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1  Title of Thesis and Abstract  

Title 

Benchmarking the impact of micro watershed development projects in Sabarkantha and 
Aravalli districts of Gujarat 

 
Abstract 

 

An integrated watershed management approach, introduced over the past decade, serves to 

manage natural resources and improve the region's overall economy. In many parts of the 

country there is large-scale implementation of projects with watersheds as the planning 

unit. Several projects are under implementation and several have been completed in the 

Sabarkantha and Aravalli districts of Gujarat. The districts are located in the northern parts 

of Gujarat, India, which faces an uncertain disparity of prolonged drought and resulting 

crop failures, inadequate irrigation and drinking water supply, and mass migration of 

people in search of jobs, etc. Evaluating the effectiveness of these measures for projects on 

different parameters, this research study examined the changes in hydrological, 

agricultural, economic and social parameters before and after the implementation of 

watershed projects. 

This study also focused on the impact of watershed projects on the involvement of people 

through local institutions in watershed management and the resulting impact on the 

region's society, economy and environment. This research focuses on the overall impact of 

watershed management on the development of Sabarkantha and Aravalli districts based on 

micro-watershed projects under the IWDP, DPAP and IWMP watersheds. For the study, 

both qualitative and quantitative information was collected through a questionnaire-based 

household survey, focused group discussions, and joint field visits. It also highlights the 

issues related to their management and implementation, including community involvement 

in the management of the natural resources of the watersheds. 

 

2  A brief description of the state of the art of the research topic  
 
The main objective of watershed development programs is to promote economic 

development of the rural area, create jobs and increase livelihoods. Most implementing and 

funding organizations play a role in rural development. However, they do not emphasize 

evaluating or assessing the impact of development work in watershed projects. Therefore, 

it is crucial to assess and understand the impact of the Watershed projects on development 
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personnel/specialists, economists and policy makers. 

In India, Erappa et al. (2001), Palanisami (2003, 2009), Ramana (2005), Ajaykumar (2008) 

and many other researchers have studied and analyzed the role of watershed programs in 

the socioeconomic development of rain-fed semi-arid areas. The above studies did not 

analyze the impact of watershed intervention technology at the individual farm level. 

Studies on the impact of watershed intervention technology, agricultural production and 

crop diversification are very limited (Palanisami et al. 2009). Kerr et al. (2000) found that 

few participatory watersheds were successful and the overall impact of the program was 

limited. Based on a qualitative assessment of the impact of the DPAP, Hanumantha Rao 

(2000) found that the impact of the program was positive and significant. Bauman et al. 

(2000) attempted to assess the impacts of river basin development programs under the new 

guidelines within a broader Sustainable Rural Livelihoods (SRL) framework in order to 

compare the impacts to the previous approaches to assessing costs and benefits from many 

perspectives investigate and evaluate. 

The current study seeks to determine how an integrated assessment approach to watershed 

management programs is the best way to minimize the threats associated with problems of 

low productivity in agricultural production and improve overall livelihood improvements. 

 
3  Definition of the Problem statement 

 
For increasing water resources and improving soil and vegetation management, watershed 

development is a possible concept to create favorable conditions for higher agricultural 

productivity and conserve natural resources. A watershed is an area from which all water 

drains to a common outlet point, making it useful for engineering efforts to manage soil 

and water resources for conservation and enhancement. The importance of the watershed 

in the rainy area is well explained with evidence of benefits; (i) increasing agricultural 

productivity, (ii) improving management of natural resources, and (iii) improving 

livelihoods through poverty reduction. 

In order to fulfill all of this, the implementation of the watershed project must be done in 

an appropriate manner at each stage with a bottom-to-up transparency approach for all 

beneficiaries. This approach will have a positive impact on the needs of the area, stimulate 

people's interest in conserving soil and water resources, and improve their livelihoods with 

the watershed development approach. The researcher has a keen interest in examining the 

various provisions and new approaches under the project guidelines in relation to the 
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natural resource changes that have occurred as a result of the implementation of these 

watershed projects. The researcher also has a keen interest in impact assessment and 

watershed project ranking to identify implementation issues and challenges and seek 

suggestions to make the projects successful in the future. 

4  Objective and Scope of work 

4.1 The objectives of the study are: 

 
 To assess the impacts of the programs on hydrological, agricultural, economical, and 

social parameters. 

 To design the watershed performance benchmarking index from the impacts of the 

watershed program activities in a given study area. 

 To compare the watershed programs for identification of existing issues and 

deficiencies in the implementation of the programs and suggest remedial measures 

4.2 Scope of work 

 
Since the Watershed program has completed two decades of implementation, examining its 

impact at the livelihood and household level of the community has become relevant to 

achieving its goals. Very few studies have been conducted in this region, demonstrating the 

need for further studies at the micro level. The present study attempts to fill the gap in 

investigating the different aspects of watershed programs in drought-prone districts such as 

Sabarkantha and Aravalli. Both districts are hot, dry districts that fall in a rain shadow 

tone. The districts will be covered by the IWDP, DPAP and IWMP for two decades, from 

2000 to 2020. For the above reasons, it is important to examine the impact of the 

Watershed development program on the social and economic development of the region in 

both districts. 

In addition, it is important to study the impact of the Watershed development program on 

agriculture and the other living conditions of the rural community in the study area. A 

detailed study is necessary to know the income and employment trends of households in 

the watersheds, to examine the groundwater levels after the watershed development 

program, and to assess the socio-economic transformation of poor rural households. It was 

necessary to evaluate watershed development programs considering an integrated approach 

to different hydrological, agricultural and socio-economic parameters by ranking and 

indexing the indicators in one value. As such, the Watershed Performance Benchmarking 

Index is critical to understanding the overall impact of watershed programs in the region. 
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Researchers have not focused much on ranking and indexing watershed performance 

indicators in an integrated approach. 

5   Original contribution by the thesis 

This research aimed to develop and apply a framework to assess overall watershed 

efficiency using an integrated approach by selecting key impact indicators and assessing 

their performance using ranking criteria. A set of indicator questions for the questionnaire 

survey was developed to collect the agricultural and socio-economic data at ground level to 

assess the impact of the implementation of the watershed project. RUSLE performed the 

soil erosion estimation and the groundwater change was estimated using the well inventory 

and the water level fluctuation method. All evaluated indicator values were used to develop 

the Watershed Performance Benchmarking Index (WPBI) for ranking and indexing of 

watershed projects implemented in the study area. This research contributed to the 

evaluation of watershed projects to identify issues and challenges in watershed 

implementation and to make suggestions for policy makers to make necessary policy 

changes. The assessment framework will benefit watershed planners and managers who 

assess and evaluate the impacts of watersheds in other watersheds. 

6   Methodology of Research 

 
Sabarkantha and Aravalli districts of Gujarat were two selected districts for 

implementation of IWDP, DPAP and IWMP watershed projects by the Department of 

Land Records of the Department of Rural Development of the Government of India. 

Around 200 water catchment areas have been implemented in these districts within the 

framework of IWDP, DPAP and IWMP. Among them, 19 watershed projects were 

selected for study by random sampling, covering all three programs. The hydrological, 

agricultural, social and economic parameters were considered to assess watersheds in the 

study area. The different selected indicators for these parameters were as per following: (i) 

Reduction in soil erosion, (ii) Increase in groundwater table, (iii) Change in crop 

productivity, (iv) Change in cropping intensity, (v) Increase in livestock, (vi) Increase in 

employment, (vii) Increase in saving and expenditure capacity, (viii) Reduction in 

migration, (ix) Increase in income and (x) Benefit-cost ratio 

The parameters before and after watershed implementation were calculated to observe the 

changes after implementation.  
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In this study, the selected indicators for these parameters have been denoted as per 

following: 

(i) Reduction in soil erosion - RSE  

(ii) Increase in groundwater table – IGWT 

(iii) Change in crop productivity – CCP 

(iv) Change in cropping intensity – CCI 

(v) Increase in livestock – ILS 

(vi) Increase in employment – IEM 

(vii) Increase in saving and expenditure capacity – IEX 

(viii) Reduction in migration – RMI 

(ix) Increase in income  - IIN 

and (x) Benefit-cost ratio - BCR 

The measurement and calculation of the reduction in soil erosion were carried out through 

the Revised Universal Soil Loss Equation (RUSLE) as per the following. 

 
A =R×K×LS×C×P 

 
where A is the computed average soil loss over a period selected for R, usually yearly 

(t/ha/y); R is the rainfall-runoff erosivity factor (MJ mm/ha/hr/yr); K is the soil erodability 

factor (t/MJ/hrmm); LS is the slope length (L) and slope gradient (S) factor 

(dimensionless); C is the cropping management factor (dimensionless, ranging between 0 

and 0.5); P is the supporting conservation practice factor (dimensionless, ranging between 

0 and 1). 

The measurement and calculation of the increase in groundwater table were carried out by 

the water table fluctuation method through the well inventory.  

The agricultural and socio-economic indicators were calculated by the questionnaire 

survey, joint field visits of the watershed area and beneficiaries, and focused group 

discussions with village communities.  

The initial data related to the study area's physical environment and the socio-economic 

condition is collected from the watershed from 2000 to 2018 from the project 

implementing agency, and DRDA, Sabarkantha. Data related to the climatic conditions like 

rainfall, temperature, humidity, etc. total area, population, soil data, and status of the local 

community were collected from the respective government departments and various 

agencies. The questionnaire included various data related to water availability and 
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resources, crop productivity, cropping intensity, livestock, migration, socio-economic 

status etc. were included in the questionnaire while surveying.  

The key figures mentioned above were then raised to a percentage level and thus processed on an 

11-point scale. The Analytic Hierarchy Process (AHP) tool was used to obtain different criteria 

weights for each indicator and the Watershed Performance Benchmarking Index (WPBI) was then 

calculated based on the criteria weights. The equation developed for WPBI was then validated by 

statistical analysis and regression to check the significance of the regression model. Finally, the 

WPBI was calculated based on regression coefficients. Based on the values obtained for each 

indicator and WPBI, the watershed projects were compared and the problems and challenges in the 

implementation of watershed projects were identified. 

7   Results and Discussion 

7.1 Results of the watershed impact parameter for IWDP, DPAP, and IWMP 

projects: 

The percentage changes in a watershed impact indicator were calculated for selected 

watershed projects after implementation of the watershed programs as per table 1. 

Table 1. Watershed impact parameter values for IWDP, DPAP and IWMP projects 

Name 
of 

Scheme 

Name of Project RSE 
(%) 

IGW
T (%) 

CCP 
(%) 

CCI 
(%) 

ILS 
(%) 

BCR IIN 
(%) 

IEM 
(%) 

IEX 
(%) 

RMI 
(%) 

IWDP RELLAVADA 60.78 13.48 115.28 3.02 133.33 9.03 283.74 11.22 63.33 70.00 
KADVADI 27.01 2.55 141.87 2.76 40.00 8.82 214.38 14.29 26.67 78.95 
VALUNA 30.33 29.44 128.06 41.76 150.00 5.11 328.35 39.80 88.33 81.25 
MODARSUMBA 111.01 23.20 132.53 17.76 127.78 5.72 297.25 44.90 96.67 78.26 
SHIKA KAMPA 26.20 17.16 128.72 1.42 136.84 8.32 262.67 42.86 88.33 92.31 
DAHEGAMDA 53.22 12.78 155.39 20.62 110.00 6.04 315.59 14.29 55.00 75.00 
UNCHI DHANAL 26.68 14.04 136.82 3.44 150.00 9.21 365.29 18.37 68.00 70.59 
LIMDA 96.93 17.30 145.98 3.30 64.29 4.54 224.46 20.41 81.67 73.33 
DHANSOR 77.58 19.57 136.88 12.00 81.25 5.73 268.13 13.27 98.33 71.43 
SUNSAR 44.77 22.95 150.20 2.62 110.00 6.08 322.65 19.39 83.33 71.43 
RAHEDA 55.86 29.01 148.52 1.26 154.55 5.98 365.56 18.37 75.00 75.00 
RAVOL  91.47 20.53 141.15 0.18 85.71 2.41 244.95 17.35 73.67 76.47 
DOTAD 93.92 25.71 144.16 3.08 127.27 6.75 320.85 20.41 100.33 75.00 
FINCHOD 91.87 17.94 141.16 2.48 111.11 6.70 321.86 19.39 73.33 60.00 

DPAP MOLLI 86.84 8.70 139.68 9.83 54.55 3.46 241.32 9.18 42.00 52.94 
PARSODA 92.15 10.39 136.76 2.56 81.82 4.17 256.64 8.16 52.67 78.57 
VANKANEDA 76.98 19.31 145.45 4.93 61.54 6.10 224.33 12.24 57.00 58.33 

IWMP AJWAS 58.64 28.00 134.61 10.84 95.35 5.61 268.42 35.71 98.33 78.00 
DHEMADA 80.56 18.38 120.02 3.10 116.46 5.48 291.21 40.82 109.67 80.68 

 

7.2  Impact of watershed projects on Soil erosion and Groundwater recharge: 
 
The maximum and minimum reduction in soil erosion was found to be 111.01% at the 

Modersumba project and 26.20% at the Malekpur (Shikakampa) project. Soil erosion 

change has been estimated to range from 26.20% to 111.01% for IWDP projects. The 

maximum and minimum reduction in soil erosion was found to be 92.15% at the Parsoda 
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project and 76.98% at the Vankaneda project. Soil erosion change has been estimated at 

76.98% to 92.15% for DPAP projects. In the Ajavas project, the reduction in soil erosion 

rate under IWMP was estimated at 58.64%, while in the Dhemada project, it was estimated 

at 80.56% under IWMP.  

In IWDP projects, the maximum rise in groundwater level after watershed interventions in 

the Valuna watershed was estimated to be 29.44%, while the minimum rise in groundwater 

level after watershed interventions in the Kadwadi watershed was calculated to be 2.55%. 

The change in groundwater recharge has been estimated at 2.55% to 29.44% for IWDP 

projects. In the DPAP projects, the maximum rise in groundwater level after watershed 

interventions in the Vankaneda project was estimated at 19.31% and the minimum rise in 

the Molli watershed at 8.70%. The change in groundwater recharge has been estimated to 

range from 8.70% to 19.31% for DPAP projects. At the Ajavas project, the rise in 

groundwater level after watershed interventions was estimated at 28.00%, while at the 

Dhemada project it was estimated at 18.38%, which is the case for IWMP projects. 

 

7.3  Impact of watershed projects on Agriculture and Livestock: 
 

7.3.1 Change in Crop Productivity and Cropping Intensity:  
 
The maximum and minimum increase in crop productivity was found in the Dhansor 

project at 151.49% and in the Relavada project at 119.05%, respectively, in the wet season 

under IWDP. The maximum and minimum increase in crop productivity was observed at 

the Dahegamda project at 161.89% and at the Relavada project at 108.44%, respectively, 

in an irrigated season under IWDP. The maximum and minimum increase in crop 

productivity was found in the Parsoda project at 130.95% and at the Molli project at 

104.93% in the rainy season under DPAP. The maximum and minimum increase in crop 

productivity was found in the Molli project at 174.43% and in the Paroda project at 

142.57% in one irrigation season under DPAP. The maximum and minimum increase in 

crop productivity was found in the Ajavas project with 141.39% and in the Dhemada 

project with 135.10% in the rainy season. The maximum and minimum increase in crop 

productivity was found in the Ajavas project at 127.83% and in the Dhemada project at 

104.93% in the irrigation season under IWMP. The maximum and minimum increase in 

cropping intensity was found in the Valuna project at 41.76% and the Ravol project at 

0.18% under IWDP. The maximum and minimum increase in cropping intensity was found 

in the Molli project with 9.83% and in the Parsoda project with 2.56% under DPAP. The 
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maximum and minimum increase in cropping intensity was found in the Ajavas project at 

10.84% and in the Dhemada project at 3.10% under IWMP.  

 
7.3.2 Change in Livestock:  

 
The maximum and minimum increase in livestock was recorded at the Raheda project at 

154.55% and at the Kadwadi project at 40% under IWDP. The maximum and minimum 

increase in livestock was found in the Parsoda project at 81.82% and in the Molli project at 

54.55% under DPAP. The maximum and minimum increase in milk production was found 

to be 154.55% in the Raheda project and 40% in the Kadwadi project under IWDP. The 

maximum and minimum increase in milk production was found at 81.82% in the Parsoda 

project and 54.55% in the Molli project under DPAP. 

The maximum and minimum increase in income from milk production was found to be 

225.29% in the Raheda project and 78.91% in the Kadwadi project under IWDP. The 

maximum or minimum increase in income from milk production was found to be 132.35% 

in the Parsoda project and 97.50% in the Molli project under DPAP. 

 
7.4 Impact of watershed projects on Social and Economic indicators: 

7.4.1 Changes in Rural Employment, Saving, and Expenditure capacity and 
Migration: 

 
After the implementation of watershed projects within the framework of IWDP, DPAP and 

IWMP, the increase in man-days was noted in almost all projects. Nevertheless, a 

maximum increase in man-days of 44.90% was observed at the Modersumba project and a 

minimal increase in man-days at 11.22% in the IWDP at the Relavada project. It was also 

reported that due to the convergence of various programs with IWDP, the opportunity to 

find work in government programs has increased slightly. The maximum and minimum 

increase in man-days was observed in the Vankaneda project at 12.24% and in the Parsoda 

project at 8.16% under DPAP. The maximum and minimum increase in man-days was 

observed in the Dhemada project at 40.82% and in the Ajavas project at 35.71% under 

IWMP. 

As an indicator of the ability to save and spend, the average value for the ability to saving 

and expenditure was considered as a single value. Therefore, the change in average saving 

and expenditure capacity was 98.33% for the Dhansor watershed, the maximum, and 

26.67%, as the minimum, in the Kadwadi watershed. 

The change in average saving and expenditure capacity was calculated as 57% for the 
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Vankaneda watershed, the maximum, and 42% as the minimum in the Molli watershed. 

The average saving and expenditure capacity was calculated to be 109.67% for the 

Dhemada watershed, the maximum, and 98.33% as the minimum in the Ajavas watershed. 

The average number of migrating persons per HH was found highest in the Malekpur 

(Shikakampa) watershed with a change in migration of 92.31%. The average number of 

migrating individuals per HH was recorded in the Relavada watershed with a change in 

migration of 70.00 under IWDP. The average number of migrating persons per HH was 

highest in the Parsoda watershed with a 78.57% migratory change. The average number of 

migrating persons per HH was minimal in the Molli watershed, with a 52.94% migratory 

change under DPAP. The average number of migrating individuals per HH was found 

highest in the Ajavas watershed with a migration change of 78.00%. The average number 

of migrating individuals per HH was found to be minimal in the Dhemada watershed, with 

a change in migration of 80.68% under IWMP. 

7.4.2 Increase in Total Income and Benefit-Cost Ratio: 
 
The total income of the beneficiaries was derived from three different income criteria (1) 

income from livestock, (2) income from agriculture, and (3) savings in migration costs. 

Due to the reduction of a migration after the implementation of watersheds, the expenses 

incurred for migration activities were taken into account as savings and as a further 

addition to the total income of the household and converted in monetary terms.  

Taking all income criteria into account, the increase in average annual total income per 

household in IWDP catchments was estimated at 293.28%. The maximum and minimum 

income increase was found in Unchi Dhanal project at 366.68% and Kadwadi project at 

215.33% under IWDP. The maximum and minimum increase in income was found to be 

257.91% in the Parsoda project and 225.55% in the Vankaneda project under DPAP. The 

increase in total average annual income per household was found to be 269.63% in Ajavas 

watershed and 291.93% in Dhemada watershed under IWMP. 

The net present value of the IWDP watersheds ranged from 3416.93 lacs to 8764.12 lacs, 

while the present cost value ranged from 570.78 lacs to 3416.93 lacs. The NPV was 

8764.12 lacs and PVC was found at 951.30 lacs in the Unchi Dhanal watershed with a 

maximum BCR of 9.21. The NPV was found to be 3416.93 lacs and the PVC to be 

1418.76 lacs in the Ravol watershed with a minimum BCR of 2.41. Therefore, the BCR in 

IWDP watersheds ranged from 2.41 to 9.21. The net present value of the DPAP watersheds 

ranged from 2570.34 lacs to 3524.27 lacs while the present cost value ranged from 577.92 
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lacs to 742.56 lacs. The NPV was 3524.27 lacs and PVC 577.92 lacs in the Vankaneda 

watershed with a maximum BCR of 6.10. The NPV was 2570.34 lacs and PVC was found 

to have 742.56 lacs in the Molli watershed with a minimum BCR of 3.46. Therefore, the 

BCR in DPAP watersheds ranged from 3.46 to 6.10. The NPV was 17128.65 lacs and PVC 

was found with 3055.50 lacs in the Ajavas watershed with a maximum BCR of 5.61. The 

NPV was 15834.05 lacs and PVC was recorded with 2890.86 lacs in the Dhemada 

watershed with a minimum BCR of 5.48.  

 
7.5 Calculation of WPBI based on criterial weights by AHP 

 
After calculating all selected impact indicators, the scores of all indicators were converted 

into an 11-point scale by applying different criteria according to the range scores, and then 

the criteria weights obtained from the AHP tool were assigned to the respective indicators 

to determine the WPBI. The development categories are identified based on the category 

criteria given in Table 3. The WPBI values obtained together with the development 

category correspond to Table 2. 

 

Table 2 Values of WPBI with development category for watershed projects 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Watershed 
Project 

WPBI Development 
Category 

Watershed 
Project 

WPBI Development 
Category 

RELLAVADA 6.6 Good SUNSAR 6.68 Good 

KADVADI 4.45 Average RAHEDA 7.19 Very Good 

VALUNA 7.43 Very Good RAVOL 7.06 Very Good 

MODARSUMBA 8.49 Very Good DOTAD 8.27 Very Good 

SHIKA KAMPA 5.98 Good FINCHOD 7.58 Very Good 

DAHEGAMDA 6.67 Good MOLLI 6.04 Good 

UNCHI 
DHANAL 

5.99 Good PARSODA 6.68 Good 

LIMDA 7.11 Very Good VANKANEDA 6.73 Good 

DHANSOR 7.09 Very Good AJWAS 7.12 Very Good 

   
DHEMADA 7.48 Very Good 
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Table 3. Development Category criteria based on WPBI 

WPBI Category 

0-2.99 Poor 

3.00-4.99 Average 

5.00-6.99 Good 

7.00-8.99 Very Good 

>9.00 Excellent 

 
7.6  The relative importance of WPBI with impact indicators. 

 
The WPBI was calculated from ten indicators mentioned in this study for each of the 

selected study area watershed projects. Concerned about the results for each watershed, the 

WPBI varies between 4.45 and 8.49; the parameter values of the total amount are in the 

good to very good range (5.00 -7.50). In quantitative terms, the watershed performance is 

good to very good, suggesting that the lower development category watersheds need to 

improve their performance by taking various actions to consider the best use of watershed 

development guidelines. WPBI for IWDP watershed projects ranges from 4.45 to 8.49, 

with lowest to highest development category. 

Table 4. Relative Importance of WPBI with Impact Indicators  

Watershed WPBI Indicators 
having 

lower values 

status after implementation 

RELLAVADA 6.60 CCI and IEX  change in cropping intensity and increase in the capacity of saving and 
expenditure is not achieved well 

KADVADI 4.45 RSE, IGWT, 
CCI, ILS, 
IEM, and 

IEX  

reduction in soil erosion, increase in the ground water table, change in 
cropping intensity, increase in livestock, increase in employment, and 
increase in the capacity of saving and expenditure is not achieved well  

VALUNA 7.43 RSE and 
BCR  

reduction in soil erosion, and the benefit-cost ratio is not achieved well  

MODARSUMBA 8.49 CCI and 
BCR  

change in cropping intensity and the benefit-cost ratio is not achieved 
well  

SHIKA KAMPA 5.98 RSE and 
CCI  

reduction in soil erosion and change in cropping intensity is not 
achieved well  

DAHEGAMDA 6.67 IGWT, CCI, 
and IEM  

increase in the ground water table, change in cropping intensity, and 
increase in employment are not achieved well  

UNCHI 
DHANAL 

5.99 RSE, IGWT, 
CCI, and 

IEM  

reduction in soil erosion, increase in the ground water table, change in 
cropping intensity, and increase in employment are not achieved well  
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Watershed WPBI Indicators 
having 

lower values 

status after implementation 

LIMDA 7.11 CCI, ILS, 
BCR, and 

IEM 

change in cropping intensity, increase in livestock, increase in 
employment, and the benefit-cost ratio is not achieved well  

DHANSOR 7.09 CCI and 
IEM  

change in cropping intensity and increase in employment is not 
achieved well  

SUNSAR 6.68 RSE, CCI, 
and IEM  

reduction in soil erosion, change in cropping intensity, and increase in 
employment are not achieved well  

RAHEDA 7.19 CCI and 
IEM  

change in cropping intensity and increase in employment is not 
achieved well  

RAVOL  7.06 CCI, BCR, 
and IEM  

reduction in soil erosion, increase in the ground water table, change in 
cropping intensity, increase in livestock, increase in employment, and 
increase in the capacity of saving and expenditure is not achieved well  

DOTAD 8.27 CCI and 
IEM  

change in cropping intensity and increase in employment is not 
achieved well  

FINCHOD 7.58 CCI, and 
IEM  

change in cropping intensity, and increase in employment is not 
achieved well  

MOLLI 6.04 IGWT, CCI, 
ILS, BCR, 
IEM and 

IEX  

reduction in soil erosion, increase in ground water table, change in 
cropping intensity, increase in livestock, increase in employment and 

increase in the capacity of saving and expenditure is not achieved well  

PARSODA 6.68 IGWT, CCI, 
BCR, and 

IEM  

increase in ground water table, change in cropping intensity, benefit 
cost ratio, and increase in employment is not achieved well  

VANKANEDA 6.73 CCI, ILS, 
and IEM  

change in cropping intensity, increase in livestock, and increase in 
employment is not achieved well  

AJWAS 7.12 CCI change in cropping intensity is not achieved well  

DHEMADA 7.48 CCI change in cropping intensity is not achieved well  
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The WPBI values for each project are listed in Table 4 along with the indicators with lower 

values and the status of various parameters after implementation of watershed projects. 

The lowest WPBI value of 4.45 in the Kadwadi project reflects the gaps and disadvantages 

in implementing watersheds under IWDP. Due to poor soil and water conservation 

measures, insufficient control of soil erosion and groundwater recharge, insufficient 

involvement of local communities in development work, and insufficient institutional 

development, the watershed implementation has not affected the development of the area. 

In IWDP, the watersheds having WPBI 8.49 (Modersumba), 8.27 (Dotad), 7.58 (Finchod), 

and 7.43 (Valuna) have good scores values when compared to other watersheds. Almost all 

the indicator scores are higher than in other watersheds in these watersheds. These 

watersheds are good for agricultural activities, soil erosion reduction, and groundwater 

recharge.  

WPBI for DPAP watershed projects ranges from 6.04 to 6.73, with the lowest and highest 

development category. WPBI values 6.04, 6.68, and 6.73 in Molli, Parsoda, and 

Vankaneda projects reflect the good development category. Still, the CCI and IEM 

indicators reflect the poor cropping intensity and employment after implementing 

watersheds. There is a very low change in cropping intensity and employment generation 

in Molli, Parsoda, and Vankaneda watersheds. However, the RSE and CCP indicators 

having high values reflect the reduction in soil erosion and crop productivity in a very 

good manner. In DPAP projects, the soil and water conservation measures seem to be 

implemented very well. Still, due to inadequate involvement of local communities in 

development work and improper institutional development, the watershed implementation 

has not had much impact on the area's socio-economic development. 

WPBI for IWMP watershed projects has 7.12 and 7.48 in Ajavas and Dhemada watershed 

projects. WPBI values 7.12 and 7.48 in Ajavas and Dhemada projects reflect a very good 

development category, but the CCI indicator reflects the poor cropping intensity after 

implementing watersheds. There is a very low change in cropping intensity in Ajavas and 

Dhemada watersheds. However, all other indicators having moderate to high values reflect 

the reduction in soil erosion, increase in groundwater, crop productivity, and employment 

and migration reduction in a very good manner. In IWMP projects, the soil and water 

conservation measures seem to be implemented very well. Still, due to traditional 

agricultural practices and lack of knowledge and awareness in agricultural interventions, 

the watershed implementation has not much impact on the potential agriculture 
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development of the area. 

 
7.7 Statistical analysis and Regression for WPBI 

 
WPBI was calculated using the criteria weights and AHP tool for selected watershed 

projects in the study area. The regression analysis was carried out to develop the 

relationship of WPBI with the impact indicators. 

The quantitative relationship between the WPBI and the determinants is studied by fitting a 

linear WPBI function with WPBI as the dependent variable and all other indicators as 

independent variables. 

The function applied to a watershed development project is to examine the factors 

influencing the WPBI of the respondent model is, 

Y =  + 1X1 + 2X2 + 3X3 + 4X4 + 5X5 + 6X6 + 7X7 + 8X8 + 9X9 + 10X10 

where, 

Y – WPBI,  – Constant (Intercept), X1 – (RSE) Reduction in soil erosion, X2 – (IGWT) 

Increase in Groundwater table, X3 – (CCP) Change in crop productivity, X4 – (CCI) 

Change in cropping intensity, X5 – (ILS) Increase in Livestock, X6 – (BCR) BC ratio, X7 

– (IIN) Increase in income, X8 – (IEM) Increase in employment, X9 – (IEX) Increase in 

expenditure, X10 – (RMI) Reduction in migration,  1 to 10 – Co-efficients 

 

The estimated linear WPBI function is furnished below 

 

Estimated Linear WPBI Function for watershed development 

Model Summary 

 

 

 

 

 

Table 5. Model Summary 

Model R R Square 

Adjusted 

R Square 

Std. Error 

of the 

Estimate 

1 .993a 0.9867 0.9700 0.1549 

a. Predictors: (Constant), RMI, IIN, CCI, CCP, RSE, IGWT, BCR, IEM, 

IEX, ILS 
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Table 6. ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 14.2050 10.0000 1.4205 59.1790 .000b 

Residual 0.1920 8.0000 0.0240     

Total 14.3971 18.0000       

a. Dependent Variable: WPBI 

b. Predictors: (Constant), RMI, IIN, CCI, CCP, RSE, IGWT, BCR, IEM, IEX, ILS 

Table 7. Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 1.33060 0.89671   1.48386 0.17614 

RSE 0.02553 0.00223 0.77720 11.42575 0.00000 

IGWT 0.04080 0.01182 0.32575 3.45262 0.00866 

CCP 0.00450 0.00622 0.05067 0.72284 0.49037 

CCI 0.01989 0.00464 0.22315 4.29025 0.00265 

ILS 0.00542 0.00412 0.20924 1.31515 0.22490 

BCR 0.06495 0.03245 0.13258 2.00123 0.08036 

IIN 0.00175 0.00264 0.08976 0.66519 0.52464 

IEM -0.00151 0.00563 -0.02052 -0.26871 0.79495 

IEX 0.00772 0.00405 0.18975 1.90366 0.09344 

RMI 0.00386 0.00702 0.03861 0.54889 0.59806 

a. Dependent Variable: WPBI 
  

As shown in table 5, the coefficient of multiple determination (R2) is significant with a 

value of 0.986, indicating the explanatory variables included in the WPBI function that 

explain 98.6 percent of the variation in the WPBI of the watershed in the sample. 

As shown in table 6, the F-value of regression is 59.179 and significant value is nearer to 0 

(zero) which indicates the regression model to be significant. 

As per table 7, the intercept is positive and significant. The standardized beta co-efficient 

of RSE of the project is positive and statistically significant with a value of 0.777, 

indicating that adding one percent more RSE from the existing mean level of projects will 

increase the WPBI of the watershed project by 0.777 percent. 

Similarly, the standardized beta coefficients of all other indicators are statistically 
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significant, which indicates that adding one percent more of each indicator from the 

existing mean level of projects will increase the WPBI of the watershed project by 

standardized beta coefficient value in percent. 

Based on regression, the following relationship is derived. 

WPBI = 1.33060 + 0.02553 (RSE) + 0.04080 (IGWT) + 0.00450 (CCP) + 0.01989 (CCI) + 

0.00542 (ILS) + 0.06495 (BCR) + 0.00175 (IIN) - 0.00151 (IEM) + 0.00772 (IEX) + 

0.00386 (RMI) 

8 Major Findings 

 
The study's findings are summarized from changes in hydrological, agricultural, 

economical, and social parameters, watershed performance benchmarking index and 

statistical analysis of watershed impacts. 

The IWDP, DPAP, and IWMP watershed projects had severe soil erosion risks before 

implementing the watershed program. Still, after implementation, due to the conservation 

practices like the construction of contour bunds, farm bunds, gully plugging, bench 

terracing, afforestation, etc., the fertile layer of soil was stopped from being drained. Thus, 

soil erosion was reduced, and surface and groundwater sources were rejuvenated.  

It is also found that the increase in groundwater recharge is mainly dependent upon the 

effect of soil and water conservation measures adopted in watershed management. 

Both agricultural diversification and intensification lead to increased agricultural 

productivity in the regions where watershed programs are effectively implemented.  

After implementing watershed programs, the average income from livestock per HH 

increased almost in all IWDP watersheds except the Kadwadi project. Due to the increase 

in livestock, the milk production and hence the income due to milk production was 

increased, leading to the average annual income from livestock.  

After the watershed intervention, the average number of persons migrating was reduced in 

all studied watershed projects under IWDP, DPAP, and IWMP. Due to the Watershed 

project, beneficiaries found more employment in their village's agricultural and allied 

labour activities. Therefore, the number of people migrating was reduced to a negligible 

level.  

After implementing watershed programs, the average income from agriculture per HH has 

increased almost in all watersheds. Due to the increase in crop productivity and change in 

cropping intensity with enhanced cropping pattern, the average annual income from 
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agricultural interventions was found almost three times in after watershed scenario.  

The Net present value of IWDP watersheds ranged from 3416.93 lacs to 8764.12 lacs, 

whereas the present cost value ranged from 570.78 lacs to 3416.93 lacs. Therefore the 

BCR ranged from 2.41 to 9.21 in IWDP watersheds. 

WPBI varies from 4.45 to 8.49; the overall quantity parameter values fall under the good to 

very good range (05 -7.5). In the quantity aspect, the watershed performance is good to 

very good, which suggests that the lower development category watersheds need to 

increase their performance by adopting different measures considering the optimum use of 

watershed development guidelines.  

All the sample watersheds have suffered unpredictable rainfall patterns during the 

watershed project tenure, which was a vulnerable condition for the livelihood 

augmentation, especially in the rainfed area. 

According to the outcomes obtained in the study area, animal husbandry has shown the 

highest income generation activity in terms of increasing milk production and income due 

to milk production by improving fodder availability. 

All the people in the study area noticed and agreed that incremental change in the farm-

based products occurred due to the development of market links. 

The moisture level in the soil was found high only in the case of Modersumba Watershed 

under IWDP, as the soil and water conservation techniques were adopted in a very good 

manner by the watershed community. 

Many uncultivated lands have been converted into grazing land through the watershed 

management program, which is now useful for grazing by livestock to produce a sufficient 

amount of milk for business. 

The watershed development program in the study area increases the monthly income of the 

head of the family. 

9 Issues and Deficiencies in the implementation of programs 

 
In IWDP and DPAP watershed projects, the role of Panchayati Raj Institutions (PRIs) was 

negligible. The watershed management was solely carried out by the village watershed 

committee and watershed association to be formed before watershed implementation.  

The major interventions of the Watershed Development Projects in IWMP were sequenced 

into (i) Preparatory, (ii) Works, and (iii) Consolidation and withdrawal Phase, but in IWDP 

and DPAP, only one phase of works was considered; however, the provision of entry point 
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activity was considered. 

The duration of the watershed project in IWDP and DPAP was standardized as lumpsum 

four years. Finally, it was extended to 7 years, so the sequencing of works like area 

treatment, drainage line treatment, major recharge structures, etc., was disturbed. 

Conflict among various government ministries related to agriculture, rural development, 

and forests and conflict between government administration and elected representatives in 

their zeal to control funds is a major problem in watershed management programs -which 

requires to be resolved on a priority basis. 

There was no provision for monitoring groundwater tables for selected wells located at 

different distances from the stream and water harvesting structures within a micro 

watershed. 

There was no provision for getting information about the slope of the selected plots to be 

obtained through topo sheets/GIS-based information in IWDP and DPAP watersheds 

10  Achievement with respect to objectives 

Table 8. Achievement with respect to objectives 

Sr.No. Objectives Fulfillment Achievements 

1 
To assess the impacts of the programs 
on hydrological, agricultural, 
economical, and social parameters. 

 

Fulfilled Assessed the hydrological, 
agricultural, economical, and social 
parameters for selected IWDP, 
DPAP, and IWMP watershed projects 
in the study area 

2 
To design the watershed performance 
benchmarking index from the impacts 
of the watershed program activities in a 
given study area. 

 

Fulfilled 
designed the watershed performance 
benchmarking index (WPBI) from 
the impacts of the watershed program 
activities in a given study area 
through the criteria weights applied 
by Analytic Hierarchy Process (AHP) 
tool. 

 

3 
To compare the watershed programs 
for identification of existing issues and 
deficiencies in the implementation of 
the programs and suggest remedial 
measures 

 

Fulfilled 
-Watershed programs were compared 
based on impact indicators, and 
issues and deficiencies in 
implementation were identified 
-Also suggested remedies. 

 

11 Conclusion and Suggestions 

 
11.1 Conclusion: 

 
It is concluded that the overall watershed management practices in the study area have 

positive and effective changes in agricultural crop production, crop productivity, reduction 
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in soil erosion, land use, water resources, migration, and capacity for saving and 

expenditure.  

Similarly, livestock was also increased due to the sufficient availability of water and fodder 

in the watershed area after watershed implementation. The results of the study suggested 

that suitable steps needed to be taken by the farmers for rational use of cultivated land, 

wasteland, forests, and other common property resources. Better coordination between 

development agencies and voluntary organizations is also essential for the effective 

implementation of the watershed program. 

Irrigated areas of marginal and small farmers' holdings increased positively; the 

transformation of uncultivable land to cultivable land was noticed. An appreciable change 

in the land use pattern of the watershed area was recorded. 

Improvement in socio-economic conditions and social and institutional participation was 

not much effective. 

Work execution by the Contract system in some patches of watersheds ruined the basic 

purpose of participatory watershed treatment works. 

Entry Point activities remained need-based and fruitful for establishing good rapport in 

IWDP watershed projects. 

The majority of soil and moisture conservation works are in fairly good condition. 

However, there is no provision for maintenance for these works in project guidelines.  

Sources of irrigation increased significantly. Increasing the number of wells and bore wells 

brought more cropped areas with assured irrigation facilities. Change of means of 

irrigation and irrigation pattern positively noticeable. 

A positive change was observed in per capita milk production and total milk production in 

the project area.  

After completing the watershed intervention, opportunities for wage and self-employment 

considerably increased; this reduced the migration ratio of people and duration. Most of 

them found coextensive work in their village at a meaningful wage rate. 

 
11.2 Suggestions & Remedies: 
 
The unbiassed distribution of benefits to the poor and marginalized sections of the target 

group should have been ensured, especially artisan, pasture development and plantation, 

and livestock development groups. 

Ecological improvement and environmental balance by properly using land, water, and 
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vegetation could have been made by increasing vegetation cover in wasteland and pasture 

and agroforestry in farm fields.  

The operational guidelines at the project level needed to be objectively framed and 

implemented to get the desired results. 

People's contribution should be compulsory in each activity of IWMP, Members of the 

watershed committee should be changed every year, and their position should be rotational. 

Soil conservation & land leveling works should be increased, Water conservation works 

should be increased, and Group wells should be provided by convergence of various 

schemes. 

For enhancing the environmental and social sustainability of project interventions, the 

project period should be designed as a minimum of 8-10 years, having the first two years 

be used for repo building, staff orientation, training, and capacity building exposure visits.  

Government should involve many NGOs in effectively implementing IWMP watershed 

projects and allow them to function independently 

The WPBI can give an idea of the development of the watershed sustainability over the 

years, helping stakeholders and decision-makers in their planning and decision-making 

process, and providing an adaptive management tool for evaluating watershed projects. 

Advances in remote sensing and GIS technology give more location-specific data. 

Universities and research institutions should be encouraged and supported to use the 

technology for effective watershed implementation. 

The selection of watershed should be based on the watershed priority activities or suitable 

weightage to be given to people's participation, watershed areas having acute shortage of 

drinking water, watersheds having a program of non-forest wastelands / degraded lands 

and having a multitude of common lands. 
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