A catchment-scale irrigation systems model for sugarcane
Part 1: Model development
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Abstract
In South Africa, the demand for water exceeds available supplies in many catchments. In order to justify existing water
requirements and to budget and plan in the context of growing uncertainty regarding water availability, a model to assist
in the assessment and management of catchment water supply and demand interactions, and the associated impacts on the
profitability of irrigated sugarcane, has been developed. The model, ACRUCane, operates as a submodel within the ACRU
agrohydrological model and simulates the water budget of a field of irrigated sugarcane. The water budget is based on the
integration of several widely accepted algorithms and concepts, accounts for different irrigation system types performing
at different levels of uniformity and different water management strategies. Furthermore, it can simulate a wide variety of
water availability scenarios and constraints through its link with ACRU simulated hydrology. The crop yield algorithms used
in the model were verified using data from three different irrigation trials with widely varying irrigation treatments, where
the model was shown to adequately distinguish the impacts of different watering strategies on crop yields. A description of
the model algorithms and results from verification studies are presented in this paper. Application of the model is presented
in a companion paper.
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Introduction
The demand for water exceeds available supplies in many catchments in South Africa (NWRS, 2004). Since a substantial
amount of water is assigned to irrigated agriculture (Ascough
and Kiker, 2002), farmers are facing increasing pressure to use
water more effectively and to justify existing water use. In order
to justify existing water requirements and to budget and plan
in the context of growing uncertainty regarding water availability, a tool to assist in the assessment and management of catchment water supply and demand interactions, and the associated
impacts on the profitability of irrigated sugarcane, is needed.
While there have been many useful model developments for
sugarcane and water resources management, none of these provide all the necessary decision support information in an integrated fashion. Therefore, the development of a catchment-scale
irrigation systems model was initiated. The model capabilities
required to provide adequate decision support information were
identified by Moult (2005) as being the following:
• Modelling the soil water balance at a field scale for irrigated
areas and at a catchment scale for non-irrigated areas,
• Linking an accurate estimation of crop water requirement
for an irrigated area with the availability of water at a catchment scale,
• Explicitly accounting for the impact of the performance
of different irrigation systems, including non-uniform
water applications, on the hydrology and, ultimately, on the
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•

sugarcane yield of an irrigated area, and
Assessing the impact of different supply constraints on sugarcane yield, and estimating both sugarcane and sucrose
yield.

The objective of this paper is to describe the concepts and development of a model to meet the above requirements and to report
on verification of sugarcane and sucrose yields simulated by the
model.

Methodology
The development of the conceptual model involved a review
of the available models with respect to their potential to meet
the objectives of the project. During the reviewing process concepts and algorithms pertinent to the development of the model
were selected such that, when integrated, they would meet the
stated model requirements. The models reviewed included:
SWB (Campbell and Diaz, 1988). CANEGRO (Inman-Bamber,
1991), ACRU (Schulze, 1995), APSIM (McCown et al., 1996),
CANESIM (Singels et al., 1998) and ZIMsched 2.0 (Lecler,
2003). The FAO Irrigation and Drainage Paper No. 56 (FAO
56, Allen et al., 1998) was also reviewed as it is fundamental to
the water budget used in ZIMsched 2.0 and SWB. Full reviews
of these models are provided by Moult (2005). A conclusion of
the review process was that despite their respective strengths,
none of these models and associated algorithms incorporated all
the desired system processes in an integrated fashion. In particular none were able to represent the link between catchment
hydrology, water availability, irrigation demand, non-uniform
irrigation water applications and associated crop yields The
development of the ACRUCane model is described in the following section.
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