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Seasonal Biomass Changes in the Riverbed

DESCRIPTION
Quantitative mapping of the biomass change in the
riverbed and its impact on water ﬂow
USE
Satellite-based monitoring of relative biomass
growth is to support ﬂood modelling and
actualisation of the roughness coefﬁcient
INPUT PRODUCTS
Land cover and land cover changes derived from
satellite data
 Biomass volume
 Vegetation indexes
 Changes of roughness coefﬁcient for modelling
tools


Flood modelling tools require a number of parameters
that should be taken into account during calculations. In
order to provide accurate and reliable modelling it is
essential to prepare high quality inputs and to well deﬁne
the boundary conditions. One of the crucial parameters is
roughness coefﬁcient. It can be affected by biomass
transformation during the vegetated season which
impacts calculations of ﬂow resistance and hence the ﬁnal
results of modelling. Therefore, satellite data are used to
analyse seasonal biomass growth in the ﬂoodplain. Such
analysis is useful to verify the accurate roughness
coefﬁcient for ﬂood modelling.

SPATIAL RESOLUTION AND COVERAGE
Local to national (10-30 m)
BENEFITS
Determination of seasonal changes in roughness
coefﬁcient
 Improved understanding of the water bodies
changes
 Improved water ﬂow modelling
 Modelling of the ﬂood wave taking into account
seasonality


DELIVERY FORMAT
Depending on user needs, can be delivered as a
table with biomass volume
FREQUENCY
Annually, seasonally, monthly (depending on data
availability). The product is likely to be updated
regularly each month

Minimum value
Maximum value

Section of the river in RGB and 3 vegetation indices: NDVI, SAVI, RVII – preliminary data for
biomass changes monitoring. Guber river with 150 m buffer, Poland
(image credit: Astri Polska for ESA/World Bank)
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Biomass Changes
Areas between river embankments are crucial for water
management. Their maintenance usually involves wild
trees and bushes removal which needs to be conducted
regularly.
Bushes and groups of wild trees need to be monitored
more regularly than it is possible using state survey's
aerial data, which are refreshed every 3 years. In addition,
aerial images from state survey are available with delay,
which makes annual trees removal planning more
challenging.
Product representing the relative increase of the biomass
in the ﬂoodplain for the season, based on Sentinel-2 data,
is derived in the process of spectral index time series
analysis during one vegetation season. Within the deﬁned
period, change detection is provided for areas between
embankments. Process of change detection is corelated
with the national database of topographic objects. The
identiﬁcation of the various types of vegetation is possible
thanks to the Sentinel-2 imagery and spectral indices
calculated from these datasets.
March

May

DESCRIPTION
Felling of trees and bushes in the riverbed and its
impact on the water ﬂow
USE
 Water ﬂow modelling
 Felling of trees and bushes
INPUT PRODUCTS
 Changes in forest and bushes cover in the
ﬂoodplain area
 Biomass volume
 NDVI index
SPATIAL RESOLUTION AND COVERAGE
Local to regional (>3 acre) scale
BENEFITS
Variability of roughness coefﬁcient
Improved water ﬂow modelling
Modelling of the ﬂood wave taking into account
changes in riverbed





DELIVERY FORMAT
Depending on user needs:
 Vector layer – indicating land cover changes in
relation to national database
 Vector layer – river lines divided into 1 kilometre
sections deﬁned as percentage of the size of
felling in relation to the ﬂoodplain in given
section of the river
 Report
FREQUENCY
Depending on user needs, it can be updated after
every major ﬂood event and regularly each year in
the spring before the new vegetation season starts

Biomass changes based on Sentinel-2 data, Wkra river, Poland
(image credit: Astri Polska for ESA/World Bank)

NDVI index based on Sentinel-2 data, Poland (image credit: Astri Polska for ESA/World Bank)
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Elevation Data Production

DESCRIPTION
Elevation models derived from Very High Resolution
satellite data
USE
Basins, sub-basins delimitation – drainage
division, watersheds deﬁnition
 Hydrologic network deﬁnition and veriﬁcation
 Flood modelling, mainly delimitation of areas
endangered with ﬂoods – ﬂood-prone areas
 Flood scenario building on the base of different
ﬂows – water levels
 Surface roughness maps for ﬂood modelling
 Selection of places suitable for pumps allocation
for water removing
 Delimitation of undrained areas under speciﬁc
water surface level
 Water depth maps (integration with delimited
ﬂood area) – needed for damage assessment
 Calculation of geomorphologic / hydrologic indexes
based on DEM analysis
 Topographic normalisation of satellite imageries

Digital Elevation Model (DEM) is one of the most used
raster datasets in which an elevation value (height) is
attributed to each pixel. This kind of data is characterised
by spatial resolution as well as planimetric and vertical
accuracies.



Digital Terrain Model (DTM) stores information on height of
terrain consisting the relief of the area. Digital Surface
Model (DSM) is a dataset providing height of the terrain,
but unlike DEM or DTM, it includes also the height of every
topographic object such as buildings or vegetation.
Photogrammetric measurement conducted by combination of stereo-pairs of very high resolution satellite images
(i.e. 0.5 m for panchromatic band) with use of automatic
algorithms of image correlation allows for measurement of
elevation for every single pixel. The measurements form a
so-called point cloud, in which the terrain is presented as a
set of records described by three coordinates. Once the
point cloud is classiﬁed, the ﬁnal products - Digital Terrain
Model and Digital Surface Model - are created.

INPUT PRODUCTS
VHR satellite imageries – stereo-pairs or tri-stereo
bundles
SPATIAL RESOLUTION AND COVERAGE
2 m (in case of provision of a point cloud – points
density reﬂecting input imageries resolution)
BENEFITS
 Elevation data for particular areas of interest
 Detailed elevation models for the most remote
locations, where no aerial measurements can be
conducted
DELIVERY FORMAT
 Point cloud formats: LAS
 Raster formats: ERDAS IMG, GeoTIFF, other
FREQUENCY
Depending on user needs and on data availability. It
is suggested to update the map every 3 years, or
locally, after major infrastructural investments and
every severe incident (i.e. landslides)
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The example of a point cloud derived on the base of stereo-pair of imageries acquired by
Pleiades satellite – landscape details of the National Stadium neighbourhood, Warsaw,
Poland (image credit: Geosystems Polska for ESA/World Bank)

The subset of 2 m resolution DSM elaborated on the base of stereo-pair of imageries acquired by Pleiades satellite – central part of Warsaw, Poland
(image credit: Geosystems Polska for ESA/World Bank)
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Environmental Analysis Support
Landscape oriented analysis is based mainly on
integration of the Land Cover Map and available sources of
elevation data. This data allow production of maps of
landscape patterns and landscape indexes, i.e. Landscape
Shape Index, Patch Cohesion Index or Fractal Dimension
Index.
Climate change adaptation analysis covers mainly
preparation of land cover changes monitoring service with
the special focus on environmental elements vulnerable to
climate change, such as agricultural lands, grasslands or
wetlands.
Forest and pastures monitoring services are one of
focused applications of Land Use and Changes mapping
service. They are useful on county level as well as for
regional and local reporting.
Forest monitoring service provides following maps and
statistics:
 Map of forest area
 Map of forest types (coniferous, deciduous, mixed)
 Maps of volume (m³), biomass (t/ha), carbon stock (t)
 National, regional and local statistics
 Possible - wildﬁres simulations
Pastures monitoring service provides following maps
and statistics:
 Map of pastures and grasslands biomass
 Other statistics and indicators

DESCRIPTION
Environmental analysis based on satellite data
USE
Environmental resources assessment
Silviculture – support for planning of clear-cuts
Illegal clear-cuts detection
Integrated landscape management
Landscape protection
Pastures and grasslands area map
Pastures and grasslands productivity map and
statistics









INPUT PRODUCTS
Satellite orthophotomaps based on Sentinel-2
MSI
 Vegetation oriented spectral indexes and change
detection
 Change detection based on Sentinel-1 satellite
data


SPATIAL RESOLUTION AND COVERAGE
Expected spatial resolution is 10-50 m (on the base
of Sentinel-1/Sentinel-2 data), vector maps with
details on the level of 1: 25 000 or 1: 50 000 scales
BENEFITS
Continuous satellite monitoring, conducted with the
use of different platforms and scanners, allows to
provide complex service for monitoring of many
components of the environment. Detailed, up-todate, reliable and objective information derived from
satellite data enables better natural resources
management
DELIVERY FORMAT
Depending on user needs:
 print ready maps sheets
 vector and raster datasets
 statistics

The subset of Land Use Land Cover Map – Brest, Belarus
(image credit: Geosystems Polska for ESA/World Bank)

FREQUENCY
Dependent on EO input data availability (cloud
cover-free probability mostly for Sentinel-2 data),
and Land Cover Map update frequency

The subset of biomass map and forest
types map of eastern part of Slonne
Mountains Landscape Park, Poland
(image credit: Geosystems Polska for ESA/World Bank)
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Flood Monitoring

DESCRIPTION
The aim of the service is to provide information
supporting ﬂood management and development of
ﬂood mitigation measures
USE
Supporting ﬂood management

Service consists of multiple optional components focusing
on delivery of ﬂood-related information: hazard, exposure,
vulnerability and risk. Depending on requirements, EO and
ancillary data availability the service can be scaled up to
deliver products from less to more complex information
content.

INPUT PRODUCTS
SAR EO Imagery:
 VHR: TerraSAR-X, Cosmo-Sky-Med, Radarsat-2
 HR: ALOS Palsar, Sentinel-1
 Optical EO Imagery:
 VHR: GeoEye-1, WorldView-2/3, Pleiades-1,
Spot-5/6 etc.
 HR: Sentinel-2, Spot-4/5, RapidEye etc.
 Ancillary
 DEM (user-provided or EO-based)
 Land use / land cover map
 Assets map
 Infrastructure map
 Flood and / or precipitation related records
(statistics)


SPATIAL RESOLUTION AND COVERAGE
1-20 m

Subset of the map with hypothetic 100-yr ﬂood inundation extent and depth for
Amarapura neighbourhood of Mandalay city, Myanmar. Inundation modelled using 1D
HEC-RAS. (image credit: ALOS PALSAR (2011) / EOTAP / GISAT)

BENEFITS
Identiﬁcation of assets and population exposed to
ﬂood hazard. Quantiﬁcation of changes in amount
of exposed assets
 Identiﬁcation of ﬂood hazard for given period /
ﬂood event (current or historical)
 Evolution of ﬂood hazard by assessment of
multiple historic ﬂood events
 Identiﬁcation of hypothetic ﬂood hazard by ﬂood
modelling
 Quantiﬁcation of risk level to exposed assets by
combination of their structural or socio-economic
vulnerability with hazard intensity


DELIVERY FORMAT
Depending on user needs:
 print ready digital maps
 vector and raster datasets
 web service

Sentinel-1A ﬂood map of Barguna, Bangladesh, acquired on May 23, 2016; showing over
85,000 hectares of ﬂooded areas in light blue (image credit: Copernicus Service
information (2016) / Copernicus EMS / e-GEOS)

FREQUENCY
Depending on user needs, it can be updated after
every major ﬂood event and regularly each year
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Land Cover Mapping
The term of land cover refers to physical material on the
surface of the earth. Typical classes which are contained in
the land cover map are built-up areas, waterbodies or
grasslands.
The state-of-art mapping products are usually
standardised and based on the EU Corine Land Cover level4 legend. This ensures harmonization between maps
elaborated for different areas, thematic content and the
highest possible spatial resolution and thematic accuracy.
Using satellite data sources allows to produce a map at
the scale of 1:50 000, which is sufﬁcient to fulﬁl user
requirements for landscape-level monitoring.
Final thematic scope can be customised in cooperation
with end-users to assure reﬂection of their needs as well
as local environment characteristics.

DESCRIPTION
The main goal of the product is the provision of
current information on land cover types coverage as
a reference for dynamic phenomena monitoring:
land cover changes, human pressures, urban sprawl,
hydrological network and ﬂoods (including pre- and
post-crisis phase).
USE
 Reference data for future land cover monitoring
 Environmental analysis
 Reference data for inundation (ﬂood) detection
 Reference data for ﬂood incidences consequences
analysis (after integration with auxiliary
statistical data - identiﬁcation and quantiﬁcation
of endangered population, infrastructure, natural
resources yields, real estates and, if possible,
estimation of replacement value of destroyed
yields and real estates)
 Input data for ﬂood risk maps, allowing for
integration with external sources i.e. statistical
information
INPUT PRODUCTS
Sentinel-2 MSI satellite orthophotomaps enable for
the delimitation and identiﬁcation of different land
cover classes (like forests, settlements or
waterbodies)
SPATIAL RESOLUTION AND COVERAGE
Vector maps with details on the level of 1:50 000
scale

The subset of Land Use Land Cover Map – neighbourhood of Kamenets town, Poland
(image credit: Geosystems Polska for ESA/World Bank)

BENEFITS
Land cover map is one of the most typical products
derived on the base of satellite images. However,
this kind of product, if standardised, with strictly
described individual classes deﬁnition could ﬁnd its
application in various ﬁelds and provide information
on human activities or natural resources in given
area
DELIVERY FORMAT
Depending on user needs:
 Vector datasets (ESRI shapeﬁle, or other)
 Web service (WMS, WFS)
FREQUENCY
It is suggested to update the map every 3 years, or
locally with higher frequency

The subset of Land Cover Map – Poland
(image credit: Geosystems Polska for ESA/World Bank)
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River ice monitoring

DESCRIPTION
The service aim is to provide the user with up-to date
information on river ice in the monitoring area for
selected rivers
USE
 Identify river ice
 Monitor phenomenon
INPUT PRODUCTS
 River body
 Exclusion zones from local ﬂooding analysis (for
example power plant basins, ﬁsh farms, old river
channels regularly covered with water)
 Sentinel-1A and Sentinel-1B images
SPATIAL RESOLUTION AND COVERAGE
10 m
BENEFITS
Planning ice-breaking actions
Independent and neutral information in support of
reports being prepared by water management
units
 Support for ﬂood prediction
 Validation of ongoing ice-breaking progress



River icing is typical for some regions of Europe in the
winter season and can last for few months. River ice
causes ﬂoods through the blockage of water ﬂow in river
bed. In addition, icing affects the transportation function
of the river.
Satellite-based monitoring of the river ice is to support
currently used in-situ techniques and provide up-to-date
information on river sectors affected by ice. This kind of a
regular analysis can support the planning of ice-breaking
operations, the prediction of ﬂoods and the validation of
ongoing ice-breaking activities.
The detection of ice is based on Sentinel-1A and Sentinel1B microwave satellites. Microwave reﬂection makes it
possible to distinct between snow, ice and water
(including ice covered by snow) as long as the ice is not
covered with thick layer of stable water. Application of
Sentinel radar satellites allows to collect image,
independently from weather conditions (excluding
intensive storms and snow falls), every 2-7 days and to
process it just afterwards. The data are classiﬁed into
ice/no-ice elements and exported into GIS environment to
provide reports and GIS layer.
The service can be enhanced with the detection of local
ﬂoods in the winter season around the river banks.

DELIVERY FORMAT
Vector datasets (ESRI shapeﬁle)
Web service (WMS)
Report





FREQUENCY
Depending on the availability of data for given region
- from 2 to 7 days

Ice/water coverage detected on Sentinel-1 data in February, 2017, Odra River, Poland (image credit: Astri Polska for ESA/World Bank)
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Crop Type Classiﬁcation and Crop Area Statistics
The map is produced during or at the end of the crop
growing season depending on the availability of input
satellite data and user requirements. Its production relies
on multi-temporal satellite imagery combined with
national in-situ data, by integration of two complementary
classiﬁcation results independently derived from dense
time series of optical imagery (Sentinel-2, Landsat 7 and
8) and SAR imagery (Sentinel-1).
When winter and spring crops are grown in the area (e.g.
in case of Armenia and Georgia mostly grains: wheat and
barley), the generation of composites considers phases of
typical growing cycles of the crops depending on climatic
speciﬁcs and local crop calendar. Appropriately deﬁned
composites facilitate detection of crops based on spectral
and temporal differences caused by occurrence of their
speciﬁc management cycles, which differ over the growing
season: sowing, germination, ripening and harvesting. If
sufﬁcient amount of (cloud- and snow-free) data are
collected in sub-season, following composites are
expected to be generated for the pilot areas:
 early spring to detect winter crops such as winter
wheat and barley;
 late spring (early summer) to detect spring crops as
spring wheat and barley and cereals;
 late summer to detect other (later) crops such as maize
or potatoes.
The list of crops is adaptable and can be customized
depending on local conditions and in-situ training data
availability.

Crop type classiﬁcation based on satellite data
(image credit: GISAT for ESA/World Bank)

DESCRIPTION
The aim of the service is provision of crop types
map identifying speciﬁc crops (or groups of crops)
and delivery of related statistics (distribution,
structure) aggregated for deﬁned unit
USE
The service is envisaged to allow the following
uses:
 Identiﬁcation of major crop types and calculation
of area under cultivation
 Distribution of speciﬁc crops
 Collection of aggregative statistics of crop shares
for customizable reporting unit(s)
 Spatial and temporal description of cropping
patterns (cycles)
 Comparison of cropping pattern with previous
season(s)
INPUT PRODUCTS
Field plot outlines (from cadastre, ﬁeld or
irrigated ﬁeld registry)
 Crop calendar
 Training samples
 Validation samples
 Spatial units (administrative boundaries,
physical-geographic boundaries, water user
administration units, etc.)


SPATIAL RESOLUTION AND COVERAGE
Provided on the national level for ﬁeld sizes 1 ha
and bigger
BENEFITS
Service provides spatially explicit depiction of crop
types distribution in the area of interest. Results
are comparable between variable customizable units
and different years. Service could be carried out
retrospectively for historic growing seasons
depending on satellite data availability
DELIVERY FORMAT
Raster datasets (GeoTIFF)
Vector datasets (ESRI Shapeﬁle, ESRI GDB, KML)
On-line platform and service (WMS)





FREQUENCY
 Annually
 Optionally after the end of each crop
management period (cycle) – up to 3 times a
year
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Productivity Monitoring Web Service

DESCRIPTION
This service provides timely information on
agricultural productivity
USE
The service is envisaged to allow the following uses:
 an ongoing assessment of the state of crops, e.g.
current development stage, depicted across space
and time
 detection of anomalies compared to previous
seasons or regions
 daily assessment of soil water deﬁcit (linked to
water availability for crops)
 deriving a baseline for evaluation and monitoring
the effects of implementation of crop management
measures
INPUT PRODUCTS
To enable all the goals the service must be inputted
with following data sources:
 Sentinel-2A and Sentinel-2B
 Landsat 8
 MODIS (Terra and Aqua satellites)
 meteorological stations data (temperature,
precipitations, etc.)
 extent of focus areas

The online crop monitoring service is based on analysis of
time series of multi-temporal Earth Observation (EO) data,
namely optical imagery from satellites: Sentinel-2,
Landsat 7 and 8, MODIS. In addition it may also accept
data from equipment in the ﬁeld, notable meteorological
stations.
The service is dedicated to analysis of spatio-temporal
plant dynamics over thousands of hectars of cultivated
land to derive up-to-date information on crop growth and
biomass productivity. In parallel, weather and water
availability data can be used for past and current
estimates of plant water stress. Information concerning
the reference sites will be pooled together in order to
provide region-wide statistics and maps.
Daily updates provided from meteorological stations
(if available) are used for calibration of MODIS vegetation
indexes and derived products. Maps based on satellite
imagery are updated according to the satellite overpass
schedule and weather conditions (each 16 days for
Landsat 8 and each 5-10 days for Sentinel-2 (A and B).

SPATIAL RESOLUTION AND COVERAGE
Spatial, radiometric and time resolution depends on
source data:
 Landsat 8, 15-30 m each 16 days
 Sentinel-2 (A and B), 10 m each 5 days
 MODIS (Terra and Aqua), twice per day
 meteorological stations, daily update
BENEFITS
The service will provide an updated crop status
monitoring, the main beneﬁts for the users will be:
 long-term monitoring of productivity in focus
regions
 regional yield forecasting
 decision making improvement

Agriculture monitoring preliminary service presenting overall productivity and water stress
(image credit: GeoPulse for ESA/World Bank)

DELIVERY FORMAT
All the data will be available online through a web
portal after login with proper user credentials
FREQUENCY
Daily or weekly depending on the data source
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Leakage and Automated Irrigation Canals Monitoring Web Service
Satellite monitoring of irrigation infrastructure is another
area of application that uses agriculture productivity
monitoring to establish watering advisory services or an
early warning in case of water leakages.
Automated alarms linked to sudden changes in vegetation
state along the irrigation canals may be indicative of
irregularities in water passage through the canals.
Monitored areas are usually located on both sides of canals
and each represent between 5 and 25 ha of land. Thanks to
the use of multi-temporal satellite imagery it is possible to
observe the history of vegetation state and provide
supporting numerical and statistical analysis. In addition,
this service permits to visualize the monitored area with
regularly updated ﬁne-resolution images from Sentinel-2
satellite (pixel 10 m) linking images to the corresponding
graphs and alarms, in order to enable efﬁcient correlated
from the alarm alert to the image.

DESCRIPTION
Satellite monitoring of the watering infrastructure
connected to an alarm system
USE
The service is envisaged to allow the following
uses:
 detection of anomalies compared to previous
seasons or regions
 an ongoing assessment of soil water deﬁcit
(linked to water availability for crops)
 evaluation of the impact of investment or other
intervention in the agriculture sector
INPUT PRODUCTS
To enable all the goals the service must be inputted
with following data sources:
 Sentinel-2A and Sentinel-2B
 Landsat 8
 MODIS (Terra and Aqua satellites)
 meteorological stations data (temperature,
precipitations, etc.)
 other ground measurements that are online (e.g.
channel water ﬂow) (if available)
 extent of focus areas
 a map of irrigated areas and irrigation canals
SPATIAL RESOLUTION AND COVERAGE
Spatial, radiometric and time resolution depends on
source data:
 Landsat 8, 15-30 m each 16 days
 Sentinel-2 (A and B), 10 m each 5 days
 MODIS (Terra and Aqua), twice per day
 meteorological stations, daily update

Agriculture monitoring preliminary service presenting irrigation / leakage alarms
(image credit: GeoPulse for ESA/World Bank)

BENEFITS
The service will provide an update data with the
water condition and the status of the watering
infrastructure enabling:
 infrastructure performance monitoring
 investment assessment
 decision making improvement
DELIVERY FORMAT
All the data will be available online through a web
portal after login with proper user credentials
FREQUENCY
Daily or weekly depending on the data source
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EARTH OBSERVATION FOR SUSTAINABLE DEVELOPMENT
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