160th

anniversary of

Odesa . l. Mechnikov
National University

CLIMATE SERVICES:
SCIENCE AND EDUCATION

Proceedings of the Second International

Research-to-Practice Conference

~
‘,3 SUNRISE

) 4
b Y
@I“ | IEd . 9 GROMADA
. % Co-funded by the
£ Erasmus+ Programme CLUVEX
of the European Union

7//7/1/17/7 ODESA I.I. MECHNIKOV 1177777

NATIONAL UNIVERSITY

www.cs2025.onu.edu.ua



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
ODESA I. I. MECHNIKOV NATIONAL UNIVERSITY
FACULTY OF HYDROMETEOROLOGY AND ENVIRONMENTAL SCIENCE

&
qu‘ N \

J .
> %
Sffm E ™M _m m S\
- -
= -
= -
- &
2 /S
""f}t (\]

o 1865<%

CLIMATE SERVICES: SCIENCE AND EDUCATION
Proceedings of the Second International
Research-to-Practice Conference

Odesa, 16-18 April 2025

ODESA
ONU
2025



UDC 378:551.58

C61

Editors:

Valeriya Ovcharuk, DSc (Geography) - Chair of the Editorial Board;
Inna Khomenko, PhD (Geography);
Alina Semerhei-Chumachenko, PhD (Geography).

Recommended for publication by the Academic Council of the Faculty of Hydrometeorology

C61

and Environmental Science of Odesa I. I. Mechnikov National University.
Minutes No 12 dated 31 March 2025.

Supported by the Erasmus+ Programme of the European Union.

The publication reflects the authors’ view, the EACEA and the European
Commission are not responsible for any use that may be made of the
information it contains.

Climate Services: Science and Education [Electronic resource] :
Proceedings of the Second International Research-to-Practice Conference
(Odesa, 16-18 April 2025). — Electronic text data (1 file : 5,7 MB). —
Odesa : Odesa I. I. Mechnikov National University, 2025. — 171 p.

ISBN 978-966-186-334-6

The Proceedings of the Second International Research-to-Practice Conference on
‘Climate Services: Science and Education’ are presented in the collected volume. The
presented materials highlight the current challenges and achievements in the
development and implementation of climate services in climate-sensitive sectors of the
economy. Special attention is given to the growing role of education in building
capacity for climate-informed decision-making through interdisciplinary learning and
professional training. The reports also cover issues of climate risks and adaptation
strategies implemented at regional and local levels. Published studies reflect the
author's vision of the problems of climate change and climate service. Materials are
submitted in the author's editorial office.

The publication is intended for applicants, pedagogical, scientific and scientific-
pedagogical employees of educational and scientific institutions.

UDC 378:551.58

ISBN 978-966-186-334-6 © Authors of articles, 2025

© Odesa I. 1. Mechnikov National
University, 2025



MIHICTEPCTBO OgBITH I HAYKU YKPAIHU
OJIECBKMU HALIIOHAJIbHMM YHIBEPCUTET IMEHI I. I. MEYHHUKOBA
®AKVYJIbTET T'TJPOMETEOPOJIOI'IT 1 EKOJIOTTI

m"*‘ i #}*ﬁ
L e
-‘é;m W m%‘:‘;-
é
2 7
.3,} i .#'?
75 1865%%°

KIUIMATUYHE OBCJOYI'OBYBAHHA:
HAYKA 1 OCBITA

Marepianu J[pyroi Mi>kHapoIHO1
HaYKOBO-MPAKTUYHOI KOH(EepeHIIIi

Oneca, 16-18 xBitHA 2025

OJIECA
OHY
2025



VK 378:551.58
K492

Penakropu:
Banepist OBuapyk, TOKTOp reorpagpiqyHux HayK - TOJIOBa PEIKOJIETIi;
Inna XomeHnko, kaHauaaT reorpaiuyHux HAYK;
Anina Cemepreii-UymadeHKo, KaHAUAAT reorpadiyHuX HAYK.

Pexomenoosano 0o opyky euenoro padoio gpaxyibmemy 2iopomemeoponocii i ekonoeii
Ooecvbko20 HayioHanbHo20 yHieepcumemy imeni 1. 1. Meunukosa.
IIpomoxon Nel2 6io 31 b6epesust 2025 poxky.

3a miarpumku nporpamu Erasmus+ €Bpomneiickkoro Coro3y.

[TybOnikaris BimoOpa’kae TOUYKY 30py aBTOpIB, €BPOIEHChKE BUKOHABYE
areHTcTBO 3 ocBiTH Ta KynbTypu (EACEA) ta €Bponeiicbka Kowmicis He
HECYTh BIJNOBINATBHOCTI 3a OyAb-KE€ BHKOPUCTaHHS iHQOpMAIlii, 10

MICTUTBCH B Hiil.

Kaimatuune oGciiyroByBaHHs: Hayka 1 ocBiTa [EmekTponHuit pecypc] :
K492 warepianu Jpyroi mi>kHap. Hayk.-npakT. KoHd. (Oxmeca, 16-18 xBit. 2025 p.)
— Enexrtpon. texcr. nani (1 ¢aiin : 5,7 MB). — Oneca : Opnec. HaIl. yH-T iM.
I. I. Meunukosa, 2025. — 171 c.
ISBN 978-966-186-334-6

VY BumanHi nojgano matepianu Jpyroi Mi>kHapoJaHOT HAYKOBO-TIPAaKTHYHOI KOH(e-
penuii «KaiMaTH4HI TOCTYry: HayKa 1 OocBiTay. Y MOJaHUX Marepianax BUCBITIIOIOTHCS
aKTyaJIbHI BUKIJIMKH Ta JOCATHEHHS Y PO3BUTKY W BIPOBAKEHHI KIIIMATHYHUX CEPBICIB
y KJIIMaTO3aJIeKHUX CEKTOpax eKoHoMiku. OcobiimBa yBara MPHUIUIIETHCS 3POCTAOUIN
pori ocBiTH y (hOpMYyBaHHI CHPOMOMXHOCTEH JUIsl YXBaJleHHSI PIllIeHb, OOTPYHTOBAHUX
KIIMaTUYHUMU JTaHUMH, 4epe3 MDKAMCIUIUIIHAPHE HaBUYaHHS Ta MIATOTOBKY (axiBIiB.
JIoTOoBiIi TAaKOXK OXOIUTIOIOTH NMUTAHHS KJIIMATHYHUX PU3UKIB Ta aaNnTaliiHUX cTpaTe-
riff, 10 peali3yloThCsl Ha pETiOHAJIBHOMY Ta MicleBoMy piBHAX. OmyOuikoBaHi
JOCII/DKEHHsST BiIoOpakatoTh aBTOPChbKE OadeHHs MpoOJsieM 3MiHU KJIiMaTy Ta KiIiMaTH-
YHOTO cepBicy. MaTepiajii moal0ThCsl B aBTOPCHKOI PelaKIii.

Bunanus pospaxoBaHe Ha 3100yBauiB, IENaroriyHUX, HAYKOBUX 1 HAyKOBO-
Te/IarOTiYHUX MPAIiBHHUKIB 3aKJIAJ[iB OCBITH Ta HAYKH.

YAK 378:551.58

ISBN 978-966-186-334-6 © Apropu crareit, 2025

© Opecbkuii HalllOHAIBHUHN YHIBEPCUTET
imeni I. I. Meuynukosa, 2025



The Second International Conference on Climate Services, April 16-18, 2025, Odesa, Ukraine

TABLE OF CONTENTS

Plenary Session

Jon Xavier Olano Pozo, Enric Aguilar Anfrons, Anna Boqué Ciurana,
Caterina Cimolai
Overview of Co-Creation Of Climate Services at The Centre for Climate
Change and Research Institute on Sustainability, Climate Change, and
Energy Transition of Universitat Rovira I Virigil...............................

Wilfran Moufouma-OkKia

Global and National Framework for Climate Services........................
Patrick Parrish

Applying Activity Theory to Education and Training

FOr CliMaAte SOIVICES. ..ottt e e,

Alexander Baklanov
Integrated Urban Services: towards Climate-Smart, Resilient,
and Sustainable Cities and Settlements.................oooo
Section 1. Issues of climate services in key climate-dependent areas

Noukpo M. Agbazo, Lonsenigbe Camara, Lancei Koivogui
Intrinsic Multi-Scale Characteristics of Rainfall Variability in Nzérékor¢,

Southeastern Guinea, West AfriCa ..o

Diadin Dmytro, Yakovlev Valeriy, Drozd Olena, Vergeles Yuriy
Formation of the Hydrological Cycle in Urban Areas and Vulnerability of
Water Supply Systems under the Influence of Climate Change .............

Dide Francis
The Past Key Research International Programs for the Study of
Environment and Climate over West Africa...................cooeiiial.

Dyman Nataliya
Trends in Raspberry Breeding due to Climate Change .......................

Grabovskyi Mykola, Basyuk Pavlo, Zhelezniak Valeriy,
Mandrysh Oleksandr, Labunskyi Ihor

Assessment of the Application of Plant Growth Regulators in Maize

Cultivation for Grain under Different Climatic Scenarios....................
Hrinchenko Yurii

Designing Citizen-Science Project For Assessing War Damage To

Environment In UKIainNe. ....ooovrrire e e,

Karpuk Lesia, Ezerkovska Liudmyla, Pavlichenko Andrii, Karaulna Vitalina,

Filipova Larysa, Titarenko Oksana, Ezerkovskyi Artur, Zaika Nataliia
Organic Production as a Strategy for Climate Change Adaptation...........

Khrystiuk Borys, Gorbachova Liudmyla
Simulation of Rain Floods of the Stryi River Using Artificial Neural
NETWOTK. . .ot

12

14

15

17

19

20

22

23

25

27



Contents

Kyrnasivska Nataliia

Assessment of the Bioclimatic Potential of the Dnipropetrovsk Region in

the Conditions Climate Change..................ccooiiiiiiiiiiiiiiieii e, 33
Kovalenko Yurii, Drozd Olena, Khandogina Olga

Low-Carbon Solutions for Key Sectors of the Ukrainian Economy: Climate

Change Mitigation Strate@ies. ... ......o.oveviriririiiieiieiiiie e 35
Kozhevnikov Sergii, Bereznytska Yuliia

PVC Profiles Recycling Technologies as Part of the European Sustainability

70 0 0] 37
Kryvomaz Tetiana, Tsyba Artem, Hamotskyi Roman

Climate Aspects of ESG Standards in the Construction Sector of Ukraine.. 40

Kryvoshein Oleksandr, Kryvobok Oleksii
A Web-Based System for Enhancing Agrometeorological Decision-Making

in the Face of Climate Change............oooiniiiieieii e 42
Kuklyshyn Oksana
Climate Change in Transcarpathia: Impact, Challenges, and Adaptation.... 44

Loboda Nataliia, Rozvod Mykyta

Changes in Climate and River Water Content in the Upper Dniester Basin at

the Beginning of the 21st Century.............ccooiiiiiiiiiiiiiee, 46
Loboda Nataliia, Otchenash Nataliia, Rozvod Mykyta

Risks of Water Resources Depletion in Southern Ukraine and their

Consequences According to Climate Scenarios.....................ccoeeeennl. 48
Oreshchenko Andrii
Elaborating the Atlas ‘Climate and Water Resources of Ukraine’............ 50

Loboda Nataliia, Kuza Antonina
Assessment of the Chemical Pollution Risks of Rivers in the Northwestern

Black Sea REGION. ... .ouiii i, 52
Nedostrelova Larysa
Analysis of Total Solar Radiation Flows on the Territory of Ukraine......... 54

Osypov Valeriy, Nikitenko Nataliia, Matviienko Yevhenii, Ahafonov Yurii,
Mossur Herman, Bonchkovskyi Andrii, Nikoriak Victor, Osadcha Nataliia

Web Service “Climate & Water”: How to Develop Climate Service for

Water MaNAGETS. ..ottt 56
Ovcharuk Valeriya

Analysis of Water Discharge in the Mouths Of Large Ukrainian Rivers

Flowing into the Black Sea under Climate Change..............c.coooeivenn.. 58
Perebynos Alona
Decadal Trends in Municipal Waste Generation in Ukraine................... 60

Polevoy Anatoly, Barsukova Olena
Greenhouse Gas Emissions from the Winter Wheat Agroecosytem in
Climate Change ConditioNns.............cvuiiiiei e 62



The Second International Conference on Climate Services, April 16-18, 2025, Odesa, Ukraine

Reshetchenko Svitlana, Tkachenko Tetiana, Orekhova Daria.

Yield of Cereal Crops in Ukraine and Problems of Market Development.... 64
Savenets Mykhailo, Nadtochii Lyudmila, Kozlenko Tetiana,
Komisar Kateryna, Umanets Antonina, Zhemera Natalia

Challenges in Accurate Air Quality Research, Management, and

Assessment in Ukraine Amid War and Climate Change....................... 66
Shanyhin Anton, Babienko Volodymyr, Talalayev Kostyantyn

Impact of Seasonal Fluctuations in Vitamin D Levels on the Health of the

Population of Southern Regions of Ukraine as a Factor of Climate Risks.... 68
Snizhko Sergiy, Shevchenko Olga

Financial and Economic Measures to Improve Climate Services in Flood

Management iIN UKIaine. ..ot 70
Starzhynskyi Pavlo, Prokopenko Ihor

Regional Features of Structural and Functional Changes of Aquatic

ECOSYSIBMS. ..., 12
Stepanenko Sergiy
Overview of the Urban Solutions to Climate Change............................ 74

Tarchiani Vieri, Grey Sebastian

Bridging the Communication Gap in Agrometeorological Services:

Enhancing the Uptake and Effectiveness for Users in

Developing Countries. ..........ouiuiririe e 76
Tytariova Olena

Using Triticale in Animal Feeding as a Means of Adapting Livestock

Farming to Global Climate Changes.............coviiiiiiiiiiiiieeee, 78
Vakula Bohdan, Dyman Tetiana, Stavetska Ruslana

Influence of Air Temperature on Physiological Indicators of Goats.......... 80
Vergeles Yuriy, Rybalka Inna

Have Winters Warmed up in Eastern UKraine?.........c.ccooeveeeeeeveveieevnenenen, 82
Vronska Nataliya, Liuta Oksana, Popovych Olena, Sliusar Vira

The Impact of Climate Factors on the Energy Sector.......................... 84

Yarov Yaroslav, Grashchenkova Tetiana, Pilipyuk Viktor
Assessment of the Current State of Some Tributors of the Southern Bug
River by Hydrochemical Indicators..............ccoooeiiiiiiiiieen, 86
Zhygailo Olena, Zhygailo Taras, Zhyhailo Demian
Assessment of Climate Risk of Sunflower Seed Yield Loss in Ukraine for
20212050, ...t 88

Section Il. Education in Climate Services
Glushkov Alexander, Khetselius Olga, Lobachev Mykhailo, Shablii Oleh,
Svinarenko Andrey
Climate Services and Modelling: Simulations of the Earth Atmospheric 91
Circulation and Entropy and Angle Momentum Balance.....................



Contents

Glushkov Alexander, Khetselius Olga, Lobachev Mykhailo,
Shablii Oleh, Husieva Kateryna
Climate Services in City Management: Green City Technology, Air Pollution
& Ventilation Data Analysis, Artificial Intellect, Management Solutions..... 93
Khomenko Inna, Nedostrelova Larysa, Katerusha Halyna, Borovska Halyna
Climate Products (Climatic and Socio-Economic Indicators for Climate
S VICES ) . ettt et 95
Khomenko Inna, Prokofiev Oleh, Andrusenko Volodymyr, Mokan
Anastasiia, Chorna Tetiana, Bratova Zlata
Citizen-Science Student Project Under Gromada Erasmus+: Monitoring Air
Quality In Urban Ar€as ........c.viiiii i 97
Kravchenko Maryna, Tkachenko Tetiana,
Voloshkina Olena, Vasylenko Lesya
Awareness of Green Building as a Component of Climate Change 99
AaptatioN. ...
Mahura Alexander, Ovcharuk Valeriya, Khomenko Inna,
Lappalainen Hanna, Tyuryakov Svaytoslav
Climate-Oriented Trainings on Climate Services, Climate Change
Adaptation and Mitigation. ..o 101
Ovcharuk Valeriya, Martyniuk Maksym, Pisariev Yurii, Stetsyuk Andriy,
Tashku Alina, Sryberko Anastasiia
Citizen-Science Student Project under Gromada Erasmus+: Assessing the
Hydrological and Satellite Data on Black Sea Coastal Waters after
Kakhovka Dam Destruction.............coooviiiiiiii e 103
Prokofiev Oleh, Nedostrelova Larysa, Volvach Oksana
International Agreements and National Legislation in the Field of Climate

Semerhei-Chumachenko Alina, Halych Yelyzaveta, Prokofiev Oleh

Training Course for Masters ‘Data and Information for Climate Services’... 107
Semerhei-Chumachenko Alina, Halych Yelyzaveta, Prokofiev Oleh

Training Course for PhD Students ‘Management of Climate Databases’.... 109

Serbov Mykola, Danilova Nataliia
Prospects for the Development of Higher Education in Geodesy and Land
Management in Ukraine in the Interests of Climate Service and Post-War
Restoration of UKraine..............coooiiiiiiiiiiiiii e, 111
Sopina Ana, Zaninovi¢ Tamara
Planning (Climate) Sensitive Cities — Connecting Spatial Planning with
Environmental Sciences in Higher Education......................cccccooooeiinn . 113
Vashchuk Yulia, Oleshko Olena
The Relevance of Teaching the Discipline ‘Climate-Forming Ability of
Plants in Urban Landscapes’ for Applicants for Speciality 206 ‘Garden and
Park Management’. .. ... ...o.ooiiiuin i 115



The Second International Conference on Climate Services, April 16-18, 2025, Odesa, Ukraine

Vasiutynska Kateryna, Zabarna Eleonora, Shablii Oleh, Husieva Kateryna

Mechanisms for Climate Services Integration into the Structure of a ‘Green
0 A 3 [ A TR 118

Section 11l. Climate Risks and Adaptation to Climate Change on Regional
and Local Levels
Babienko VVolodymyr, Mokienko Andrii, Shanigin Anton

Climate Changes as a Call for Water Supply of Southern Ukraine............ 121
Balabukh Vira, Dovhal Hanna, Yahodynets Stepan
Climate Bulletin of UKraine..............oooiiiiiii e 123

Budnik Svitlana
Contemporary Trends in Soil Temperature Changes, their Consequences

and Adaptation of the Territory...........coooiviii i 125
Fedoniuk Vitalina, Pavliuk Marharyta, Fedoniuk Mykola

Possibilities of Using Bioclimatic Indexes to Assess Weather Comfort...... 127
Dokus Anhelina

Coal Credits as an Instrument of Sustainable Development.................... 129

Goptsiy Maryna, Ovcharuk Valeriya, Pozdnyakov Yurii

Spatiotemporal Variability of Monthly Runoff at Rivers of the Tisza Sub-

Basin under Climate Change..............ocovviiiiiiii el 132
Kichuk Natalia, Kushchenko Liliia

Climate Services for Sustainable Water Quality Management in the Black
SBA BaASIN. ...ttt 134

Grebin Vasyl, Balabukh Vira, Goptsiy Maryna, Bejenaru Gherman
Regional Peculiarities of the Dniester River Runoff Changes under Climate

Change Conditions. ...........o.iuiiiiie i, 136
Khomenko Inna, Nadiia Prykhodko
Generating and Controlling Heat Waves in Ukraine...................... 138

Kuryshyna Viktoriia
Temperature Regime of the South of Ukraine in the Conditions of Climate

Kuryshyna Viktoriia
Humidity Regime of the South of Ukraine under Conditions of Climate

GG ..t 142
Nazhmudinova Olena
Climate Challenges under Martial Law in Ukraine.............................. 144

Ovcharuk Valeriya, Kovalenko Mykhailo
Flood Risks in the Ukrainian Carpathians: The Role of Insurance and
ClIMAte SEIVICES. ... et 146
Prokofiev Oleh, Goncharova Liudmyla, Chernyshov Vadim
The Prevailing Wind Direction at the Odesa-Observatory Station and Its
Dynamics in the Context of Modern Climate Change........................... 148



Contents

Prokofiev Oleh, Goncharova Liudmyla, Chernyshov Vadim

Statistical Characteristics of Surface Wind Speed at Odesa Observatory

Station and their Dynamics in the Context of Modern Climate Change...... 150
Prykhodko Veronika

POl CY . e, 152
Rusyn Iryna

Climate Risk Projections and Adaptation Strategies in Ukraine............... 154
Semenova Inna

Consequences of Climate Change in Ukraine: Drought and Wildfires........ 156

Shakirzanova Zhannetta, Sivaiev Denys

The Impact of Climate Change on the Hydrological Regime of Rivers in

The UKrainian Polissia..............c.ouiuiiiii e 158
Shepel Victoriya, Semerhei-Chumachenko Alina

The Impact of Global Warming on Hurricane Activity in the North Atlantic

Timofeyev Vladyslav, Savchuk Svitlana

Climate Change and Forecasts in Ukraine and Methodological Aspects of

Educational PrOCESS. .........ouiuiri i 162
Zabolotna Olena, Kryvoshein Oleksandr, Kryvobok Oleksii

Lightning Detection System as a Tool for Short-Term Forecasting of

Natural DiSASIErS. ... ..veieitiii et 164
Zadorozhna Ruslana

Reviewing Climate Scenarios as Analytical Projects in the Context of IPCC

ASSESSMENE REPOIS. ... ettt 166
Zaiets Serhii, Volvach Oksana, Yuzyuk Serhii, Kiriyak Yurii

Changes in Agrometeorological Conditions of the Autumn Period in the

SoUth Of UKIaiNE. ... ..t 168

F U1 010 ) g Lo [ 170

10



PLENARY SESSION

11



Plenary Session

OVERVIEW OF CO-CREATION OF CLIMATE SERVICES AT THE
CENTRE FOR CLIMATE CHANGE AND RESEARCH INSTITUTE ON
SUSTAINABILITY, CLIMATE CHANGE, AND ENERGY TRANSITION

OF UNIVERSITAT ROVIRA I VIRIGILI

Jon Xavier Olano Pozo, PhD
Enric Aguilar Anfrons=2, PhD
Anna Boqué Ciurana*?, PhD

Caterina Cimolai*2, MsC

t Research Institute of Sustainability, Climate Change and Energy Transition
(IU-RESCAT), Universitat Rovira i Virgili, Spain
2 Centre for Climate Change (C-3), Universitat Rovira i Virgili, Spain

Providing climate services has become crucial in addressing the challenges
posed by climate change. The World Meteorological Organization (WMO) has
developed a framework of competencies to ensure the effective development
and delivery of these services (WMO, 2015). At the Centre for Climate Change
and the Research Institute on Sustainability, Climate Change, and Energy
Transition, we integrate these competencies into our research, education, and co-
creation processes, facilitating the development of user-centred climate services
(Font et al., 2021). This communication presents an overview of our experiences
co-creating climate services across various domains, including agricultural
resilience, infrastructure adaptation, and cultural heritage preservation.

One of our key initiatives has been the development of crop calendars
designed to support farmers in optimising planting and harvesting calendars
under changing climatic conditions in intertropical areas of the Gulf of Guinea
countries (Aguilar et al., 2024). These tools are developed through collaborative
stakeholder workshops that integrate scientific climate projections with local
agricultural knowledge. Implementing these crop calendars is supported by an
interactive Moodle platform, which serves as a hub for training and knowledge
exchange. Additionally, we have developed both online and offline applications to
facilitate the maximum execution of the program that generates these calendars.

Another significant project involves adapting railway infrastructure to
climate variability (Olano Pozo et al., 2024 (a)). The ETS railway project
explores how climate data can be integrated into risk management strategies to
enhance the resilience of railway networks. This initiative leverages climate
indices and projections to assess potential impacts on railway stability and
efficiency, providing valuable insights for infrastructure planning and
maintenance.

Our research also extends to the cultural domain, where we have examined
the implications of climate variability on traditional events, such as the Castells
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—the human tower festivals in Catalonia (Olano Pozo et al., 2024 (b)). Through
meteorological data analysis, we have assessed the risks associated with extreme
heat during these events and proposed climate-informed adaptation measures to
ensure the safety of participants. Additionally, co-creation processes have been
conducted to design and implement adaptation measures, ensuring that local
communities actively participate in developing strategies to mitigate climate risks.

Furthermore, the "Project 5: Co-Creation of a Climate Service" course at
the Universitat Rovira i Virgili (URV) exemplifies our commitment to education
and capacity building (Olano Pozo et al., 2024 (c). This course immerses
students in the development of real-world climate services, fostering
interdisciplinary collaboration and engagement with stakeholders from diverse
sectors. By integrating the WMO competencies, we equip students with the
necessary skills to develop climate services that address sector-specific needs
and requirements.

This presentation will highlight the methodologies and lessons learned
from these initiatives, emphasising the importance of co-creation in developing
effective climate services. By fostering collaboration between researchers,
practitioners, and end-users, we aim to bridge the gap between climate science
and societal needs, ensuring that climate services are actionable, relevant, and
impactful.

REFERENCES
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Developing tools for generating weather-based crop calendars to support climate
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Plenary Session

GLOBAL AND NATIONAL FRAMEWORK FOR CLIMATE SERVICES
Wilfran Moufouma-Okia:, PhD

+ Chief of Regional Climate Prediction Services, Climate Services Division,
World Meteorological Organization, Geneva, Switzerland

Credible and actionable climate information, products, and services are
essential for effective climate risk management and climate change adaptation—
particularly for the most vulnerable nations. With growing awareness of the
socio-economic benefits of science-based climate information, there is
increasing demand for operational, high-quality, and user-targeted services,
guided by robust standards and protocols. This has driven a global shift toward
strengthening scientific capabilities not only to advance research but also to
meet the evolving needs of policy and decision-makers.

In this context, the World Meteorological Organization (WMO) established
the Global Framework for Climate Services (GFCS) to support the systematic
development and delivery of climate services across five foundational pillars:
Climate Services Information System (CSIS), Observations and Monitoring,
Research, Modelling and Prediction, Capacity Development, and User Interface
Platforms. At the national level, these are operationalized through National
Frameworks for Climate Services (NFCS), which serve as inclusive platforms to
coordinate the co-design, co-production, communication, and use of tailored
climate services that inform actions in key sectors such as agriculture, water,
health, disaster risk reduction, and energy.

This presentation will provide an overview of the global and national
frameworks for climate services, highlighting the role, benefits, and
implementation process of NFCS. It will also showcase recent experiences from
Mauritius, Jamaica, and Kuwait, where NFCS implementation is enhancing
coordination among stakeholders, bridging gaps between climate science and
end-user needs, and supporting national adaptation and development priorities.
Emphasis will be placed on the value of sustained engagement with research
communities to improve the usability and impact of climate information across
multiple timescales—from sub-seasonal to decadal. Discussion will include with
reflections on enabling conditions, emerging challenges, and pathways to scale
up climate services for resilience and sustainable development.
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APPLYING ACTIVITY THEORY TO EDUCATION
AND TRAINING FOR CLIMATE SERVICES

Patrick Parrish, PhD

WMO SERCOM, Standing Committee on Marine Meteorology and
Oceanography, Expert Team on Competencies and Capacity Development

Like any of the functions of a national environmental service, a climate
service is a highly complex activity with many stakeholders who have many
varying responsibilities to cooperate. A climate service and all the individuals
working within it needs to understand the full context of the activity system in
which they function, as well as continually review how the system is changing.

Cultural-Historical Activity Theory:, or just “Activity Theory,” is a
learning theory that can help teachers and trainers assess systemic organizational
learning needs and develop curriculum plans, exercises and simulations that help
learners to better understand the context of their work.

Activity Theory* views learning from the perspective of a social system, not
only a contributing individual, as do most psychological theories of learning.
Activity theory also views socio-cultural systems (such as professional
practices) as dynamic, not stable, and that the systems themselves and the
individuals within them continually influence one another. In this theory, it is
the system that learns, not only the individuals contributing to it.

The triangle below (Figure 1) depicts an activity system in a very general
way. From this high level, the model can apply equally well to describe activity
systems as diverse as a bank, a university, a national train system, or a football
club.

Media and Tools

4 .\'\‘
-/" \
Subject 4 N Objective

Fig. 1. A general depiction of an activity system.

We need to provide specific details for the theory to be of use. From the
perspective of climate services, we might depict the relationship more
specifically as in the diagram in Figure 2.

When the model includes the objective of issuing products and providing
services, we are describing what drives traditional approaches to defining
training needs. However, considering the larger social context we might instead
define an alternative objective--the effective utilization of these services by end-
users (see Figure 3), which requires changes in each of the other two vertices of
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the triangle. For example, a climate service now has responsibilities for helping
the customers become intelligent users.

Media and tooks:
Data, methods, products,
procedures, theorles,
concepiual models, ek,

Subject: Objective; Farecasts,

Oimnata climatalogical praducts,

Service consulabions,
projections, st

Fig. 2. An activity system for the subject: Climate Service

Media and Tools:
Data, Products, Display
Systems, Procedures,
Theories, Conceptual Models,
Communication Media

Objective: Effective
utdization of seasonal
forecasts, dimatological
products, consultations,
and projections

Rules: Community Division of Labor:
Ll 3 cooperati
;J::lxmns Observers, modelers, data providers, ::::n':i o
internaticeal regional centres, universities, responsibility,

agreements, research centres, technology definition of decision

documented m":p"\ disaster response, makers, Information
axpectations agrculture, transportation, energy, sharing
planning, manufacturing, publc, etc.

Fig. 3. A more complete instantiation of the Climate Service activity system.

This new depiction of the activity system, including Rules, Community,
and Division of Labor, reveals a more complete social context of climate
services. It reminds us to consider the entire system when defining learning
needs.

This presentation and brief paper will examine this fully instantiated
system and consider its implication for education and training for achieving the
best climate services outcomes. A representative training solution for marine
forecasting services is included.
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INTEGRATED URBAN SERVICES: TOWARDS CLIMATE-SMART,
RESILIENT, AND SUSTAINABLE CITIES AND SETTLEMENTS

Alexander Baklanov, Dr.Sci. in Physics & Mathematics,
Professor in Meteorology

Niels Bohr Institute, Copenhagen University, Denmark

The third United Nations Conference on Housing and Sustainable Urban
Development (HABITAT-I1I) in October 2016 adopted the New Urban Agenda
(United Nations, 2017), which brings into focus urban resilience, climate and
environment sustainability, and disaster risk management.
Following the event at the United Nations Economic and Social Council, efforts
are required from WMO to consolidate its input to the revision of the New
Urban Agenda (NUA) and support urban related activities in a comprehensive
manner. Urban development is now a cornerstone of the United Nations 2030
Sustainable Development Goals. It has its own sustainable development goal
(SDG 11): Make cities inclusive, safe, resilient and sustainable.

To support implementation of urban activities the WMO inter-programme
Urban Expert Team under the Commission for Atmospheric Sciences and
Commission for Basic Systems (2018) supported by a dedicated team of urban
focal points in the Secretariat developed the Guidance on Integrated Urban
Hydro-Meteorological, Climate and Environmental Services (IUS). The needs
for integrated urban services (IUS) include information for short-term
preparedness (e.g. hazard response and early warning systems), longer-term
planning (e.g. adaptation and mitigation to climate change) and support for day-
to-day operations (e.g. water resources).

The aim is to build urban systems and services that meet the special needs
of cities through a combination of dense observation networks, high-resolution
forecasts, multi-hazard early warning systems, disaster management plans and
climate services. This approach gives cities the tools they need to reduce
emissions, build thriving and resilient communities and implement the UN
Sustainable Development Goals.

The ways and approaches, as well as priorities for realization of such
systems depend on specific climatic, geographical, economic and environmental
conditions specific cities. In this presentation we will classify and consider
different approaches, methodologies and tools for selected cities in different
climate zones (e.g. northern, tropical), economic conditions (developed and
developing worlds) and combinations of risk factors (e.g., multi-hazards, heat
stress, floods, air quality). Specific focus will also be done on the mitigation and
adaptation strategies and their combinations.
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INTRINSIC MULTI-SCALE CHARACTERISTICS OF RAINFALL
VARIABILITY IN NZEREKORE, SOUTHEASTERN GUINEA,
WEST AFRICA

Noukpo M. Agbazo, Lonsenighe Camara, Lancei Koivogui
Département d’Hydrologie, Université de N’zérékoré, N’zérékoré, Guinée

Based on CEEMDAN algorithm, the multi-scale characteristics of rainfall
change in Nzérékoré during 1991-2020 were investigated. The results indicated
that five significant intrinsic mode functions (IMFs) and a nonlinear trend
governed monthly rainfall variations in Nzérékoré. However, the 6-month quasi-
period, inter-annual oscillations and nonlinear trend are main contributors to

monthly rainfall variability.
Keywords: Rainfall, multi-scale fluctuations, Nzérékoré, Guinea

Table: Variance contribution rate, VCR (%) for each IMF and Trend
IMF1 | IMF2 | IMF3 | IMF4 | IMF5 | IMF6 | Trend
Variance contribution rate, VCR (%) 19.10 | 590 [3.80 |4.50 |15.40|13.90 | 37.40

Fig. 1. The IMFs and trend component
of monthly rainfall time series
in N’zérékoré during 1970-
2020.
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FORMATION OF THE HYDROLOGICAL CYCLE IN
URBAN AREAS AND VULNERABILITY OF WATER
SUPPLY SYSTEMS UNDER THE INFLUENCE OF
CLIMATE CHANGE

Dmytro Diadin, PhD, Valeriy Yakovlev, D.Sc.,
Drozd Olema, PhD, Vergeles Yuriy, Drs.

O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

The continuous process of urbanization is accompanied by an increasing
impact on the water balance of urbanized areas. In the course of historical
development of any city, the growth of the urban population, the expansion of
urban built-up areas, and the development of industrial and social infrastructure,
the hydrochemical and hydrodynamic characteristics of surface and groundwater
change both in the urban and periurban areas.

The components of the hydrosphere — surface, ground and atmospheric
water — within built-up areas differ from those in adjacent areas due to
significant anthropogenic impact. The factors of this impact are primarily a high
territorial concentration of water consumption and a significant anthropogenic
load from industry, utilities and transportation.

Cities use water resources that are generated over an area much larger than
the city itself. Therefore, the water balance of urban areas is deformed relative to
the natural balance in proportion to the size of the city. On the one hand, local
water resources are usually insufficient for supplying urban customers, and
surface and groundwater resources formed in adjacent territories are used. On
the other hand, a significant share of this water remains in the city for various
reasons. First, this leads to a decrease in river flow and the development of
depression sinkholes in underground aquifers. Second, reservoirs are created to
supply water users and there is an increase in the mass of water in the first
aquifer from the surface, which leads to water logging. In general, under the
influence of a complex of direct and indirect anthropogenic impacts, most
components of the water balance of a water-exchange geosystem change.

The hydrological cycle, which includes the processes of interaction
between precipitation, surface water and groundwater, is significantly
transformed in urbanized areas due to intensive water use and drainage. The
main factors that shape the hydrological cycle and cause its changes in the city
are microclimatic conditions, redistribution of surface runoff, changes in surface
permeability, and transportation of significant volumes of water, including trans-
basin transfer.

Water supply systems in Ukraine's major cities are largely based on surface
water resources, the quantity and quality of which are heavily influenced by
changing climatic conditions. Only 9 of the country's 25 regional cities have
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water supply systems based entirely on groundwater resources. This makes most
urban water systems highly vulnerable to climate-related threats that could lead
to water shortages or deterioration in water quality. Such threats include changes
in the seasonal distribution of precipitation, droughts, heavy rainfall, increased
frequency of extreme weather events, and sea level rise. They lead to changes in
the surface and groundwater regime, and put additional strain on urban water
supply systems, which are often not adapted to the effects of projected climate
change.

In some cases, urban water supply systems use trans-basin water transfers,

which complicate the formation of the hydrological cycle of an urbanized area
and increase its vulnerability to climate change.

The city of Kharkiv is a typical example of an urban agglomeration with a
complex water supply system and disturbed water balance. The natural
component of the hydrological cycle in the city’s area is represented by
precipitation, which is the main source of infiltration to groundwater, causing
evapotranspiration and surface runoff. Groundwater is discharged in the form of
downstream sources in the valleys of the Kharkiv, Lopan, and Udy rivers with
their small tributaries. The anthropogenic component is represented by water
taken from other sub-basins — the Siverskiy Donets River (Pecheniz'ke Lake)
and the Dnipro-Donbas Canal (Krasnopavlivs'ke Lake) and supplied to the city's
centralized water supply system. The built-up urban area, due to the large
proportion of impermeable surfaces, contributes to the intensification of water
evaporation, especially in summer. Given the projected increase in air
temperature, the role of these processes in the hydrological cycle changes will
also increase.

At the same time, the extensive system of water supply lines, the total
length of which reaches 2,485 km in the city, due to its high wear and tear,
forms an additional anthropogenic component of the water balance due to tap
water leaks. According to the estimates, in some cases, the amount of additional
infiltration recharge may exceed the natural recharge by precipitation. The
isotopic composition of groundwater from the maintained sources indicates a
significant contribution of leaks from water supply systems to the recharge of
the first aquifer from the surface in the city of Kharkiv.

Taking into account the projected climate change, in particular, the increase
in air temperature, redistribution of precipitation and high climate risks of
degradation of surface water bodies, it is recommended revising the concepts of
water use in large cities in Ukraine. The rational and economical use of artesian
groundwater, protected from climate threats and anthropogenic pollution, is an
effective adaptation measure that will help to conserve water resources and
ensure the sustainability of urban systems.
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THE PAST KEY RESEARCH INTERNATIONAL PROGRAMS
FOR THE STUDY OF ENVIRONMENT
AND CLIMATE OVER WEST AFRICA

Francis Dide
International Consultant on Aviation Meteorology and African Climate, Benin

During the last three decades, two key international programs have been
implemented in West and Central Africa: The African Monsoon
Multidisciplinary Analysis (AMMA) and DACCIWA: Dynamics-Aerosol-
Chemistry-Cloud interactions in West Africa.

AMMA is very big international research program concerning with the
environment and climate involving hundreds of researchers working in many
countries.This program has a duration from 2001 to 2010 and included an
intensive observational campaign in 2006. AMMA contributed to the design
strategies to determine the variability of atmospheric phenomena, as well as
their duration and intensity, which helped nations to orient their objectives and
social and productive policies to face the onslaught of the nature.

A radiosonde program is a special part of the African Monsoon
Multidisciplinary Analysis international research project. The measurements
were made by instruments called “radiosondes”, balloons-borne sensors which
are released from a network of ground stations and carried from the ground,
through the troposphere and up into the stratosphere, reaching around 25 km
altitude. The data were transmitted to a ground station and then are relayed in
real time to international weather forecasting centers. The radiosonde data were
collected routinely from stations all around the world, including West Africa. It
was a fundamental principle of the AMMA project to invest effort in the
existing operational radiosonde stations in West and Central Africa. Therefore,
this has been a highly collaborative effort involving specialists in Africa,
Europe, and the Americas.

DACCIWA concerns with the study of impact of anthropic emissions in
West Africa on health, ecosystems, food security and regional climate. Over five
years from 2013 to 2018, the DACCIWA project improved understanding of
meteorology and air pollution of West Africa.

A key element of DACCIWA project was a major field campaign in
densely populated southern West Africa in summer 2016, involving three
research aircrafts and a wide range of surface-based instrumentation at three
sites in Ghana, Benin and Nigeria.

DACCIWA produced the most comprehensive observational dataset of the
atmosphere over West Africa to date and this dataset to foster our understanding
of atmospheric processes, and to evaluate dynamical models and satellite data.

It is evident then the importance that these kind of international programs have
on the well-being of the environment and the living beings that inhabit in close
relationship with it.
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TRENDS IN RASPBERRY BREEDING DUE TO CLIMATE CHANGE
Nataliya Dyman, PhD student
Bila Tserkva National Agrarian University, Ukraine

Research on the effects of climate change, rising temperatures, and
increased CO, emissions has focused mainly on the yield and production of row
crops such as rice, wheat, corn, and others. Fruit crops, on the other hand, have
received much less attention. Despite the great economic importance of fruit
worldwide, the physiological characteristics and quality of these crops under
elevated temperatures have been little studied. To a large extent, this applies to
such an important crop for Ukraine as raspberries. Experts predict that the berry
business in our country can be highly profitable if properly organized. This is
confirmed by the experience of Poland, which has similar climatic conditions to
Ukraine, where the yield of berry crops is 7-20 % higher [4]. Raspberry
production in Ukraine is expected to grow due to high prices in recent years and
growing international demand.

The present study was aimed at revealing current trends and developments
in raspberry breeding due to climate change. Throughout the history of scientific
raspberry breeding, which began in the last century, breeding objectives and
directions have changed. In the middle of the XX century, when the main
raspberry plantations were concentrated in small farms of various forms of
ownership, the selection of the best raspberry samples in the breeding process
was carried out in the direction of increasing winter hardiness and productivity.
The spread of industrial raspberry cultivation has necessitated breeding to
increase fruit weight, improve taste and attractiveness of the berry's appearance.
In the XXI century, the suitability of raspberry varieties for intensive cultivation
became a breeding advantage. The selection of varieties and hybrids based on a
set of traits that determined their suitability for mechanized harvesting (bush
habit, plant height, berry density, etc.) has become one of the main tasks of
raspberry breeding and variety study.

Along with rapidly changing weather and climatic conditions that have
accelerated the evolution of plant diseases and pests, growing demands from
producers and consumers, raspberry breeders face new challenges. Today, the
goal of most raspberry breeding programs is to obtain a new cultivar that has
good fruit quality and high productivity, is resistant to the most important pests
and diseases and is well adapted to the conditions where it will be grown [2].

Often, to solve emerging problems, scientists look for new genetic sources
among wild species or create varieties using existing forms. Scientists have
confirmed the independent inheritance of the main economically useful traits
among themselves and proved the possibility of combining their optimal level in
one genotype. There are many varieties with these characteristics in different
regions of the world.
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The help of information technology, molecular genetic approaches to
decision-making, such as genomic selection and the affordable use of molecular
genetic marker technology, make breeding more accurate and enable rapid
adaptation to constantly changing conditions.

Danish researchers have found that when raspberry plants are exposed to
temperatures above their physiological optimum, the regulation of certain genes
is disrupted, leading to changes in plant morphology, anatomy, physiology and
biochemistry, including photosynthesis. Scientists have been studying three
varieties of autumn and four varieties of summer raspberries for two years in a
row in Denmark. Part of the research was conducted in a climate chamber and a
greenhouse, where the temperature was raised from 20 °C to 27, 32, and 37 °C
for seven days during flower formation. A total of 38 genes were identified that
were down-regulated [1].

Examples of recent successful breeding solutions include the creation of
new berry varieties by British specialists from Global Plant Genetics in
collaboration with James Hutton Institute. These are the Skye raspberry variety,
which is suitable for growing in different climatic conditions because it does not
require a long period of low temperatures in winter, and the Glen Mor variety,
which is characterized by no need for a long period of low temperatures in
winter. Glen Mor is the first raspberry variety in the Global Plant Genetics
breeding program to be resistant to root rot. It has excellent quality, keeping
quality, high yield, taste and size [3].

Thus, breeders are working hard to purposefully provide new varieties and
hybrids with improved resistance characteristics, taking into account projected
climate change, to create conditions for the profitability and success of the
farmer in the future. Drought resistance, increased stress tolerance, and a focus
on disease tolerance are the main breeding objectives of today's crops.
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ASSESSMENT OF THE APPLICATION OF PLANT GROWTH
REGULATORS IN MAIZE CULTIVATION FOR GRAIN UNDER
DIFFERENT CLIMATIC SCENARIOS

Mykola Grabovskyi, Doctor of agricultural sciences, professor,
Pavlo Basyuk, PhD student,
Valeriy Zhelezniak, PhD student,
Oleksandr Mandrysh, PhD student,
Ihor Labunskyi, PhD student

Bila Tserkva National Agrarian University, Ukraine

Maize cultivation for grain is a strategically important direction in ensuring
food and energy security in Ukraine. However, in the context of global climate
change, there is an increasing frequency and intensity of stress factors such as
drought, temperature fluctuations, and extreme weather events. These factors
significantly affect the growth, development, and productivity of maize plants,
leading to yield reduction and deterioration of grain quality.

One of the promising approaches to minimising the negative impact of
environmental stress conditions is the application of plant growth regulators. It
is known that growth regulators can activate physiological and biochemical
processes, improve water balance, enhance the synthesis of antioxidant
enzymes, and consequently reduce plant stress levels. However, the
effectiveness of such preparations largely depends on their composition, method
of application, and specific growing conditions.

The aim of the research was to determine the effectiveness of applying
growth regulators in maize cultivation for grain under different climatic
conditions. The research was conducted in 2023-2024 at the experimental field
of Bila Tserkva National Agrarian University following the scheme: Factor A.
Maize hybrids. 1. RAGT Dublikks (FAO 320) 2. RAGT Vinkks (FAO 360) 3.
RAGT Elekks (FAO 370). Factor B. Plant growth regulators. 1. Control (no
growth regulators) 2. Erise (1.0 I/ha) 3. Equilibrium (1.5 I/ha) 4. Kelpak
(2.0 1/ha). The accounting area of the experimental plot was 115.8 m2 The
experiment was conducted in triplicate. The research followed standard
agronomic methodologies. Grain yield was determined by harvesting and
weighing grain from the accounting plot area with subsequent recalculation to
14% moisture content. Statistical data processing was performed using analysis
of variance with the Statistica 12 software package. The significance of
differences between mean values was assessed using Duncan’s test (p<<0.05).

Based on observations, it was found that the study years were characterised
by different weather conditions: 2023 was more favourable for maize growth
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and development, whereas 2024 experienced a significant rainfall deficit
(90.8 mm) and elevated temperatures, negatively affecting soil moisture
availability and maize grain productivity.

In 2023, grain yield in the studied hybrids ranged from 8.45 to 9.03 t/ha.
The highest grain yield that year was recorded for the RAGT Elekks hybrid at
8.95 t/ha. In 2024, under adverse weather conditions, yield was 12.5-26.4%
lower, ranging from 6.94 to 7.70 t/ha. The highest productivity that year was
observed in the RAGT Dublikks hybrid at 7.58 t/ha. On average over two years,
the highest grain productivity was recorded for the RAGT Dublikks hybrid,
ranging from 7.94 to 8.21 t/ha.

Among plant growth regulators, the best grain yield indicators over two
years were obtained using Kelpak (2.0 I/ha) (8.21, 8.11, and 8.08 t/ha),
indicating its higher effectiveness regardless of weather conditions. In the
RAGT Dublikks, RAGT Vinkks, and RAGT Elekks hybrids, grain yields using
Erise (1.0 I/ha) were 8.09, 8.02, and 8.01 t/ha, while for Equilibrium (1,5 I/ha),
they were 8.14, 8.05, and 8,05 t/ha, respectively.

Analysis of climate data from 2023 and 2024 indicates a very strong
relationship between maize grain yield and air temperature and precipitation
during the growing season. Specifically, yield had a strong direct correlation
with precipitation and a strong inverse correlation with air temperature. The
calculated correlation coefficient between precipitation and yield (r=0.96)
indicates an almost complete direct correlation: in a year with higher
precipitation, the highest grain yield was obtained. There was also an inverse
negative correlation (r=—0.94) between average growing season temperature and
grain productivity, where an increase in temperature corresponded to a decrease
in grain yield.

The calculated regression equation for yield—precipitation (y=0,02x+2,95)
indicates that an additional 100 mm of precipitation during the maize growing
season increases yield by 2,02 t/ha, while 1 mm of precipitation increases yield
by 0,02 t/ha. The regression equation for yield—temperature (y=-2,11x+47,36)
shows that an increase in average temperature by 1°C results in a decrease in
maize grain yield by 2,11 t/ha.

For the studied temperature range (18,3-19,0°C), the model describes the
effect of temperature on maize productivity, but outside this range, the linear
dependence may not hold.
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DESIGNING CITIZEN-SCIENCE PROJECT FOR ASSESSING WAR
DAMAGE TO ENVIRONMENT IN UKRAINE

Yurii Hrinchenko, Assistant Prof., Sc.D.,
Odesa I. 1. Mechnikov National University, Ukraine

In a highly specialized area of education, like the environmental sciences, it
is widely recognized to rely on interinstitutional cooperation to support
continuous development of the capacity to secure both quality education and
research excellence. Under different frameworks representing European Union
programs in the field of higher education Odesa I. I. Mechnikov University has
inherited several international projects specifically focused on environmental
issues varying from climate change to war impact on natural preserved areas.
One of the projects is Erasmus+ project “European universities supporting legal
and community capacities for Ukraine’s environmental recovery” (registration
number 2023-1-SE01-KA220-HED-000151848). The project is focused in
fostering cooperation between several Universities from EU and Odesa I. I.
Mechnikov National University for capacity development in a field of public
support and legal provisions for postwar recovery of the environment. The war
along other atrocities caused enormous damage to Ukraine's natural ecosystems.
The project aims to bring policies of more broad civic engagement in assessing
the impact of the war on environment, developing and implementing recovery
policies on a local but also national level. The citizen science approach is a key
method to achieve this level of engagement bridging civic activity and academic
research for the same goal. This approach creates prospects for developing a
proper legal framework for recovery efforts as well as potential trial on
environmental crimes within evidence gathered by nonprofessional civil
activists. This approach will definitely lead to empowering war-affected
communities.

Under GROMADA project several student-driven citizen-science projects
were launched to cover various aspects of civic engagement and testing citizen-
science tools for collecting, analyzing, proofing and communicating
environmental data reflecting the war impact on the environment. One of the
projects under title of “Environment: War Impact on Regional Development in
Terms of SDG”. The outline of the project is to use open data bases for
collecting the data referring to parameters of the sustainable development of the
regions of Ukraine and applying these data to assess the regional performance.

The project consists of several stages, which are designed to develop a
comprehensive approach on data collecting, data analysis and outcomes
assessment. The stages may be presented as following:
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1. Formulating a review question and developing a search strategy based on
explicit inclusion criteria for the identification of eligible studies, identifying the
key concepts to use.

2. Searching for eligible studies using multiple databases and information
sources, including grey literature sources, without any language restrictions, or
applying language restrictions, and noting down the ‘limitations of the study’

3. Selecting studies, extracting data, and assessing risk of bias in a
duplicate manner using two independent reviewers to avoid random or
systematic errors in the process.

4. Analyzing data using quantitative or qualitative methods with a cross-
team interaction and methodological support of project mentors representing
partner universities of the GROMADA project.

5. Interpreting results, revealing the relevance of data, prioritizing different
clusters of data for the purpose of assessing regional development, defining
problem areas and data still required for better quality of conclusions.

Many indicators of sustainable development goals and potential are based
on the government collected data, but in war time it is extremely challenging to
provide the data of the same level of accuracy and relevance as in peacetime.
Thus this data will be in extreme demand for designing efficient policies for
postwar recovery of war-affected communities.

A sustainable development indicator is an indicator (most often
quantitative) that reflects economic, social and environmental development in a
certain region, and has such properties as ease of interpretation, wide scope,
sensitivity to changes, quantitative determination and allows making forecasts
and timely identifying trends. In the absence of effective indicators of
sustainable development, it is impossible to carry out the cycle of the policy-
making process - defining and formulating the goal, implementing and
evaluating the result. Instead, management decisions in the field of sustainable
development are subject to drift of characteristics, unclear expression of
priorities, incoherence of political goals and the lack of possibility of assessing
the characteristics of the development of society from objective criteria.
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ORGANIC PRODUCTION AS ASTRATEGY FOR CLIMATE
CHANGE ADAPTATION

Lesia Karpuk, Doctor of Agricultural Sciences, Liudmyla Ezerkovska,
Andrii Pavlichenko, Vitalina Karaulna, Larysa Filipova,
Oksana Titarenko, Artur Ezerkovskyi,
Nataliia Zaika, PhD, assoc. prof.

Bila Tserkva National Agrarian University, Ukraine

Ukraine has strong traditions in organic production. Despite the ongoing
war, the country has demonstrated accelerated development of the organic
sector, which has allowed it to take a leading position in organic product
exports. However, the implementation of organic production faces challenges
related to improving these technologies in the context of climate change [1].
Organic production has the potential to reduce agriculture's impact on climate
and to adapt to climate change. It is essential to support and develop organic
farming to ensure a sustainable future for our planet.

Through the implementation of organic production, we have the
opportunity to address climate change adaptation challenges. Specifically,
organic production helps reduce greenhouse gas emissions: the use of organic
fertilizers, such as compost and manure, instead of synthetic ones, reduces
nitrous oxide emissions, while crop rotation and cover crops help sequester
carbon in the soil. Resource-saving soil tillage also contributes to carbon
conservation. Moreover, it helps to reduce fossil fuel use by incorporating
renewable energy sources on farms and promoting local product sales to
minimize transportation-related emissions. Adaptation to climate change can be
achieved by cultivating diverse crops that are resistant to drought, heat, and
other extreme weather conditions, using traditional varieties adapted to local
conditions, and retaining soil moisture through organic matter and cover crops.
Organic farming also supports biodiversity by creating and preserving
windbreaks and other natural habitats within organic farming systems [1-4].

The aim of our research was to improve the cultivation technology of
agricultural crops for organic production based on the conservation and
restoration of soil fertility in the conditions of the Right-Bank Forest-Steppe of
Ukraine. The experimental work was conducted in 2021-2024 at the
experimental field of the Educational and Production Center (EPC) of Bila
Tserkva National Agrarian University (BNAU). The experiment compared the
following technologies: the control variant with minimal production costs for
crop cultivation technology, the studied technology, which involved using all

29



Issues of Climate Services in Key Climate-Dependent Areas

possible organic farming techniques (investigating, utilizing, and implementing
auxiliary substances permitted in organic production), and the recommended
intensive technology, which involved the broad application of all necessary
resources to optimally supply crops in the crop rotation with essential life-
supporting factors.

The crop rotation scheme included the following crops: leguminous crops
(chickpeas, lentils, peas), winter or spring cereals, row crops (sunflower), oil-
bearing brassicas (white mustard), leguminous crops (soybean), spring row
crops (grain corn), melon crops (hard-shell pumpkin), and spring crops (millet,
buckwheat). An analysis of agricultural crop yields from our studies in 2021—
2024 showed a clear dependence on the technologies applied. The lowest yields
were recorded in the control variants, where standard agronomic practices were
used. Intensive farming, with the use of modern agrochemicals and
technologies, provided the highest yield increase—exceeding control levels by
25-50%. Under organic production, a positive yield impact of 5.3-30% was
observed compared to basic methods. This growth was attributed to the use of
biopreparations, which improve soil health, stimulate plant development, and
enhance resistance to stress.
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SIMULATION OF RAIN FLOODS OF THE STRYI RIVER
USING ARTIFICIAL NEURAL NETWORK

Borys Khrystiuk, Sc.D., Liudmyla Gorbachova, Prof., Sc.D.
Ukrainian Hydrometeorological Institute, Ukraine

The Stryi River is the largest mountain tributary of the Dniester River.
After heavy rainfall in the Stryi watershed in the warm season of the year, heavy
rain floods occur. In the past, mathematical models and models based on the
regularities of movement of water masses in the river network were used to
simulate the water flow of Stryi River [1-2]. Mathematical models have not
found their practical application, as they require a significant amount of
hydrometeorological data, which are not always available at the time of forecast
modeling. Models based on the regularities of movement of water masses in the
river network require a much smaller amount of hydrometeorological data, but
they do not take into account the forecast of the amount of precipitation for the
nearest period, which reduces the lead time of the water flow forecast according
to these models. Also, the "Rainfall-Runoff” module of the Mike 11 software
complex and the forecast of weather parameters according to the WRF model
were used to simulate rain floods of the Stryi River [3]. The accuracy of
forecasting of the "Rainfall-Runoff" module depends on the accuracy of
forecasting weather parameters.

We used an artificial neural network (ANN) to simulate the water flow of
the Stryi River. In our study we used the data of the observation network of the
Ukrainian Hydrometeorological Center: water discharge of the Stryi River at
water gauge Verkhne Sinyovydne and the amount of precipitation at the
meteorological stations Turka, Stryi and Slavske for May-September 2005-2012
with a time step of 6 hours. Functional relationship between the various input
data and the water discharge of Stryi River at time moment t (Q,) we found by
correlation analysis

Qtz f(Qt-G, Pt-61 Pt-lz, Pt-18, Pt-24) (1)

where Q., — the water discharge of Stryi River at time moment t-6 hours;
Pe, Puoy Pus, P — the average amount of precipitation at the meteorological
stations Turka, Stryi and Slavske at time moment t-6, ...., £-24 hours.

Input layer of ANN model have five nodes (fig. 1). The number of hidden
layer nodes was determined by optimization. Calculations were performed in
RStudio (version 2024.12.0 Build 467) using the nnet package [4].
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Fig. 1. Architecture of ANN model used in the study.

The database was split into two, for training and testing. The results of
modeling the training and test samples were evaluated according to three
statistical indicators: RMSE (root mean square error), Nash—Sutcliffe efficiency
(NSE) and coefficient of determination (R?).

The ANN model has better results compared to the classic linear multiple
regression (CLMR) because the ANN model can take into account nonlinearity
of the system due to parallelism of its architecture (tabl.1).

Table 1. Statistical indices of ANN and CMLR models

Model Training set Testing set
RMSE, (m¥/c) | NSE, (%) | R: | RMSE, (m¥/c) | NSE, (%) | R:
ANN 20,1 91,6 0,92 21,1 92,5 0,93
CMLR 29,8 81,5 0,82 25,2 89,4 0,89
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ASSESSMENT OF THE BIOCLIMATIC POTENTIAL OF THE
DNIPROPETROVSK REGION IN THE CONDITIONS
CLIMATE CHANGE

Nataliia Kyrnasivska, PhD, Associate Professor
Odesa I. I. Mechnikov National University, Ukraine

A new mandatory aspect of the development of adaptive intensification in
agriculture is the consideration of the rapid changes in the Earth's climate. The
main condition for the successful cultivation of a particular crop is the
availability of agro-climatic resources that ensure its growth, development, and
product formation under natural conditions [1]. In this regard, the assessment of
the bioclimatic potential (BCP) of territories under climate change conditions
represents both a theoretical and practical interest. The bioclimatic potential of
the climate is one of the few types of practically inexhaustible natural resources
that are constantly renewed, available for human use, and do not worsen the
ecological situation during exploitation.

In this study, based on the results of the World Climate Research
Programme, a set of climate change scenarios was used, namely the
Representative Concentration Pathways (RCP 4.5 and 8.5). This allowed for the
assessment of the biological productivity of the region's arable land under
climate change conditions and a comparison with long-term agro-climatic data
published in the Agro-climatic Handbook of the Dnipropetrovsk Region (1986—
2015) — the baseline period [2].

The evaluation scores of the bioclimatic potential of the region's territory
were determined using the algorithm for calculating the biological productivity
of land based on the D.l. Shashko model (1985) for open, flat areas under
natural and optimal moisture conditions.

The obtained values of the bioclimatic potential in the "baseline period”
characterize the average and moderately high conditions of biological
productivity of the region's climate. Under optimal moisture conditions, the
bioclimatic potential increases, indicating higher biological productivity of the
climate. To improve climate conditions for agricultural production, periodic
irrigation is recommended as a reclamation measure.

To assess changes in the bioclimatic potential, the baseline period and
calculated periods for the RCP4.5 and RCP8.5 scenarios were analyzed. It was
established that under the implementation of the RCP scenario family, a
decrease in bioclimatic potential in the Dnipropetrovsk region will be observed
in both cases. A clear trend towards a decrease in precipitation compared to the
"baseline” period is evident at all stations, especially in the warm season (30-
40% below normal), which will lead to a reduction in moisture indicators (GTC,
Md, Ke) and an intensification of arid conditions in the area. The dates for the
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beginning and end of the warm period will also change, resulting in a shorter
duration. Accordingly, the temperature sum for the warm period will decrease
by 4-5% under the RCP 4.5 scenario and by 1-1.5% under the RCP 8.5 scenario
compared to the baseline period of 1986-2015.

As a result, by 2050, under the implementation of the RCP4.5 scenario,
BCP will decrease by 9-18% compared to the baseline period, which
corresponds to reduced biological productivity of the climate. Under optimal
moisture conditions, the decrease will be 8 points. Under these conditions,
periodic irrigation is recommended to improve agricultural production (Table 1).

Under the RCP8.5 scenario, the BCP will decrease by 17-34%, to 93-122
points, which characterizes conditions of reduced or very low biological
productivity of the climate. Under optimal moisture conditions, the bioclimatic
potential also decreases by 1-2 points, totaling 165-172 points, which
characterizes conditions of increased biological productivity of the climate and
is close to the conditions of the "baseline” period. To improve agricultural
production, periodic irrigation is recommended (Table 1).

Table 1. Comparative assessment of bioclimatic potential indicators under
the implementation of the RCP scenario family

Station Bioclimatic Potential Bioclimatic Potential
"Baseline” | under RCP | deviation | "Baseline™ | under RCP | deviation

period 4.5 in % period 8.5 in %

Hubynykha 143 122 -21 143 122 -21

Dnipro 145 119 -26 145 119 -26

Loshkarivka 131 110 -21 131 114 -17

Synelnykove 127 115 -12 127 93 -34
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LOW-CARBON SOLUTIONS FOR KEY SECTORS OF THE
UKRAINIAN ECONOMY: CLIMATE CHANGE MITIGATION
STRATEGIES

Yurii Kovalenko, PhD, Olena Drozd, PhD, Olga Khandogina, PhD
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

For Ukraine, as a country with ambitious plans to integrate into the
European Union and EU’s climate initiatives, the introduction of low-carbon
technologies is becoming not only an environmental but also an economic
imperative.

Global anthropogenic greenhouse gas emissions reached about 59 Gt of
CO, equivalent in 2019. Their sectoral distribution shows that power generation
is the largest source of emissions (approximately 75.7%). Other major sectors
include: agriculture — 11.7%; industries — 6.5%; waste management — 3.4%; land
use and forestry — 2.7%. According to the National Inventory of Anthropogenic
Emissions, the structure of emissions in Ukraine shows certain differences from
global trends, but also demonstrates the dominance of the power engineering
sector: fuel combustion — 63.9%; industries — 18.0%; agriculture — 14.4%; waste
management — 3.7%.

In 2021, Ukraine's total emissions amounted to 313.5 million tons of CO.-
eq. including sequestration by forests (or 327.7 million tons of CO.-eq.
excluding sequestration). According to the State Statistics Service of Ukraine,
CO, accounts for 91% and CH, — for 9% of the contribution to global warming
from stationary sources.

Transitioning to a low-carbon economy is a necessity path to reduce
greenhouse gas emissions, improve energy efficiency, and adapt key industries
to new environmental challenges.

Ukraine has significant potential for decarbonizing its power engineering
sector by expanding the use of renewable energy sources. The average cost of
solar electricity as of 2023 is ~$0.044/kWh, and solar power plants have become
one of the cheapest sources of alternative electricity. In Ukraine, it is advisable
to develop both industrial solar power plants and rooftop systems for
households. Wind energy has a high potential in Ukraine, largely in the coastal
areas. Modern installations demonstrate high efficiency with a utilization rate of
25-40% on land and 40-50% offshore. Bioenergy is a promising source for
Ukraine with its developed agricultural sector. The use of agricultural waste
such as straw and husks to produce heat and electricity can significantly reduce
the carbon footprint of the energy sector. The implementation of modern energy
storage technologies, development of distributed generation and modernization
of power grids will reduce dependence on fossil fuels and CO, emissions, as
well.
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Another effective solution would be to increase the efficiency of traditional
power plants by introducing supercritical and ultra-supercritical boilers (at coal-
fired power plants), which would increase their efficiency to 42-47% compared
to the traditional 30-35%. Also promising is the development of high-efficiency
combined-cycle plants with an efficiency of 55-62%, which ensures a significant
reduction in both fuel consumption and emissions. In addition to equipment
modernization, an effective way to decarbonize the power generation sector is to
convert coal-fired power plants to biomass co-combustion. This approach
reduces the carbon footprint without the need to completely dismantle existing
power supply facilities.

Hydrogen technologies open up new opportunities for decarbonization. The
production of green hydrogen through electrolysis and its use in heavy industry
and transportation creates carbon-free fuel cycles. Hydrogen can also balance
the power system, compensating for the instability of renewable energy sources.

The industry in Ukraine requires modernization in order to reduce
emissions. In metallurgy, the use of hydrogen for iron reduction, powering
electric arc furnaces with green electricity, and introducing carbon capture
technologies are promising pathways. The cement industry can reduce emissions
by replacing some clinker with low-carbon materials and using alternative fuels.
In the chemicals industry, important solutions include green hydrogen-based
ammonia production, catalytic N,O reduction, and CO, capture for producing
plastics and synthetic fuels.

The agricultural sector also plays an important role in reducing greenhouse
gas emissions. In crop production, one of the main areas of focus is precision
farming, which optimizes the use of fertilizers and reduces nitrogen losses. The
use of cover crops, which absorb carbon and prevent the formation of N,O, helps
to reduce emissions. An important step is the development of agroforestry,
which can increase carbon sequestration by introducing trees into croplands. In
livestock farming, it is necessary to optimize livestock diets to reduce methane
emissions and introduce biogas plants for manure utilization with energy
production.

To effectively reduce greenhouse gas emissions in Ukraine, a
comprehensive approach is needed, including decarbonization of industrial
processes, modernization of the energy system, and transformation of
agriculture. The introduction of innovative technologies, economic mechanisms,
and sustainable development strategies will allow the country to achieve its
climate goals, increase energy independence, and reduce its overall
environmental footprint.
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PVC PROFILES RECYCLING TECHNOLOGIES AS PART OF THE
EUROPEAN SUSTAINABILITY CONCEPT

Sergii Kozhevnikov, post-graduate student, Yuliia Bereznytska, k.t.s
Kyiv National University of Construction and Architecture, Ukraine

Sustainable development in Europe is a core principle that aims to balance
economic growth, environmental protection, and social well-being. It is guided
by the notion that economic activities should not come at the expense of future
generations, but instead promote environmental stewardship and social equity.
This concept has been widely integrated into European policy frameworks,
including the European Green Deal, which seeks to transform the EU into a
climate-neutral economy by 2050. In this context, sustainability is not just about
reducing carbon footprints, but also about fostering circular economy practices,
ensuring that resources are used efficiently and waste is minimized.

One key aspect of sustainable development is the circular economy, which
aims to close the loop of product life cycles through recycling, reuse, and
refurbishment. The building and construction sector, a significant contributor to
waste and resource consumption, has increasingly focused on sustainable
practices, particularly in materials like PVC (polyvinyl chloride). PVC is
commonly used in the production of window profiles due to its durability, low
maintenance, and energy efficiency. However, its environmental impact is a
concern, especially when it comes to waste management at the end of a
product’s life cycle.

PVC window profile recycling plays a crucial role in minimizing the
environmental impact of PVC in construction. When PVC windows reach the
end of their life cycle, they can be recycled into new products, reducing the need
for virgin material extraction and decreasing the volume of waste that ends up in
landfills. This recycling process typically involves the collection of old window
profiles, which are then cleaned, shredded, and processed to remove any non-
PVC elements. The resulting material can be reused in the manufacturing of new
PVC products, contributing to a more sustainable building sector. Through such
recycling initiatives, the environmental footprint of PVC is significantly
reduced.

In Europe, several regulations and initiatives encourage the recycling of
PVC, aligning with broader sustainability goals. For example, the EU Waste
Framework Directive promotes recycling targets and sets standards for product
design, ensuring that materials are easier to recycle. Additionally, various
industry collaborations and recycling schemes, such as the VinylPlus program,
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have been established to improve the recycling rate of PVC materials, including
window profiles. These initiatives help address the challenges of PVC waste,
encourage innovation in recycling technologies, and create a market for recycled
materials, further advancing the European commitment to sustainable
development.

By embracing the recycling of PVC window profiles, Europe demonstrates
a practical approach to sustainable development. It shows how industries can
integrate circular economy principles into their operations, reduce their
environmental impact, and contribute to a more sustainable future. The
continued improvement of recycling technologies and policies will further
enhance the efficiency of these processes, promoting sustainability not only in
the construction sector but across the economy as a whole.

PVC use in different applications in the EU
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Fig. 1. PVC use in different applications in the EU.

Globally, the recycling of PVC window profiles is still in the early stages
compared to other materials like aluminum or glass, but it is steadily gaining
momentum, particularly in Europe. According to VinylPlus, a voluntary
sustainability program for the PVC industry, over 813,266 tonnes of PVVC were
recycled in 2022 across Europe, with a significant portion of this being from
building and construction materials, including window profiles.

38



The Second International Conference on Climate Services, April 16-18, 2025, Odesa, Ukraine

However, recycling rates for PVC window profiles vary widely by region,
with Europe leading the charge due to stricter regulations and more established
recycling systems. In other parts of the world, like North America and Asia, the
recycling of PVC windows is less prevalent, largely due to insufficient
infrastructure, lower public awareness, and limited regulations that encourage
the reuse of materials.

Table 1. Global statistics of polyvinyl chloride

Global statistics of PVC recycling [2, 6]*.

2022, tons | 2023, tons
PVC waste 813266 | 737645
PVC window profiles | 408151 | 391093

Despite the challenges, global efforts to improve PVC window profile
recycling are growing, driven by the push for a circular economy and
sustainability goals. Initiatives such as the VinylPlus program aim to increase
the global PVC recycling rate, targeting the recycling of at least 1 million tonnes
of PVC by 2025. Additionally, technological advancements in the recycling of
mixed plastics, including PVC, are opening up new possibilities for scaling up
recycling efforts globally, reducing landfill waste, and conserving natural
resources.
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CLIMATE ASPECTS OF ESG STANDARDS
IN THE CONSTRUCTION SECTOR OF UKRAINE

Tetiana Kryvomaz, prof., Artem Tsyba, Roman Hamotskyi, PhD students

Kyiv National University of Construction and Architecture, Ukraine

The Ministry of Finance of Ukraine has published a draft of amendments to
the Law of Ukraine “On Accounting and Financial Reporting in Ukraine”,
which is related to the introduction of the European Sustainability Reporting
Standards (ESRS). If these amendments are approved, then from 2026 large
enterprises with an average number of employees of more than 500 people will
have to report on environmental, social and governance (ESG) aspects of their
business activities, and in subsequent years, medium and small companies
should join the reporting.

In the construction sector, ESG factors are crucial for determining the
overall value and potential of a real estate object, which helps investors receive
more information for decision-making and risk assessment. The use of (ESG)
indicators ensures transparency, objectivity and measurability of company
performance.

The first disclosure requirement in ESRS is about climate change affects in
terms of material positive and negative actual and potential impacts. It is help to
understand the financial effects on the undertaking over the short-, medium- and
long-term time horizons of risks and opportunities arising from the
undertaking’s impacts and dependencies on climate change.

ESRS El1 "Climate change" shows the nature, type and extent of the
undertaking’s material risks and opportunities arising from the undertaking’s
impacts and dependencies on climate change, and how the undertaking manages
them. The information shall include an explanation of the decarbonisation levers
identified, and key actions planned, including changes in the undertaking’s
product and service portfolio and its adoption of new technologies. The
undertaking shall describe the process to identify and assess climate-related
impacts, risks and opportunities. When disclosing the information required, the
undertaking shall explain how it has used climate-related scenario analysis to
inform the identification and assessment of physical and transition risks and
opportunities over the short-, medium- and long-term time horizons. The
undertaking shall indicate whether and how its policies address the following
areas: climate change mitigation, climate change adaptation, energy efficiency,
renewable energy deployment, and other.

In the ESG report, the company analyzes climate-related transition risks are
risks that arise from the transition to a low-carbon and climate-resilient
economy. They typically include policy risks, legal risks, technology risks,
market risks and reputational risks, that can arise from related transition events.
Climate-related opportunities refer to the potential positive effects related to
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climate change on the undertaking. Efforts to mitigate and adapt to climate
change can produce opportunities for undertakings, such as through resource
efficiency and cost savings, the adoption and utilisation of low-emissions energy
sources, the development of new products and services, and building resilience
along the supply chain. Climate-related opportunities will vary depending on the
region, market, and industry where the undertaking operates.

The most difficulties with ESRS standards arise when calculating
emissions for Scope 1 (direct GHG emissions from sources owned or controlled
by the undertaking), Scope 2 (indirect GHG emissions from the generation of
purchased or acquired electricity, steam, heat, or cooling consumed by the
undertaking) and Scope 3 (indirect GHG emissions that occur in the value chain
of the reporting company, including both upstream and downstream emissions).
Scope 3 GHG emissions are considered as estimated emissions in comparison
with Scope 1 and 2 as their calculation is based on a combination of methods and
primary and secondary data ranging from precise figures (supplier-specific or sites-
specific methods) to extrapolated figures (average-data or spend-based methods).

Emission reductions may result from energy efficiency, electrification,
suppliers' decarbonisation, electricity mix decarbonisation, sustainable products
development or changes in reporting boundaries or activities (e.g., outsourcing,
reduced capacities.), provided they are achieved within the undertaking's own
operation and value chain. Among climate-related transition events next
directions are distinguished: policy and legal, technology, market, reputation.
Political and legislative changes may cause increasing pricing of GHG
emissions, enhanced emissions-reporting obligations, mandates on and
regulation of existing products, production processes and services.
Technological development contributes to investment in new technologies with
substitution of existing products and services with lower emissions options.
Market development provides changing customer behaviour in conditions
uncertainty in market signals and increased cost of raw materials. The
company's reputation affect by shifts in consumer preferences, stigmatization of
sector, increased stakeholder concern and their negative feedback.

Meanwhile, the European Commission plans to postpone the main set of
requirements of the Sustainable Reporting Directives until 2030, as there is
currently no consensus among member states. Against this background, Ukraine
can become a flagship of sustainable reporting, because the war convinced us of
the importance of tracking supply chains. ESG reporting for Ukraine during the
war is a matter of survival. The new legislative initiative brings Ukraine's
European integration closer and promotes the development of companies.
Businesses that demonstrate specific commitments to sustainable development
will become undisputed leaders in their industries in the next 30 years and will
gain access to investment capital. On the other hand, companies that do not take
care of compliance with international standards in a timely manner risk losing
their business in the medium term.
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A WEB-BASED SYSTEM FOR ENHANCING
AGROMETEOROLOGICAL DECISION-MAKING IN THE FACE
OF CLIMATE CHANGE

Oleksandr Kryvoshein, PhD, Kryvobok Oleksii, PhD
Ukrainian Hydrometeorological Institute, Ukraine

In the face of climate change, agricultural systems must adapt to rapidly
changing environmental conditions to ensure food security. Agrometeorologists
play a crucial role in monitoring and managing agricultural productivity, but the
increasing complexity of climate patterns demands more advanced tools. To
support their work, we developed a web-based system (Fig.1) designed to assist
agrometeorologists in monitoring weather conditions at various scales, from
regional to district and grid levels. This tool offers a comprehensive solution to
enhance decision-making processes that are essential for agricultural
management in a changing climate. The main principles of this web-based
system are described in article [1]

CGMS-CA » @

Fig. 1. A visual of the system’s user interface, showing weather data integration results.

One of the key features of the system is its integration of the WOFOST
(World Food Studies) crop growth model, which simulates the total above-
ground biomass of major crops, such as winter wheat and maize. By using
weather data and this model, the system can generate high-accuracy predictions
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regarding crop development, providing users with valuable insights for
optimizing sowing times, estimating yield potential, and determining critical
growth stages.

The system’s ability to simulate crop growth at multiple scales allows
agrometeorologists to analyze local variations in climate and soil conditions,
improving the precision of their predictions. For example, it can identify the
optimal sowing date for different regions based on weather data, which helps
minimize risks associated with late or early planting. Additionally, the model
can detect the key phenological stages of crop development, such as flowering
or maturity, and monitor the growth process in near real-time. These insights are
critical for making data-driven decisions that enhance crop yields and contribute
to food security.

Furthermore, the system incorporates advanced forecasting tools that
provide high-accuracy predictions at the administrative level, offering detailed
insights that can be applied to larger-scale agricultural policy and management.
This enables local authorities to make informed decisions about irrigation
schedules, pest management, and crop rotation strategies, thereby optimizing
resource use and ensuring that food production is resilient to climate variability.

The integration of this system into climate services represents a significant
step forward in the application of science and technology in agriculture. By
providing accurate, localized data, this tool enhances the ability of
agrometeorologists to respond to climate challenges, improving the resilience of
agricultural systems to extreme weather events. The system's ability to simulate
and predict crop growth based on dynamic climate and weather data directly
contributes to the broader goal of ensuring food security in the face of climate
change. Furthermore, its web-based architecture makes it an accessible and
scalable tool for use by a wide range of stakeholders, from small-scale farmers
to governmental bodies responsible for food policy and disaster response.

Ultimately, this system is a vital resource for improving agricultural
productivity in the face of climate variability. By providing actionable, science-
based insights, it not only supports agrometeorologists in their day-to-day work
but also contributes to long-term agricultural sustainability and food security.
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CLIMATE CHANGE IN TRANSCARPATHIA:
IMPACT, CHALLENGES, AND ADAPTATION

Oksana Kuklyshyn'?, 1=year PhD student
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*Transcarpathian Regional Center for Hydrometeorology

Climate change significantly affects the Transcarpathian region, impacting
forestry, tourism, agriculture, water resources, and energy security. Rising
temperatures, shifting precipitation patterns, and extreme weather events create
new challenges for the region’s economy and environment. This study analyses
key climate trends, such as increased average annual temperature, reduced snow
cover, and changing vegetation cycles. It also explores the main issues in
climate services, including insufficient meteorological monitoring and outdated
forecasting technologies. To mitigate these challenges, the paper proposes
solutions such as expanding the meteorological network, implementing
automated monitoring systems, and integrating Al-based climate forecasting.
Enhancing climate literacy and incorporating climate adaptation strategies into
regional development plans are crucial for sustainable economic growth and
environmental resilience in Transcarpathia.

Introduction. Transcarpathia is a region of Ukraine with unique natural
conditions, making its economy highly dependent on climatic factors. Especially
agriculture, which is the most vulnerable to climate change. This in turn affects
the food security of the region, which is the most land-poor in Ukraine. The
mountainous terrain influences climatic processes, leading to vertical climatic
zoning. Effective climate service plays a crucial role in ensuring the sustainable
development of climate-dependent sectors of the economy.

Impact of Climate Change

Forestry — increased vulnerability of forests to pests, higher risk of
wildfires.

Tourism — seasonal shifts, reduction of snow cover, increased frequency of
extreme weather events.

Energy Sector — decreased river water levels affecting small hydroelectric
power plants.

Water Resources — changes in water balance, water shortages, and more
frequent droughts.

Agriculture — change in wintering conditions, the duration of interphase
periods is reduced, changes in crop vegetation, the need for irrigation in the
lowland areas of the region.

Key Climate Trends
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« Increase in the average annual temperature by 0.7-1.0°C. Due to the rise
in average summer air temperature, the number of hot days has increased
compared to previous climate norms. A significant increase in the number of hot
days began in the 1990s (Fig. 1).
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Fig. 1. The number of days with maximum air temperatures of 30°C and above

« As temperatures rise, the probability of spring frosts increases.
« Reduction in the number of days with snow cover.
« More frequent droughts and extreme weather conditions. The decrease in
annual precipitation occurred mainly due to the summer months.
Problems of Climate Services
« Insufficient number of meteorological stations.
. Outdated observation equipment.
 Low awareness among farmers about adaptation measures.
. Limited use of modern forecasting technologies.
Ways to Improve
1. Expanding the meteorological station network and implementing
automated observations.
2. Utilizing big data and artificial intelligence for climate forecasting.
3. Educational programs for entrepreneurs and farmers on adaptation
strategies.
4. Integrating climate forecasts into regional development programs.
Conclusions. According to climatologists, the coming decades will bring a
steady increase in the intensity and frequency of extreme weather events.
Therefore, timely assessment of extreme climate phenomena and climate change
trends is crucial. Planning economic activities and making management
decisions should focus not only on average indicators but primarily on extreme
values to mitigate consequences and minimize losses as early as possible. As a
region highly dependent on natural conditions, Tra