Appllcatlon of Copernlcus Satellite Data for
SO|I Moisture Monitoring and Drought Mapping
- within the Baltlc Sea Open Data Framework
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Program Copernicus

opermcus

Europe’s eyes on Earth.

ACopernlcuss the EuropeanUnlon sEarth ObservatlonProgram
managedby the EuropeanComm|SS|onn partnersh|pW|th ESA
(EuropearSpaceAgency)

Alt prowdeshlghquallty, free and open data for monltorlngthe
Earth'senvironimentand understandln@hmatechange

A Copernicus utilizes a series of satellltes caIIed Sentlnels
designedspecificallyfor Earthobservatlon

AThesesatellltesdellverContlnuous near reaI—tlme data on Iand,
- use oceanmonltorlng air quallty, dlsasterresponseand more.

AAll satellite data and servicesare free and open to the publlc," '
enabling widespread use for environmental, social, and
economlcbeneflts L S ' .



The need for information from satellites is
growing at an eveincreasingatex

EARTH OBSERVATION MISSIONS

¢ 2 R Isatelitesare usedto forecastthe weather, answerrelevant
Earthsciencequestions, provide essentialinformation to improve
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Motivations

Accessibilityand Transparency By providing free and open access
to satellite data, Copernicus enables end userg including
researchers, businesses, governments, and citizeng to obtain
accurate, up-to-date information without restrictions This
transparencyfosterstrust and encouragesa collaborativeapproach
to addressingglobal challengessuch as climate change, natural
disastersandurbandevelopment

Collaboration AcrossSectors The open framework allows a wide
range of stakeholders governments,private companies,academic
institutions, and non-profit organizations to collaborate more
effectively Sharedaccessto data ensuresthat resourcesare used
efficiently and that collective efforts to addressglobal issuesare
coordinatedanddata-driven

EnhancingPublic Awareness Copernicussatellite data can help
increasepublic awarenessof critical environmentalissuessuch as
deforestation, air quality, and ocean pollution. This empowers
citizens and organizationsto take action, advocate for policy
changes,and participate in sustainablepractices It also enables
informed public dialoguearound climate changeand environmental
stewardship

Informed DecisionMaking: Copernicus data delivers high
resolution, reliable environmentaland climate information, which s
essentialfor making informed decisionsin fields like agriculture,
urban planning, disastermanagement,and resource management
End users can rely on this data to monitor and forecast
environmental conditions, optimizing their strategies and
interventions

https:// doi.org/10.1029/2019GL 082062

ffémely hot days in Europe have
3 e hotter by an average »f3
3es Celsiyghe study found, while
remely cold days have warmed 8y
egrees CelsiusThe research examinec
ata from weather stations across
rope from 1950 to 2018, with more
than 90 percent of stations showing tha
the climate was warming.

ol

The research comes after an extremel
hot summer in Europe. Southern Franc
hit 46 degrees Celsius a new record

T in late June. Germany, the
Netherlands, and Belgium also recorde
al-time national temperature hi_g

25 July 2019
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FPCU®penDataFrameworkfor the BalticSeaDrainageBasin
Aim of the.project webpageplatform dedicated envwonmentalmonltorlng at the catchmentarea W|th an opensourceand free-of-charge

satelliteobservationsaswell asmeteorologicakegistrations
Extent TheBalticSeacovers415266 squarekilometers,while its catchmentarea at1.7 m|II|on km2 - extendsover an areaabout four times as

large as the seaitself. In Germany,Denmarkand Polandas much as 60-70% of -the Baltic's catchmentarea consistsof farmland. Forests,
wetlandsandlakesmakeup between63%and 90% of the catchmentareain Finland RussiaSwedenand Estonia:
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The Importance of ‘Sd\'lloisture & . . R
DroughtMapping with Satellites ~ .~ " <

Early Warning Systems Provides real time monrtorlng of
soil moisture and droughit conditions, essential for early
detection and response to water stress and drough_ts

Agrlcultural Productmty Poland S economy heavrly
depends.on agrrculture with arOUnd 60% of |ts Iand area
being used for farming. |

Soil morsture On average Poland expenences moderate to Iow ' o
soil moisture levéls during the summer months, partrcularly |n the «
‘southern and central parts of the- country The average soil
moisture content in these areas can range from 15% to 25% |n
top 30 cm ot’son : g : At

AThe Institute of Geodesy and Cartography (IG{K) utrlrzes
satellite data for monitoring soil moisture and mapprng
- drought frequency, which has been the Institute's domaln
of research for many years dat1ng back to the 1990s.
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Input-dataset

Copernicus data for soil moistute monitoring
A Se_ntinel—lGRDcoIIected from.,2'021 to.pres'ent |

Copermcus data for drought mappmg . ~ A
A" Land Monitoring Service (LMS) component Land Surface Temperature -
A ERAS5- Land daily air temperature and total preC|p|tat|on ;

Cband Synthetic Aperture’ Radar Synthesrs;f ThermaICondrtronIndex
(SAR) instrument &.405GHz .-~ 2p21-present(raster 5 km)
12-dayrevisittime, 6-tayin . g]obal 10daily

tandem (S1A + S1B)

duakpolarizationVV/IVH

ERAS reanalysiatasetland-based
observationdrom 19590nwards i
spatial resolution of 0. A(~9km),
hourly temporalresolutron,



Soil moisture modelling .~~~ T

Soila 2 A A G-dZNB w 5 Ndln8|®$ ffom Seaut?nqj[ﬂ OKS . -

Substltutlng the vegetatlon descrlptor b y b h e AV hI d ¥ X o
and t heA\NNIdex RV

“VH=-18.9 + 0.33r2 SM - 0.14(1 - 12) cos(8) o°(VH-VV)2

g SM = (o® VH + 18.9 - 0.14(1- 12) cos(8) a°(VH-VV)2/(0.33 12)

] DabrowskaZ|eI|nskaK Musial JMalinskaA., Budzynska/l., GurdakR. KlryIaW Bartold M. ﬁrzybowskP 2018 Soil Moisture in tk[ﬂebrzaNVetIands
Retrieved from Sentinel Imagery, Remote Sensrng 2018 VoI 10(12) 1878 . :

DabrowskaZielinskaK.,Budzynskau., GurdakR Mu5|al JMalinskaA., GatkowskaM., Bartold M., 2017, Appllcatlon of SentlribVH and VvV and Sentirfor soil moisture
studies, Proceedings of SPIE, Volume 10426, Active and Passive Microwave Remote Sensing for Envwonmental Mlonltorlr(gom)ﬂ,z'?f?(‘


https://www.mdpi.com/2072-4292/10/12/1979
https://doi.org/10.1117/12.2278613

L = COPERNICUS LAND MONITORING SERVICE TCI
Drought mapping . TCI INPUT TO CREATE SATELLITE DROUGHT SYSTEM - IGIK DISS

The system for- monitoring crop . growth
conditions has been elaborated at the Remote *
Sensing Centre, Institute of Geodesy and .
Cartography It determrnescrop conditions with "
the use of the index basedon Copernrcusdata
resampledto 1 km2 spatralresolutron

Theindex, caIIed Drought Identrflcatron Satellrte i
System ¢ DISSis a function .of Temperature :
Conditionindex ¢ TCland meteorologicalindex |
characterrzrng:llmatrccondrtronson the territory - |
of Poland(HydrothermalCoefficientg HTC)DISS
drought index Is generated at the sucoeedrng

ten-day periods within vegetation season,
startingfrom the end of March :

Index values are. divided into five ranges,
characterizing particular level of ‘moisture
extreme drought . (red)- drought (orange),

I Extreme drought [] Average moisture

average moisture (light green) good m0|sture — B Goos oorsture
(darkgreen)and highmoisture (darkblue). o | .o I High moisture




Drought jmapping

'The variability of the rvight.side of the equation is based on TCI;

Meterological data Copernicus LMS while MedHTC30 is a fixed element characterizing the climatic
o it . aspect of a specific area. For-the whole terfitory of Poland, the
precipitation Temperature
PR——— . ‘MedHTC30 image with aresolution of 1 km was prepared using
‘1/ ‘1; i mterpolated meteorologlcal data

Hydrothermal Temperature
coefficient HTC Condition Index
TCI

DISS; = MedHTC30 = exp (a+ b+ TCI, + c+TCI,_y + d+TCI,_;)

: 'Wh}er"e' t ;'is :thete_n-daytime point in the growing season; and a -
“ is negative while b, c,.and d are positive. .

Drought Index DISS
Drought Identification
Satellite System

DabrowskaZielinska K. Mallnska A BochenekZ Bartold,"M.GGurdak R. Paradowsle LaglewskaM Drought Model DISS Based on the Fusion of
. Satellite and Meteorological Data under Variable Climatic CondltRmmote Sens’_OZQ 12, 2944

DabrowskaZ|eI|nskeK BochenekZ MalinskaA., Bartold M. GurdakR LaglewskaJI ParadowskK 2021 DroughtAssessment Applying Joined -

Meteoralogical and Satellite Data, Proceedings of the 2021 IEEE International Geosmence and Remote Sensing Symposlesis@IARBélglum 16
July 2021, pp. 6596594. : :


https://doi.org/10.3390/rs12182944
https://doi.org/10.1109/IGARSS47720.2021.9553739

TClequalsO represents a very poor condition (severﬁj(‘\

COPERNICUS TCI 10-daily synthesis from April to June 2023 deviation from the optimal temperature for vegetatio\,OPEITICUS

and 100 represents an optimal temperature condition
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TClhelps to quantify temperature

COPERNICUS TCI 10-daily synthesis from August to September 2023 deviations in a more “Sé"e”d'yway@mm

agricultural and ecological monitoring.
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The median of HTCinforms about the average
atmospheric conditions ~ (in  relation to
precipitation and air temperature) To obtain the
median HTCvaluesfor the entirety of Poland,a
databaseof 1 kmrasterimagesof HTGvascreated
using the "daily: interpolated temperature and
precipitation from the meteorologicalstations in
- the period 2001¢2023. Theseimagesrefer to the
.growing season (from the end of April to
Septemberandwere formedwith a 10 daystep.

The spatial distribution of HTCmedian valuesin

.Polandis related to climatic conditions,which are

influencedby t 2 t | WiR@aphy The lowland

areas in western and. central Poland are

characterizedby the prevailingwater deficit (HTC
median < 1.0), while the upland and mountain

areaslocated in southern Poland,due to higher
-and more frequent rainfall, reveal good moisture

conditions (HTGmedian > 1.0). Moreover, a high

HTOmedianappearsin northern Poland(Masurian
and-Pomeranianregions),where-hilly landscapes
filled with numerous-akes modify the climatic

conditions,thusincreasinghe amountof rainfall.

Thesameconditionsare observedalongthe Baltic
seacoastlina high HTCvaluesare causedby the
impact of amaritimetype climatein the northern
part of the country
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