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1. Introduction
The CatchX web-platform has been designed by the University of Leeds and Earthwatch Europe to
allow universal access to cutting-edge scientific data in any river catchment globally. The most
appropriate datasets currently available have been selected and processed into 57,646 catchments.
The platform allows users, without needing specialist skills, to interrogate the datasets in their
catchment to visualise water balance information, explore trends and compare with other
catchments. https://earthwatch.org.uk/get-involved/projects-activities/catchx
The project was funded by the UK Natural Environment Research Council (Grant number
NE/P016812/1).
There are five reports in all covering the CatchX project:
(1)
(2)
(3)
(4)
(5)

The Final Report covers all aspects of the project in summary.
The Methodology Report describes the methods used to create the platform.
The Data Selection Report describes the review and selection procedure of datasets.
The Workshop Report describes the workshop held on user needs in South Africa.
The Data Testing Report describes testing of CatchX data for South Africa.

This Data Selection Report aims to provide the reader with an overview of the choice of datasets used
in the CatchX Platform and how we went about choosing them.

2. Choosing Data for the CatchX Platform
Effective and sustainable management of water resources depends fundamentally on understanding
how the availability of water varies over space and time across catchments. Yet, in many regions
worldwide, only limited information is available to quantify major components of catchment water
budgets due to fragmented nature of hydrological monitoring networks. Data limitations and
associated challenges for water management are especially pronounced in the developing world and
transboundary catchments, where monitoring networks are often poorly maintained and data sharing
restricted for political, socio-economic or defence purposes (Famiglietti & Rodell, 2013; Voss et al.,
2013).
In response to the challenges posed by the scarcity and inaccessibility of hydrological monitoring in
many regions, extensive research has been devoted in recent years to develop datasets describing
terrestrial hydrological water storage and fluxes at regional and global scales. Datasets commonly
have been created based on satellite remote sensing observations, reanalysis and outputs from global
hydrological models, allowing investigation of water balance dynamics in locations with only limited
in-situ monitoring networks (Gudmundsson & Seneviratne, 2015).
The Catchment Hydrology Explorer for Water Stewards (CatchX) platform has been designed to take
the best available data and make it available to all in an easy to use, online web map platform that
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provides important water information anywhere in the world. The datasets selected to be included in
the CatchX platform meet all of the following criteria:
-

Geospatial with global coverage;
Freely available;
Recent;
Accepted by water practitioners.

3. Data in the CatchX Platform
Data used in the CatchX Platform:
-

Catchment delineation: HydroSHEDS (level 7)
Precipitation: MSWEP (version 1)
Temperature: based on ERA-Interim
Runoff: ensemble of eight global land surface and hydrological models from Earth2Observe
(tier-2)

Spatial resolution: 0.25⁰x0.25⁰
Temporal coverage: 1979-2014

3.1 HydroSHEDS Catchments
The core dataset that underpins the structure of the platform is the HydroSHEDS dataset (Lehner &
Grill, 2013). HydroSHEDS provides a consistent global dataset of nested catchments (HydroBASINS
areas) with associated river centrelines, and provides a data structure with upstream catchment area
that can be utilised easily in an automated platform. The platform utilises level 7 HydroBASINS
datasets. For the continent of Africa for example, level 7 results in ~12,000 subcatchment units (mean
area of 2,426 km2) (Error! Reference source not found.). Higher levels of HydroBASINS are not used to
prevent catchments unrepresentative of the 0.25⁰x0.25⁰ grid cells (773 km2 at the equator) (Error!
Reference source not found.).
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Figure 1 – HydroSHEDS level 7 for Africa. South Africa is shown zoomed in.

Figure 2 – Higher levels than 7 where not used in CatchX platform to prevent catchments unrepresentative of 0.25 cells.
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3.2 MSWEP Precipitation
The Multi-Source Weighted Ensemble Precipitation (MSWEP, Beck, van Dijk, Levizzani, et al., 2017) has
been selected to be included in the CatchX platform, because it a global dataset (not quasi-global), it
has been specifically designed for hydrological modelling and it includes multiple sources of data
(gauge, satellite, reanalysis). The long-term mean of MSWEP is based on the Climate Hazards Group
Precipitation Climatology (CHPclim) dataset (version 1.0; Funk et al., 2015), but replaced with more
accurate regional datasets where available (New Zealand and USA), and corrected for gauge undercatch and orographic effects (by inferring catchment average precipitation from streamflow
observations at 13,762 stations across the globe). Precipitation datasets directly incorporating daily
gauge data (such as CPC Unified and MSWEP) seem to perform better compared to other datasets
(Beck, Vergopolan, et al., 2017). However, the good performance of datasets solely based on gauge
data, such as CPC Unified, is unlikely to generalise to sparsely or ungauged regions (Beck, Vergopolan,
et al., 2017). Therefore, in CatchX platform we chose to incorporate MSWEP, which takes advantage of
the complementary nature of satellite, reanalysis and gauge data. The disadvantage of a gauge
corrected precipitation dataset is that it is not real time. Furthermore, it is important to stress that
while some precipitation datasets outperform regionally, there is not a single dataset that that
performs best everywhere (Beck, Vergopolan, et al., 2017).
MSWEP version 1 covers the period 1979-2105 with a 3-hourly temporal resolution and 0.25⁰ spatial
resolution. There is a more recent version of MSWEP (version 2.1) with extended temporal coverage
(1979-2016) and increased spatial resolution (0.1⁰). However, CatchX uses MSWEP version 1, because
other hydrological variables in CatchX (e.g. runoff) come from land surface and global hydrological
models (outputs from the Earth2Observe project1) that were forced with precipitation from MSWEP
version 1 (Dutra et al., 2017).

3.3 Earth2Observe Data
Temperature used in the CatchX platform is based on the original ERA-Interim meteorological data
interpolated to 0.25⁰ and it includes a topographic adjustment to temperature using a spatiallytemporally varying environmental lapse rate (ELR), as made available in the Earth2Observe tier-2
dataset (Dutra et al., 2017). For the other components of the water cycle, such as runoff and
evapotranspiration, data also come from the Earth2Observe dataset tier-2. Earth2Observe dataset is a
reanalysis multi-model ensemble that includes land surface and global hydrological models (ten
models for tier-1 and eight models for tier-2). One of the strengths of this dataset is that it captures (at
least partially) the uncertainty that stems from model simplifications and assumptions, by providing
outputs from a large number of global hydrological and land surface models. This is particularly
important as there is no single best model for all hydrological variables and for every location and time
(Schellekens et al., 2017). For CatchX the tier-2 water resources reanalysis of Earth2Observe project is
used, because the models are forced with MSWEP (version 1) precipitation (unlike tier-1 that is forced
with WFDEI (Weedon et al., 2014; Weedon et al., 2011)), the modelling systems processes description
improved in comparison with tier-1 and the resolution increased from 0.5° in tier-1 to 0.25° in tier-2.
The higher resolution of the model runs makes the results more relevant for catchment-scale studies
1

http://www.earth2observe.eu/
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(Schellekens et al., 2017), which is of particular importance to the CatchX platform. However, it must
be stressed that 0.25⁰ resolution is still rather coarse for local application.
Due to the differences between the models, only a subset of variables is shared among the models,
namely runoff, evapotranspiration, root-zone moisture, snow water equivalent, root-zone soil
moisture anomaly and terrestrial water storage anomaly. From these variables, we have incorporated
runoff and actual evapotranspiration in the CatchX platform. An evaluation of five model variables
conducted for the tier-1 dataset concluded that the ensemble mean generally outperformed the single
model estimates (Schellekens et al., 2017). However, runoff was not one of the five variables
evaluated. An evaluation of the runoff estimates produced by the ten hydrological models (six global
hydrological models and four land surface models) used in Earth2Observe tier-1 conducted by Beck,
van Dijk, de Roo, et al. (2017) shows that WaterGAP3 and HBV-SIMREG (both global hydrological
models and calibrated against observations) perform quite well overall in terms of runoff (Beck, van
Dijk, de Roo, et al., 2017). This may be related to the fact that both models have been calibrated
against streamflow observations. Moreover, it is important to stress that models calibrated on
discharge do not necessarily give the best results for the other hydrologic variables (Schellekens et al.,
2017). While for tier-2 there is not such a detailed evaluation, D5.3 EartH2Observe project report
(Arduini, Fink, & Martinez-de la Torre, 2017) provides a summary skill score (based on bias, RMSE and
spatial correlation) on how tier-2 runoff simulations compare with streamflow observations.
WaterGAP is among the best performing models in terms of this metric for runoff, but performing
equally well are HTESSEL-CaMa, JULES and W3. HBV-SIMREG that showed promising results in tier-1,
does not seem to have been included in tier-2. In the absence of a more detailed evaluation (similar to
Beck, van Dijk, de Roo, et al., 2017) and given the large uncertainty around runoff estimates, in CatchX
we make available the mean runoff for the ensemble of eight models of tier-2, and the minimum and
maximum values of the ensemble (Arduini, 2017). This information will give the user an indication of
the uncertainties around those estimates. Even if not all uncertainties are included in these estimates
(only model uncertainty is partially considered by considering eight different models), this will make
the platform user aware that those values should be used with precaution. Nevertheless, it is
important to stress that the quality of the forcing data quality should not be overlooked and that any
evaluation of runoff estimates like the one performed by Beck, van Dijk, de Roo, et al. (2017) is
influenced by the forcing data quality. Moreover, the uncertainty introduced by transposing
information from gauged to ungauged locations (regionalisation) should not be ignored. Beck et al.
(2016) show that HBV using spatially uniform parameters performs within the range of the other
models, while in Beck, van Dijk, de Roo, et al. (2017) HBV-SIMREG performs better, leading Beck, van
Dijk, de Roo, et al. (2017) to conclude that the relatively good performance of HBV-SIMREG stems
from the regionalisation exercise.
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3.4 Landcover Data
Data used in the CatchX Platform:
-

Land Cover: Climate Change Initiative (CCI) Land Cover (LC) – 22 land cover classes defined
based on the FAO Land Cover Classification

Temporal coverage: 1992-2015
Temporal resolution: annual

The CatchX platform includes not only water information, but also information related to the
landscape through which water flows, that is land cover. For the CatchX platform we focussed on land
cover products that contain multiple land categories, and not on single thematic products dedicated
to only one land cover class, e.g. vegetation or imperviousness (such as GIAM - Global Irrigated Area
Mapping-, HID – Historical Irrigation Dataset (S. Siebert et al., 2015; Stefan Siebert et al., 2015) and
GMIS – Global Man-made Impervious Surface (Brown de Colstoun et al., 2017)). There is a wide range
of land cover products, and a lack of consensus in land cover mapping from the operational point of
view, especially at the global scale (Grekousis, Mountrakis, & Kavouras, 2015). The Land Cover Climate
Change Initiative (CCI) Land Cover (LC) (Santoro et al., 2017) has been selected to be included in the
CatchX platform. This dataset contains time series of land cover at 300 m spatial resolution on an
annual basis from 1992 to 2015. This data set was compiled based on data from five satellite missions
providing daily observation of the Earth, including NOAA-AVHRR HRPT, SPOT-Vegetation, ENVISATMERIS FR and RR, ENVISAT-ASAR, and PROBA-V for the most recent years. 22 land cover classes
defined based on the FAO Land Cover Classification System.

Cropland, rainfed

- Tree cover, broadleaved, deciduous, closed (>40%)

Tree cover, mixed leaf type (broadleaved and needleleaved)

Sparse vegetation (tree, shrub, herbaceous cover) (<15%)

Bare areas

- Herbaceous cover

- Tree cover, broadleaved, deciduous, open (15 ‐ 40%)

Mosaic tree and shrub (>50%) / herbaceous cover (<50%)

- Sparse tree (<15%)

Consolidated bare areas

- Tree or shrub cover

Tree cover, needleleaved, evergreen, closed to open (>15%)

Mosaic herbaceous cover (>50%) / tree and shrub (<50%)

- Sparse shrub (<15%)

Unconsolidated bare areas

Cropland, irrigated or post-flooding

- Tree cover, needleleaved, evergreen, closed (>40%)

Shrubland

- Sparse herbaceous cover

Water bodies

Mosaic cropland (>50%) / natural vegetation (tree, shrub, herbaceous cover) (<50%)

- Tree cover, needleleaved, evergreen, open (15‐ 40%)

- Evergreen shrubland

Tree cover, flooded, fresh or brakish water

Permanent snow and ice

Mosaic natural vegetation (tree, shrub, herbaceous cover) (>50%) / cropland (<50%)

Tree cover, needleleaved, deciduous, closed to open (>15%)

- Deciduous shrubland

Tree cover, flooded, saline water

Tree cover, broadleaved, evergreen, closed to open (>15%)

- Tree cover, needleleaved, deciduous, closed (>40%)

Grassland

Shrub or herbaceous cover, flooded, fresh/saline/brakish water

Tree cover, broadleaved, deciduous, closed to open (>15%)

- Tree cover, needleleaved, deciduous, open (15 ‐ 40%)

Lichens and mosses

Urban areas

Figure 3 - The Land Cover CCI map for the year 2015 (figure generated from data obtained at
http://maps.elie.ucl.ac.be/CCI/viewer/download.php).
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