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Harnessing New Science Tools through IWMP 
to Unlock Potential of Rain-fed Agriculture

Suhas P Wani, AVR Kesava Rao and Kaushal K Garg

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
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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.
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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

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



22

Figure 7. Availability of phosphorus in selected districts of Karnataka.
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taluk

taluk 

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.
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Watershed characterization

Prioritisation of watersheds
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Regional-Scale Water Budgeting for SAT India 
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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.
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Figure 14. Thematic maps depicting soils and land use plan in Adarsha 
watershed, Kothapally, Andhra Pradesh.



40

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 



43

References
Allen RG, Pereria LS, Dirk Raes  Martin Smith. 

All India Soil and Land Use Survey. 



44

Anonymous. 

Chuc NT, Piara Singh, Srinivas K, Ramakrishna A, Chinh NT, Thang NV, 
Wani SP,  Long TD. 

 

Cooper P, Rao KPC, Singh P, Dimes J, Traore PS, Rao K, Dixit P 
Twomlow SJ. 

Diwakar PG  Jayaraman V. 

Dwivedi RS, Ramana KV, Wani SP  Pathak P. 

in

FAO . 

Garbrecht J  Martz LW. 

Guyot G. in

Harris D, Joshi A, Khan PA, Gothkar P  Sodhi PS. 

ICRISAT  



45

Johansen C. in

Kaushalya Ramachandran, Mandal UK, Sharma KL, Gayatri M, Baskar V, 
Venkatravamma K  Kartik P. 

Kaushalya Ramachandran, Mandal UK, Sharma KL  Venkateswarlu 
B. 

Kasturirangan K, Aravamudam R, Deekshatulu BL, Joseph G  
Chandrasekhar MG. 

Keig G  McAlpine JR. 

Kesava Rao AVR, Wani SP, Singh P, Irshad Ahmed M  Srinivas K. 

Khan MA, Gupta VP  Moharana PC. 

Khare YD, Srivastara NT, Deshpande AS, Tamhane RM  Sinha AK. 

In

Krishna Murthy YVN, Srinivasa Rao S, Prakasa Rao DS  Jayaraman V. 



46

Navalgund RR, Parihar JS, Venkataratnam L, Krishna Rao MV, Panigrahy 
S, Chakraborthy M, Hebbar KR, Oza MP, Sharma SA, Bhagia N  
Dadhwal VK. 

NRSA 

NRSA  

NRSA 

Obi Reddy GP, Maji AK, Srinivas CV  Gajbhiye KS. 

In

Rao BRM, Sreenivas K, Fyzee MA  Ravi Sankar T. 

Rao GGSN, Kesava Rao AVR, Ramakrishna YS  Victor US. 

Rao VN, Singh P, Hansen J, Giridhara Krishna T  Krishna Murthy 
SK. 

in

Rao KV, Venkateswarlu B, Sahrawat KL, Wani SP, Mishra PK, Dixit S, 
Srinivasa Reddy K, Manoranjan Kumar  Saikia US (Eds.). 



47

Roy PS, Ravisankar T  Sreenivas K. 

Sahrawat KL, Wani SP, Rego TJ, Pardhasaradhi G  Murthy KVS. 

Sahrawat KL., Rego TJ, Wani SP  Pardhasaradhi G. 

Saxena RK, Verma KS, Chary GR, Srivastava R  Barthwal AK. 

Sekhar KR  Rao BV. 

Sharma T. 

Singh P, Aggarwal PK, Bhatia VS, Murty MVS, Pala M, Oweis T, Belni B, 
Rao KPC  Wani SP. 

In ain  

Sreedevi TK, Wani SP, Kesava Rao AVR, Singh P  Ahmed I. 2009. 

Srivastava PK, Srinivasan TP, Gupta A, Singh S, Nain JS, Amitabh, 
Prakash S, Kartikeyan B  Gopala Krishna B. 



Subbarao GV, Kumar Rao JVDK, Kumar J, Johansen C, Deb UK, Ahmed 
I, Krishna Rao MV, Venkataratnam L, Hebbar KR, Sai MVSR  Harris 
D. 

Thakkar AK  Dhiman SD. 

Thornthwaite CW  Mather JR. 

Wani  SP. 
In

Wani SP, Singh HP, Sreedevi TK, Pathak P, Rego TJ, Shiferaw B  Shailaja 
Rama Iyer. 

. In r

Wani SP, Joshi PK, Raju KV, Sreedevi TK, Wilson JM, Amita Shah, Diwakar 
PG, Palanisami K, Marimuthu S, Jha AK, Ramakrishna YS, Meenakshi 
Sundaram SS  Marcella D’Souza. 

Wani SP, Singh P, Boomiraj K  Sahrawat KL. 



49

Application of Geomatics in Watershed 
Prioritization, Monitoring and 

Evaluation – CRIDA’s Experience
B Venkateswarlu, KV Rao, Kaushalya Ramachandran 

and UK Mandal

Abstract
Watershed-based development has been the prime strategy for 
rain-fed regions of India since 1980s to conserve natural resources, 
enhance agricultural production and improve rural livelihoods. Although 
soil and water conservation was initially the primary objective of 
watershed program that saw large public investments since inception, 
its focus later shifted to people’s participation, equity and livelihood 
security, particularly from the mid nineties. One of the major goals of 
the watershed program is also regeneration of degraded lands. Many 
of these interventions need modern tools like GIS and remote sensing 
so that planning, prioritization and monitoring becomes more science 
based and the methodology and approaches can become universally 
applicable.  

Application of GIS, remote sensing and use of GPS for monitoring and 
evaluating watershed projects is a recent development. Two exercises 
in this direction were initiated in CRIDA wherein relevant sustainability 

these tools and the outcome of these studies have been presented in 
this paper. The bio-physical parameters were temporally evaluated 
from two standpoints – the pre- and the post-project implementation 

and changes in NDVI and land cover were analyzed to assess if 
agricultural development within treated watersheds were sustainable.

Utility of Geomatics for developing criteria for watershed selection, 
as indicated in various guidelines including the recent Common 
Guidelines of 2008, cannot be overemphasized. Major bio-physical 
parameters that include potential runoff and soil erosion besides 

indicators for monitoring and evaluation in the post-project phase. Lack 
of information on these parameters at watershed - level, as evidenced 
earlier have been made-up to a large extent through application of 
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better resolution data and generation of surrogate indicators. With the 
availability of DEM datasets in public domain and with the availability 
of GIS software, it is now possible to estimate certain parameters that 
have a direct bearing on potential runoff and soil loss, thus providing 
a scope for characterization of watersheds as mentioned earlier. 
The paper also presents an example of use of DEM dataset in GIS 
environment for prioritization of watersheds based on runoff -potential 
and soil loss parameter at the district- level.

Introduction

Application of Geomatics in CRIDA Watershed Program
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. 

Resource Inventory and Planning for Technology 
Upscaling

Watershed Delineation and Prioritization
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Figure 1. Characterization of NRM status using Geomatics. 

Case Study
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Based on drainage 
density

Based on 
hypsometric integral 
(erosion potential is 
known qualitatively)

Figure 2. Geomorphological characterization of watersheds for prioritization – 
a case study of Mahabubnagar district.
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L

L

Table 1. Estimation of priority area for treatment based on erosion 
potential – prioritization and decisions on SWC interventions based 
on higher HI.
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Soil Quality Assessment using GIS and RS:

Table 2. Estimation of priority area for treatment based on runoff 
potential – higher drainage density – more water harvesting.
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Satellite Imagery

rabi
rabi 

Figure 3. Satellite images with varying ground resolution – Sakaliseripalli 
watershed.



kharif

Soil Health Report

Soil Quality Index

Figure 4. Thematic maps of soil quality, agricultural productivity and soil loss 
potential of Sakaliseripalli watershed.
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On Farm Experiment

kharif

2O5

Evaluation of Watershed Development Program under 
ICAR National Fellow Scheme at CRIDA
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Table 3. List of sustainability indicators constructed for the study.
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Conclusions
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 Use of Hi-Science Tools in IWMP
Rita Teaotia and Ram Kumar

Abstract 
Gujarat has been at the forefront of watershed development program 
in the country, both in terms of quantity and quality. By the end of 
the year 2008, more than 8000 micro-watershed projects involving 
more than Rs.25000 million have been either completed or on 
going in the state. However, a lot remains desired in overall project 
planning, implementation and post project management so as to 
make the program sustainable. Considering the different concerns 
regarding project management, the New Common Guidelines for 
Watershed Program has prescribed for use of high science tools like 
application of Remote Sensing & Geographic information System 
(GIS), Management Information System (MIS) and other Information 
& Communication Technologies.

Accordingly, the Government of Gujarat has undertaken the Integrated 
Watershed Management Program (IWMP) incorporating the available 
high science tools; GIS is a major part of the whole process. The 
Gujarat State Watershed Management Agency (GSWMA), the nodal 
agency at the state level for IWMP in collaboration with Bhaskaracharya 
Institute of Space Applications and Geo-informatics (BISAG) has 
taken initiative in this regard by integrating GIS based data at both 
micro and macro level planning. 

Introduction

1
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Background



Prioritization of the watersheds:

Technical inconsistencies: 

People vs. technical experts dilemma:

Preparation of detailed project report:

Monitoring and evaluation:

Impact assessment:
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Watershed Development in Gujarat

Use of GIS in Watershed Management
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Planning

Table 1. Various GIS datasets used and their sources.



72

Box-1: Excerpts from Common Guidelines 2008
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Figure 2. Various spatial layers.
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Figure 3. Final prioritization.

Figure 4. Map depicting the planned areas for the whole of 18 years.



Figure 5. The prioritization model of watershed management.

Developmental Planning



Table 3. Action plan for forest land.

DPR Preparation



Table 4. Action plan for wasteland



Table 5. Action plan for agriculture land

Table 6. Planned activities for watershed development under IWMP.

Convergence



Figure 6. Possibilities for convergence.



gram sabha

Case Study: Convergence 

taluk

Implementation

Monitoring and Evaluation





Impact Assessment

Conclusion



Box-2: Case Study: Impact assessment of watershed 
development in Idar Taluka (Code: 5F2D4b4)
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Use of Modeling in Watershed Planning
Alok K Sikka1, DR Sena3, VN Sharda2 and RS Kurothe3

Abstract
Integrated watershed management has emerged as a powerful 
concept in development planning for agriculture and rural development 
in India. Importance of integrated planning of natural, animal and social 
resources for enhanced productivity and livelihood is evident from the 
increased outlay of watershed programs in the XIth Five Year Plan. 
Comprehensive Assessment of Watershed Programs in India by the 

planned and systematically implemented watershed projects. Now all 
the watershed programs of different ministries/departments are being 
implemented following the new Common Guidelines for Watershed 
Development Projects effective from April 2008. The guidelines 
emphasize using new science and technology inputs, including 
Remote Sensing (RS), Geographic Information System (GIS) and 
modeling to bring about a paradigm shift in preparing detail project 
reports (DPRs) for implementation of the watershed development 
programs.

Integrated watershed planning is done on the basis of its resource 
inventory, which includes the analysis of the present status or conditions 
(i.e., bench mark analysis) of its natural resources (soils, topography, 
drainage, land use, water resources, forest, vegetation, etc.), animal/
livestock resources, socio-economic and livelihood conditions and 
human resources and the type/extent of problem and needs of the 
watershed area and the community. Modeling application requires 
spatial data at watershed scale. Creation of a spatial database is 

maps and baseline data in place, followed by spatial analysis using 
analytical tools to help identify special features, problems, needs and 

of the watershed.

 The advances in remote sensing in collecting spatially variable data at 
higher resolution, GPS and capabilities of GIS in storing, retrieving and 
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manipulating data have shown tremendous potential in circumventing 
problems of the conventional and time-taking techniques in watershed 
planning. Integrating and collating data from multiple sources, 
conventional and/or remote sensing and others, with GIS, can lead 
to important operational applications including better opportunities for 
use of modeling in watershed planning. 

Use of modeling as a tool in conjunction with spatial data manipulation 
in GIS for estimating runoff, soil erosion and sedimentation, land 

needing treatment within the watershed for optimized investments, 
planning, location and design of various soil and water conservation, 
water harvesting and other such interventions, and analysis of best 
management practices (BMPs) in preparing watershed plan, has 
been presented in the paper. Opportunities of using data from free 
sources in watershed planning have also been presented. Use of 
distributed modeling to address issue of upstream–downstream 

are also discussed. Need for identifying and integrating the analytical 
biophysical and socio-economic models to GIS through user interface 
in a modular modeling frame work to develop decision support systems 
(DSS) and web-enabled system is emphasized to help automate 
the watershed planning process and simulate the effects of various 
watershed intervention scenarios. 

Introduction
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Watershed Planning 
A watershed plan
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Requisite Information for Watershed Planning
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:

Figure 1. A schematic of watershed management planning process.
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Watershed Modeling as a Planning Tool
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Figure 2. Schematic of popular modeling environments SWAT and KINEROS2 
to determine various watershed functions essential for watershed planning 
(Burns et al. 2004).

KINEROS Outputs SWAT Outputs
3

3

3
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.

Decision Support Model for Alternate Management 
Strategies

. 
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Upstream-Downstream Relationship

Watershed Information System (NWIS)

Figure 4. Treatment of partial (critical) area and its effect on soil loss in KG-4-1 
watershed of Nilgiris.
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Opportunities for Watershed Planning Using free 
Resources
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Conclusions

Figure 5. GIS (free open source) delineated contours derived from ASTER 
data draped in Google earth and a 3D DEM derived from it. (Prepared by D R 
Sena as an example).



103

References
Anonymous. 

 

Figure 6. Google resources translated into useful baseline information for DPR 
preparation (CSWCRTI, 2008).



104

Anonymous. 

Arnold JG, Williams JR, Srinivasan R, King KW  Griggs RH. 

Bingner RL  Theurer FD. Internet http://
www.ars.usda.gov/Research/docs.htm?docid=5199

Burns IS, Scott S, Levick L, Hernandez M, Goodrich DC, Miller SN, 
Semmens DJ  Kepner WG. 

Version 1.4.

Chansheng He, Changan Shi, Changchun Yang and Bryan Agosti P. 

CSWCRTI. 

Jin-Yong Choi, Bernard Engel A  Richard Farnsworth L. 

Lahlou LM, Bryer M, Kumar D  Kratt K. 

Lim KJ, Engel B, Kim Y, Bhaduri B  Harbor J. 

Samra JS  Sharma KD. 

Semmens D, Goodrich DC, Unkrich CL, Smith RE, Woolhiser DA  
Miller SN. 

Sikka AK  Paul DK. 
In



105

Sunday Tim U  Mallavaram S. 

Woolhiser DA, Smith RE  Goodrich DC. KINEROS, A kinematic 

Yates D, Sieber J, Purkey D  Huber-Lee A. 



106

Application of Econometic Methods for 
Assessing the Impact of Watershed Programs

K Palanisami1, D Suresh Kumar2 and Suhas P Wani3

1

2

3

Abstract 
Watershed programs in India are contributing to water resources 
development, agricultural production and ecological balance. Impact 

a framework to identify what impacts to assess and (ii) developing 
a framework to look after the indicators together and assessing the 
overall impact of the project. The nature of watershed technologies 
and their impact on different sectors pose challenges to the evaluation 

methodologies, (ii) selection of indicators, (iii) choice of discount rate, 

the impacts in an isolated manner. In order to evaluate the impacts 
of watershed programs in a holistic manner, the Economic Surplus 
(ES) approach has been applied. The economic surplus incorporates 
both consumer surplus and producer surplus. The consumer surplus 

product for a price that is less than they would be willing to pay. The 

market price mechanism that is higher than they would be willing to 
sell for. In the case of watershed programs, producers are mainly the 

watershed interventions such as soil and moisture conservation, water 
table increase and livestock improvement activities and consumers are 
mainly the other stakeholders in the region, viz. non-farm households 
representing the labourers, business people and people employed 
in non-agricultural activities. The ES method is demonstrated using 
the data from a cluster of 10 watersheds in the Coimbatore district 
of Tamil Nadu. The distributional effects of watershed programs are 
also captured through the ES method. The results of the conventional 
method had indicated that the BCR is 1.23, IRR is 14% and NPV is Rs 
567912. The results of the ES method had indicated that the BCR is 
1.93, the IRR is 25 % and the NPV is Rs 2271021. The conventional 
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evaluation method had thus underestimated the watershed impacts. 
Hence, possibilities of using the ES methodology in the future 
watershed evaluation programs could be examined.

Introduction

et al.
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Economic Surplus Approach 
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Application of Economic Surplus Method to Watershed 
Evaluation



114

 

 gQP  

g
g

 
 1

0

Q

Q
101 P)QQ(dQgQCS  (3)

 )* Z5.01(*Y*A*P*KB d000   

K



115

 ***K  

K

Z
Z

 
)(

*KZ
sd

s   

P0, A0 Y0

Cost of Project

 

Study Area and Data Collection



116

Figure 2. Map of the study area.
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Table 1. Details of watersheds covered for the study in Coimbatore 
district of Tamil Nadu.

Data
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Results and Discussion

Table 2. General characteristics of sample farm households.
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Application of Economic Surplus Method

Table 5. Impact of watershed development intervention on yield and 
cost.
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Table 6. Impact of watershed development activities on the village 
economy. 

TS = CS + PS = P0Q0K(1+0.5Z
CS = P0Q0Z(1+0.5Z
PS = P0Q0(K–Z)(1+0.5Z



123

Conclusions and Policy Recommendations

Table 7. Results of economic analysis employing economic surplus 
method.
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Recent Developments in Vadose Zone 
Hydrology: Opportunities and Challenges for 
Sustainable Utilization of Water and Nutrients 

for Enhancing Productivity
BS Das

Abstract
Declining total land area under cultivation, increasing demand for land 
for non-agricultural use, demand for food grains, large gap between 
actual and potential yields, and recent trends in weather anomalies 
call for an urgent action to identify ways and means for improving 

nutrients has a potential opportunity to improve agricultural productivity 

as rice are in the order of 25%. For the past two decades, several 
developments in vadose zone hydrology have opened opportunities 

sensors and user-friendly simulation models are becoming reliable 
aids for making informed agricultural decisions on how much and 

crops, making precision farming a reality. A summary of these two 
products are discussed in this document with the objective to identify 

Introduction
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Conceptual Developments in Flow and Transport 
Modeling

HYDRUS Suite: 
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Soil Water Assessment Tool (SWAT):
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MIKE SHE: 
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Developments in Measurement Techniques 
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Combined Heat Pulse and Resistivity Technology: 
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Imaging Spectroscopy: 



Application of Measurement and Modeling Techniques 
for Productivity Enhancement and Resource 
Conservation – A Case Study at IIT Kharagpur
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Use of Agroclimatic Datasets for Improved 
Planning of Watersheds

AVR Kesava Rao, Suhas P Wani and Piara Singh

Abstract
Maximizing agricultural production from rain-fed areas in a sustainable 
manner is the need of the day to feed the ever-increasing population. 
Integrated watershed management with focus on productivity 
enhancement and livelihood improvement is one of the high priority 

whole. Reliable and long-term data on agroclimate, soils, crop varieties 
and crop production at taluk/block/district-level for several years are 
needed for undertaking climatic analyses and to understand variations 
in agricultural productivity and changes in the cropping patterns. Data 
on crop phenology, growth and yield characters are needed to quantify 
crop-weather relationships and for validating crop-growth simulation 
models. Agroclimatic datasets need to be developed at individual 
watershed level and climatic analyses help in assessing rainwater 

of crops, risk analysis of climatic hazards, adoption of farming methods 
and choice of farm machinery. In this paper, results of climatic analysis 
of selected watersheds in India with respect to water balance and 
length of rain-fed crop-growing period, yield gap analysis of some 
important crops are presented and discussed. Use of agroclimatic 
datasets goes much beyond agroclimatic analysis of watersheds. 
Current issues like end-of-the-season crop yield forecasting, climatic 
change impact assessment, crop insurance to farming community, 
maintaining quality of produce to compete with international market, 
sustainability of the yield and environment are also to be addressed. 
Enhancing climate awareness among the rural stakeholders using 
new IT tools is the need of the hour.

Introduction
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Climate Change Impacts on LGP
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Yield Gap Analysis
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Figure 1. Projected climate change impact on LGP at Solapur.
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rabi

Figure 2. Rain-fed potential yields and yield gaps of selected crops in India.
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Weather Forecasting and Advisories

Figure 3. Sorghum yield simulations at Aurangabad, Maharashtra.
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Advances in Geospatial Technologies in 
Integrated Watershed Management 

PS Roy, T Ravisankar and K Sreenivas

Abstract
Management and utilization of natural resources - land and water 
have assumed the prime importance in the wake of increasing 
pressure on them. In this context, the watershed approach has gained 
momentum all over the world for addressing environmental issues and 
implementing various developmental programs. Though watershed 
represents a hydrological unit of an area, it is also considered as 

management of natural resources. These developmental activities 
in any watershed, focuses not only on management of rain water, 
reducing soil loss, runoff and increasing productivity but also focuses 

sensing, GPS and GIS are being increasingly used to address various 
aspects of watershed developmental programs namely preparation of 

of critical issues with respect to soils/water/crops, generation of action 
plans and impact assessment. Several studies were conducted on 
watershed planning with reference to natural resources and cropping 
systems planning. Stereo data obtained from aerial and satellite 
platforms play an immense role in obtaining terrain height information 
in the watershed. Essentially the height information thus extracted 
is represented in the form of Digital Elevation Model (DEM). When 
clubbed with drainage information, hydrological DEM can be generated 
which inturn is useful to delineate watersheds automatically as well as 
hydrological modeling of watershed. Besides, high spatial resolution 
data are increasingly being used to monitor various soil conservation 
activities, and to assess watershed performance.

During recent years, with the development of communication 

collection and transmission, which will be of immense use for real 
time monitoring of watershed activities. A large network of Automatic 
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Weather Stations across India is being created with state-of-the-art 
communication tools to serve the data on web in almost real time. The 
revolution in electronic circuits made it possible to attach a radio to 
almost any electronic device and remotely communicate with it. This 
has ushered new ideas of developing sensor web where these sensors 
can communicate with each other and use the information intelligently 
as a single system. The sensor network can function independently 
and collaboratively to provide parameters need to measure in the 

nano satellites and their networking with ground based sensors; the 
data can be used for real time applications in watershed management. 
Further, Geoinformatics and web GIS tools can bring major impact on 
the watershed management.

Introduction



Modern Tools for Watershed Management

Remote Sensing
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Table 1. Suitability of various IRS sensors in watershed studies.
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Geographic Information Systems (GIS)
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Bhoosampada

Field Sensors and Data Communication Devices 

Global Positioning System (GPS)
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Automatic Weather Station
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Mobile devices

Cellular phones,

PDA phone with GPS

Data Storage and Dissemination
Server technology
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Internet

Spatial Technologies in Watershed Management

Baseline Studies 
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Watershed characterization 

Prioritisation of watersheds
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Figure  1. Satellite data and DEM for perspective view of watershed in part of 
Nalgonda district, Andhra Pradesh.

Cartosat data FCC of IRS P6 LISS 4 MSS + 
Cartosat merged data 

Drainage layer draped 
over DEM generated from 
Cartosat data

Perspective view 1 of satellite 
data FCC draped over DEM 

Perspective view 2 of satellite 
data FCC draped over DEM 
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Watershed Monitoring 

Technology Integration 
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Field Data Transmission

After implementationBefore implementation
PAN + LISS III

Quickbird 
multi-spectral

ICT’s as viewed by PAN 
Quickbird satellite

ICT’s as viewed by Multispectral 
Quickbird satellite

Figure 2. Monitoring microwatershed using high resolution satellite data. 
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Headquarters Field
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Sensor Web 
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Spatial Simulation Modeling
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Intelligent Watershed Information System
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Figure 4. Technology integration for watershed management.
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GIS-based Monitoring Systems for Integrated 
Watershed Management

PG Diwakar1 and SG Mayya2

1

2

Abstract
Integrated Watershed Development (IWD) has been in practice for a 
very long time and it has received special attention in the recent past 
with the advent of technological tools for planning, implementation, 
monitoring and impact studies. IWD itself has gone through varieties 
of changes in the approaches for development and implementation 
and so is the case with respect to the possible use of technologies. 
Of late, the use of space based inputs from remote sensing and 
Geographic Information System (GIS) technology have helped IWD 

in characterizing the terrain, understanding the existing landuse, 
generating soil maps, estimating ground water/water resource 

with base layers and other infrastructure layers. Such an integration 
of multi-thematic GIS layers with socio-economic data and ground 
knowledge helps in deriving action plans, which could be a guiding 
factor for further implementation at grass roots. With the availability of 
very high resolution satellite images and hence large scale thematic 
mapping possibilities, it is even possible to address developmental 

plans for IWD, but also for systematic monitoring and management. 
The advantage of using such techniques is in bringing about greater 
transparency amongst implementers and other stakeholders, which in 

farming community.

Close monitoring of IWD programs need many parameters/indicators 
to be studied in detail throughout the project lifetime. While some 
of the parameters/indicators are amenable through Management 
Information System (MIS) databases, the others are obtained through 

(villages) through taluk, district and state level users, it is possible 
to establish web-based information and decision support systems 



for closer and effective monitoring of such developmental programs. 

plan preparation (also popularly known as DPR preparation at sub-
district level in a state), web based GIS and MIS tools for on-line 
project monitoring and multi-temporal remote sensing data for impact 
assessment have been successfully used as in watershed development 
programs of Karnataka. Considering the success achieved in this 
program, similar attempts are being extended to a few other states 
in the country. Innovative use of space inputs, information technology 
and GIS has helped in successfully testing such technologies under 
operational scenarios. It is now required to emulate more such projects 
and also integrate such tools and technologies at national level 
programs like Integrated Watershed Management Program of DoLR, 

grass root level farming community.

Introduction



Community Participation in Watershed 
Development



Study Area

Geomatics as a Solution



Remote Sensing for Planning



Sampling Strategy for Baseline



Geoinformatics for Natural Resources Information

 

Figure 1. Pictorial view of data collection and analysis.





Figure 2. Geospatial data layers for participatory action plan preparation.



Figure 3. Community level GIS Technology for PRA and action plans.



Web-based Solution for Monitoring

Figure 4a. Package architecture and database synthesis - web-based model.
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Impact Assessment - Space Imaging and 
Geospatial Analysis

Figure 5. WebGIS tools for online monitoring.
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Impact

Figure 6. Use of Earth observation in measuring impacts.
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Conclusion

Figure 7. Social Impacts due to transparency and participatory approach.
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A Mission to Enhance Productivity of Rain-fed 
Crops in Rain-fed Districts of Karnataka, India.

KV Raju1, M Babu Rao1, KV Sarvesh1, NC Muniyappa1, Abhijit 
Dasgupta1 and Suhas P Wani2

1

2

Background
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Science for Agriculture: ICRISAT and Sujala 
Watershed Project

(2009).
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Soil Nutrient Diagnostic Studies

Bridging the Yield Gap

improved management compared to farmers’ management during 
kharif crop season 2008. (Source: Progress report 2008-09, Sujala-
ICRISAT project, 2009).



Goal and Objectives

Strategies 
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taluk

taluk

Figure 2. Organogram of project planning and monitoring mechanism 
set-up for Bhoochetana project, Karnataka.
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Table 2. Timeline for execution of activities in Bhoochetana districts.

Map 1. Selected rain-fed districts for crop productivity 
enhancement under Bhoochetana project in Karnataka.



201

taluks

Rain-fed Agriculture Technologies for 
Implementation 

1. In-situ soil moisture conservation techniques

In-situ

2 Integrated Nutrient Management
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Rhizobium, Azospirillum

Trichoderma viride
Rhizobium

Gliricidia

3. Farmers’ preferred varieties 

4. Integrated pest management technologies
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5. Custom hiring centers for agricultural machinery

6. Income-generating rural livelihoods

Project Activities

Capacity Building of Stakeholders
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taluk

Awareness and Field Publicity Campaigns

taluk

Awareness Building on Soil Nutrient Status 

taluks
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Assisted in Setting up Analytical Laboratory

Scaling-Up Soil, Crop and Water Management 
Technologies for Boosting Productivity of Selected 
Crops

Kharif Season Rain-fed Crop Planning 2009

Trichoderma, Azospirillum neem
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bajra

Table 3. Kharif season cropping planned and actual area sown during 
2009 in six districts.
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Rabi Cropping Targets 2009
rabi 

rabi rabi

taluk

Table 4. Rabi cropping planned and area of sowing completed in 
different districts during rabi season 2009. 
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Kharif Season Crop Planning 2010
kharif

Results of Participatory Crop Yield Estimates

Crop Season 2009
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Increased Crop Yields and Economic Gains

improved management compared to farmers’ management under 
Bhoochetana project, 2009.
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Crop Season 2010
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Hydrological Modeling of a Micro Watershed 
using GIS-based Model SWAT: A Case Study of 

Kothapally Watershed in Southern India
Kaushal K Garg and Suhas P Wani

Abstract
Rain-fed agriculture in arid or semi arid tropics is complex, diverse, 
risk prone, and characterized by low levels of productivity and low 
input usages. Kothapally, a micro watershed of 450 ha area is located 
approximately 25 km upstream of Osman Sagar in Musi catchment of 
Southern India. Rainfall in this region is highly erratic both in terms of 
total amount and its distribution over time. ICRISAT consortium with 
national partners (Central Research Institute for Dryland Agriculture 
(CRIDA), National Remote Sensing Agency (NRSA) now NRSC, and 
District Water Management Agency (DWMA), in Hyderabad, Andhra 
Pradesh,); and non-governmental organizations (NGOs) started 
community based watershed development program in Kothapally 

parameters in the area have been monitored, creating database of 
hydrological data and crop yield information. This data was analyzed 
with the Soil and Water Assessment Tool (SWAT) to study the water 

downstream impacts on the Osman Sagar reservoir. It was found 

the water balance of the system. Check-dams increase groundwater 
recharge which can be used for supplementary irrigation of the 
monsoon crop, and especially the second crop when rainfall is almost 
nil. Both check-dams and in-situ soil water management reduces the 

evapotranspiration, which can be expected when more water is 

management practices reduced surface runoff from 27% to 11%, 

from 53% to 66% of total rainfall, and reduced soil loss from 1.5 t 
ha-1 to 2.5 t ha-1 compared to pre-development stage. This program 
has built resilience in the agricultural systems, and has improved the 
livelihoods of the farmers.

Keywords: Hydrological modeling, SWAT, water balance, sediment 
transport, resilience, watershed management.
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Study Area: Kothapally Watershed



243

Figure 1. (A) Location of Kothapally watershed in Musi sub-basin of Krishna 
river basin, down stream reservoirs and Hyderabad city; (B) Stream network, 
location of storage structures, open wells, meteorological station, and residential 
area in Kothapally watershed.
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Figure 2. Water balance for the four different water management scenarios for 
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Figure 3. Soil loss in different micro-watersheds of Kothapally area in year 2000. 
Gray colour in map shows soil loss and crossed lines shows its deposition (also 
shown by negative numbers).
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Water Management Interventions Improve the Resilience 
of Small-scale Tropical Agricultural Systems

The Choice of Water Management Intervention Depends 
on Hydro-ecological and Social Settings
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Hydrological Processes in Small Agricultural 

Watersheds
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Soil Loss Measurement from Agricultural Watersheds

Manual Sampling
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Figure 1. Sediment concentration variation with time during two runoff events 
at BW7 watershed, ICRISAT Center, Pantancheru, Andhra Pradesh, India 
(Pathak et al. 2004)
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Sediment Samplers

Clock-based automatic sediment sampler

Figure 2. Clock-based automatic sediment sampler for small agricultural 
watersheds

Depth integrating sediment sampler 

Working principle and details:
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Figure 3. Depth integrating sediment sampler for small agricultural watersheds



Figure 4. Schematic diagram of the depth integrating sediment sampler

Figure 5. Working principle of the sediment sampler
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St = V0 (Vs0 Cs0 – Vs1 Cs1) / (Vs0 – Vs1) + V1 (Vs1 Cs1 – Vs2 Cs2) / (Vs1 – Vs2) + 
 Vn–1(Vsn–1 Csn–1 – Vsn Csn) / (Vsn–1 – Vsn) + Vn Csn

Vs0, Vs1, Vs2, ..., Vsn Cs0, Cs1, Cs2, ..., Csn

M0, M1, M2, ...., Mn
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Microprocessor-based Automatic Sediment Sampler
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Figure 6. Microprocessor based automatic sediment sampler.
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Salient features of the sediment sampler

Figure 7. Single and multiple level sensors of control unit

Single level sensor Multiple level sensor
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Runoff Measurement from Small Agricultural Watersheds

Mechanical Stage-level Recorder 

 

Figure 8. A drum-type mechanical runoff recorder.
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Digital Automatic Stage-level Recorder (Thalimedes)

Figure 9. Digital runoff recorder
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Integrated Digital Runoff Recorder and Sediment Sampler 
Device

Figure 10. Integrated digital runoff recorder and sediment sampler 
device (new microprocessor is shown in inset).
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Hydrological Models for Agricultural Watersheds

Simple Runoff and Water Balance Models

RUNMOD Runoff Model 



266

SCS Curve Runoff Model 
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Figure 11. Flow chart of SCS curve runoff model (Pathak et al. 1989).



Runoff Water Harvesting Models

Figure 12. Runoff model comparison of measured and simulated daily runoff 
in two Vertisol watersheds at ICRISAT Center, Patancheru, Andhra Pradesh.
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Digital Terrain Model (DTM)
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Figure 17. Runoff at day 1 and its ponding at landscape level.
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Development in Integrated Watershed 
Development

P Biswabandhu Mohanty

Abstract
The enterprise of rain-fed agriculture is perceived as highly risky due 
to vagaries of nature, i.e., wide variation in quantum and distribution of 
rainfall. Therefore, farmers have, over the time, evolved and adopted 
a ‘low risk and low return’ strategy. This high risk of rain-fed agriculture 
and low risk-bearing ability of rain-fed farmer is a major issue in rain-
fed agriculture.

Moreover, bankers are not comfortable to lend to rain-fed agriculture 
because of the high percentage of bad loans, and they call this non-
performing assets (NPAs). This is a risk cost to the bankers.

NABARD had initiated efforts to promote credit in rain-fed areas 

NABARD has been involved in implementation of watershed projects 
as a project holder under the Indo-German Watershed Development 
Programme (IGWDP) in Maharashtra since 1992. SHG-Bank Linkage 
Programme, which was launched by NABARD in 1992, is the 

86 million rural households through 6.1 million SHGs. The program 
has become a national movement and has the potential and promise 

services and promoting livelihoods. The rain-fed zones, tribal and 
forest areas, watershed areas, drylands, hilly tracks, etc., are the 
testing grounds for the bankers and development agencies for 

Introduction
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NABARD and Watershed Projects

Projects under Watershed Development Fund 
(WDF)
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Impact of Climate Change on 
Dryland Sorghum in India 

K Boomiraj1, Suhas P Wani2 and PK Aggarwal3

1

2

3

Abstract
This paper presents results of climate change impacts on sorghum 
in semi arid tropics (SAT) regions of India and adaptation strategies 
to overcome the impact. The main objective of the paper is how to 
use crop simulation model to assess the climate change impact and 
how best we can reduce the impact through integrated watershed 
approach. InfoCrop, a generic dynamic crop model, provides inte-
grated assessment of the effect of weather, variety, pests, and soil 
management practices on crop growth and yield, on soil nitrogen and 
organic carbon dynamics in aerobic, anaerobic conditions, and also 
greenhouse gas emissions. The model has reasonably predicted 
phenology, crop growth yield. Sorghum crop was found to be sensitive 
to changes in carbon dioxide (CO2) and temperature. Future climate 
change scenario analysis showed that sorghum yields (CSH 16 and 
CSV 15) are likely to reduce at Akola, Anantpur, Coimbatore and 
Bijapur. But yield of CSH 16 will increase little in Gwalior (0.1%) at 
2020 and there after it will reduce. At Kota, the sorghum yield is likely 
to increase at 2020 (3.3 & 1.7 % in CSH 16 and CSV 15, respectively) 
and no change at 2050 and yield will reduce at 2080 in both varieties. 
The increase in yield at Gwalior and Kota at 2020 will be due to 
reduction in maximum temperature and increase in rainfall from the 
current. Adoption of adaptation measures like one irrigation (50mm) 
at 40-45 days after sowing would be better for rain-fed kharif sorghum 
in the selected location of the SAT regions. The yield gap between 
district average and simulated rain-fed potential is so wide at Akola, 
Anantpur, Bijapur and Kota compared with Coimbatore and Gwalior. If 
we bridge the yield gap, we can overcome the climate change impact. 
Integrated Genetic and Natural Resource Management (IGNRM) 
through watershed management would be an appropriate method to 
bridge the yield gap to sustain the sorghum yield and food security.

Key words
Leaf area index, Maturity, India, SAT.
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Table 1. Area, production and productivity of sorghum in India 
compared with rest of the world.
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Climate Change Impact Assessment
Climate change scenarios

3

kharif

Table 2. Projected mean temperature rise (°C) and rainfall changes 
during sorghum growing season in A2a scenarios.

Adaptation Strategies

Results and Discussion

Impact Assessment
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Figure 1. Simulated per cent change in yields (CSH 16) in HadCM3 – A2a 
scenarios of climate change without and with adaptation.
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CSV 15 Sorghum variety: 

kharif 
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Table 2. Projected mean temperature rise (°C) and rainfall changes 
during sorghum growing season in A2a scenarios
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Figure  2. Simulated per cent change in yields (CSV 15) in HadCM3- A2a 
scenarios of climate change without and with adaptation.
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Fax 	 +91 11 25841294

ICRISAT-Nairobi
(Regional hub ESA)
PO Box 39063, Nairobi, Kenya
Tel	 +254 20 7224550
Fax	 +254 20 7224001
icrisat-nairobi@cgiar.org

ICRISAT-Niamey
(Regional hub WCA)
BP 12404, Niamey, Niger (Via Paris)
Tel	 +227 20722529, 20722725
Fax	 +227 20734329
icrisatsc@cgiar.org

ICRISAT-Bamako
BP 320
Bamako, Mali
Tel	 +223 20 223375
Fax	 +223 20 228683
icrisat-w-mali@cgiar.org

ICRISAT-Bulawayo
Matopos Research Station
PO Box 776,
Bulawayo, Zimbabwe
Tel	 +263 383 311 to 15
Fax	 +263 383 307
icrisatzw@cgiar.org

ICRISAT-Lilongwe
Chitedze Agricultural Research Station
PO Box 1096
Lilongwe, Malawi
Tel	 +265 1 707297, 071, 067, 057
Fax	 +265 1 707298
icrisat-malawi@cgiar.org

ICRISAT-Maputo
c/o IIAM, Av. das FPLM No 2698
Caixa Postal 1906
Maputo, Mozambique
Tel	 +258 21 461657
Fax	 +258 21 461581
icrisatmoz@panintra.com	

About ICRISAT

www.icrisat.org

The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) is a non-profit, non-political organization that 
conducts agricultural research for development in Asia and sub-Saharan Africa with a wide array of partners throughout the 
world. Covering 6.5 million square kilometers of land in 55 countries, the semi-arid tropics have over 2 billion people, and 644 
million of these are the poorest of the poor. ICRISAT and its partners help empower these poor people to overcome poverty, 
hunger, malnutrition and a degraded environment through better and more resilient agriculture. 

ICRISAT is headquartered in Hyderabad, Andhra Pradesh, India, with two regional hubs and four country offices in sub-Saharan 
Africa. It belongs to the Consortium of Centers supported by the Consultative Group on International Agricultural Research 
(CGIAR).
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