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This document and the information contained in it is subject to applicable copyright and other intellectual
property rights under the laws of the Czech Republic and other states. This document and information
contained in this document may be excerpted, copied, printed, republished, made available to the public by
wire or wireless means and/or otherwise provided to third parties only under the condition that the source
and copyright owner is clearly stated as follows: “Source: Copernicus-enabled assessment of impact of war
on Ukrainian agriculture — White Paper ©EU Agency for the Space Programme”. If you do republish we
would be grateful if you link back to the EUSPA website https://www.euspa.europa.eu/. No part of this
document, including any part of the information contained therein, in whichever format, whether digital or
otherwise, may be altered, edited or changed without prior express and written permission of the EU Agency
for the Space Programme, to be requested via https://www.euspa.europa.eu/about/contact, clearly stating
the element (document and/or information) and term of use requested. For reproduction or use of photos
and any other artistic material, permission may have to be directly obtained from the copyright holder.

The designations employed, the representation of the materials and the views expressed by authors, editors,
or expert groups, other EU agencies and/or their staff members or other third parties, do not necessarily
represent the opinions or the stated policy of either EUSPA or the European Union. The mention of specific
companies or of certain manufacturers’ products does not imply that they are endorsed or recommended by
EUSPA in preference to others of a similar nature that are not mentioned. Errors and omissions excepted,
the names of proprietary products and copyright holders are distinguished by initial capital letters.

The present document is being distributed without warranty of any kind, either express or implied in relation
to its content and/or use. To the extent permitted by the applicable law, EUSPA shall not be liable for any
damages arising from the content and use of the present document.

Should you become aware of any breach of the above terms of use, please notify the EU Agency for the
Space Programme immediately, through the above-mentioned contact site.

Any breach of these terms of use may be subject to legal proceedings, seeking monetary damages and/or
an injunction to stop the unlawful use of the document and/or any information contained therein.

By downloading, forwarding, and/or copying this document or any parts thereof, in whichever format,
whether digital or otherwise, the user acknowledges and accepts the above terms of use as applicable to
him/her.

Cover image: False colour image of agricultural areas in Southern Ukraine. Contains modified Copernicus Sentinel data
(2020), processed by EUSPA.

Copernicus-enabled assessment of the impact of war on Ukrainian agriculture — EUSPA white paper i



DOCUMENT CHANGE RECORD

First version of the document 1 0 December 2023

Copernicus-enabled assessment of the impact of war on Ukrainian agriculture — EUSPA white paper ii



EXECUTIVE SUMMARY

The European Union (EU) Agency for the Space Programme (EUSPA) launched the EUSpace4Ukraine
initiative in April 2022 in response to the war in Ukraine. The objective is to support innovation and uptake
of EU Space Programme solutions by humanitarian aid actors working in Ukraine, with this white paper
on Copernicus enabled impact assessment as one of three demonstrators within the initiative.

As part of the EU Space Programme, the Copernicus Programme is based upon the EU Sentinels and third
party Earth Observation (EO) satellites, in-situ (non-space based) data, and data-derived products available
via the Copernicus Services. EO data in general and Copernicus in particular can be utilised for a variety
of use cases across many different market segments, including agriculture.

Ukraine is one of the world’s top agricultural producers, with ca. 30% of the global production of
sunflower oil, meal and seeds, for example. Among rural households, 49% of the food supply comes from
own production, indicating the importance of agriculture also domestically. Agricultural activities have
been disrupted in many regions due to the war, including access to agricultural labour and operational
materials, damaged or destroyed assets and changes to demand and trade opportunities.

In order to quantify the effects of disruptions, Sentinel data was used to estimate cropland extent prior to
and during the intensification of the war (2022). The total cropland area in 2022 compared to the 2017-
2021 mean across all crops decreased by ~7% (nearly 2 million ha), while the most affected crops (wheat
/ barley, sunflower and corn) experienced up to ~13% drop in cropland extent. Spatial correlations of
decrease in cropland extent with areas of war indicate a potential direct causation.

However, additional smaller variations and a lack of correlation for some less important crops suggest that
other factors are at play too. These may be linked to indirect effects of the war on people and economy
(including an estimated €37 Bn in damages and losses linked to agricultural activities from 2022-2023 that
has been derived from EO and other insights), as well as weather and other variables.

Copernicus can yield insights in terms of the war in Ukraine that reach beyond agriculture, including air
quality analyses and damage mapping. Furthermore, innovative European service & infrastructure
providers provide value add by building capabilities and services that facilitate end-user uptake. Such
end-users include NGOs and humanitarian organisations that can benefit from the insights, such as for
demining operations, analysing food security, and much more.

Current and future EU EO capabilities can thus have a lasting impact on ensuring the safety of people
in Ukraine and further afield, facilitate implementation of strategies to alleviate the impacts of the war, and
pave a path towards rebuilding people’s lives and supporting economic recovery.

Acknowledgements: This white paper and accompanying StoryMap have been produced in the framework
of the EUSpace4Ukraine initiative ran by EUSPA. Several entities have significantly contributed to their
development. We gratefully thank the following individuals / entities and acknowledge their contributions:

e Prof. Nataliia Kussul (National Technical University of Ukraine ‘Igor Sikorsky Kyiv Polytechnic
Institute’) and her team for providing data, technical insights and text contributions.

e Guido Lemoine from the European Commission’s Joint Research Centre for his feedback on the
analysis and report.

e The World Bank and Joint Research Centre for contributing to Prof. Kussul's impact analysis by
providing methodology such as econometric analyses.

e Horizon 2020, the National Research Foundation of Ukraine, and the Alexander von Humboldt
Foundation for providing financial support to fund Prof. Kussul's research in general and linked
projects, as well as providing stipends/salaries for Prof. Kussul and her team.

e CloudFerro S.A., EarthDaily Analytics, ICEYE, ITF Enhancing Human Security, Kermap & Vista
Geowissenschaftliche Fernerkundung GmbH for technical insights, figures, data and review.
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KOPOTKMW MIACYMOK

AreHtctBo €EBponeincbkoro Cotosy (EC) 3 KocMmiuHoi [Mporpamm (EUSPA) 3anyctuno iHidiatusy
EUSpace4Ukraine y kBiTHi 2022 poKy y BianoBiab Ha BilHY B YKpaiHi. MeToto uiel nybnikauii npo ouiHKy
BM/INBY BilMlHM Ha Ci/IbCbKOrOCNoOapCbKnii cekTop 3a gonomoroto nporpamm Copernicus, K 0QHOT0 i3 TPbOX
OEMOHCTPATopIiB Y paMKax iHiliaTUBKY, € NigTPMMKaA Ta BrnpoBaaXKeHHA iHHoBaui KocMivHoi MNMporpamun
€C pna ryMaHiTapHOro ceKtopy, npautor4oro B YKpaiHi.

Y pamkax KocMmiuHoi lNMporpamn €C, [Nporpama Copernicus 6a3yeTbc Ha CynyTHUKax €BPONencbKoro
Cotozy Sentinel, cynyTHMKaxX TPeTbOi CTOPOHM ANA CNOCTEPEXKeHHs 3a 3eMneto, gaHux in situ (oTpUuMaHnx
He 3 KOCMOCY) Ta MPOAYKTax Ha OCHOBI AaHMX, ocTynHux Yyepes Cny»xkbu Copernicus. [laHi cnocTepe)XeHHs
3a 3emneto 3aranom, i Copernicus 30KpemMa, MOXKHa BUKOPUCTOBYBaTU B 6araTbox BMNagKax B Pi3HUX
CcerMeHTax PUHKY, BKOYaloun CilbCbKe rocrnopapcTso.

YKpaiHa € ogHMM 3 HanbinblMX BUPOBGHUKIB CifibCbKOrocrnoaapcbKoi NpoaykKuii y cBiTi, 3 Npnb/nsHo
30% rnobanbHOro BUPOBHULITBA COHALIHWKOBOI ONii, XOMY Ta HaciHHA, Hanpuknagn. Cepen CinbCbKMX
rocnogapcts, 49% npoaoBo/bYOro NocravyaHHA 3abe3nevyeTbca BNaCHUM BUPOOHULITBOM, WO CBIiAYNTb
MPo BaXkNMBICTb Ci/IbCbKOrO FOCMNO4APCTBA TaKOXK B Mexkax KpaiHu. CinbcbKorocrnopapcbKi OifasibHOCTI
6ynn nopylweHi B 6araTbox perioHax 4epes BillHy, BK/OYalO4YM OOCTYN OO0 Ci/lbCbKOrocnogapcbKoi
po6oyoi cunmn Ta MaTepianis, NowKooKeHi abo 3pyMHOBaHI aKTMBM Ta 3MiHM B MOMNWUTI Ta TOProBesbHUX
MOXX/TMBOCTSIX.

[na ouiHKM HacniaKiB NoOpYyLLEHb CiNlbCbKOroCnoaapCcbKoi AisnbHOCTI 6ynn BUKopUcTaHi gaHi Sentinel ona
BM3HAYEHHS MNJIOLLi CiTbCbKOrOCNOAaPCbKMX YTigb A0 Ta Mif Yac iHTeHcngikauii BinHM (2022 pik). 3aranbHa
nJowa cinbcbKorocnogapcbkux yrigb 'y 2022 poui, nopiBHAHO 3 cepeHiM 3HaueHHaM 2017-2021 pokis
ONA BCiX KyNbTyp, 3MeHLWwuIaca Ha npnbnusHo 7% (Man>ke 2 MAH ra), Toai K Halbinble noctpaxkgani
KynbTypu  (MweHuus /  A4YMiHb, COHAWHWMK Ta  KyKypyAs3a) 3asHajiM  3MEHLWEHHA Mol
CiNlbCbKOroCnoapcbKnx yrigb no 13%. MpocTopoBa Kopensauia 3MEeHLUEHHA nJoLwi
CinlbCbKOrocnogapcbKMUX yrigb 3 o06nacTaMU BiliHM CBiQUMTbL NPO MNOTEHUiHY NpPAMY MPUYUHHO-
HacNigKOBY 3aNMeXXHiCTb.

OpHak gofaTKoBi He3HaudHi Bapiauii Ta BiOCYTHICTb Kopensauii ana AesaKnx MeHLW BaXkK/IMBUX KyJbTyp
CBig4aTb Mpo Te, WO W iHWIi daKTopn MatoTb BNAuB. Lle Mo)ke 6yTn noB'A3aHO 3 HEMPAMUMU HacC/igKaMu
BilHX Ha NOJeN Ta eKOHOMIKY (Y TOMY YMChi OUiHEHUMM 30UTKaMK Ta BTpaTaMuM y po3Mipi 37 MNpa €BpoO,
MoB'A3aHMMU 3 CilbCbKorocnogapcbkoto gianbHicTio 3 2022 no 2023 pik, aKi 6ynm oTpMMaHi Ha OCHOBI
OaHNX KOCMIYHOIO CMOCTEPEXKEHHSA Ta iHWMX AAaHMUX), @ TAKOXK NMOrogHMX YMOB Ta iHWNX haKTopiB.

Copernicus Tako»X MoXXe HagaBaTu iHhopMaLito, NoB'A3aHy 3 BiliHOW B YKpaiHi, AKa BUXOOUTb 32 PaMKu
CilbCbKOro rocnogapcrBa, BK/OYAOUM aHasli3 AKOCTIi NOBITPA Ta KapTorpadyBaHHS NoWKomKeHb. KpiM
Toro, iHHoBaUiliHi €BponencbKi MocTavYaNbHUKU MOCAYr Ta iH(PACTPYKTYPU CTBOPHOOTb A0OaHY
BapTiCTb, PO3BMBAaOUYU MOXK/IMBOCTI Ta NOC/AYrMU, SfIKi MONErwylTb iX BUKOPUCTAHHSA KiHUEBUMU
KopucTtyBadaMu. [1o TakMX KiHLEBUX KOPUCTYBaYiB HanexxaTb FIPOMaAcCcbKi Ta ryMaHiTapHi opraHisauii, aki
MOX>XYTb OTPMMaTu BUrogy Big OTPMMaHUX OaHUX, HaNpuWKNag, aAna onepawin 3 po3MiHyBaHHSA, aHanisy
npoaoBosibYoi 6e3nekun Ta baraTo iHWoro.

TaknMM 4YMHOM, HUHIWHI i ManbyTHI MoxxnuBocTi €EC 3i cnocTtepe)XeHHs 3a 3eM/iel0 MOXXYTb MaTu
TpuBanui BNNMB Ha 3abe3neyvyeHHsa 6e3nekn nogei B YKpaiHi i 3a il MexxaMu, cnpmsaT BNpoBaaXKeHHo
cTpaTerii, cNpAMOBaHUX Ha MOM'AKLLIEHHS HAC/igKiB BiMHM, i NPOKNAcTX WAAX OO0 BiQHOB/IEHHS »XXUTTH
nogen i NigTpPUMKM eKOHOMIYHOIO BigHOB/IEHHS.

Mopsaku: s ny6nikauia Tta StoryMap, wo ii cynpoBomKye, 6ynn nNigrotoBneHi B paMKax iHiliaTueu
EUSpace4Ukraine, akoto kKepye €sponeliicbke AreHtctBo EUSPA. eBHi opraHizauii 3pobunu 3HauHMiA
BHECOK Y iXHI0 pO3p06KY. M1 BUCNIOBAIOEMO BASAYHICTb HAaCTYyNMHMM ocobam/opraHizaLisM Ta BUSHAEMO iXHin
BHECOK:
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Mpodecopy Hatanii Kyccynb (HauioHanbHuii TexHiyHui YHiBepcuteT YKpaiHu "KniBcbKuii
[MoniTexHiyHUM IHCcTUTYT iMeHi lropa Cikopcbkoro") Ta ii KOMaHAi 3a HagaHi gaHi, TexHiYHi igei Ta
TeKcToBi MaTepianu.

Bigo JlemyaHy 3 O6'egHaHoro [JocnigHuubkoro LleHTpy EBponelicbKkoi KoMicii 3a oro KomeHTapi
040 aHanisy Ta 3BiTy.

CeiToBoMy BaHky (the World Bank) Ta O6'egHaHomy JocnigHuubkomy LleHTpy (the Joint Research
Centre) 3a BHecok B aHaniz npodgecopa Kyccynb wWNAXOM HagaHHA MeTo[osorii, 30KpeMa,
€KOHOMETPUYHOTrO aHasnisy.

Horizon 2020, HauionanbHoMy ®onay Haykosux [docnigrkeHb Ykpainu Ta Qonay OnexkcaHapa
doH ['ymMbonbaTa 3a HagaHHA piHaHCOBOI MIATPUMKN Ana diHaHCYBaHHSA OoCnig»KeHb npodecopa
Kyccynb B LiIOMy Ta MOB'A3aHUX 3 HMMM MNPOEKTIB, @ TAKOXK HafdaHHA CTUNeHAi/3apobiTHol nnaTtu
npodgecopy Kyccynb Ta ii KoMaHgi.

CloudFerro S.A., EarthDaily Analytics, ICEYE, ITE Enhancing Human Security, Kermap & Vista
Geowissenschaftliche Fernerkundung GmbH 3a TexHiuHy iHpopMaLito, rpadikn, AaHHI Ta BigryKu.
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LIST OF ABBREVIATIONS & ACRONYMS

API
CAMS
CCM
CEMS
CHIME
CLMS
CGLS
EGNOS
EO

EU
EUSPA
GNSS
GOVSATCOM
HPCM
IRIS?
JRC
NDVI
NGO
PNT
R&D
ROSE-L

SAR
SatCom
SSA
SUFC
SWIR
TROPOMI
UN
UNDP
UNHCR
us
UXxo
VNIR

Application Programming Interface

Copernicus Atmosphere Monitoring Service
Copernicus Contributing Missions

Copernicus Emergency Management Service
Copernicus Hyperspectral Imaging Mission
Copernicus Land Monitoring Service

Copernicus Global Land Service

European Geostationary Navigation Overlay Service
Earth Observation

European Union

European Union Agency for the Space Programme
Global Navigation Satellite Systems

Governmental Satellite Communications
High-Priority Candidate Mission

Infrastructure for Resilience, Interconnectivity & Security by Satellite
Joint Research Centre

Normalised Difference Vegetation Index
Non-governmental organisation

Positioning, Navigation, and Timing

Research and Development

Radar Observing System for Europe in L-band

Synthetic Aperture Radar

Satellite Communications

Space Situational Awareness

Support Ukrainian Farmers Coalition
Short-wave infrared

TROPOspheric Monitoring Instrument
United Nations

United Nations Development Programme
United Nations High Commissioner for Refugees
United States

Unexploded Ordnance

Visible / Near-Infrared
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1 INTRODUCTION

1.1 EUSPA and the EU Space Programme

The European Union Agency for the Space Programme (EUSPA) is the agency in charge of implementing
the European Union (EU) Space Programme with the aim of providing reliable, safe and secure space-
related services to users. EUSPA’s mission is to be the user-oriented operational Agency of the EU Space
Programme, contributing to sustainable growth, security and safety of the European Union. In the execution
of its mission, EUSPA counts on strong partnerships with the European Commission, European Parliament,
Member States, European Space Agency, and private actors across the EU.

The EU Space Programme consists of various components, including Earth Observation (EO - Copernicus),
Global Navigation Satellite Systems (GNSS — Galileo and EGNOS), Space Situational Awareness (SSA)
and (governmental) Satellite Communications / connectivity (SatCom — GOVSATCOM and soon IRIS?) as
its main parts. All of these elements can provide extremely useful insights and applications, for example for
regions where ground access can be difficult or impossible to achieve.

SSA

EO based on Global satellite Overlay to Secure satellite
satellite & non- navigation GNSS communications
space data system (governmental)

Secure satellite Space situational
communications awareness incl.
(gov. & commercial) tracking

Figure 1: Overview of EU Space Programme.

Particularly relevant for this analysis, the Copernicus Programme provides a combination of EO data from
six Sentinel satellite missions, Copernicus Contributing Missions (CCMs) and in-situ data. Additionally,
capabilities will be bolstered in the future through six planned High-Priority Candidate Missions (HPCMs).
Across the multitude of sensors and capabilities, the current and future satellites are able to provide data
across a variety of spectral wavelengths (optical, radar, radio frequency), monitoring various terrestrial
domains (land, coastal and marine areas, atmosphere), with a range of spatial and temporal resolutions
and coverage. Furthermore, the satellite capabilities are complemented by in-situ (non-space based)
sensors as well as the Copernicus Services, which provide data derived products for specific topics or
domains (e.g., Copernicus Land Monitoring Service - CLMS or Copernicus Emergency Management Service
- CEMS).

Depending on the parameters above, there are manifold applications for EO, including, for example, crop
yield forecasting, soil condition and biomass monitoring and precision irrigation for agriculture, and many
others.

EUSPA has thus defined 17 market segments for which it implements specific, targeted EO and GNSS
initiatives to link space to user needs. The market segments range from rural and environmental
applications (e.g., agriculture, fisheries, environmental monitoring) through infrastructure and key industries
(e.g., energy and raw materials, road and automotive, rail) to governmental applications (e.g., emergency
management and humanitarian aid).

Key messages:

e The European Union Agency for the Space Programme (EUSPA) provides reliable, safe and
secure space-related services to users.

e European satellite Earth Observation (EO) capabilities can support a range of applications and
market segments, including agriculture.
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Figure 2: Overview of 17 EUSPA market segments.

1.2 EUSpaced4Ukraine initiative

One such activity is the EUSpace4Ukraine initiative, launched by EUSPA in April 2022 in response to the
war in Ukraine in order to support innovation and uptake of EU Space Programme solutions by
humanitarian aid actors working in Ukraine.

The war in Ukraine, which intensified in 2022, has
had far-reaching consequences for the country
and the wider international community. There is
now  widespread damage to  Ukrainian
infrastructure, particularly in southern and eastern
regions. Massive economic effects have been felt
globally mainly due to difficulties with Ukrainian
exports, causing issues with global food and energy
supply chains and corresponding price increases to
mostly unprecedented levels. Europe is seeing the
largest refugee crisis since World War I, with over
6 million refugees from Ukraine recorded globally,
the vast majority finding refuge in countries
neighbouring Ukraine as well as Germany.

The EUSPA EUSpace4Ukraine initiative provides
critical activities with the objective of mobilising the
EU Space innovation community and connecting
them with users to alleviate the impacts of the
war. In particular, innovators with technological

Figure 3: A residential building in Chernihiv,
destroyed by war activities in March 2022. Photo
by Anzhela Bets on Unsplash.

1 UNHCR Operational Data Portal - Ukraine Refugee Situation. (2023, August 15). Retrieved from
https://data2.unhcr.org/en/situations/ukraine (accessed 21/06/2023)
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solutions enabled by EU space capabilities (EO, GNSS, SatCom) are linked to non-governmental
organisations (NGOs) to enhance humanitarian support for the Ukrainian people. An EUSpace4Ukraine
platform aims to match the innovators with NGOs and other helpers through the EUSpace4Ukraine
Network, sowed the seeds for new technological solutions that can support NGOs via a dedicated
hackathon, and enabled a series of three demonstrators to be developed.

Nov 2022 -
Nov 2023

Apr 2022 May 2022 Jun/Jul 2022 Oct 2022

. . #EUSpace4Ukraine .
#EUSpace4Ukraine User Consultation demonstrator Ongoing usage

Hackathon Platform development and validation

IIIIIIIIII»

Launch: Open call for

interest Matchmaking

Figure 4: Timeline of EUSpace4Ukraine initiative.

The three demonstrators are:

e Galileo-powered drones for search-and-rescue operations: Hands-on training and validation of
the use of drones enabled by EGNSS for rapid and safe search & rescue operations by NGOs,
including Red Cross Ukraine.

e Up-to-date maps for fieldwork navigation: A highly tailored geospatial platform to provide up-to-
date maps derived from satellite data to facilitate efficient on-the-ground logistics for humanitarian
aid for NGOs.

e Copernicus enabled assessment of impact of war on Ukrainian agriculture (this white paper and
its accompanying online StoryMap): An overview of opportunities linked to utilising EO capabilities
to assess the impacts of the war on Ukrainian agriculture, and other, linked applications, as shown
in the subsequent sections.

A g,
H,
Pearyg,

kor,
g

Figure 5: Demonstrator day between EUSPA, Red Cross Ukraine & supporting organisations
showcasing EU-space enabled drone capabilities for search & rescue.

Key messages:

e The EUSPA EUSpace4Ukraine Network supports innovation and uptake of EU Space
Programme solutions by humanitarian aid workers in Ukraine.

e The three EUSpace4Ukraine demonstrators include this white paper, Galileo-powered drones
and a geospatial platform for up-to-date maps to be used by NGOs such as Red Cross in
Ukraine.
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2 IMPACT OF WAR ON UKRAINIAN AGRICUL TURE

2.1 Agricultural sector in Ukraine

Prior to the war, Ukraine was one of the world’s top agricultural producers, particularly considering oil
seeds / grains but also corn, wheat, barley, rapeseed, rice, soybean and millet. A large portion of the
production was exported, making the country the top global exporter for sunflower oil and meal. For
example, in 2021 ca. 30% of the global production of sunflower oil, meal and seeds came from Ukraine?.
The biggest export markets for Ukraine for these products were India, the EU, China and Turkey, and 90%
of agricultural export was facilitated via Black Sea ports?® (which are heavily affected by the war).

e 4 tnl S

>55% of 14% o 11% of

ca. 20 Mn labour force employed ca. €180 Bn GDP attributed to

5
600,000 km? s arable land in agriculture agriculture (2021)

AV, 4 | fonrn ol

41% of Sunflowers are one of 30% of
€60 Bn export value (2021) from the most |mp_ortant crops, als_o 44 Mn mh_abltants lnv_olved in small
agricultural products corn, barley, millet, rapeseed, rice, scale agriculture (fruit, vegetables,
9 P soybeans, wheat berries, livestock, oilseeds & grains)

Figure 6: Agriculture as an important contributor to Ukrainian pre-war economy.

Agriculture is not only important from an

economic and export point of view, but also to Shops /
sustain individual livelihoods in Ukraine markets
. . s 100% 41%
particularly in rural areas. Of the ~44 million Own
80%

inhabitants* prior to the war, 13 million people production
were involved in small-scale agricultural 60% 0%
production, with fruit, vegetables, berries and
livestock generally slightly more important
than oil seeds and grains®. A 2022 survey has
shown that at the national average, 49% of
food for rural households comes from own
production®.

40%

20% ‘T‘@

Figure 7: Recent survey data shows own production
as the main food source for rural households.

2 Foreign Agricultural Service, US Department of Agriculture. (2022). Ukraine Agricultural Production and Trade, April 2022.

3 World Bank; Government of Ukraine; European Union; United Nations. (2022). Ukraine Rapid Damage and Needs
Assessment: February 2022 - February 2023. Washington, DC: World Bank Group. Retrieved from
http://documents.worldbank.org/curated/en/099184503212328877/P1801740d1177f03c0ab180057556615497

4The World Bank - Data. (2023, August 15). Retrieved from https://data.worldbank.org/indicator/SP.POP.TOTL?locations=UA
5 UN Food and Agricultural Organization. (2022). Ukraine: Impact of the war on agriculture and rural livelihoods in Ukraine —
Findings of a nation-wide rural household survey, December 2022. Rome. Retrieved from https://doi.org/10.4060/cc3311en
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Dictated by regional differences in climate and topography, among other factors, there are regional trends
in terms of most important crops (Figure 8).
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Data sources: Kussul, Drodz & Yailymova, 2023; US Department for Agriculture

Figure 8: Regional differences in prevalence of common crops in Ukraine.

2.2 Disruption of agricultural activities

The war has had a multitude of effects on agricultural activities, which can be categorised into four groups
(with some overlap / grey areas in between):

1.

Labour & people: Lack of staff for operations including harvest, lack of veterinary & maintenance
expertise, both linked to dangerous working conditions (e.g., due to active fighting or military
occupation), restricted movement and displacement of people;

Operational materials: Damage to vehicles or other equipment, difficulty accessing fuel, spare
parts, tools, seeds, fertilisers, medication, animal feed etc., disruption of operational utilities (power,
water), looting;

Assets: Damage to or destruction of assets (including soil contamination or degradation due to
changed physical, chemical and biological characteristics impacted by war activities, and the need
for re-cultivation of agricultural land, as well as killed or slaughtered livestock), disrupted access to
agricultural areas & processing facilities (e.g.,, due to damages to transport infrastructure,
roadblocks, flooding, military occupation, mines or active fighting);

Demand & trade: Disrupted access to ports and trade routes, lower or higher demand depending
on refugee movements and internally displaced people.

As such, changes to agricultural output compared to times of peace or less widespread conflict can be
expected. The following section presents a detailed summary of EO derived estimates of changes in
cultivated areas for some of the most important crops. Observed changes are likely linked to impacts from
all of the aforementioned categories.
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2.3 Quantitative impact analysis leveraging Copernicus

EO data can be utilised to estimate agricultural parameters from space, either where ground-based
estimates are difficult or as a complement to ground-based data to enable larger spatial or temporal
coverage. Data from different Sentinel satellites can be useful for different purposes.

Sentinel-1 Synthetic Aperture Radar (SAR) data utilises radio waves and their reflections off the Earth’s
surface to characterise the ground. Out of the original Sentinel-1 satellite pair, the remaining Sentinel-1A
(Sentinel-1B stopped functioning in December 2021) collects SAR data from circa 693 km altitude
regardless of day light and weather conditions with a 12 day revisit rate. Sentinel-1A provides down to 5 m
resolution and a swath width of up to 410 km (a wider swath mode implies coarser resolution). With suitable
algorithms and sometimes based on validation in the field, this data can be used to classify which crops
grow in which areas, gathering insights across entire regions or even countries.

The Sentinel-2 mission consists of a pair of satellites that orbit the Earth 180° apart from each other at 786
km above the surface (on average). On board, a multi-spectral camera collects optical imagery in 13
spectral bands ranging from visible / near-infrared (VNIR) to short-wave-infrared (SWIR). A 290 km swath
offers between 10-60 m spatial resolution on the ground, with a 2-10 day revisit rate (depending on
latitude). Sentinel-2 imagery can also be used for crop classification based on different spectral
characteristics and their variation through time, as well as to determine different indicators relevant for
agriculture.

In particular, a metric called normalised difference vegetation index (NDVI) is widely used as a measure
of vegetation “greenness” (Figure 9, Figure 10) and can be used to derive estimates of vegetation, type,
density, and changes in plant health. NDVI is calculated based on the amount of reflected radiation captured
in two different frequency bands within the light spectrum received by optical satellites such as Sentinel-2
and Sentinel-3 . This calculation can be done independently by interested parties based on raw satellite
imagery, or is available as a ready-to-use product (e.g., derived from Sentinel-3 or other missions)as part of
standard higher level processing.

Whereas the crop classification based on Sentinel-1 data is possible even in cloudy conditions, NDVI can
only be obtained from cloud-free images. For some purposes, tools exist to “remove” cloud coverage from
optical satellite imagery by utilising artificial intelligence and machine learning. In other instances, thanks
to a circa 2-10 day revisit rate of Sentinel-2, monthly composites can be created that utilise imagery from
different dates for different parts of the same region to ensure full coverage without the impact of clouds.
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Figure 9: Smoothed example timeseries of NDVI estimates (where higher values indicate greener
vegetation) from Sentinel-2 from 2019-2021 show seasonal variations.
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Figure 10: Seasonal changes in true colour imagery and NDVI estimates from Sentinel-2. Credit:
European Union, contains modified Copernicus Sentinel data 2021-2022, processed with EO browser.
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Scan the QR code above to
explore the data shown
below in our interactive
StoryMap online.

In a study with funding contributions from the European Commission
through the joint World Bank / EU project “Supporting Transparent
Land Governance in Ukraine”®, results from machine learning applied
to crop classification and NDVI measurements across pre-
determined parts of Ukraine combined with ground-truthed
“training” data that pre-dates the war were utilised to estimate
cropland extent for different crops before and during war time’.
The data was derived from a combination of Sentinel-1 and Sentinel-
2 imagery.

Looking at some of the most important crops (in order of cropland
extent from larger to smaller: wheat & barley, sunflower, corn), a
decrease in crop land from pre-war conditions to war conditions
can be observed (Figure 11). The total cropland area in 2022
compared to the 2017-2021 mean across all crops decreased by

~7% (nearly 2 million ha), while the most affected crops (wheat / barley, sunflower and corn) experienced
up to ~13% drop in cropland extent (ca. 1 million ha less for wheat/barley and sunflower and 0.5 million ha

less for corn). Interestingly, the less

significant crops soybeans and rapeseed saw a slight increase in

cropland in 2022 compared to the previous years.
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Figure 11: Comparison of cultivated land by crop in Ukraine for 2017-2021 (grey) vs. 2022 shows war-
time cropland decrease for important crops, particularly when comparing to the previous 3 years. 2023
numbers are initial, unpublished estimates with a similar trend for wheat / barley and corn.

Furthermore, and not unexpectedly, regional differences can be observed. For the two most important crop
groups (wheat/barley and sunflower — Figure 12 and Figure 13), the strongest reduction in cropland can
be seen in the Eastern and Southeastern regions — which are strongly affected by the war. For example,
wheat & barley cropland dropped by ~43% (~0.4 million ha) and ~32% (~0.3 million ha) for Crimea and the

oblast around Kherson, respectively.

6 ENI/2017/387-093 and ENI/2020/418-654

7 Kussul, N., Drozd, S., & Yailymova, H. (2023). Forecast of Yield of Major Crops in Ukraine in War Conditions 2022 Based on
MODIS and Sentinel-2 Satellite Data. Proceedings of the 11th International Conference on Applied Innovations in IT, (ICAIIT).
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Figure 12: Difference between 2022 and 2017-2021 average cropland for wheat & barley.
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Figure 13: Difference between 2022 and 2017-2021 average cropland for sunflowers.

This correlation between regional concentration of decreased extent of cultivated land and war activities is
also reflected in the total cropland difference across all crops (Figure 14).

Some of the crops with overall lower footprints (e.g., rapeseed, Figure 15) show regional trends that do
not strongly mirror direct localisation of war activities, suggesting that other factors are at play. These
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may include war-related, indirect impacts (e.g., supply chain issues, economic circumstances) as discussed
in the following section, but also influences from year-on-year climatic differences, individual weather
events and more.
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Figure 14: Difference between 2022 and 2017-2021 average cropland, all crops.
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Figure 15: Difference between 2022 and 2017-2021 average cropland for rapeseed.

Initial data from 2023 including Copernicus observations indicate a similar drecrease in cropland extent for
wheat/barley and corn in 2023 compared to the preceding 5-year average, with some recovery of cropland
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extent for sunflower, rapeseed and soybean @ (also Figure 11). Copernicus capabilities — as an important
enabler of the analysis above — will continue to contribute to assessing the impacts of the war in Ukraine.

Key messages:

e Copernicus Sentinel-1 and 2 data can be used to map cropland extent and Sentinel-2 /
Sentinel-3 data can help to assess variations via NDVI (vegetation “greenness”).

e For important crops (wheat/barley, sunflower, corn), total extent of cropland in Ukraine as
derived from Copernicus data decreased by up to ~13% in 2022 compared to previous years,
with strongest changes seen in regions affected by the war.

2.4 Implications for people and the economy

The drop in agricultural production for several crops and the regional trends derived from Copernicus data
suggest that the war directly affects farming and agricultural activities. However, smaller regional
variations and different regional trends for different crops may also be linked to other, indirect impacts
and non-war related variables. Furthermore, long-term effects — e.g., due to soil contamination — are not
studied in the present analysis.

Recent analysis of Copernicus and other EO data suggests that only 14% of estimated yield loss can be
attributed to the direct effects of the war, while the remainder is linked to the wider (war-influenced)
economic context®. Vice versa, beyond the direct disruption of agricultural activities due to war, there are
ripple effects of the situation within the agricultural sector for people and the wider economy both on
a local and a global level.

In general,these ripple effects can be grouped into 3 main categories: Monetary, Supply & demand, and
Coping strategies, with further short- and long-term consequences in terms of mental and physical health
(e.g., stress, malnutrition) as well as further economic effects (e.g., reduced purchasing power).

Category Effect Extent
Lack of income Local
o
@' Increasing production costs* Regional
Monetary
Fluctuations and unpredictability of food prices** Global
@ Crop oversupply / spoilt crops due to disrupted trade routes and lack of adequate storage Local
/ Lack of food security / not enough supply** (e.g., concentrations of internal refugees) Global
Supply &
Demand Disruption of supply chains** Global
X 5V
f X Financial mitigating strategies (sell assets, reduce expenditure, spend savings, borrow money) Local
X
Coping
Strategies Change in farming practices or priority areas (e.g., from wheat to oilseed crops) Local

* Main impacts observed locally / regionally, while global increases more linked to rising energy costs (no direct link to Ukrainian agriculture)
** Global effects somewhat limited to affected crops / products, whereas local / regional effects may be broader

8 JRC. (September 2023). MARS Bulletin - Global outlook: Crop Monitoring European neighbourhood Ukraine.

° Deininger, K., Ayalew Ali, D., Kussul, N., Shelestov, A., Lemoine, G., & Yailymova, H. (2023, February). Quantifying war-induced
crop losses in Ukraine in near real time to strengthen local and global food security. Food Policy, 115(102418). Retrieved from
https://www.sciencedirect.com/science/article/abs/pii/S0306919223000167
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Copernicus as well as other EO and

40 more general space capabilities such
35 as GNSS can help to assess some of
30 these effects. For example, EO can
help to identify field-level changes
25 from one crop to another; GNSS
“g 20 applications can support assessments
@ of the disruption of trade routes.
s Observing other effects, e.qg,
10 increased production costs or food
5 prices, are beyond the reach or
7.99 e
o 517 mandate of space capabilities.

Up to end of May 2022 Up to end of February 2023 Household survey-based estimates by
the UN Food and Agricultural
Organization from December 2022
indicate a total of nearly €2.2 billion in
damages (e.g., lost animals, destroyed
assets accounting for 37% of the total)
and losses (e.g., reduced production
value, increased costs) to rural households during the first 6 months of the war alone!®. More recent
estimates for the wider agricultural ecosystem by the World Bank (which were supported by EO data
including Copernicus) indicate a total of over €37 billion worth of damages and losses linked to
agricultural activities by the end of February 2023*! (Figure 16).

m Damages m Losses

Data sources: World Bank; Government of Ukraine; European Union; United Nations, 2022

Figure 16: Estimates of damages & losses in the Ukrainian
agriculture due to war.

With war activities continuing at the time of writing, these estimates are likely only scratching the surface
of the real magnitude of the impact. For example, more recent military activity that post-dates these
economic analyses has resulted in the collapse of a dam at the bottom of a large reservoir, severely
disrupting agricultural areas up- and downstream, as discussed in the case study overleaf.

10 UN Food and Agricultural Organization. (2022). Ukraine: Impact of the war on agriculture and rural livelihoods in Ukraine —
Findings of a nation-wide rural household survey, December 2022. Rome. Retrieved from https://doi.org/10.4060/cc3311en

11 World Bank; Government of Ukraine; European Union; United Nations. (2022). Ukraine Rapid Damage and Needs
Assessment: February 2022 - February 2023. Washington, DC: World Bank Group. Retrieved from
http://documents.worldbank.org/curated/en/099184503212328877/P1801740d1177f03c0ab180057556615497
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Case study: Impacts of Kakhovka dam collapse on agriculture

On 6% June 2023, the destruction of the 1956-built Kakhovka dam with the dam’s ~18 km?® upstream
reservoir resulted in flood waters being emptied from the Dnieper river into cities, villages and
agricultural areas downstream with far-reaching humanitarian, environmental and economic
impacts.

The dam collapse was tracked by cloud-penetrating SAR satellites. Copernicus, ICEYE (a commercial
SAR satellite operator and contributing mission to the Copernicus Programme) and other EO data has
been extremely useful to map the extent of the reservoir level decrease upstream and flooding
downstream.

KHERSON

KOMYSHANY

KHERSON OBLAST
UKRAINE

Figure 17: Left image: Image before the dam breach; blue colour shows water, white colour shows
land. Right image: ICEYE flood insights product after the dam breach; blue colours show extent
and depth of flooding (darker blue = deeper water).

From an agriculture point of view, while the immediate consequence of flooded fields will certainly affect
crop yield for the 2023 season, there are significant further reaching implications.

Draining flood waters have swept away dislodged landmines that can now no longer be tracked and
may endanger future agricultural activities. Mud and other debris are covering and contaminating
fields and agricultural facilities even once flood waters have receded, subsequently requiring
extensive clean-up efforts and recultivation, which are complicated by ongoing military activities and
Russian occupation of territories particularly South of the river.

In addition, the reservoir originally fed a series of irrigation canals, with over 12,000 km length in total,
particularly critical for the agriculturally extremely important Kherson Oblast. Dropping reservoir water
levels also imply reduced or completed disrupted availability of water in the canals, further
complicating or prohibiting agricultural activities in corresponding areas.

Furthermore, the upstream Kakhovka Reservoir is experiencing drastically reduced water levels,
resulting in large-scale fish die-offs with corresponding implications for fisheries and food chains.

EO data and analysis such as that facilitated by Finnish ICEYE will be a valuable tool in order to map the
extent of the affected areas and estimate their economic impacts in order to efficiently and effectively
direct international aid and mobilise solutions.
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3 BENEFITS OF COPERNICUS AND OTHER EARTH
OBSERVATION DATA

3.1 EO dataincluding Copernicus supported impact analyses

EO is a useful tool and can be applied by different types of entities involved in alleviating the impacts of the
war. Understanding agricultural indicators as discussed is helpful in assessing where to direct
humanitarian aid while maintaining large scale spatial coverage without the need for extensive physical
in-person assessments on the ground.

EU Space data and in particular Copernicus Sentinel-1 and Sentinel-2 images were crucial to enable the
impact analysis above. First and foremost, the fact that Copernicus data are governed by the principle of
free, full, open data access ensures maximum impact and reach of the missions, particularly considering
financial circumstances linked to war and humanitarian crises. Satellite EO data can quickly capture insights
across large areas (regions, nations and cross-national focus areas) and revisit these at regular intervals
without the need to be on the ground. A combination of different sensors (e.g., SAR from Sentinel-1 vs.
optical from Sentinel-2) as well as data from the CCMs ensures a variety of insights can be derived at
adequate resolution depending on the use case, and gives options for redundancy / validation as well as
some level of continuity and day / night as well as weather independence in terms of data collection.

2023-06-28 00-00 - 2023-06-28 23:59, Sentinel-3 OLCL. OTCI

Data sources: Copernicus Data Space Ecosystem

Figure 18: Terrestrial chlorophyll index from Sentinel-3 can give insights into crop development.
Credit: European Union, contains modified Copernicus Sentinel data 2023, processed with EO browser.
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Other Copernicus information, such as Sentinel-3 optical data can be useful too. Sentinel-3 captures a
larger range of spectral bands compared to Sentinel-2 and has a higher revisit rate (can monitor some
parts of the world almost daily), but at lower ground resolution (300 m), and can also be used to derive
NDVI and similar metrics linked to agricultural applications (e.g. global coverage vegetation products
released in near real time).

Similarly, EO data in general can be utilised to identify areas of agricultural activity; categorise and
monitor such activities; analyse variations over weekly, seasonal, annual and decadal timescales; detect
changes in land use; determine agricultural parameters and estimate output; as well as to generate risk
and recovery maps; among others. Such insights support agricultural supply chains, policy makers and
enforcing entities alike, as evidenced by the quote below.

“The precise estimation of the [Copernicus-derived] predicted yield per region enables detailed and
assured planning of the harvest and crop storage. These insights will strengthen food security and the
Ukrainian export potential.” (Mariya Yaroshko — Deutsch-Ukrainischer Agrarpolitischer Dialog -
German-Ukrainian agricultural policy dialogue — with regards to Vista Ypsilon EO product provision).

Future satellite missions will further expand these capabilities. The HPCMs or Copernicus Expansion
Missions will include the Copernicus Hyperspectral Imaging Mission (CHIME) to provide insights via a
novel hyperspectral instrument at additional wavelengths and with a spectral resolution that Sentinel-2
and 3 cannot achieve. These additional capabilities will enable enhanced insights into crop and soil
properties, for example. Similarly, the HPCM ROSE-L will utilise SAR at a different frequency compared
to Sentinel-1 in order to penetrate vegetation, snow and ice and to give insights regarding soil moisture
and other parameters that will further improve our understanding of agricultural and enable precision
farming, for example.

3.2 Copernicus capabilities beyond agriculture

The products and services enabled by Copernicus data are not just limited to agriculture, but have a much
wider reach. When determining the capability of an EO satellite system for a given application, the image
resolution characteristics, overall spatial extent / swath width, revisit rate, and the regions of the
electromagnetic spectrum and radiometric resolution have to be considered.

The variety of sensors onboard the Sentinels /
CCMs  (e.g., optical/radar, spectrometers,
altimeters) combined with varying temporal and
spatial resolutions allows for a large number of
applications to benefit from the data, ranging
gy : from scientific research into the physical domains
8 75E5 ——y of the planet (land, ocean, atmosphere) through
' ‘- ' to emergency management / defense & security
as well as commercial applications. Based on this,
the six Copernicus Services provide a value-add
layer on top of the basic imagery. In war
situations, non-agricultural applications of
Copernicus and other EO capabilities range from
measuring of environmental impacts of the war
to monitoring infrastructure, or other activities
from space.

Figure 19: Atmospheric NO2 measurements from
Sentinel-5P showcase higher concentrations (yellow
and red colours) near Kyiv. Credit: European Union, The Sentinel-5 Precursor (Sentinel-5P)
contains modified Copernicus Sentinel data 2023, TROPOspheric Monitoring Instrument
processed with EO browser. (TROPOMI) has been used to measure air
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pollution in various regions of Ukraine!2. TROPOMI's measurements of nitrogen dioxide (NO2) and carbon
monoxide (CO) are two of the main gases measured when determining pollution levels linked to industrial
activities, and are available e.g., through the Copernicus Atmospheric Monitoring Service (CAMS). Thanks to
the very high temporal resolution (Sentinel-5P covers the territory of Ukraine daily), Copernicus
observations could be directly compared to events on the ground. In this way, the data retrieved from
Copernicus has shown an elevated atmospheric pollution after missile hits and wildfires near the front-
line.

Additionally, Ukrainian researchers used different Copernicus services. For example, CAMS in combination
with CLMS and specifically the Copernicus Global Land Service (CGLS) was utilised to assess possible fire
risks in Ukraine.!® The study served to create a detailed map with the potential zones most proned to having
fire events in Ukraine, which can be useful to create risk assessments also linked to war.

To assess the damage linked to war in Kyiv, images from Sentinel-1, and Sentinel-2 before and after a
potentially destructive event or episode were analysed'*. The results of this study showed detection of
structural damage closely aligned with the reference commercial images, particularly for larger buildings.
These findings underscore the promising capabilities of publicly accessible medium-resolution satellite
imagery for swift, high-level damage mapping and delivering initial reference data in the immediate
aftermath of a disaster, with potential to not just apply to buildings but also to other infrastructure (e.g.,
roads).

Moreover, researchers have used CEMS to create a realistic assessment of what might happen to
buildings if the Kyiv hydroelectric plant had a breach.® In this case, as the plant had already been targeted
by rockets a model was built using data from CAMS to accurately reproduce the evolution of flows in a dam
failure. The study showed how advanced numerical methods combined with data offered by Copernicus
can help to better predict the impact of potential hazards, enabling not just the assessment of impacts
of past events but also preparing for future eventualities.

Key messages:

e Copernicus capabilities through Sentinels and Copernicus expansion missions are useful to
derive enhanced agricultural and environmental parameters (e.g, linked to crop and soil
properties).

e Other example applications of assessing the impacts of war include air quality analyses and
damage mapping.

12 Savenets, M., Osadchyi, V., Komisar, K., Zhemera, N., & Oreshchenko, A., (2023). Remotely visible impacts on air quality after
a year-round full-scale Russian invasion of Ukraine. Atmospheric Pollution Research, 14(11), doi: 10.1016/j.apr.2023.101912.
13 Kussul, N.; Fedorov, O.; Yailymov, B.; Pidgorodetska, L.; Kolos, L.; Yailymova, H.; Shelestov, A. Fire Danger Assessment Using
Moderate-Spatial Resolution Satellite Data. Fire 2023, 6, 72. https://doi.org/10.3390/fire6020072

4 Aimaiti, Y.; Sanon, C.; Koch, M.; Baise, L.G.; Moaveni, B. War Related Building Damage Assessment in Kyiv, Ukraine, Using
Sentinel-1 Radar and Sentinel-2 Optical Images. Remote Sens. 2022, 14, 6239. https://doi.org/10.3390/rs14246239

15 Sdnchez-Linares, C., Macias, J., and Castro Diaz, M. J.: HPC in Rapid Disaster Response: Numerical simulations for hazard
assessment of a potential dam breach of the Kyiv cistern reservoir, Ukraine, Galileo Conference: Solid Earth and Geohazards in
the Exascale Era, Barcelona, Spain, 23-26 May 2023, GC11-solidearth-18, https://doi.org/10.5194/egusphere-gcl1-solidearth-
18, 2023.
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4 ENABLING ACTIONABLE INSIGHTS FROM SPACE

4.1 Enablers & innovators facilitate uptake of EO capabilities

Key agencies and innovators in Europe and on the global stage are supporting the utilisation and uptake of
EO capabilities in order to improve assessment and mitigation of the impacts of war on the Ukrainian
agricultural and other sectors.

Worldbank and other international organisations facilitate EO R&D and subsequent
application

The World Bank and other international organisations provide key foundations to enable the research and
development (R&D) of EO applications. For example, the World Bank provides financial support and
funding for projects that utilise EO data to address development challenges, and offers technical
assistance and capacity building programmes to help countries and institutions to effectively leverage EO
technologies. The quantitative impact analysis presented above was supported by World Bank funding, and
additionally strengthened by the availability of econometric analyses of the impact of war that helped to
account for any non-war related drivers of observed variations of agricultural indicators (such as
meteorological factors).

The Joint Research Centre (JRC) — the European Commission’s science and knowledge service — develops
methods, tools and systems for use within agricultural monitoring, as well as relevant technical
guidance. The methodologies and corresponding output including crop yield forecasting contribute towards
policy management (e.g., for the common agricultural policy) and inform the development of aid activities
(e.g., related to potential crop shortages and implications for food security).

Similar organisations either facilitate R&D through project funding or by providing technical tools, methods
and data. These efforts further contribute to innovation and ultimately enable commercialisation and
corresponding economic impacts of EO facilitated products and solutions.

Data access, processing

50 lnegeny i et & compute infrastructure

Data analysis & applications

AIRBUS |ICEYE & aovs @Pixstart P4 KERMAP sm@s
v AEUSI serco ¢ gy X¥F  [Poig

Figure 20: Overview of EUSpace4Ukraine network members linked to agricultural applications along
the EO value chain.

CloudFerro provides EO data platforms and offers cloud computational services

Satellite data such as the datasets collected in the agriculture case study above needs to be processed. This
can be achieved using the CREODIAS platform developed by CloudFerro. This innovative cloud computing
service provider from Poland and contributor to the EUSpace4Ukraine initiative supported the analysis
above with computation resources to enable processing of the EO data via bespoke machine learning
algorithms. Furthermore, their eo4ua geoportal enables visualisation of Copernicus satellite data over
Ukraine alongside processing results (e.g., agricultural field delineation or surface cover classification). The
CREODIAS platform is the first commercial element of the new Copernicus Data Space Ecosystem, which
became the main distribution hub for Copernicus data in Q4/2023.
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Figure 21: eo4ua geoportal shows visualisation of Sentinel Hub agricultural field delineation derive
from Sentinel data.

ICEYE’s SAR data provides additional insights for faster response and recovery

As a CCM, Finnish ICEYE operates a satellite constellation that complements and contributes to the
wealth of data accumulated by the Copernicus Programme. Their small and agile SAR satellites can revisit
target areas 4-8 times per day (in certain areas even every ~2 hours), enabling insights about short-term
changes that would typically be difficult to capture particularly at larger regional scales.

SAR is weather independent and offers high-resolution imagery, with applications for direct observation
and monitoring of natural disasters (e.g., wildfires or floods such as the Kakhovka dam collapse discussed
above, which you can also explore in our online StoryMap here) supporting insurance and government,
among others. The high revisit rate combined with the expertise of ICEYE's 24/7 global operations team
allows for near-real time detection and analysis of catastrophes, and enables rapid implementation of
mitigating activities, saving costs and potentially lives.

EarthDaily Analytics develops technologies to derive insights from EO data

The EU satellite supply chain also includes innovators who directly process EO data and derive significant
metrics. Agribusiness experts EarthDaily Analytics and subsidiary EarthDaily Agro generate agricultural
insights that enable precision agriculture and farming, commodities trading and logistics, as well as crop
insurance and financial risk mitigation, among others.

Their EarthDaily Agro <geosys/> platform is utilising Copernicus Sentinel-2 (as well as Sentinel-1 and 3)
and other EO data to inform initiatives in support of Ukrainian farmers including damage assessment and
provide insights into critical supply chains affected by the war, for example for crops (you can explore some
of their data in our online StoryMap here). By harnessing the power of EO, EarthDaily are actively monitoring
crop health around the world and detect early warning signs of production distress, so that organisations
can proactively take action.
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Figure 22: NDVI dashboard extracted from EarthDaily Agro’s <geosys/> platform, showcasing
agricultural parameters for Ukraine.

EarthDaily is also leading two initiatives for Ukrainian farmers: Farmerhood, which is inspired by a simple
yet powerful principle — farmers helping farmers, and the Support Ukrainian Farmers Coalition (SUFC)
providing material support to the Ukrainian Agricultural industry in conjunction with over 50 diverse farmers,

NGOs, industry and governmental partners.

Kermap leverages Copernicus data for crop analytics

Similarly, French start-up Kermap have developed their Nimbo solution to facilitate access to geospatial

intelligence with a wealth of agricultural and
environmental indicators derived from Copernicus
data via artificial intelligence algorithms. Through
their analysis, advanced analytics on vegetation
cover type and duration, heterogeneity, soil moisture,
etc. are automatically estimated and delivered via
visualisation platforms or API (you can explore some
of their data in our online StoryMap here). With field
level resolution but large scale coverage, they can
enable applications ranging from assessment of
local needs to support planning and logistics all
the way through obtaining regional or national
market estimates.

Figure 23: Example Sentinel-2-derived crop
classification (only selected crops shown in
legend) from Kermap Nimbo Platform.
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4.2 End-users utilise EO insights to inform activities

Various stakeholders and end-users within the humanitarian aid community can utilise unbiased EO derived
insights to inform strategic definition of their own activities without the need to gather large amounts of
data on the ground, and thus improve efficiency and implementation. Identifying locations of decreased
agricultural output can enable food charities (e.g., the World Food Programme) to gain insights into areas
most likely needing humanitarian aid, and facilitate long-term planning of predicted availability of
different crops, associated shortages and alternative sources. Such efforts improve food security local to
affected conflict zones, but also on a more regional / international level (e.g., considering common trade
routes and predicted shortages).

ITF benefits from insights for de-mining activities

As an example on the user side, Slovenian ITF Enhancing Human Security is a humanitarian, non-profit
organisation specialising in the removal of landmines and unexploded ordnances (UXOs) in the
immediate aftermath of armed conflicts but also in the longer term.

Because localised decreased agricultural output
may imply inaccessibility of agricultural areas
due to mines and UXOs, EO derived estimates can
serve as proxy for the need for support through
organizations such as ITF, who might utilise the
insights in some cases to determine optimal
deployment strategies and decide where to direct
help and when. EO datasets such as those
presented in Section 2 (including field-level
resolution not shown here) with derived
agricultural metrics thus provide a valuable
resource to support efforts of reducing the risk
of injury or death of agricultural workers and
striving for long-term economic recovery by
making agricultural areas safe.

Figure 24: ITF team clearing battle areas from UXOs
/ mines in Northeast Syria. Photo by Arne Hodali¢.

Space data helps UNDP in building sustainable food and agricultural commodity
systems

Other international actors also rely on EO and more broadly space data. For example, the United Nations
Development Programme (UNDP) utlises EO insights for landscape mapping to improve understanding
of regional land use and system dynamics. EO can be used to identify the areas of strongest impact of
development initiatives linked to land use or agriculture, including small or large scale estimation of yield
and other indicators, and monitoring contributes to food security.

Similarly, EO provides an independent view on agricultural activities from space, supporting initiatives to
tackle fraud (e.g., fraudsters claiming to be unable to continue their agricultural operations and asking for
international aid). Well-designed applications utilising space capabilities can also support farming practices
and improve uptake of digital or information and communications technology.

More broadly, space data supports measuring success towards implementation of UN Sustainable
Development Goals and other policy frameworks.
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5 CONCLUSIONS AND OQUTLOOK

The analyses presented in this white paper, as part of the EUSpace4Ukraine initiative by EUSPA, has shown
that Copernicus data can help to make detailed assessments with regards to the impacts of war on
agriculture. Decreased extent of cropland for important crops after the beginning of intensified war in
2022 can be measured with Copernicus EO capabilities and spatial and temporal correlation suggests
that war directly affects agricultural activities. Additionally, Copernicus can be useful to assess indirect
effects of war on agriculture and other sectors, for example, through satellite insights on trade routes and
infrastructure.

EU innovators provide expertise, infrastructure, products and services for Copernicus and general EO /
satellite data derived applications. Insights from these applications can help humanitarian organisations
and NGOs to inform their activities and operations for improved efficiency and timeliness as well as
detailed insights at potentially reduced risk and / or cost.

Copernicus data are free, open, and accessible to all, facilitating integration into a broad set of
applications — ranging from complementary insights to stand-alone EO products or services. There is plenty
of scope for future innovation based on Copernicus EO data in existing and potential new markets.

Particularly, combining EO with in-situ (ground data) where / when possible as well as complementing
with EU capabilities for PNT (Galileo, EGNOS) and communications such as GOVSATCOM and future
IRIS? can enable a multitude of applications. For example, the analysis presented here, utilising EO data
together with in-situ verification enabled crop classification and subsequent identification of areas with
reduced agricultural outputs. If done at field level resolution, this analysis can help to identify key areas in
need of humanitarian aid and remediation of agricultural assets. For this purpose, GNSS enabled drones can
support on-the-ground surveying of specific areas, and overall in-country operations can be supported by
satellite connectivity when terrestrial communications infrastructure has been damaged or destroyed.

EU EO capabilities including Copernicus can thus have a lasting impact on ensuring the safety of
people in Ukraine and further afield, facilitate implementation of strategies to alleviate the impacts
of the war, and pave a path towards rebuilding people’s lives and supporting economic recovery.

Copernicus-enabled assessment of the impact of war on Ukrainian agriculture — EUSPA white paper 21



LIST OF REFERENCES

Aimaiti, Y., Sanon, C., Sanon, C., Sanon, C,, & Sanon, C. (2022). War Related Building Damage Assessment
in Kyiv, Ukraine, Using Sentinel-1 Radar and Sentinel-2 Optical Images. Remote Sensing, 14(24).
doi:10.3390/rs14246239

Copernicus Global Land Service. (2023, August 15). Retrieved from
https://land.copernicus.eu/global/products/ndvi

Deininger, K., Ayalew Ali, D., Kussul, N., Shelestov, A., Lemoine, G., & Yailymova, H. (2023, February).
Quantifying war-induced crop losses in Ukraine in near real time to strengthen local and global
food security. Food Policy, 115(102418). Retrieved from
https://www.sciencedirect.com/science/article/abs/pii/S0306919223000167

Foreign Agricultural Service, US Department of Agriculture. (2022). Ukraine Agricultural Production and
Trade, April 2022.

JRC. (September 2023). MARS Bulletin - Global outlook: Crop Monitoring European neighbourhood
Ukraine.

Kussul, N., Drozd, S., & Yailymova, H. (2023). Forecast of Yield of Major Crops in Ukraine in War Conditions
2022 Based on MODIS and Sentinel-2 Satellite Data. Proceedings of the 11th International
Conference on Applied Innovations in IT, (ICAIIT).

Kussul, N., Fedorov, O., Yailymov, B., Pidgorodetska, L., Kolos, L., Yailymova, H., & Shelestov, A. (2023).
Fire Danger Assessment Using Moderate-Spatial Resolution. Fire, 6(72). doi:10.3390/fire6020072

Sanchez-Linares, C., Macias, J., & Diaz, M. J. (2023). HPC in Rapid Disaster Response: Numerical
simulations for hazard assessment of a potential dam breach of the Kyiv cistern reservoir, Ukraine.
Galileo Conference: Solid Earth and Geohazards in the Exascale Era. doi:10.5194/egusphere-
gcll-solidearth-18

Savenets, M., Osadchyi, V., Komisar, K., Zhemera, N., & Oreshchenko, A. (2023). Remotely visible impacts
on air quality after a year-round full-scale Russian invasion of Ukraine. Atmospheric Pollution
Research, 14(11). doi:10.1016/j.apr.2023.101912

The World Bank - Data. (2023, August 15). Retrieved from
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=UA

UN Food and Agricultural Organization. (2022). Ukraine: Impact of the war on agriculture and rural
livelihoods in Ukraine — Findings of a nation-wide rural household survey, December 2022. Rome.
Retrieved from https://doi.org/10.4060/cc3311en

UNHCR Operational Data Portal - Ukraine Refugee Situation. (2023, August 15). Retrieved from
https://data2.unhcr.org/en/situations/ukraine (accessed 21/06/2023)

World Bank; Government of Ukraine; European Union; United Nations. (2022). Ukraine Rapid Damage and
Needs Assessment: February 2022 - February 2023. Washington, DC: World Bank Group.
Retrieved from
http://documents.worldbank.org/curated/en/099184503212328877/P1801740d1177f03c0ab18
0057556615497

Copernicus-enabled assessment of the impact of war on Ukrainian agriculture — EUSPA white paper 22



~USPFIHE

European Union Agency for the Space Programme

LINKING SPACE TO USER NEEDS

WWWwW.euspa.europa.eu

X @EU4Space
f @EU4Space

in EUSPA

@spacedeu

© EtUSPA

#EUSpace


http://www.euspa.europa.eu
http://www.euspa.europa.eu
https://twitter.com/EU4Space
https://www.facebook.com/EU4Space/
https://www.linkedin.com/company/euspa/
https://www.instagram.com/space4eu/
https://www.youtube.com/euspa

	1 Introduction
	1.1 EUSPA and the EU Space Programme
	1.2 EUSpace4Ukraine initiative

	2 Impact of war on Ukrainian agriculture
	2.1 Agricultural sector in Ukraine
	2.2 Disruption of agricultural activities
	2.3 Quantitative impact analysis leveraging Copernicus
	2.4 Implications for people and the economy

	3 Benefits of Copernicus and other Earth Observation data
	3.1 EO data including Copernicus supported impact analyses
	3.2 Copernicus capabilities beyond agriculture

	4 Enabling actionable insights from space
	4.1 Enablers & innovators facilitate uptake of EO capabilities
	4.2 End-users utilise EO insights to inform activities

	5 Conclusions and Outlook
	List of References

