding accuracy and represents these
data within cadastral systems and re-
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1. Key problems faced in creating and implementing a GIS during wartime
and post-war reconstruction and the potential solutions for overcoming these

challenges*
Problem Description Solution
Data Accuracy Destruction of data collection Use drones and satellite imagery for real-time
and Availability systems, restricted access to areas, data collection; leverage crowd-sourced data
and outdated/incomplete datasets. and remote sensing.
Integration of Need for advanced GIS capabilities | Develop multi-layered GIS maps integrating
Ecological and to balance urban redevelopment with | urban and environmental data; involve
Urban Planning | ecological conservation. environmental experts in planning.
Technological Current GIS tools may not fully Invest in advanced GIS technology tailored to
Limitations address the specific requirements of | post-war needs; incorporate high-resolution
war-damaged environments. mapping and real-time data integration.
Capacity Building | Disruption of educational and training | Implement targeted training programs;
and Skilled programs leading to a shortage of establish partnerships with universities and
Workforce qualified professionals. international organizations for capacity

building.

Coordination and

Difficulty in establishing a

Develop standardized data formats and

Data Sharing unified GIS platform for multiple protocols; create centralized GIS platforms
stakeholders with varying data for shared access and collaboration.
formats/standards.

Security and Data | Need for robust cybersecurity Implement strong cybersecurity measures;

Protection measures to protect sensitive ensure compliance with data protection
information from unauthorized regulations; use encryption and secure access
access. controls.

Funding and Challenges in securing sufficient Secure international aid and technical

Resource financial resources and managing assistance; ensure transparency and

Allocation international aid and technical accountability in the use of funds.
assistance.

Environmental Requirement for sophisticated Use advanced remote sensing technologies;

Monitoring and GIS tools to monitor and manage establish continuous environmental

Assessment ecological damage in post-war monitoring systems integrated with GIS.
environments.

Public Ensuring GIS platforms are user- Develop user-friendly GIS interfaces; ensure

Engagement and | friendly and transparent to foster open access to relevant data; engage the

Transparency public trust and support. public through transparent communication

strategies.

* prepared based on the research data [1-11]

covery GIS frameworks. The unique
challenges of conflict-affected envi-
ronments require detailed damage as-
sessment data, including building and
infrastructure damage, hazard mapping
of minefields and unexploded ordnance,
and environmental degradation. Accu-
rate socio-economic impact data, health
and epidemiological information, and
continuous environmental monitoring
are also essential. These data sets pro-
vide a comprehensive understanding of
the multifaceted impacts of war and are

crucial for effective planning and exe-
cution of reconstruction strategies.

To effectively utilize GIS in its post-
war recovery efforts, Ukraine must en-
hance its national legislation concerning
geospatial data infrastructure. This en-
hancement should mandate the collec-
tion and accumulation of new datasets
and implement innovative approaches
to public accessibility, all while consid-
ering the challenges posed by wartime
conditions and cybersecurity concerns.
Strengthening the legal framework will
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2. New GIS Data Sets for Post-War Reconstruction GIS: Beyond Peacetime
Topographic Maps *

Data Set Category Description Responsible Scale of Maps
Authorities

Damage Building Damage: Categorizing Ministry of 1:1,000 to 1:10,000
Assessment Data | buildings by their level of damage Infrastructure,

(e.g., minor, major, destroyed) and Local

identifying those requiring demolition | Governments, State

or repair. [nfrastructure Damage: Environmental

Mapping the extent of damage to Inspection

roads, bridges, utilities, and other

critical infrastructure. Environmental

Damage: Documenting areas affected

by pollution, deforestation, or other

ecological impacts resulting from the

conflict.
Hazard Mapping | Minefields: Detailed maps of known | Ministry of 1:2,500 to 1:10,000
and Minefields and suspected minefield locations, Defense, Mine

including types of mines and Action Operators,

clearance status. UXO Locations: Local Authorities

Information on the locations of

unexploded ordnance, including the

types and estimated quantities.
Refugee and IDP Camps and Refugee Settlements: | Ministry of Social | 1:10,000 to 1:50,000
Displacement Locations, capacities, and conditions | Policy, UNHCR,
Data of temporary settlements. Population | Local Governments

Movement: Patterns of population

displacement and return, including

origin and destination points.
Environmental Pollution Levels: Data on air, water, | Ministry of 1:5,000 to 1:50,000
Monitoring Data | and soil pollution levels, including Environment, State

sources and affected areas. Natural Environmental

Resource Depletion: Information on | Inspection

the status of natural resources such as

forests, water bodies, and wildlife.
Cultural Heritage | Cultural Heritage Sites: Locations Ministry of 1:1,000 to 1:50,000
and Preservation |and conditions of cultural heritage Culture, UNESCO,

sites, including those damaged Local Heritage

or at risk. Preservation Efforts: Organizations

Information on efforts to protect and

restore cultural heritage.

* prepared based on the Martyn A. research data and public available materials

ensure that GIS technologies can sup-
port transparent, accountable, and effi-
cient reconstruction efforts, while also
addressing the security issues inherent
in such a volatile context.

Figure 2 illustrates a generalized
sustainable economic reconstruction
model, which integrates settlements
and population, nature, and land (top
diagram), alongside a sample smart-city
application layer service model (bot-

tom diagram). In the future, smart-city
application services will be integral to
sustainable reconstruction as part of a
framework that leverages technology
to create resilient and efficient urban
systems. This system can be employed
during and after recovery from disrup-
tions such as natural disasters, econom-
ic shifts, or infrastructure degradation,
thereby enhancing the overall resilience
and efficiency of urban environments.
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3. New Socio-Economic Data Sets for Post-War Reconstruction GIS: Beyond
Peacetime Topographic Maps*

Data Set Category Description Responsible Scale of Maps
Authorities

Socio-Economic | Employment and Income Levels: Information | Ministry of 1:10,000 to
Impact Data on employment rates, income levels, and Economy, Local 1:50,000

economic activities in affected areas. Public | Governments,

Services Availability: Status of essential Statistical

services like healthcare, education, and social | Agencies

services. Housing Needs: Data on housing

availability, conditions, and needs.
Health and Health Facilities: Locations and operational | Ministry of 1:5,000 to
Epidemiological status of hospitals, clinics, and other health Health, WHO, 1:50,000
Data facilities. Disease Outbreaks: Information on | Local Health

the incidence and spread of diseases, including | Departments

any outbreaks related to the conflict.
Environmental Pollution Levels: Data on air, water, and Ministry of 1:5,000 to
Monitoring Data | soil pollution levels, including sources and Environment, State | 1:50,000

affected areas. Natural Resource Depletion: Environmental

Information on the status of natural resources | Inspection

such as forests, water bodies, and wildlife.
Reconstruction Project Status: Information on the status of Ministry of 1:1,000 to
Progress Tracking | reconstruction projects, including timelines, | Infrastructure, 1:50,000

budgets, and responsible entities. Resource Local

Allocation: Details on the allocation and Governments,

expenditure of funds for reconstruction International

activities. Donors
Community Community Surveys: Data from surveys Local 1:10,000 to
Engagement and | and consultations with local communities Governments, 1:50,000
Feedback regarding their needs and priorities. Public NGOs,

Feedback: Mechanisms for collecting and Community

mapping feedback from the public on Organizations

reconstruction efforts and outcomes.
Legal and Land Land Ownership Records: Up-to-date Ministry of Justice, | 1:1,000 to
Ownership Data | information on land ownership, including any | StateGeoCadastre, | 1:10,000

changes resulting from the conflict. Legal Local

Disputes: Data on ongoing legal disputes over | Governments

land and property.

* prepared based on the Volodymyr N. research data and public available materials

Discussion

The recommendations present-
ed in this article can serve as valuable
guidance for the National Geospatial
Data Infrastructure Council, relevant
ministries, and agencies of Ukraine.
By adopting these recommendations,
Ukraine can develop resilient, smart,
and sustainable urban environments,
contributing to long-term recovery,
stability, and prosperity. The effec-
tive integration of advanced geospatial

technologies and improved legislative
measures will enable Ukraine to meet
the complex demands of post-war re-
construction and serve as a model for
other nations facing similar challenges.
The presented model focuses on inte-
grating and managing digital services
across key urban domains—such as
land development, transportation cover
network, natural resources management
and support economic growth (revi-
talization). Using GIS-centered smart
city service can assist with enhancing
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Fig. 2. Generalized sustainable economic reconstruction model (top)
and sample smart-city application layer service model (bottom)
(prepared by V.N. and A.M.)

sustainability, resource efficiency, and
general population well-being. In future
we plan to collect and group relevant
spatial, economic and social data to cre-
ate a real-time analytics web-service to
support decision-making and response
strategies for urban governance in areas
of sustainable reconstruction..
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AHomauyia. lMicnssoeHHa 8id6ydosa YKkpaiHu sumazae ehekmusHux cmpameeili nepemeso-
peHHa 3pyliHosaHux siliHowo palioHie Ha cyyacHi po3ymHi micma, de 2eonpocmoposi mexHonoaii
sidicparoms Knrouosy ponb. [na 0ocnidxeHHA 6yno UKOPUCMAHO KinbKa KAY08UX HOYKOBUX
memodis, sKknroyaroyu 36ip ma aHanis GaHUX, MOOBeABAHHA CUCMEM Ma 8PaXY8AHHA iX CKnao-
Hocmi. Le docnidxceHHa aHanisye sUKNUKU ma iHHosayil y 3acmocysarHi 2eonpocmoposux mex-
Honoeill dna npoyecis, nosazaHux 3 8id6ydoeoro YKpaiHu. Y Hbomy po321a0aembcs, aHanisy-
EMbCA MOYHICMb ma docmynHicme BaHuUX, IHMezpayis ekonozivHo20 Mma MiCbKo20 NAAHY8AHHA
e pamkax [1C. Ceped suasneHux asmopamu Knrovoeux npobaem cnid 3asHayumu: — mana abo
0B8HA HEMOYHICMb OaHUX, MexHo02iYHi 0bMedeHHA ma Hecmayva KeanighikosaHux ghaxisyis.
Taki iHHosayii, ak po3pobka IIC dna pezioHanbHo20 po3eumKy ma iHmezpayisa 3 Ekocucmemoro
yughposozo 8idHo8AeHHA 014 nidzsimHozo ynpaeniHHa (DREAM), cnpamosari Ha supiwieHHA yux
numade. [lpedcmasneHo modenb cmanoi eKoHOMIYHOI peKOHCMpPYKUii, AKa akyeHmye ysaay Ha
iHmezpayii 2eonpocmoposux daHux. Baxcnusum € s0ockoHaneHHA iCHyH4020 3aKoHodascmsa
npo iHppacmpykmypy 2eonpocmoposux 0aHux ma enposadiceHHa iHiyiamus 3 posbydosu no-
meHryiany. EpekmusHa iHmezpayis nepedosux zeonpocmoposux mexHonozili ma edockoHane-
HO20 3aKoHodascmea 00380aUMb YKpaini 3Haxodumu winsaxu 018 weudkoi 8idbydosu, cnpusio-
Yu CManomy MicbKomy cepedosuiyy ma cayayrouu npuKknadom 0018 iHWUX KPaiH.

Kmioyoei cnoea: nosocHHe sidHoaneHHa micm, TIC, éi0HoenrosanoHa ekoHomika, cmanuli
po3sumox, iHHosayiliHi mexHonoeaii, cyyacHi yugposi pilueHHA, MiCbKa eKOHOMIKA.
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