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Abstract Abstract:

Deep learning (DL) is a powerful state-of-the-art technique for image processing
including remote sensing (RS) images. This letter describes a multilevel DL
architecture that targets land cover and crop type classification from multitemporal
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multisource satellite imagery. The pillars of the architecture are unsupervised neural
network (NN) that is used for optical imagery segmentation and missing data
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Methodology of time series satellite data using for classification map
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Annual in-situ data collection (2017 — now)

IRC @ THE WORLD BANK

EUROPEAN COMMISSION

Class Name In-situ data 2022
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Monitoring

Network of test sites

Crop type classification

Validation experiments Interactive Map
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Annual land cover and crop type classification

2018 (30.8 MLN ha) 2019 (30.0 MLN ha) 2020 (30.4 MLN ha)
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NMDA

Classification in CREODIAS Cloud CRCGODIAS

. powered by ’ClnudFerrn
Ukraine 2023

Class PA UA F1
Artificial 88,7 81,9 85,2
Wheat 98,7 90,6 94,5
Rapeseed 96,1 98,6 97,3
Buckwheat 54,8 92 68,7
Maize 93,6 91,3 92,4
Sugar beet 95,7 93,2 94,5
Sunflower 98,6 97,6 98,1
Soybean 88,8 88,5 88,7
Other crops 75,1 67,5 71,1
Forest 97,8 98,9
Grassland 90,9 85,9 88,3
i i i Bareland 72,6 85 78,3
Bl Artificial EI g(;:aet: crops Water
] Wheat B Grape Wetland 94 92,7 93,4
Sovoret o Barley 627 | 901 | 739
: :?g'ﬁ - : S:r;e land Peas 80,9 89,5
T sufower et Alfalfa 87,5 43,8
: Zﬁ:a"s B ot cultivated Grape 51,2 64,7
Not cultivated 88,2 96,6 92,2
Potato 72,8
Overall Accuracy OA=93,1%
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Cropland difference between 2021 & 2022
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2021 & 2022 2021 & 2023 2022 & 2023
Cropland, th ha Cropland Difference Cropland Cropland
in: Difference in: Difference in:
2021 | 2022 | 2023 th ha %
Khersonska 1765,72| 1115,1 987,7 127,4  -11,4
AR of Crimea 1182,67 650,6 685,0 34,4 5,3
Donetska 1364,92] 1109,7  803,2 -255,3 -18,71  -561,7 27,6
Zaporizka 1968,60 1556,5 1372,9 412,11 -20,9  -595,7 -183,6f -11,8
Luhanska 1171,90 1066,9  829,3 -105,0  -9,00  -342,6 -29,2 -237,6 -22,3
Kharkivska 1872,06, 1740,8 1413,7 -131,2  -7,00  -458,4 -24,5 -18,8
Odeska 2071,75 1678,6 1834,3 -393,1 -19,0  -237,4  -11,5 9,3
Mykolaivska 1770,21] 1475,7] 1580,0 2945 -16,6f  -190,2  -10,7 104,3 7,1
Chernihivska 1401,22] 1318,4 1326,4 82,9  -59 74,80 53 8,1 0,6
Dnipropetrovska | 2068,38 1984,2 19684 84,1  -41  -1000 -48 -159  -0,8 & ¢
Volynska 524,71 543,99 517,1 19,2 3,7 76 15 268  -49 B N ae
Kirovohradska 1783,98 1748,9] 1771,7 -35,1 -2,0 -12,2 -0,7 22,9 1,3 %ﬁ%’éﬁ'
Zhytomyrska 885,33 918,1 882,8 328 3,7 25 03 -353  -38
Ternopilska 874,31 863,6 874,4 10,8  -1,2 0,1 0,0 10,8 1,3 ooy cropland area 2022 & 2021
Poltavska 1798,63 1785,1 1803,8 135  -0,8 5,2 03 18,7 1,0 e 02
Khmelnytska 1234,85 1222,9 1242,7 11,9  -1,0 7,9 06 19,8 1,6 mm 72
Cherkaska 1218,88 1233,2 12282 14,3 1,2 9,3 08 -50  -0,4 ME-72--115
Kyivska 1200,51] 1202,5 1211,0 20 02 105 09 84 07 0
Sumska 1256,47 1140,1 1270,5 116,4  -9,3 14,0 1,1 1304 11,4 -44-22
Vinnytska 1615,31 1632, 1635,7 16,7 1,0 203 1,3 3,6 02 e
Chernivetska 257,35 213,6 262,4 43,8 -17,0 5,0 1,9 48,8 22,9 mo0-7 B
Rivnenska 504,27/ 533,0 514,3 28,7 5,7 10,0 2,0 -18,7 3,5 7716
Lvivska 606,43 627,6] 623,7 21,2 3,5 17,3 29 38  -06
lvano-Frankivska | 281,28 277,6 293,7 3,6  -1,3 12,4 4,4 16,1 5,8
Zakarpatska 76,85 83,7 88,9 6,8 8,9 12,1 15,7 5,2 6,3
Ukraine total | 30756,58 27722,3 27021,9  -3034,2  -9,9 -3734,7 -12,1 -700,4  -2,5




Cropland difference between 2021 & 2023

2021 & 2022 2021 & 2023 2022 & 2023
Cropland, th ha Cropland Difference Cropland Cropland
in: Difference in: Difference in:
2021 | 2022 | 2023 th ha %
Khersonska 1765,72, 11151 987,7 1274 -11,4
AR of Crimea 1182,67 650,6 685,0 34,4 5,3
Donetska 1364,92 1109,7  803,2 -255,3|  -18,7  -561,7 -27,6
Zaporizka 1968,60 1556,5 1372,9 412,1 20,9  -595,7 -183,6| -11,8
Luhanska 1171,90, 1066,9  829,3 1050 9,0  -342,6] -29,2 -237,8) -22,3
Kharkivska 1872,06 1740,8 1413,7 131,21 -7,0  -4584  -24,5 -18,8
Odeska 2071,75 1678,6 1834,3 393,11 -19,00  -237,4  -11,5 9,3
Mykolaivska 1770,21 14757 1580,0 2945  -16,6f  -190,2] -10,7  104,3 7,1
Chernihivska 1401,22, 1318,4 1326,4 82,9  -59 74,8 -5 8,1 0,6
Dnipropetrovska | 2068,38 1984,2 1968,4 841 -41  -100,00 -48 -159  -0,8
Volynska 524,71 543,9 5171 19,2 3,7 760 -15 -268  -49
Kirovohradska 1783,98 1748,9] 1771,7 -35,1 -2,0 -12,2 -0,7 22,9 1,3
Zhytomyrska 885,33 918,1 882,8 328 3,7 25 03 -353  -38
Ternopilska 874,31 863,60 8744 10,8 -1,2 0,1 00 10,8 1,3
Poltavska 1798,63 1785,1 1803,8 13,5  -0,8 5,2 03 187 1,0
Khmelnytska 1234,85 1222,9 1242,7 11,9 -1,0 7,9 06 19,8 1,6
Cherkaska 1218,88 1233,2] 1228,2 14,3 1,2 9,3 08 -50 -04
Kyivska 1200,51 1202,5 1211,0 2,0 0,2 10,5 0,9 8,4 0,7
Sumska 1256,47 1140,1 1270,5 -116,4 9,3 14,0 1,1 1304 114
Vinnytska 1615,31 1632, 1635,7 16,7 1,0 203 1,3 3,6 0,2
Chernivetska 257,35 213,60 2624 43,8 -17,0 5,0 1,9 488 229
Rivnenska 504,27 533,0 514,3 28,7 5,7 10,0 20 -18,7  -3,5
Lvivska 606,43 627,6 623,7 21,2 3,5 17,3 29 38  -06
lvano-Frankivska | 281,28 277,6] 2937 3,6  -1,3 12,4 44 16,1 5,8
Zakarpatska 76,85 83,7 88,9 6,8 8,9 12,1 15,7 5,2 6,3
Ukraine total | 30756,58 27722,3 27021,9  -3034,2 9,9 -3734,7 -12,1 -7004  -2,5
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Cropland area from 2016 to 2023
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Occupied

B Negative trend until 2022 and negative after 2022 Negative trend until 2022 and positive after 2022
Positive trend until 2022 and negative after 2022 [ Positive trend until 2022 and positive after 2022




Cereals area from 2016 to 2023

Volynska
Rivnenska

Khmel'nytska
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[ Cereal, th. ha il H “
2016 J |

e

2017
2018
2019
2020
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2022
2023

774 Occupied
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Republicloff
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ocee NN\

B Negative trend until 2022 and negative after 2022 Negative trend until 2022 and positive after 2022
Positive trend until 2022 and negative after 2022 [ Positive trend until 2022 and positive after 2022




B Negative trend until 2022 and negative after 2022 Negative trend until 2022 and positive after 2022
Positive trend until 2022 and negative after 2022 [ Positive trend until 2022 and positive after 2022




B Negative trend until 2022 and negative after 2022 Negative trend until 2022 and positive after 2022
Positive trend until 2022 and negative after 2022 [ Positive trend until 2022 and positive after 2022




Zhytomyrska

: Poltavska
Ternopilskajikhmelinytskal
Ivano-Frankivska 2
Zakarpatska § "\
GChernivetskaP® : Kirovohradska '
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[ ] Winter rapeseed, th. ha ™|
2016
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2023

Mykolaivska

Odeska

Autonomous
Republic of
Crimea

B Negative trend until 2022 and negative after 2022 Negative trend until 2022 and positive after 2022
Positive trend until 2022 and negative after 2022 [ Positive trend until 2022 and positive after 2022
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Uncultivated agricultural fields in 2023 comparing to 2021
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Abandoned 736,9 573,5 563,4 500,9 484,2 432,4 241,2 186,2 124,0 115,2 64,9 60,0 56,2 53,2 52,7 49,0 47,3 43,4 43,3 43,1 36,4 28,7 16,0 15,3 8,0
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NASA HARVEST




NASA HARVEST nsa R

NASA'S GLOBAL FOOD SECURITY AND AGRICULTURE PROGRAM
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Global Agricultural Monitoring

For more info: www.nasaharvest.org
Follow us on Twitter: @HarvestProgram



Parntership with the Ministry of Agrarian Policy & Food of Ukraine

MiHiCcTepcTBO
arpapHoi nonitunku ta
NpPoAoOBONIbCTBa YKpaliHU

Builds on longstanding cooperation with various entities in Ukraine including Ministry,
Hydromet Center, Kyiv Polytechnic University & USDA FAS attache in Kyiv.

Short term focus: estimating impact of war on agriculture, particularly within the occupied

territories where ground data is not available

Longer term: boost capacity at the Ministry for use of satellite data in agricultural
assessments

First Deputy
Minister T.
Vysotskyi

MIHICTEPCTBO M MINISTRY

ATPAPHOI ITOJIITHUKH TA ‘OF AGRARIAN POLICY A

IMPOJIOBOJILCTBA YKPATHU FOOD OF UKRAINE
MiuarponosiTuku Minagropolicy
ByJl. XpelaTuk, 24, M. Kuis, 01001 24, Khreshchatyk str., Kyiv 01001
ren. (044) 363-08-27, (044)363-08-47, tel. +380-44/363-08-27
web: www.minagro.gov.ua +380-44/363-08-47
kox €/IPIIOY 37471967 web: www.minagro.gov.ua
e-mail: minister@minagro.gov.ua ko €JIPIIOY 37471967

e-mail: minister@minagro.gov.ua

Bil 20 p. Ne Ha Ne BiX 20 p.

Jlupextopy NASA Harvest
Inban Bexxep-Pemed

IlanoBHii nauni In6an bekkep-Pemed!

Bin imeni MinicTepeTBa arpapHoi HOJITHKH Ta IPOJOBOJIBCTBA Y KpAiHH 103BOJIBTE
BHCJIOBHTH ILMPY NOJIAKY 32 Bauly miATpHMKY Ta 3alpoIOHOBaHY JIBOCTOPOHHEO CIBIPALIO
Mizx NASA Harvest Ta MiHarpornoiTHKy.

Bakko TlepeolliHMTH BaXJIHBicTh Bammx piileHs, CHOpSIMOBaHHX Ha ITJATPHMKY
arpapHOro cekTopy Ta 3a0eslledeHHs perioHabHOI Ta r1o6anbHOI MpoJOBONLYOT Ge3neKH.
Bami 3yciuis Ta pe3yIbTaTH € HEONIHCHHUMH Y Licii Hellerkuii ays YkpaiHu dac.

Bynemo Basuni 3a minrpumky NASA Harvest y momanbiiiii ominui supoSHuUTBA
CUIBCBKOTOCTIONapChKHX KYABTYp B 2022 polli, a caMe IUIONI, YMOBH Ta MOMKITABI IOKa3HUKH
BpO:XalHOCTI AK Ha NIJIKOHTPOJILHHUX, TaK | HA THMYACOBO OKYITIOBAHHX TEPUTOPIAX, OCKIILKU
OuiKyeThCSl 3HAYHE MajliHH PIBHS BPOXKAIO I[bOTO POKY.

Kpim toro, Bix imeni MiHarponoiTiku XoTiB OM BHCIIOBHTH Hallly 3alliKaBJICHICTh B
JoBroctpokosii crisnpani 3 NASA Harvest Ta crioliBasHs 1010 PO3LIMPEHHS NapTHEPCTBA,
a caMe criBIparl y cdepi cylmyTHHKOBOTO aHalli3y Ta KapTorpadyBaHHA ¢iIbCHKUX TEPHTOPIH
B YKpaiHi.

MiHarponomiTHKH TIPONOHYE IPOJOBXHUTH MOJAbIIy criBnpaio 4depez [pymy 3
Haj3BHUaiiHnX cuTyaniii IPRSA, sxa Gepe yuacTh y JisNIBHOCTI 110/10 COPHSHHS po3po0i Ta
peanizallii ypsiI0Boi NOIITHKH, 1[0 BiloOpaXae MOTOYHY CHTYAIl0 Ta MOXJIMBE 1OCTA4aHHs
TIPOJIOBOJIBCTBA B YMOBaX Ha3BH4aiiHOT cuTyamii B YkpaiHi.

3 noaroro

37471967 - MIHICTEPCTBO

IPAPEY) A

TPOJIC

VKPATHH

:21-1820-/12408 min 29.07.2022
e :

=

Ilepmmii 3acTynuuk minicTpa
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S8E2DIETFI00307BO400
0000096 1320060559600




NASA Harvest: abandoned land 2023

Data: Planet, VHR data (proprietary)

, Front line

Liberated 2022

Dam Collapse

Libergted 2022

Abandoned land 2023 @
B Russian Fortifications R

https://nasaharvest.org/news/farming-amidst-war-satellite-data-reveals-productive-yet-challenging-season-ukraine




Harvesting of winter wheat fields

2022-06-03: 2022-07-03: 2022-07-15: 2022-07-18: 2022-07-23: 2022-07-30:
W In  Good conditions  Senescence Start of harvest. Harvest Start of tilling Tilling

“green” early summer Crop residue in complete complete

ellow”
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(b) (c)

Map area

-
Ay

A Barren Boundary
Amid ongoing conflict, many crops
along the front line went unharvested.

Unharvested crops

Distance from
Front Line (km)

6 % ( -720
- of Winter Crops Not— _' Jolat fess
Har\eested in Freé Ukrame i 5 SEAK S S =
- D "R _-._ : ; R i '~ hank ;
S on ol .' A A -480
L q?
& s
e O'CC'UPiED RECH B35 7 -240
(a) 2022-07-02 (b) 2022-05-08 (c) 2022-06-12 gl 12 9/ Sy g//
(a) SkySat false color (NIR-red-green) MO o ¥, 160
image. (b)-(e) Sentinel-2 false color - of Winter CVOS ot-Harvested in A Gl 1
(SWIR1-NIR-red). In Early May (b) the -_ -OCUP'ed Jaine A 80
field was in very good condition; ‘ Azov Knoociplec
however, shelling occurred mid-June ——Occupied-Border—-0
as seen by both Sentinel-2 (c) and Occupied
SkySat (a). Fire onset is seen in (d) é@\d— 50 = 480
(d) 2022-07-07 (e) 2022-07-17 and the field is seen burned in (e). 3 x — Number of Unharvested Fields




NightLight

. Data Provider: NOAA/NASA

. Satellite Platform: Suomi National Polar-orbiting Partnership (Suomi NPP)
and Joint Polar Satellite System (JPSS)

. Spatial Resolution: 750 meters

. Temporal Frequency: Nightly

. Instrument: Visible Infrared Imaging Radiometer Suite (VIIRS)

. Start Date: Data available from April 2012



¥s1auo(

ysueyn
ALY

0,58
0,54
| ‘ 0,50

idouJa|

0,69

ISIAIUIBYD
ADJIEY)
Asexuayd

0,73

0,76 0,75

eney|od

uosJayy|

0,79 0,79

RAMRADMA

JAwolAyz
NAB|OYIIA
eAyzyziiodeyz
QUAIY

Awng
ApjsiAujpwiyy|

product

=

UAjOA

AIAT
esapO
eAsIAUUIA

AlyluIayy
PEIYOAODY)

0,84 0,84 0,84 0,83 0,83 0,83 0,83 0,82 0,82

ASADjUBIH-0OUBA|

0,88 0,87 0,86 085

eAlledieyez

0,91 0,90

ysaoJdladoudiuQ

Correlation of illumination with Gross regional

O O O O O O O O O O O
OI OJI 81 7I 6I 5I A-I 3 2} 1[ OI
- O O O O O O O O O O

uolleulwni|l JO [9A9| 9y3 pue
1onpoJd |euolsal sS0J3 JO uolle|aJi0)

NightLight level 2013

Average Night Light 2013
nanoWatts/sr/cm~/2




K 3

ightLight level 2

3MiHa ocBiTneHHsa y 2021 poui
y nopieHsiHHI 3 2013 (y %)
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NightLight level 2022

3MiHa ocBiTNeHHna y 2022 poui
y nopiBHsiHHI 3 2021 (y %)
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Take-Home Message

* Key Insights:

1. Combining satellite data, machine learning, and economics enhances real-time monitoring and
economic stability.

2. Partnerships across disciplines improve data collection, analysis, and policy application.

* Strategic Directions:

1. Utilize satellite data and machine learning for assessing war impacts and guiding recovery.
2. Strengthen interdisciplinary collaboration.

3. Implement innovations into policy-making.



Thank you!
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