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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.

In this Data Testing Report, the global datasets used within the CatchX platform were tested against
local South African datasets. These South African datasets are based on model outputs using locally
collected information, so are subject to uncertainty themselves, but they are considered to be the best
currently available hydrological data in South Africa. Details of all the datasets are provided in Section 2
(CatchX global) and Section 3 (local SA data).

2. Datasets in CatchX platform
CatchX platform uses global datasets and consistent methodology to provide estimates of monthly
water balance information (precipitation, evapotranspiration and runoff) for each catchment, as well as
land cover data.
The main datasets selected are:
•
•

•

Catchment boundaries: HydroBASINS (Lehner & Grill, 2013) provides a consistent global dataset
of nested catchments with associated centrelines. Data is available from www.hydrosheds.org
Precipitation: MSWEP (Beck et al., 2017) - The Multi-Source Weighted Ensemble Precipitation
(MSWEP) is a global precipitation dataset that has been specifically designed for hydrological
modelling and it includes multiple sources of data (gauge, satellite, reanalysis). Data is available
from http://www.gloh2o.org/
Temperature, actual evapotranspiration and runoff: Earth2Observe tier-2 dataset (Dutra et al.,
2017; Schellekens et al., 2017). Earth2Observe dataset is a reanalysis multi-model ensemble
that includes land surface and global hydrological models (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. Data is available from http://www.earth2observe.eu/
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•

Land Cover: CCI LC (Santoro et al., 2017)- The Land Cover Climate Change Initiative (CCI)
contains time series of land cover at 300 m spatial resolution on an annual basis from 1992 to
2015 (Santoro et al., 2017). This data set was compiled based on data from five satellite missions
providing daily observation of the Earth, including NOAA-AVHRR HRPT, SPOT-Vegetation,
ENVISAT-MERIS 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. Data available from
https://www.esa-landcover-cci.org/

More detailed information on the dataset choice is available in the Dataset Choice Report.

3. Local datasets used for testing of CatchX platform data
The CatchX platform datasets were compared to local datasets in South Africa. The local data were
sourced from two locations:
•

•

The
Water
Resources
of
South
Africa
(WR2012)
database.
WR2012
(http://waterresourceswr2012.co.za/; accessed on 15/05/2018) is the culmination of a number
of water resource appraisals that have been carried out over the past four decades. The
database represents the best available hydrological data in South Africa and consists of
information, GIS maps, water resource models, spreadsheets and tools to allow water resource
practitioners to investigate, analyse and plan their water resources studies. The WR2012
website describes the water resources of South Africa, Lesotho and Swaziland, and the period
of record is from October 1920 to September 2010. These datasets are based on the regional
calibration of the Pitman monthly rainfall-runoff model (Pitman, 1973; Hughes, 2004) against
naturalised observed flow data. The naturalised observed flow is assumed to represent natural
flows. There are many uncertainties, but the data represent the ‘conventional wisdom’ in terms
of natural water resources availability. The Pitman rainfall-runoff model (Pitman, 1973; Hughes,
2004) has been used for water resource assessment in South Africa since 1973 and is currently
used by the Department of Water and Sanitation as the national water resources model.
In addition, the HydroBASINS catchment areas (level 7) were compared with South Africa’s
national catchment delineation dataset. South Africa, Lesotho and Swaziland have been
delineated by the South African Department of Water and Sanitation (DWS) into a hierarchical
system of catchments from Primary Catchments, which in turn are disaggregated into
Secondary, then Tertiary and finally, at the fourth level, into 1946 interlinked and hydrologically
cascading Quaternary Catchments. These Quaternary Catchments constitute the lowest, i.e.
most detailed level of operational catchment in DWS for general planning purposes. The
WR2012 database mentioned in point 1 above, is based on the Quaternary Catchment dataset.

4. Comparison of datasets
The CatchX platform datasets were 1) downloaded directly from the CatchX platform (minimum,
mean and maximum ensembles), and 2) downloaded directly from the Earth2Observe website (all
7 models). This enabled an analysis of both the data available for download from the CatchX
platform, and an analysis of the ‘raw’ data from each of the 7 global models. The HydroBASINS
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catchment areas were provided by the project team as GIS shapefiles. The comparisons undertaken
are listed below:
-

-

HydroBASINS catchments compared with DWS Primary, Secondary, Tertiary and Quaternary
South African catchments.
Time series of precipitation from the platform was compared with precipitation data from the
Water Resources 2012 (WR2012) database.
The WR2012 database reports potential evapotranspiration for each quaternary catchment so
was not comparable to the actual evapotranspiration information reported by the CatchX
platform. The Pitman rainfall-runoff model was run for selected catchments, and the actual ET
outputs compared to those of the CatchX platform.
Time series of runoff from the platform, and of each of the 7 global models, compared to
WR2012 naturalised runoff.

5. Outcomes of testing
5.1 Catchment delineation
A comparison of Hydroshed Level 7 catchments and South Africa’s coarsest catchment delineation,
Primary catchments, are shown in Figure 1-3 below.
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While Hydroshed level 7 catchment delineations are clearly at a finer scale than Primary catchment
delineations, the comparisons between the South African catchments and Hydroshed level 7 are
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inconsistent as demonstrated by the two examples given below. Hydrosheds level 7 catchment
delineation can result in large catchments, comparable to South African Primary catchment scale
(Breede River below), or smaller catchments comparable to Quaternary catchment scale (Doring River
below). While there are no significant delineation errors in the Hydrosheds catchments that we can
detect, the mismatch in management catchments with those derived through the Hydrosheds methods
makes it challenging to compare datasets.
Breede River
Hydrosheds Level 7 catchments delineate the Breede River catchment as one catchment, while the
Breede River consists of 7 South African secondary catchments, and 58 quaternary catchments (Figures
4-2 and 4-3 below).

Breede River
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Figure 5-2 -- Hydrosheds Level 7 catchment delineations for the Breede River catchment (one catchment).

Figure 5-3 -- South African primary catchments shown in red, to quaternary catchments shown in light grey.

Doring River
Hydrosheds delineates the Doring River catchment as a number of different sized catchments, which
fall over a range of catchment delineation levels including Secondary, Tertiary and Quaternary (Figures
4-4 and 4-5 below).

Figure 5-4 -- Hydrosheds Level 7 catchment delineations for the Doring River catchment.
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Figure 5-5 -- South African Primary catchments shown in red, Secondary catchments shown in yellow to Quaternary
catchments shown in light grey.

5.2 Comparison of precipitation
This section gives an overview of the precipitation analysis undertaken in isolation. Further analysis of
precipitation is given in Section 5.5 titled ‘Integrated comparison of all components’. Time series of
precipitation from the platform was compared with precipitation data from the Water Resources 2012
(WR2012) database. Examples of some of the comparisons between the CatchX precipitation data used
in the global models and WR2012 precipitation data for three locations are given below. Most of these
examples include Hydroshed catchments that correspond with quaternary level catchment sizes (used
in WR2012), however comparisons also included averaging precipitation over a number of quaternary
catchments where the corresponding Hydroshed was larger. Figures 4-6 to 4-8 show the results of the
comparisons.
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Figure 5-6 -- Precipitation for Quaternary catchment E24K (monthly mean)
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Figure 5-7 -- Precipitation for Quaternary catchment X24H (monthly mean)
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Figure 5-8 -- Precipitation for Quaternary catchments J23G, J23H and J23L (monthly mean)

The precipitation data compared well to the data used to drive the global models.

5.3 Comparison of actual evapotranspiration
This section gives an overview of the evapotranspiration (ET) analysis undertaken in isolation. Further
analysis of evapotranspiration is given in Section 5.5 titled ‘Integrated comparison of all components’.
The WR2012 database reports potential evapotranspiration for each quaternary catchment so the data
were not comparable to the actual evapotranspiration information reported by the CatchX platform.
The Pitman rainfall-runoff model was run for selected catchments, and the actual ET outputs compared
to those of the CatchX platform.
Examples of some of the comparisons between the actual ET information provided by CatchX and that
provided by Pitman model (driven by WR2012 climate data) are given below. These examples include
Hydroshed catchments that correspond with quaternary level catchments (used in WR2012). Figures 49 and 4-11 represent the median ensemble downloaded from the platform, while Figures 4-10 and 412 show the minimum, median and maximum ensembles available for download from the CatchX
platform.
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Figure 5-9 -- Actual evapotranspiration for Quaternary catchment E24J (monthly mean)
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Figure 5-10 -- Actual evapotranspiration for Quaternary catchment E24K for all three available CatchX downloads (minimum,
mean, and maximum)
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Figure 5-11 -- Actual evapotranspiration for Quaternary catchment E24K (monthly mean)
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Figure 5-12 -- Actual evapotranspiration for Quaternary catchment E24K for all three available CatchX downloads (minimum,
mean, and maximum)

The CatchX minimum and median ensembles of actual evapotranspiration are comparable with the
outputs from the Pitman rainfall-runoff model.
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5.4 Comparison of Mean Annual Runoff (MAR)
Two approaches were taken for the comparison of runoff data. The first used the individual model data
directly downloaded from the Earth2Observe website (see Section 5.5 below), and the second used the
minimum, mean and maximum ensembles available for download from the CatchX platform. The
outcomes from the first analysis are given below.
For the WR2012 and all the Earth2Observe seven models time series data, the mean annual runoff was
calculated (MARWR & MARi with I = 1 to 7). In addition, the Percentage Bias of each of the seven models
with respect to the WR2012 data were calculated (%bias = (MARi - MARWR) x 100/ MARWR. Although the
record lengths are different, analysis of the 2012 data suggest that the recent MAR values are not
substantially different to the long-term historical data so the comparison was deemed acceptable. The
results of the MAR Percentage Bias calculations are provided in Figures 4-13 to 4-19 below. The aim is
to achieve as close to zero as possible (light orange), with negative values shown in red, and positive
values shown in blue.

Figure 5-13 -- Percentage Bias map for Model 1 (ECMWF)
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Figure 5-14 -- Percentage Bias map for Model 2 (JRC)

Figure 5-15 -- Percentage Bias map for Model 3 (METFR)
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Figure 5-16 -- Percentage Bias map for Model 4 (UNIVU)

Figure 5-17 -- Percentage Bias map for Model 5 (UNIVK)

CatchX Data Testing Report

15

Figure 5-18 -- Percentage Bias map for Model 6 (CNRS)

Figure 5-19 -- Percentage Bias map for Model 7 (CEH)

Bias frequency histograms for all the models are shown in Figures 4-20 to 4-23 below showing the
distribution of Percentage Bias for each model.
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Figure 5-20 -- Bias frequency histograms for models 1 and 2

Figure 5-21 -- Bias frequency histograms for models 3 and 4
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Figure 5-22 -- Bias frequency histograms for models 5 and 6

Figure 5-23 -- Bias frequency histogram for model 7

Models 2, 4 and 6 have large areas with excessive positive bias values, although interestingly, these
models can have better results for some parts of the country. The remaining models (1, 3, 5 and 7)
generally have large negative bias values, but with high positive values in some dry areas and the
extreme Northeast of the country. Visually, models 1 and 7 appear to represent the best overall
solution. However, the histogram analysis slightly favours models 5 and 7. Model 6 performs
consistently poorly regardless of the analysis used.
The consistently positive bias for some of the dry areas might be expected due to very low WR2012
MAR values which would make the bias calculation very sensitive to errors. However the remaining high
positive bias values for other parts of the country cannot be logically explained. Parts of KwaZulu Natal
(wet part of country) and the eastern part of the Eastern Cape (South East of the map) have the most
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consistently best results across all the models. However, many of these areas are still highly biased in
both directions. There has been no additional analysis undertaken to try to determine the likely causes
of the very high bias values. Some of these additional analysis could include:
-

Checking the forcing rainfall data against the WR2012 rainfall data nationally,
Checking the recent land cover data, given that the WR2012 data represent natural conditions.
However, the bias values are so large that it is difficult to imagine that this effect could be the
cause.

5.5 Integrated comparison of all components (water balance)
Five quaternary catchments in the T region of the country (eastern part of the Eastern Cape) named
T34G, T34H, T33H, T32F and T32G were used to test precipitation, evaporation and runoff data.
Comparisons were made between outputs of the Pitman rainfall-runoff model, WR2012 and data
extracted from the model websites, which are:
-

Model 1: ECMWF: http://wci.earth2observe.eu/thredds/dodsC/ecmwf/wrr2-monthlyagg.nc.html
Model 2, JRC: http://wci.earth2observe.eu/thredds/dodsC/jrc/wrr2-monthly-agg.nc.html
Model
3,
METFR:
http://wci.earth2observe.eu/thredds/dodsC/metfr/wrr2-monthlyagg.nc.html
Model 4, UNIVU: http://wci.earth2observe.eu/thredds/dodsC/uu/wrr2-monthly-agg.nc.html
Model 5, UNIVK: http://wci.earth2observe.eu/thredds/dodsC/univk/wrr2-monthly-agg.nc.html
Model 6, CNRS: http://wci.earth2observe.eu/thredds/dodsC/polytechfr/wrr2-monthlyagg.nc.html
Model 7: CEH: http://wci.earth2observe.eu/thredds/dodsC/ceh/wrr2-monthly-agg.nc.html

The catchment areas of the five quaternary catchments include:
-

T34G = 358 km2
T34H = 590 km2
T33H = 516 km2
T32F = 297 km2
T32G = 438 km2

Model 4 was not included in the analysis as the precipitation data were very low (between 78 and 90
mm year-1 (suggests a units problem). The results of the analysis for the 7 individual models are given in
Table 1-1, while the results of the analysis for the ensemble outputs (downloaded directly from the
CatchX platform) are given in Table 1-2.
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Table 5-1 -- Comparison between WR2012 (run through the Pitman Model to obtain actual evapotranspiration) and the 7
Earth2Observe models. Precipitation and evapotranspiration are given in mm, runoff in m3 * 106 (mcm). The second value
in brackets are the Percentage Bias values relative to WR2012. Results considered acceptable are highlighted in bold and
italic.

Model

Comp.

T34G

WR2012

Precip. (mm)

894.5

863.4

780.8

926.0

863.9

Evap. (mm)

701.4

676.8

690.6

755.6

740.2

110.5

46.9

46.9

54.4

Runoff (mcm) 68.8
Model 1

T33H

T32F

736.1 (-17.7) 775.6 (-10.2) 780.9 (0.0)

779.5 (-15.8) 791.2 (-8.4)

Evap. (mm)

714.4 (1.9)

745.4 (-1.4) 762.5 (3.0)

753.9 (11.4) 759.2 (9.9)

12.0 (-89.2) 10.7 (-77.2) 9.9 (-79.0)

12.3 (-77.4)

Precip. (mm)

763.0 (-14.7) 773.6 (-10.2) 789.8 (1.2)

819.0(-11.6) 819.7 (-5.1)

Evap. (mm)

611.2 (-12.9) 578.8 (-14.5) 603.0 (-12.7) 641.7 (-15.1) 625.4 (-15.5)

Runoff (mcm) 52.4 (-23.8) 107.6 (-2.7) 95.5 (103.6) 49.2 (4.8)
Model 3

T32G

Precip. (mm)

Runoff (mcm) 7.3 (-89.4)
Model 2

T34H

80.0 (47.1)

Precip. (mm)

736.1 (-17.7) 775.6 (-10.2) 780.9 (0.0)

779.4 (-15.8) 791.1 (-8.4)

Evap. (mm)

706.4 (0.7)

732.0 (-3.1) 740.6 (0.1)

727.8 (7.5)

733.5 (6.2)

Runoff (mcm) 10.1 (-85.2) 27.3 (-75.3) 24.1 (-48.6) 13.9 (-70.3) 21.9 (-59.7)
Model 5

Precip. (mm)

736.2 (-17.7) 775.7 (-10.2) 781.2 (0.0)

Evap. (mm)

656.2 (-6.4) 687.7 (1.6)

681.5 (-1.3) 695.6 (-8.0) 701.9 (-5.2)

Runoff (mcm) 28.4 (-58.7) 51.3 (-53.6) 51.0 (8.7)
Model 6

24.7 (-47.4) 38.8 (-28.7)

Precip. (mm)

1168.3 (30.6) 1207.1 (39.8) 1211.3 (55.1) 1215.5 (31.3) 1205.2 (39.5)

Evap. (mm)

926.9 (32.2) 924.3 (36.6) 930.8 (34.8) 972.2 (28.7) 925.0 (25.0)

Runoff (mcm) 87.1 (26.8)
Model 7

779.8 (-15.8) 791.6 (-8.4)

167.8 (51.9) 145.3 (209.8) 72.5 (54.6)

122.7 (125.6)

Precip. (mm)

736.1 (-17.7) 775.6 (-10.2) 780.9 (0.0)

Evap. (mm)

607.6 (-13.4) 609.8 (-9.9) 625.5 (-9.4) 584.7 (-22.6) 711.0 (-3.9)

Runoff (mcm) 45.8 (-33.4) 97.6 (-11.7) 80.5 (71.7)
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Table 5-2 -- Assessment of ensemble outputs between WR2012 (run through the Pitman Model to obtain actual
evapotranspiration) and the ensemble outputs available for download through the CatchX platform. Precipitation and
evapotranspiration are given in mm, runoff in m3 * 106 (mcm). The second value in brackets are the Percentage Bias values
relative to WR2012.

Model

Comp.

WR2012

Precip. (mm)

352.0

247.0

Evap. (mm)

235.0

228.5

Runoff (mcm)

19.09

22.72

CatchX platform

Precip. (mm)

306.0 (-13)

309.0 (25)

CatchX ensemble MAX

Evap. (mm)

418.3 (78)

408.1 (79)

Runoff (mcm)

37.74 (98)

84.19

Evap. (mm)

279.2 (19)

275.8 (21)

Runoff (mcm)

9.22 (-52)

24.42 (7)

Evap. (mm)

167.6 (-29)

163.92 (-28)

Runoff (mcm)

0.01 (-100)

0.24 (-99)

CatchX ensemble MEAN

CatchX ensemble MIN

E24K

E24J

Apart from model 4, all the results have an approximate water balance (Precipitation =
evapotranspiration + runoff). All of the models, except for model 6 use the same precipitation. This is
generally lower than WR2012 rainfall but not by a large amount. The different results are therefore a
consequence of this difference, which is exacerbated in some models (1 and 3) by positive
evapotranspiration biases. Some of the model/catchment combinations are within reasonable bounds
of the WR2012 data. This is largely due to compensating over or under estimation of both precipitation
and evapotranspiration.
The analysis illustrates the high sensitivity of runoff to small differences in either precipitation or
evapotranspiration or both. This would apply to any model (including the Pitman Model used for
WR2012), which highlights the importance of having some real data to provide a reality check, even
when observed flow data are not available for a specific catchment. The ‘real’ data might have to be
based on regional analysis. It is appears that no such reality check has been included for the 7 global
models assessed. Based on this assessment, they should be considered unreliable, even if the results
appear to be okay for some specific areas.
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6. General recommendations
•

Future iterations of the platform should include the ability to analyse user uploaded catchments
to allow for differences between hydrosheds catchments and a user’s management/interest
areas.

•

The precipitation dataset available for download from CatchX platform is reliable to use.

•

The Evapotranspiration dataset available for download from CatchX platform is reliable to use.

•

The global datasets for runoff should not be used in South Africa. There is too large an
uncertainty associated with these datasets in their current form.

•

The organisations responsible for generating the runoff datasets should revise their models and
consider some regional validation of the results. This is particularly important for runoff.

•

Until then, they should issue warnings that these data have not been validated and therefore
cannot be relied on, and these warnings should be part of all scientific publications that refer to
these global data products.
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