Dynamic hydrological modeling using GIS
Water shortages and the degradation of water supplies threaten the food, security and health of people in many parts of the world. This is particularly true in developing countries that are experiencing rapid population growth but have limited means to manage water resources. Steeply sloping regions of some Latin American countries where small-scale farming is the predominant production activity and source of food are especially vulnerable 

The International Center for Tropical Agriculture (CIAT) in Cali, Colombia has been working with community-level organizations to improve water resources management in hillside areas in the 12,160-hectare Tascalapa watershed in central Honduras, and the 3,250-hectacre Cabuyal watershed in southwest Colombia. In both these watersheds, streams are the primary source of water to satisfy domestic, industrial, and agricultural needs. Decreasing water availability caused by the lack of local government regulation, inadequate resource management strategies, and nearly unregulated use of stream water has caused concern. Local stakeholders are generally not very aware of the interdependencies between land and water resources, the impact of using these resources, or any upstream-downstream connections. 

Quantitative information on these landscapes is essential for improving local-level decision making and guiding local rural development and water management. CIAT developed the Spatial Water Budget Model (SWBM), a spatial analysis tool that builds on the hydrological modeling capabilities in standard Desktop GIS to supply this information. 

Over the past decade, numerous interfaces have been developed between GIS and various hydrological models such as Simulator for Water Resources in Rural Basins (SWRRB), Environmental Policy Integrated Climate (EPIC), Groundwater Loading Effects of Agricultural Management Systems (GLEAMS), TR20, HEC-1, and HEC-2. In each case, GIS is used for preprocessing and post processing data. The best GIS software packages typically provide excellent capabilities for computing and visualizing the static hydrological properties of landscapes such as flow direction, flow accumulation, and flow length for data that do not incorporate a time factor. SWBM is a truly dynamic simulation model that can be effectively used for complex spatial-temporal modeling. 

SWBM is a continuous, distributed-parameter, watershed-scale model that simulates water supply and demand on a daily basis. It measures water as it flows through the watershed and can simulate the effects of water use and flow control by dams. Land unit water balance, water flow to streams, stream water flow balance, water storage in dams, and water use from streams and dams are all processes that can be simulated on a daily basis by SWBM.
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Figure 7ab: The GIS-based hydrologic model used in Honduras and Columbia: (a) GIS modeling interface; (b) map of watershed.
SWBM was used to analyze water availability and water use under three scenarios-corporate farming, ecological watershed, and business as usual-plausible development pathways for the Cabuyal watershed in 2025. Simulated stream water availability and the percentage of water that was extracted were different for each scenario and varied greatly over space and time. Simulation results showed that the locations and length of streams with flow rates of at least 15 L/s vary over time. There are relatively few streams in the dry period, which lasts from June to September, because smaller streams dry up. This means that people have to walk further to get water. 

In the corporate farming scenario, up to 61 percent of the available water would be extracted if there were no dams. This high percentage raises concerns about the effects on aquatic and riparian ecology, concentrations of potential contaminants, and maintenance of water reserves for especially low rainfall years. SWBM was used to determine the locations and storage capacities of dams needed to sustain minimum flow rates during dry seasons and to provide access to sufficient water year round within a reasonable distance of households and irrigated fields. 

SWBM is being used to explore the long-term variability in water accessibility and to conduct a water scarcity risk analysis for the Tascalapa watershed. For these analyses, the SWBM model incorporates 100 years of stochastically generated weather. Simulated flow rates at every stream segment are statistically analyzed to identify areas that may have a critically high water demand/water supply ratio during at least part of the year. SWBM has been demonstrated and results of the Cabuyal and Tascalapa studies presented at local stakeholder workshops. 

This application indicates the value of integrating GIS with modeling systems. Box 2.2 (page 53-54) in Geographic Information Systems and Science provides a further hydrologic application in the Rhine Basin. In the Rhine case the model is built using the GIS, rather than loosely coupled. 
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