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Background Information

As part of the TIGER initiative, the TIGER-NET project aims to support the assessment and monitoring of water resources from
watershed to cross-border basin level delivering indispensable information for Integrated Water Resource Management in

Africa through:

1. Development of an open-source Water Observation and Information Systems (WOIS) for monitoring, assessing and
inventorying water resources in a cost-effective manner;
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2. Capacity building and training of African water authorities and technical centers to fully exploit the increasing
observation capacity offered by current and upcoming generations of satellites, including the Sentinel missions.

The project was officially kicked off at the World Water Forum in Marseilles in March 2012 and provides ongoing
development of the WOIS towards Sentinel processing capacity as well as uptake of new users with training and capacity

building.

For more information please visit www.tiger-net.org.
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The Water Observation and Information System

The WOIS is a multipurpose system consisting of a storage container for the geodata, extraction and
processing of the EO data through customized processing facilities, and integrative tools and models

aimed at decision support e.g. Hydrological modelling and GIS embedded visualisation and analysis tools.

The WOIS is designed around Quantum GIS (QGIS), which acts as the front-end Graphical-User-Interface
(GUI). The other components of WOIS are: GRASS GIS (large
toolbox of raster and vector analysis algorithms), BEAM and
S1TBX (processing of optical, thermal and radar ESA data
products), Orfeo Toolbox (high resolution image processing),
Soil Water Assessment Tool — SWAT (hydrological modeling), R
scripts (statistical and graphical tools) and PostGIS (spatial
database).

The functionality from the different software components are
integrated using the SEXTANTE spatial data analysis library Figure 1. Opensource software packag
- integrated as part of the Water Observation al
which provides a framework for incorporating algorithms from Information System (WOIS) plugin for QGIS.
the various providers (such as GRASS GIS, BEAM, etc.) into QGIS (Figure 1). A key advantage of SEXTANTE
is the ability to seamlessly use functionalities from different providers for data processing and analysis,
and via a unique QGIS plugin itis possible to sequentially combine algorithms from the different providers

into wizard-based processing i.e. standardised workflows of complex tasks with instructions (Figure 2).
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 Weter Obsenation and normation Sstem

The plugin has been used to generate a workflow library with step-by-step
guidance for the users to extract specific water information products.

The workflows are first and foremost a

help for the novice and intermediate

users, while the more advanced users

may choose to explore the full suite of

Figure 2. WOIS graphical user interface and
embedded workflow library.
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algorithms and tools available from SEXTANTE in order to create their own workflows. Moreover, pre-

parameterized SEXTANTE models for certain products are provided to enable an automatized production

for operational usage.

As part of the WOIS framework a PostGIS database is provided, enabling de-centralized operation of
multiple user identities. A library of import/export function further ensures the integrate ability and/or

connection to existing IT infrastructures and databases.

SYSTEM KEY ADVANTAGES

¢ Cost and license free — Open Source
o FEasily transferable — Easy to operate
¢ Capable of
O retrieving, storing and processing EO satellite data as well as integrating in-situ data
producing EO-based water related information products
integrating hydrological modeling functions
supporting decisions based on full GIS framework
mapping and reporting functionality
integrating and linking to existing user systems
scaling up for future applications and demands

o O O O O O O

supporting the full observational capacity of the upcoming Sentinels
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Figure3. Screenshot of WOIS derived water stress anomaly product and single step workflow exampl
generating report on affected areas / population.
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FO Products

Farth Observation Products

Base Map Data

Product Description

The WOIS basin characterizations components include an array of key data layers along with a ready-to-use GIS map
template and automated query scripts (enabling non-GIS staff) to provide water related information / summary reports in
map and tabular for Integrated Water Resource Management. It builds on already existing national and/or
international and/or global cartographic information and user-supplied geodata bases.

Content Product Example

¢ Hydrological network LAKE CHAD BASIN

Administrative boundaries } [

Basin and sub-basin delineation il gy
.

Roads gl s

Bt up frazs.
=

Hilshacke
Gk e 2088

Villages, cities

Description

Main water relevant infrastructures

Main service infrastructures

o O O O O O O

Terrain elevation data

@ Q@esa [L_w m w0 w swin|

Input Data
¢ Hydrological network: Aquastat, Global Lakes and Wetlands Database (GLWD), Global River Discharge Database,
Vector Map (VMap), user supplied GIS data
Administrative boundaries: GADM Global Administrative Database, Country Files (GNS), user supplied GIS data
Basin and sub-basin delineation: HydroSHEDS, user supplied GIS data
Roads: Vector Map (VMap), user supplied GIS data
Villages, cities: Vector Map (VMap), user supplied GIS data
Main water relevant infrastructures: Aquastat, user supplied GIS data
Main service infrastructures: Vector Map (YVMap), user supplied GIS data
Terrain elevation data: SRTM Digital Elevation Data, ASTER GDEM, HYDRO1k Elevation Derivative Database, user
supplied GIS data
¢ Additional Earth Observation and GIS data can be added if required

o o O O O O O

Methodology
¢ Collection of input data from user-side or other data collections
o Geometric correction, adaptation of attributes, format conversion, metadata generation
o Assembling of data for base mapping
¢ Establishment of QGIS basemap templates and standardized legend files

WOIS Workflow

See Training Documentation for Product Group #2: Base mapping
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Spatial Coverage
Volta Basin, Nile Basin, Lake Chad Basin, South Africa basins (selected), North Namibia

Spatial resolution

Depending on data layers for mapping scales 1:100.000 or smaller
Temporal resolution (time period and frequency)
various

Coordinate Reference System

Geographic Lat/Lon (WGS84) or user defined
Geometric accuracy (positioning scale)
Depending on data layers

Thematic accuracy (in %)

Depending on data layers

Data type

Raster and Vector

WATER OBSERVATION & INFORMATION SYSTEM AND PRODUCT PORTFOLIO \




FO Products

High-resolution basin characterization

Product Description

The WOIS high-resolution land cover component provides a monitoring service at sub-basin level, including a recent
high-resolution land cover inventory as well as long-term land cover change proesses, such as effects of climate change
or overexploitation (e.g. disappearance of vegetation, change of cropland area).

Content Product Example
& Detailed land cover mapping of main areas of
i i i i H High Resolution Landcover 1985 / 2011
interest within the basin at high resolution e el A
(20m pixel size) describing the major features et § s
relevant for water management (irrigated and 7 7 s e

Chies:

non-irrigated cropland, forests, urban areas, TR TN A | s 2
water bodies, etc,) :
¢ Long-term change analysis providing a long-
term assessment of the major changes

occurred in the basin

EO input data

& Optical, multispectral Earth Observation data in high spatial resolution (5-30m)

& Sentinel-2 type (e.g. SPOT, RapidEye, Landsat)

o Ideally one homogeneous, cloud-free data take in either dry- or wet-season

Other Input Data

& Existing land cover information for calibration and validation (hydrographic features, irrigation areas, road infrastructure
etc)

Methodology

Radiometric and geometric co-registration of satellite imagery to establish consistent time-series imagery

Automated calculation of biophysical parameters (vegetation index data)

Hybrid pixel- and object-based image classification and change detection

Visual image interpretation

o o O O O

Metadata generation and internal product validation
WOIS Workflow

See Training Documentation for Product Group #5: High-resolution basin characterization
Spatial Coverage
Volta Basin, Nile Basin, Lake Chad Basin, South Africa basins (selected), North Namibia

Spatial resolution
5-30 m pixel size, target map scale: 1:100.000

Minimum mapping unit: 0.5 hectares
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Temporal resolution (time period and frequency)

Long-term changes (2 years or longer intervals)
Coordinate Reference System

Geographic Lat/Lon (WGS84) or user defined
Geometric accuracy (positioning scale)

Better than 1 Pixel

Thematic accuracy (in %)

Overall thematic accuracy >= 80%

Kappa coefficient >= 0.7

Data type

Raster or Vector
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FO Products

Land degradation mapping (incl. vegetation indices)

Product Description

Land degradation and desertification ultimately result in long lasting and observable loss of vegetation cover and biomass

productivity over time and in space. Satellite remote sensing is a viable option to monitor vegetation productivity on a

long time scale and at a vast spatial scale and the WOIS land degradation mapping tool integrates statistical methods for

dynamic analysis of vegetation to assess land degradation (i.e. loss of productivity) or greening at basin scale.

Content Product Example

Inter-annual vegetation trend analysis providing a

long-term assessment of land degradation it e oot
processes with and without controlling for water - . %,‘“‘h 8 :‘mf’"‘?:““”‘“““’

) New

availability. Vegetation trends detected in this way

can help pin-point areas of change, act as a first-

line land degradation assessment tool and initial ‘/Q e
indicator of where to focus on further i
investigations and as the basis for possible
interventions.

EO input data

& Sentinel-3 type (e.g. Geoland | 2 SPOT VGT NDVI)

& Satellite Rainfall Estimate (RFE)

Other Input Data

n/a

Methodology

The WOIS mapping method for land degradation is based on principles put forward in Huber, Fensholt et al. (2011) and
Hellden and Tottrup (2008). Time series of NDVI and rainfall estimates for 1999-2012 are used to analyse vegetation/rainfall
correlation and control NDVI trends for variability in rainfall. NDVI residual time series, originating from regressing NDVI on
rainfall is subsequently searched for significant long - term trends in vegetation greenness which is not related to rainfall
but possibly contributable to humans (e.q. population growth, poverty, unsustainable land use practices and
urbanization).

WOIS Workflow

Product group #3: Medium resolution land degradation index

Spatial Coverage

Lake Chad Basin, Volta Basin, Nile Basin (Lake Victoria and Kagera subbasins)
Spatial resolution

1000 m

Temporal resolution (time period and frequency)
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1999-2012

Coordinate Reference System

Geographic Lat/Lon (WGS84) or user defined
Geometric accuracy (positioning scale)

0.5 x pixel size

Thematic accuracy

Qualitative validation performed by local experts has shown that there are physical causes behind the significant
vegetation trends, regardless whether they are positive or negative.

Data type

Raster
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FO Products

Medium resolution full basin characterization

Product Description
Identifying, delineating and mapping land cover is vital for water resource management as it establish the baseline
information from which monitoring activities (change detection) can be performed, and provide the ground cover
information needed for water resource management and planning activities. The aim of this product group is therefore to
provide mapping and monitoring approaches for the characterization and mapping of relatively large benchmark areas
using medium resolution optical EO data.
Content Product Example
The product group "Medium resolution full basin 2012 LAND COVER MAP - VOLTA BASIN
characterization” provides following information . |
layers:

& Recent land cover and land use mapping

over large benchmark areas at medium

resolution and describing the major
features of relevance for  water
management.

& Long-term inter-annual analysis of the major
land cover changes within the basin.

¢ Intra - annual (seasonal) biophysical
characterisation of changes and landscape

dynamics for monitoring water related
events eg. drought or change in water
management.

EO input data

& Sentinel-3 type (eg. MODIS and ENVISAT MERIS)

& Geoland | 2 SPOTVGT FAPAR

Other Input Data

& GlobCover (2006, 2009)

& MODIS Vegetation Continues Field (MOD44B)

o Global Map of Irrigation Areas

& Terrestrial Ecoregions of the world

Methodology

The WOIS includes several methods to derive medium resolution land cover characterisation products at the basin level.

Key features are unsupervised and supervised classification routines as well as simple and advanced techniques for land

cover change detection and monitoring of landscape seasonal dynamics.

WOIS Workflow

Product group #4: Medium resolution full basin characterization
Spatial Coverage
Volta Basin, Lake Chad (Chari-Logone subbasins), Nile Basin (Lake Victoria and Kagera subbasins), Namibia (Kavango basin)
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Spatial resolution

500 m

Temporal resolution (time period and frequency)

Recent land cover: 2012

Historic land cover: Two points in time (2000, 2006 and /or 2009)
Seasonal Monitoring: 2011 and 2012 (reference period 1999-2012)
Coordinate Reference System

Geographic Lat/Lon (WGS84)

Geometric accuracy (positioning scale)

0.5 x pixel size

Thematic accuracy (in %)

Products meets target accuracies of 80% overall accuracy (Kappa coefficient > 0.7)
Data type

Raster
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FO Products

Water body and shoreline mapping

Product Description
The WOIS water body mapping service offers a detailed mapping and monitoring of open water bodies and their
seasonal changes. Water bodies include lakes and reservoirs with a minimum size of 1 ha, showing their location, extent
and dynamics across dry- and wet-seasons.

Content Product Example

¢ Dynamic mapping of open water bodies T T T

Volta Basin Authority

.t,

based on high resolution optical data

identifying water bodies, reservairs and lakes

with a minimum size of 1 hectare

¢ Temporal monitoring of seasonal and long-

term changes in water extent and shoreline

Cesa wH O

EO input data

o Optical, multispectral Earth Observation data in high spatial resolution (5-30m)

& Sentinel-2 type (e.g. SPOT, RapidEye, Landsat)

o Future Sentinel-1 SAR foreseen

& Ideally one homogeneous, cloud-free data take per dry- and wet-season

Other Input Data

o Existing information on water bodies for calibration and validation

Methodology

o Radiometric and geometric co-registration of satellite imagery to establish consistent time-series imagery
& Automated calculation of biophysical parameters and spectral indices (vegetation index, soil water index)
¢ Index thresholding and spatial edge detection filtering

¢ Metadata generation and internal product validation

WOIS Workflow

See Training Documentation for Product Group #6: Small water body mapping
Spatial Coverage
Volta Basin, Nile Basin, Lake Chad Basin, South Africa basins (selected), North Namibia

Spatial resolution

5-30 m pixel size, target map scale: 1:100.000
Minimum mapping unit: 1 hectare

Temporal resolution (time period and frequency)

Seasonal (dry- vs. wet-season) or long-term changes (2 years or longer intervals)
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Coordinate Reference System

Geographic Lat/Lon (WGS84) or user defined

Geometric accuracy (positioning scale)
Better than 1 Pixel

Thematic accuracy (in %)

Overall thematic accuracy >= 90%

Kappa coefficient >=0.8

Data type

Raster or Vector
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FO Products

Wetlands mapping

Product Description

The WOIS wetlands mapping and monitoring service provides a highly automated capacity for wetland identification
frorn both, medium resolution optical data and new available Sentinel 1 radar data, covering both long-term
development as well as seasonal changes of wetlands and permanent water bodies.
Content Product Example
The product group provides two independent
workflows for radar and optical based wetland
delineation. Sentinel 1 based wetland mapping
provides:
& Wetland delineations & water cycle
regime based on Sentinel 1
& Permanent Water Bodies delineation

Permanent
water

-
N Wetlands

¢ Theworkflow based on optical data:
. . . Long-term variation of wetland areas (2005/2011)
¢ Dynamic mapping of open water bodies Nile Basin Initiative

based on high resolution optical data t

identifying water bodies, reservoirs and
lakes with a minimum size of 1 hectare

¢ Temporal monitoring of seasonal and
long-term changes in water extent.

EO input data

¢ Optical, multispectral Earth Observation data in medium spatial resolution (250-500m)

o Sentinel 3 type (e.g. ENVISAT-MERIS, TERRA-MODIS)

o Sentinel-1, ENVISAT ASAR

¢ The identification of wetland requires a temporally dense observation cycle. When delineation of wetlands on base of
on optical data at least 3 cloud-free image acquisitions per season are required, in order to perform a reliably
identification of wetlands that may be covered by water only for a limited time of the year.

Other Input Data

& Existing information on wetlands for calibration and validation

Methodology

¢ Radiometric and geometric co-registration of satellite imagery to establish consistent time-series imagery

¢ Automated calculation of biophysical parameters and spectral indices (vegetation index, soil water index, soil-adjusted
vegetation index, water index)
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& Index thresholding and filtering

¢ Metadata generation and internal product validation
WOIS Workflow

See Training Documentation for Product Group #11: Wetlands mapping

Spatial Coverage

Volta Basin, Nile Basin, Lake Chad Basin, South Africa basins (selected), North Namibia
Spatial resolution

250-500 m pixel size, target map scale: 1:1.000.000 (optical), up to 150 m pixel size (ST based)
Minimum mapping unit: 5 to 25 hectare

Temporal resolution (time period and frequency)

Seasonal (dry- vs. wet-season) or long-term changes (2 years or longer intervals)
Coordinate Reference System

Geographic Lat/Lon (WGS84) or user defined

Geometric accuracy (positioning scale)

Better than 1 Pixel

Thematic accuracy (in %)

Overall thematic accuracy >= 80%

Kappa coefficient >= 0.7

Data type

Raster or Vector
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FO Products

Product Description

Content Product Example

EO input data
5]
o
o

Methodology

WOIS Workflow
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