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Abstract
The methods currently available in South Africa to implement environmental flows are based on real-time rainfall-runoff
models (which require accurate inputs of rainfall data) or the use of flow gauges. Both methods are useful but have limitations which must be fully understood. The main limitation of the latter approach is that there are few gauges that measure
natural flow conditions in the country, and installing a new gauge can only provide information on the variability of flow
characteristics after a very long period. The main limitation of utilising real-time rainfall-runoff models is that many of the
rainfall stations that provided data in the past have recently closed down, while it is difficult to obtain real-time data from
those that remain. The use of satellite data offers an effective and economical substitute to rain-gauge data for calculating
areal rainfall estimates in sparsely-gauged regions. This study presents some examples of the use of real-time rainfall-runoff models with simple correction procedures to raw satellite rainfall estimates, which are available in near real-time from
National Oceanic and Atmospheric Administration’s Climate Prediction Center (NOAA CPC). The correction factors were
established using existing historical rain-gauge based spatial data, over the period during which they coincide with the satellite data. The corrected satellite rainfall data were used as inputs into a pre-calibrated Pitman monthly hydrologic model
which simulates natural stream flows. The results from pilot case studies demonstrate the usefulness of satellite rainfall
data in hydrological modelling which supports the implementation of environmental water requirements.
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Introduction
Legislation pertaining to the management of environmental
water requirements (EWR) has been in place in South Africa
since 1998 (RSA, 1998) and a number of methods have been
developed to support the determination of EWR, which are
referred to locally as the ecological Reserve (O’Keeffe et al.,
2002; Hughes and Hannart, 2003; King et al., 2003). Despite
the different methods used to determine EWR, the outputs
have been standardised (Hughes and Mallory, 2008) to consist of a set of flows for each calendar month and associated
with different assurances, where assurance is the equivalent
of the percentage time that any specific flow is expected to
be equalled or exceeded. The assurance tables are therefore
directly equivalent to flow duration curves that are frequently
used to summarise time-series of hydrological data. The standard assurance tables consist of requirements for both low flows
and high flows, where low flows are assumed to be the more or
less continuous background flows that change relatively slowly,
while the high flows consist of sets of events that are required
to perform specific geomorphological (e.g. maintaining sediment transport) or ecological (e.g. fish spawning) functions.
The assurance tables only specify how frequently flows
of a specific magnitude should be equalled or exceeded; they
do not indicate when such flows should occur. The assumption in all of the methods is that the timing of different flow
magnitudes should reflect the temporal variations in the
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natural flow regime, i.e. the high assurance drought flows
should occur during naturally-occurring dry periods, while
the lower assurance higher flows should only occur during
wetter periods. This is consistent with the internationally
accepted natural flow paradigm (Richter et al., 1997). The
implication for the design of an implementation approach is
that some information is required about natural stream-flow
variations so that the appropriate flow volume can be selected
from the assurance table on any specific day or month.
Where a stream-flow gauging site exists that approximately
measures natural flow conditions, the real-time observations
can be used to determine the variations in EWR. Such an
approach is currently being applied in the management of
EWR releases from the Berg River Dam in the Western Cape
Province (Abban et al., 2009). However, there are many situations where appropriate stream-flow gauges do not exist, or
where the flow regime that they are monitoring is impacted
by upstream water resource developments and is no longer a
reflection of natural conditions.
Hughes and Mallory (2008) suggested an alternative
approach for managing the low-flow component of EWR
which is based on the use of a real-time hydrological model
driven by daily rainfall inputs to simulate real-time natural
flows. The motivation for the use of this approach was that the
Pitman monthly model (Hughes et al., 2006) has been established for the whole country (Middleton and Bailey, 2008)
at the scale of so-called quaternary catchments (mostly with
areas between 50 and 1 000 km 2). The simulated flows generated by this model for the historical period 1920 to 2005 are
frequently used for other water resource planning and management purposes. The main issue with the use of the model
for real-time applications is therefore associated with the
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