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Abstract
Semi-Arid Tropics (SAT) are characterized by highly variable rainfall, 
poor soils, low yields and poor developmental infrastructure. Watershed 
management is now an accepted strategy for development of rain-
fed agriculture in these areas. New science tools like remote sensing, 
geographical information systems (GIS), water balance, simulation 
modeling, information and communication technology (ICT) are 
currently being used very widely in irrigated and well-endowed areas. 
Importance of these tools in the SAT areas is now well understood and 
recognized. Application of new science tools in rain-fed agriculture 
opens up new vistas for development through integrated watershed 
management programs (IWMP). ICRISAT in partnership with national 
agricultural research systems and advanced research institutes in 
Asia has applied new science tools for enhancing the productivity of 
rain-fed systems in the SAT through science-led development. 

The remarkable developments in space technology currently offers 
satellites, which provide better spatial and spectral resolutions, more 
frequent revisits, stereo viewing and on board recording capabilities. 
High spatial and temporal resolution satellite data could be effectively 
used for watershed management and monitoring activities at land 
ownership level. Techniques are also successfully used for preparing 
detailed thematic maps, watershed development plans and continuous 
monitoring of the natural resources in rain-fed areas. Synergy of GIS 
and Web Technology allows access to dynamic geospatial watershed 
information without burdening the users with complicated and 
expensive software. 

Use of smart sensor network along with GIS, RS, simulation modeling 
and ICT opens up new opportunities for developing intelligent 
watershed management information systems. These tools can help 
in improving the rural livelihoods and contribute substantially to meet 
the millennium development goals of halving the number of hungry 
people by 2015 and achieving food security through enhanced use 

tropical countries.
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Introduction

in situ
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New Science Tools for Integrated Watershed 
Management

Geographic Information System (GIS)
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Remote Sensing

Sources of the Results
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Table 1. Suitability of various RS sensors in watershed studies.
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Crop-Growth Simulation Modelling 
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factorial combination

ex ante

Figure 1. Simulated potential, experimental and province mean pod yields and 
yield gap of rain-fed groundnut in (a) spring and (b) autumn-winter seasons at 
selected sites in northern Vietnam.
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Field Sensors and Data Communication Devices 

Global Positioning System (GPS)

Automatic Weather Station (AWS)
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Mobile devices

Cellular phones



12

PDA phone with GPS

Data Storage and Dissemination
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Application of Spatial Technologies in Rain-fed 
Agriculture and Watershed Management

Characterization of Production Systems in India

2 2
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Land use Mapping for Assessing Fallows and Cropping 
Intensity

 

, 
season

 

Figure 2. Distribution of different soil orders in the production systems in India.
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Figure 3. A close view of WiFS images of part of Vidisha district, Madhya 
Pradesh, during mid-rainy, late-rainy and post-rainy seasons
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season 

Figure 4. Spatial distribution of various land use and land cover categories in 
Madhya Pradesh.



17

Oryza sativa

Spatial Distribution of Rainy Season Fallows in Madhya 
Pradesh

kharif
rabi 



rabi

Figure 5. Spatial distribution of rainy season fallows in districts of Madhya 
Pradesh.
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rabi

Spatial Distribution and uanti cation of Rice-fallows in 
South Asia – Potential for Legumes
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Vigna radiata; 
Vigna mungo

Lens culinaris khesari 
Lathyrus sativus Vicia faba Pisum 

sativum

Figure 6. Spatial distribution of rice-fallows in Indo Gangetic Plains of South Asia.
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Rhizobium

GIS Mapping of Spatial Variability of Soil Micronutrients 
at District Level
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Figure 7. Availability of phosphorus in selected districts of Karnataka.
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Assessment of Seasonal Rainfall Forecasting and 
Climate Risk Management Options for Peninsular India
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Baseline Studies to Delineate Watershed

Figure 8. Satellite Data and DEM of watershed in part of Nalgonda district, 
Andhra Pradesh.



25

Watershed characterization

Prioritisation of watersheds
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Regional-Scale Water Budgeting for SAT India 



27

Spatial Water Balance Modeling of Watersheds 

Water Balance of Different Water Intervention Scenarios



Sediment Transport and Soil loss

Figure 9. Water balance for the four different water management scenarios for 
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Integrated Watershed Management for Land and 
Water Conservation and Sustainable Agricultural 
Production in Asia

Assessment of Agroclimatic Potential 

vis-à-vis

development).
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Climatic Water Balance

Climatic water balance of watersheds in China, Thailand, Vietnam 
and India:
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Rain-fed LGP 

Table 2. Annual water balance characters (all values in mm)
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Drought Monitoring at Watersheds
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Weather Forecasting for Agriculture 

Figure 11. Drought monitoring at benchmark watersheds in Andhra Pradesh 
during 2004.
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Watershed Monitoring 

Satellite Images for Impact Assessment
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kharif 

Monitoring and Evaluation of Watersheds using Remote 
Sensing
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Figure 12. Guna watershed, Madhya Pradesh.
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Monitoring and Impact Assessment of Adarsha 
Watershed

Gossypium 



Figure 13. Landuse and cropping pattern of Adarsha watershed, Kothapally, 
Andhra Pradesh.



39

Figure 14. Thematic maps depicting soils and land use plan in Adarsha 
watershed, Kothapally, Andhra Pradesh.
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Spatial Simulation Modelling
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Use of ICT in Watershed Management 

Figure 15. Information and communication technology services enabled at 
Addakal, Mahabubnagar district, Andhra Pradesh, India.

Summary 
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