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Executive summary
Environmental Services, Vulnerability Reduction and Natural Resource Conservation from NREGA Activities 
~ Case study of Chitradurga District
Programmes under the National Rural Employment Guarantee Act (NREGA) are being implemented since 2006. The Act includes works under nine different themes to provide unskilled labour work to the village communities during summer and has been deemed to have huge potential in empowering rural communities with work and natural capital or livelihood capacity addition.  NREGA is a very generally poverty alleviation programme currently being implemented in India. The focus of attention on NREGA is largely on the employment generated, funds spent, administration of the programme, financing, accounting and transparency, empowerment of the rural communities and gender aspects. There is very limited attention towards the environmental or ecological or sustainability or water and food security aspects of the programme. The sustainable flow of benefits, in terms of employment and income generation, from investment in NREGA has also not received attention. 
This study aims at making a rapid assessment of the environmental services provided by the NREGA activities and their contribution to reducing the vulnerability of production systems (e.g., Crop production) and livelihoods to current climate variability (e.g., drought).

The environmental services provided by the NREGA activities implemented and the vulnerability reduction potential of the NREGA activities were assessed for Chitradurga district of Karnataka. A set of 20 villages were studied during 2009 for the key NREGA activities implemented. 
Study Area: Chitradurga District
Chitradurga district is in the semi-arid zone of Karnataka bordering on arid condition. It receives low to moderate rainfall (annual average is 574mm) and is one of the drought prone districts.  Agriculture is the dominant occupation in the district. Rainfed agriculture dominates, with only 9% of crop land area being irrigated, largely by ground water. Groundnut (27%), sunflower (17%), maize (16%), jowar (11%) and ragi (10%) are the major crops. 
NREGA activities in Chitradurga

Chitradurga was covered from the first phase of the NREGA programme in 2006 and the highest number of NREGA works (activities) in the state was implemented here. About 2775 activities were implemented till mid-2009, spending about Rs. 40 crores.  About 49,145 households have been provided with employment, generating 2.35 million human days of work, of which 43-45% beneficiaries are women.
The NREGA activities selected for the study along with the potential environmental services assessed are given in Table 1. 
Table 1: NREGA activities selected for the study and the potential environmental services

	Activity
	Environmental service

	Renovation of traditional water bodies
	Increased water availability for irrigation 

	
	Groundwater recharge

	
	Increased crop production and yields 

	Water conservation &  harvesting
	Groundwater recharge 

	Drought proofing
	Soil fertility improvement 

	
	Biodiesel production 

	
	Carbon sequestration, and climate change mitigation 

	Land development
	Livelihood improvement 

	
	Crop production


All the activities which have been implemented on a significant scale and which have the potential to provide environmental services are selected for the assessment. This included renovation of traditional water bodies, water conservation and harvesting, drought proofing and land development (Figure 1).

Figure 1: Categories of NREGA activities implemented 
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Villages Studied and Rationale
Since the programme is only 1-3 years old in different villages of the district and due to limitation of the time available for the study, only 20 villages, where maximum numbers of activities have been implemented during the initial years were selected to assess the environmental services provided. The villages studied have been located in the map below (Figure 2).
Figure 2: Chitradurga district and villages studied
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Approach and Methods

The study aimed at an assessment of  i) the environmental services provided by the NREGA activities implemented and ii) the vulnerability reduction potential of NREGA activities. The approach adopted is presented in Figure 3.
Figure 3: Approach adopted for the study
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The impacts and environmental services of the activities were assessed by comparing the pre- and post-NREGA status of natural resources (e.g., ground water level) and production systems (e.g., crop yields). The potential environmental services, indicators to assess the environmental services and methods adopted are given in Table 2. Only rapid assessment methods were adopted. The methods included Participatory Rural appraisal (PRA), key informant surveys (KIS), hydrological measurements for water related studies, and laboratory analysis for soil studies.
Table 2: Environmental services, indicators and methods adopted for monitoring*
	Environmental service
	Indicators

(unit / measure)
	Methods

	Increased water availability for irrigation
	Groundwater level in bore wells (meters of water level)
	PRA and hydrological measurements

	
	Area irrigated (hectares)
	PRA and secondary data

	
	Water storage capacity (cubic meter)
	Hydrological modeling

	Groundwater recharge
	Groundwater level in bore wells (meters of water level)
	PRA and hydrological measurements

	
	Water percolation (cubic meter)
	Hydrological modeling

	Increased agricultural production and yields
	Soil fertility (%organic carbon and nitrogen-phosphorus-potassium)
	Soil sampling and analysis

	
	Changes in crop yield (percent)
	PRA

	
	Area cultivated
	PRA and SD

	
	Green leafy manure
(t)
	PRA and KIS based estimation

	Carbon sequestration and climate change mitigation
	Biomass production (fuelwood and total)
	Biomass estimation

	
	Carbon sequestration potential
(t C)
	Tree measurement and soil study 


*PRA - Participatory rural appraisal; KIS - Key informant survey; SD - Secondary data

Environmental Services and NREGA
The activities assessed include desilting of water bodies, water conservation and harvesting, drought proofing and land development (tree planting). 

The environmental services for the selected NREGA activities are presented in the following sections. Results for villages where significant activities are implemented and where impacts are observable are presented. 
1. Desilting tanks; Renovation of water bodies
Loss of vegetation cover, over grazing and inappropriate cultivation practices in the water catchment, have led to silting of water bodies such as tanks and dams resulting in loss of water storage capacity and reduction of ground water recharge due to silt pan formation. Desilting activity involves removal of silt from the water body using human labour. Farmers are encouraged to collect the silt and apply to crop fields to improve soil fertility. The tanks in the district are largely used as percolation tanks.  
Environmental services from desilting are assessed in 6 villages where the activities were implemented on a significant scale. 

Among the six villages where desilting impacts are studied, there was significant improvement in the groundwater level in three villages, as indicated by the level of water in the bore wells (Figure 4). The reason for impacts being not significant or observable in other villages was mainly due to lower scale of the activity and activities carried out very recently. The impacts may take a longer period to manifest.
In villages such as Parashurampura, there has been subsequent increase in the number of borewells (from 400 to 500 borewells) which is a major reason for impacts being non-observable. Similar trend was observed in Rangavvanahalli where number of borewells increased from 80 to 100 borewells. Further, that desilting was carried out very recently (2008-2009) in these villages and the extent was negligible compared to the storage capacity of the tank. 
Figure 4: Groundwater level before and after tank desilting  
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Area irrigated from increased groundwater level was significant in all the villages and the increase ranged from 20-90% (Figure 5). Water percolation potential of the tanks is estimated to have improved up to 6%.
Figure 5: Changes in irrigated area post-desilting  
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Silt removed from the water bodies is applied to crop fields in all the villages where desilting has taken place. The soil organic matter or carbon, an indicator of soil fertility has increased by 2 to 4 times due to silt application (Figure 6), which will enhance food security.

Figure 6: Changes in organic carbon of cropland soils with silt application
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Desilting activity has provided several sustained environmental services including rise in ground water level, increased irrigated area and improved soil fertility, thereby increased food production, contributing to water and food security in the villages of the drought prone Chitradurga district.

2. Water conservation and harvesting
The activities involve construction of check dams and percolation tanks (masonry structures), along the flow of water, with the aim of conserving and harvesting water and enhancing water percolation. Five villages where significant scale activities have been implemented were assessed, including one percolation tank and five check dams for water conservation. The water percolation potential of the region, where check dams were constructed is estimated to have improved by up to 6% (Figure 7). In Koverahatti, construction of percolation tank has improved water recharge by 24%. Percolation rate increased by about 1-2% due to the two check dams, which are normally small in size. 
Figure 7: Changes in water percolation with and without check dams
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Percolated water helps in recharging shallow aquifers and increased water availability for irrigation, thereby improving water security. 

3. Tree planting; Drought proofing
The activity involved tree planting on crop and tank bunds and wastelands. The three villages with 3 years old plantations of honge or karanj (Pongamia pinnata) were studied. The potential environmental services are leaf manure, oil seeds and fuelwood supply and carbon sequestration.

Biomass or wood production and carbon sequestration potential was projected, since the plantations are young, using a potential conservative growth rate of 3t/ha/year. Cumulative carbon sequestration after 30 years (Figure 8) is projected to be 93 tC/ha (74 tC/h aboveground and 19 tC/ha belowground). The total potential of the plantations in Pagadalabande, Budnahatti and Pagadalabande to sequester carbon over thirty years is projected to be 2964, 3659 and 1089 tC, respectively.
Figure 8: Projected cumulative total carbon stocks in Pongamia pinnata (block plantation raised under NREGA at density of 300 trees/ha(in Parashurampura). 
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The total biodiesel production potential of the same is estimated to be 39, 31 and 26 t/year starting from 7th to 10th year at one tonne of seed and 300 kg of oil/ha/year. The potential for providing green leaf manure is also estimated to be high. Thus Pongamia plantation has the potential to provide both local and global environmental services.
4. Land development
This activity involves land leveling, bunding and terracing activities which have been implemented on fallow or marginal crop lands of scheduled caste and scheduled tribe farmers under NREGA. Those lands, which were not cropped earlier, due to slope and degraded nature of land, are being brought under cultivation after implementation of land development activities.  Case studies of individual farmers are presented in Table 3. Individual farmers leveled the fallow lands or wasted lands, which were earlier not suitable for profitable crop cultivation. There was significant improvement in the income of the individual farmers. The income from crops cultivated increased from no income up to Rs. 100,000/acre/year (Table 3). Thus land leveling and reclamation has provided financial large benefits for the individual farmers.
Table 3: Changes observed at the farmer level after land development*

	Village
	Farmer
	Changes in land
	Increase in income

	Chiksiddavanahalli
	1
	CL: 6 to 14 acre increase
	50%

	Koverahatti
	3
	FL to 3 acre CL
	0 to Rs. 9000/year

	Koverahatti
	4
	FL to 1.5 acre CL
	0 to Rs. 1.5 lakh/year


* CL: cropland, FL: fallow land
Vulnerability Reduction

Crop and livestock production, employment and livelihoods are highly vulnerable to droughts, delayed rainfall, lack of irrigation facility and low soil fertility. The potential of NREGA activities to reduce vulnerability of agricultural production systems and livelihoods was assessed using three indices; water, agricultural and livelihood vulnerability indices. 
Indicators were normalized and aggregated to compute the indices. The vulnerability was assessed for pre- and post- NREGA scenarios. 
Water vulnerability index includes changes in groundwater level, area irrigated, irrigation availability and storage capacity of the water body as components. 

Agriculture vulnerability index is based on area irrigated, irrigation availability, soil fertility and groundwater level.

Livelihood vulnerability index is based on indirect indicators such as work availability during summer, changes in wage income and financial investment under NREGA at the village level.

The overall vulnerability index reflects the aggregated or combined impact of changes in water resource, agricultural production and livelihood vulnerabilities. 
Results of vulnerability assessment
Results are presented for 4 villages for which significant positive impacts due to NREGA activities were recorded (Figure 9). 
Figure 9: Vulnerability indices of four villages before and after NREGA
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No village showed any negative impact on vulnerability due to NREGA activity. Kandikere and Koverahatti villages recorded significant reduction in the water and agricultural vulnerability leading to reduction in overall vulnerability. Dharmapura recorded lower levels of vulnerability reduction due to lower scale of activities implemented. Gowdanahalli showed marginal reduction due to minimal scale of activities implemented and other local factors. 
Overall vulnerability reduction in the four villages is represented in Figure 10, which highlights the potential of NREGA activities to reduce vulnerability of water supply and production.
Figure 10: Overall vulnerability reduction (normalized)
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NREGA activities such as water conservation, water harvesting and desilting of tank leading to improved water storage, percolation and groundwater recharge resulted in increased water availability for irrigation and improved soil fertility contributing to increased crop production. Water related factors are contributing most to reduction of vulnerability index. Thus water conservation activities are highly critical for reducing the vulnerability of production systems and livelihoods.  

Pongamia plantation as part of drought proofing activities has the potential to produce leaf manure for crop production, fuelwood and oil seeds for reducing vulnerability apart from sequestering carbon in trees and soil.  
Summary
The key findings of the study of the NREGA activities implemented in Chitradurga district from the perspective of providing environmental services and reducing the vulnerability are as follows:

1. NREGA activities, apart from providing employment and income, provided multiple environmental services such as 
· increased ground water recharge, 
· increased water percolation, 
· enhanced water storage in tanks, 
· increases soil fertility, 

· reclamation of degraded lands and

· carbon sequestration. 
2. These NREGA activities and the resulting environmental services contributed to increased crop and livestock production. 
3. There was no example of any significant scale negative impacts from any of the NREGA activities implemented. 

4. NREGA activities also reduced the vulnerability of crop production, water availability and livelihoods to uncertain and low rainfall, low water availability and poor soil fertility. 
5. The field studies in Chitradurga have clearly demonstrated the potential of NREGA activities to provide environmental services as well as to reduce vulnerability, despite the short period of only 1 to 3 years to deliver the services. Longer period of 5-10 years is needed to realize the full environmental services or vulnerability reduction potential, due to the gestation period involved (e.g., ground water recharge, soil fertility improvement and forest growth).
6. NREGA activities were not implemented in the villages according to any micro-plan or watershed plan or in any sequential manner. Despite this limitation, many NREGA activities have the potential to provide guaranteed benefits. Examples of such activities for Chitradurga district are:

· Desilting of water bodies accompanied by silt removal and application to crop fields

· Land development leading to land leveling and cropping
· Afforestation (as a drought proofing activity) with appropriate species choice

· Construction of percolation tanks.
Why focus on Environmental Services under NREGA?

Factors such as the low crop and livestock productivity, water shortage for drinking and irrigation and shortage of fuelwood and grass lead to rural poverty. This can be linked to degradation of natural resources such as soil, water resources, grazing land and forests. Soil erosion and loss of soil fertility, silting up of water bodies and low water percolation rates,  excessive groundwater extraction, overgrazing, and overharvesting of forests have all led to low crop and livestock production and water scarcity.

The only way to increase and sustain crop and livestock production and water supply (for drinking and irrigation) is through natural resource conservation and enhancing the capacity of these resources to provide higher levels of environmental services.

NREGA has some built-in limitations (only employment focus, activities not implemented according to a plan, spatially or time-wise, disconnected and scattered implementation of activities), but still many of the NREGA activities have the potential to provide environmental services, conserve and enhance natural resources (soil, water, grass and forest resources). There is a need to identify such fail proof activities which improve the soil, water, grass and forest resources, even without micro-plans or watershed plans. 
Investment on NREGA activities, given the scale and importance, should lead to sustained flow of benefits such as employment, income, water supply, food and grass production. The economic return, though not calculated in this study, is likely to be very high due to the potential to deliver sustained multiple benefits over long periods. Ultimately, the enhancement of environmental services will lead to long term and sustained employment and incomes to rural communities, the main goal of NREGA. 
Recommendations

The following recommendations emerged from the rapid assessment of NREGA activities.

1. Need for field studies to assess the potential environmental services from different NREGA activities in different regions or districts:

a. From the short-term and long-term perspective

b. Based on rapid studies and long term scientific studies.
2. Identify and promote the NREGA activities which provide sustained environmental services in different regions leading to:

a. Soil and water conservation and enhanced water supply through ground water recharge, water harvesting, etc.
b. Grazing land and forest land restoration

c. Improved soil fertility through silt application, land leveling, manuring etc.
3. Identify fail-safe activities, which may not require advanced planning or technical inputs, but provide guaranteed and sustained environmental services for different regions e.g., desilting accompanied by silt application to croplands, land leveling, percolation tanks and afforestation. The local communities are familiar with such activities.
4. Identify and evaluate the activities which provide short and long-term vulnerability reduction benefit in the context of climate variability and climate change. Ground water recharge and soil fertility improvement (through silt application) are such examples that reduce vulnerability.
5. Identify activities which provide private (land leveling and development) and community benefits (irrigation tank desilting and grazing land development) and focus investment on activities providing benefits at community level so that the poor derive maximum benefits.

6. There is a need for assessment of the potential of activities to deliver the goals of NREGA investment  and to identify activities which
· provide environmental services 
· lead to natural resource conservation 
· do not lead to environmental services or natural resource conservation (such as construction of buildings, roads and bridges)  
· Provide only one time benefit (employment) compared to activities which provide employment benefit over many years.
7. Need to provide information and create awareness among the rural communities on the potential of different NREGA activities to provide environmental services and conserve natural resources, which lead to sustained water supply and food and fodder production.
8. Need for financial and economic analysis of investment in different types of NREGA activities especially in the long term perspective.
9. Need to package NREGA programme as an approach to reduce vulnerability of production systems and livelihoods in the short and long term, in the context of increasing climate variability and climate change. Most activities which reduce vulnerability to current stresses such as moisture stress or low soil fertility also reduce vulnerability to long term impacts of climate change. Thus it is suggested to enhance climate resilience climate proof the NREGA activities. 
10. Explore the possibility for payment for environmental services to the poor for; 

· local environmental services -Watershed protection, ground water recharge and reduced flooding
· global environmental services - carbon sequestration, vulnerability reduction to climate variability and change and biodiversity conservation 
· Develop a mechanism to reward local communities for the conservation and protection environment.
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