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Abstract
A flow duration curve (FDC) provides a valuable planning and management tool since it describes the entire flow regime of
a river. Water resource planning in South Africa is often based on monthly river flow data and synthetic FDCs are required
for applications in ungauged catchments. The objective of this study was to derive 11 monthly FDC percentile flows and
the mean annual flow (MAQ) for catchments in the Cape Floristic Region of South Africa using regression equations with
readily measureable catchment variables, including vegetation indices from Moderate Resolution Imaging Spectrometer
(MODIS) satellite imagery. An ‘all-models’ approach with 10-fold validation was adopted to identify the ‘best’ regression models. Predictions of percentile flows above the median flow and MAQ were generally good but poor for low flows.
Overall predictive uncertainty had a tendency to be larger in drier catchments. The most important predictive variables
were catchment mean annual precipitation, physiography and soils. MODIS vegetation indices were significant predictors
in equations for 6 percentile flows and MAQ, and predictive uncertainty increased if the MODIS indices were excluded
from model development. The regression approach implemented in this study may be appropriate for other regionalisation
studies that are based on a small sample of gauged catchments.
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Introduction
A flow duration curve (FDC) is a graphical representation of
the frequency distribution of the complete river flow regime
and is one of the most commonly-used techniques in hydrology
(Croker et al., 2003). While empirical FDCs can be developed
using gauged flow data, estimation of FDCs in ungauged catchments requires a regionalisation approach which is usually
based on flow information from a network of gauged sites. The
International Association of Hydrological Sciences (IAHS)
Decade on Predictions in Ungauged Basins (PUB) is an international initiative that recognises the critical need to advance
hydrological predictions in ungauged catchments (Sivapalan,
2003). River flow prediction in ungauged catchments is widely
regarded as the ultimate challenge in hydrology (Sivapalan,
2003).
A number of regionalisation approaches have been proposed for estimating FDCs in ungauged catchments. A common regionalisation methodology describes the FDC in terms
of a mathematical model and then relates the parameters of the
model to catchment morphological and/or climatic variables
using regression analysis (Niadas, 2005; Viola et al., 2011).
Probabilistic models can be used to describe the FDC and
regression models developed to estimate the parameters of the
distribution (Castellarin et al., 2007)
Assumptions regarding models that describe the form of
FDCs can be avoided by developing regional regression equations to predict the selected percentile flows (e.g., flows for
exceedance percentages 5%, 10%, 20%, ...95%). Catchment
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physical characteristics are used as the predictor variables in
these regression equations (e.g., Mohamoud, 2008; Yu and
Yang, 2000). This approach has been used successfully by Yu
and Yang (2000) in Taiwan to predict daily stream flow for 10
percentile flows in ungauged catchments. Precipitation was
largely uniform across the study region and catchment area
was the only independent variable in all 10 linear regression
equations. Predictions of low-flow discharge (80% and 90%
exceedance probabilities) were less accurate than those for
the higher flows (Yu and Yang, 2000). A similar regionalisation scheme to predict FDCs in the United States Mid-Atlantic
Region was developed by Mohamoud (2008). In contrast to the
study conducted by Yu and Yang (2000), a comprehensive set
of catchment descriptors (n = 42) were investigated as potential
independent variables in the percentile flow regression equations. These variables represented catchment land use/land
cover, geomorphology, geology and climate and a step-wise
regression approach was used to select the best predictor variables (Mohamoud, 2008).
A major impediment to the development of FDC regionalisation schemes relates to the number of gauged rivers in a
region. Small sample sizes impact the reliability of equations
to predict FDCs and restrict the number of variables that can
be used in the equations. While this is a problem in many
developed countries, the problem is generally more acute in
developing countries where limited resources preclude installing and maintaining extensive gauging networks. Despite this
limitation, the pressing need for flow information in ungauged
catchments requires that attempts be made to formulate regionalisation schemes using available flow data.
Water resource development and management decisions
in South Africa are usually based on monthly stream flow
characteristics (Hughes and Smakhtin, 1996; Smakhtin, 2001).
Laws and policies have been implemented in South Africa that
give priority of water to ecosystems once basic human needs
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