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Abstract: A technological approach for protecting flood prone locations through using excess flood water for recharge and 
storage in the depleted aquifers and using it for protecting dry season agriculture has been conceived and termed as 
under-ground taming of floods for irrigation (UTFI). UTFI as a total package deals with conjunctive water resources 
management, with specific foci in terms of flood, surface water, groundwater and irrigation management. This paper 
makes an attempt to assess the institutional and policy options for sustainable UTFI management in the Ram Gaga 
sub-basin of Ganges in Uttar Pradesh, India where UTFI testing is underway. While UTFI technically addresses 
various anomalies at scale, appropriate institutional arrangements are required to address sustainability of the 
interventions. Absence of any institutional arrangements is identified as one of the constraints for adopting UTFI. 
There appears to be clear demand for institutional evolution, though it needs to be introduced externally. Given the 
substantial socio-economic benefits (impacts), public and private sector agencies (banks, CSR initiatives) could 
support the collective initiatives. This requires strengthening of existing institutions fostered with new ones. Creating 
appropriate policy environment is critical in this regard. Promotion and strengthening the NGO sector in the region 
would go a long way in bridging this gap. 
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1. INTRODUCTION  

Managing supply of and demand for water resources at the river basin level is amongst the most 
critical policy issues for the governments of South Asia (Moench and Dixit, 2004). In most river 
basins situations of water scarcity and abundance coexist although they are divided by time and / or 
space. Monsoon floods are common in some of the drought-prone regions, i.e., rainy season excess 
water and dry season scarcity of water (time dimension). Similarly, while some (down-stream) 
locations experience flooding, others (up-stream) face water shortages (space dimension). These 
anomalies make the local communities highly vulnerable in the rural and peri-urban areas (Molden 
et al., 2014). Enhancing the resilience of the local communities through appropriate agricultural 
water management interventions, viz., technological, institutional and policy, is critical for 
sustaining the livelihoods of these communities.  

An approach using excess flood water for recharge and storage in the depleted aquifers and using 
it for protecting dry season agriculture has been conceived and termed as under-ground taming of 
floods for irrigation (UTFI) (Fig. 1). UTFI is a new approach to implementing Managed Aquifer 
Recharge (MAR) and fosters the much-needed principles of conjunctive use management of water 
resources (Pavelic et al., 2012). The potential for such an intervention is estimated to be quite good 
in the Ganges basin (Brindha and Pavelic, 2016; Amarasinghe et al., 2016). This however requires a 
unified approach that considers both the supply (MAR infrastructure) as well as demand side 
interventions (institutions for managing MAR infrastructure). Of late, ‘bottom-up’ voluntary social 
regulation, participatory learning, etc., along with market-based instruments like payments for 
environmental services (PES) when integrated with the traditional 'control and command' 
regulations are observed to be more effective in dealing with sustainable resource management 
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(Iraldo et al., 2014). The political economy factors also play a critically important role in adopting 
institutional arrangements embedding appropriate regulatory instruments. 

This paper makes an attempt to assess the institutional and policy options for sustainable UTFI 
management in the Ram Ganga sub-basin of Ganges in western Uttar Pradesh, India where UTFI 
testing is underway (Pavelic et al., 2015). Specific objectives included:	

i. Assess the location specific institutional strengths and weaknesses in the study area,  
ii. Identify appropriate institutional modalities for sustainable UTFI management, and 

iii. Suggest potentially viable governance arrangements and policies for UTFI implementation 
and scaling up. 

1.1 Approach 

In total, 10 potential locations (villages) were studied for UTFI implementation in the Ram 
Ganga sub-basin. In one of the villages, namely Jiwai Jadid, UTFI interventions have been 
established during 2015 with the involvement of local communities and officials. The sample 
villages represent both up-stream, down-stream locations within the sub-basin. Both qualitative and 
quantitative research was used to elicit information. Focus Group Discussions (FGDs) and Key 
Informant Interviews (KII) were used as part of the qualitative research. Household information was 
collected from a representative (socioeconomic groups) sample of 30 households from each village 
using a structured questionnaire was collected. That is, institutional assessment is based on a total of 
300 sample households spread over 10 villages. Care was taken to minimise the strategic bias.    
 

Table 1. Sample Villages and Sampling Details 

Village Block Location No. of HHs 
(2011 census) 

No. of FGDs 
conducted 

No. of 
KIIs 

No. of 
Sample HHs 

Kumharia Kalan Suar Upstream 321 1 3 30 

Mankara Bilaspur Upstream 315 1 3 30 

Ashokpur Chamaraua Upstream 249 1 3 30 

Patti Ashokpur Chamaraua Upstream 220 1 3 31 

Azim Nagar Saidnagar Upstream 311 1 3 30 

Mursaina Sadar Upstream 342 1 3 30 

Moh.Nagar Nankar Milak Downstream 263 1 3 30 

Jiwai Jadid Milak Downstream 313 5 10 31 

Narkhera Milak Downstream 418 1 3 30 

Sihari Milak Downstream 532 1 3 30 

Total NA NA 3284 14 37 302 

Note: FGD= Focus Group discussion; KIIs= Key Informant Interviews; HH = households. Upstream and downstream 
are the locations relative to the intervention village (Jiwai Jadid). 

2. ANALYSIS 

2.1 Profile of the sample region and villages 

Size of the sample villages ranges between 110 households to 600 households. Household size 
varies between 5.7 and 6.2 with an average of 5.9, which is relatively higher (Census, 2011). 
Proportion of female population is below 50 per cent in all the sample villages. It may be noted that 
the demographic profiles do not vary much between up-steam (US) and down-stream (DS) villages. 
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Majority (90 percent) of the farmers are small and marginal (< 1 Hectare). Average farm size is 
higher in the DS, which is not usual. Access to water is more evenly distributed, as the extent of 
irrigation is almost 100 percent in most cases. The social composition is dominated by backward 
(OBC) communities which account for about 50 percent of the total population with other 
communities (OC) and scheduled caste (SC) are equally divided. 

 

Figure 1. Schematic illustration of UTFI (Source: Brindha and Pavelic, 2016). 

Predominant occupation in the sample villages is agricultural, as cultivators and agriculture 
labour together considered dependent on agriculture. Occupational structure varies widely between 
US and DS (Table 2). Dependence on non-agriculture wage occupations is more in US (30 percent) 
when compared to DS (17 percent). The contribution of agriculture and livestock together accounts 
for 54 percent of the household income. Their contribution is more in downstream while the 
contribution of labour is more in upstream. Labour contributes 40 percent of the household income. 



 V. Ratna Reddy et al. 
  

368 

In the case of irrigation infrastructure, 73 percent of the households have bore wells. Due to the 
relatively scarce groundwater situation in US villages, larger proportion (76 percent) of households 
have bore wells with higher depth and lower area irrigated per well. In both the locations, number 
of households appear to have more than one well in all the villages i.e., average number of wells per 
household is 1.2.  
 

Table 2. Occupational Distribution and Source wise Income of the Sample Households. 

Name of the Village Cultivation 
+Livestock 

Agrl. +Non-
agrlLabour 

Non-Agrl. Wage 
Labour 

Total 

Occupation     

Upstream 66 (64) 30 (32) 4 (4) 100 (100) 

Downstream 81 (81) 17 (16) 3 (3) 100 (100) 

Overall 72 (70) 25 (25) 3 (5) 100 (100) 

Income     

Upstream 59854 (54) 44728 (40) 6425 (05) 111008 (100) 

Downstream 76688 (61) 41807 (33) 7237 (06) 125733 (100) 

Overall 59854 (54) 44728 (40) 6425 (05) 111008 (100) 

Note: Figures in brackets are percentage of sample population. 
Source: Sample Survey. 

 
Collective choice institutions are not a strong characteristic of the region. There are no 

community driven initiatives or institutions one can refer to in the sample villages. No instances of 
systematic collective action even in extreme situations of severe flooding, though people come 
together to overcome the situation. Though one can observe the presence of self-help groups 
(SHGs) in some villages, they are not effective. There are no farmer groups in the sample villages. 
The only institution that is functional is the Panchayati raj institutions. Thus, it is a big challenge to 
design and promote new institutional entities for UTFI management. 

2.2 Floods: intensity and impacts 

Five main impacts due to floods are identified by the households. These include: inundation of 
residential areas, farm lands, crop losses, livestock losses, loss of employment and health impacts. 
Of these, monetary losses due to inundation are not reported (Table 3). It is estimated that an 
average household loses about Rs. 8000 (US$ 123) during moderate floods and about Rs. 16000 
(US$ 246) during severe floods. While the loses range between Rs. 7000 (US$ 107) and Rs. 14000 
(US$ 214) in the upstream villages, households in downstream incur losses to the tune of Rs. 20000 
(US$ 308) during severe flooding. As a proportion of household income, it is 5 to 10 percent during 
moderate and severe floods respectively in the upstream and 8 to 14 percent in the downstream. 
Flood losses account for 3 to 7 percent of large and medium farmers household income, while they 
account for 6 to 18 percent in the case of small and marginal farmers, depending on the intensity of 
floods. 

2.3 Household resilience and adaptation 

No planned community efforts for flood management are evident in the sample villages. 
Participants in general tend to adapt individually to the flood related problems. Flood related 
adaptation strategies are mostly construction of dams and flood barriers by the government, which 
are helping in reducing flood incidence. But, there are no specific interventions or strategies at the 
village level, such as rehabilitation centres. 
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Table 3. Extent of Total Losses due to Floods across Economic Category of Households (Rs. / Household) 

Location of 
the Village 

Economic 
Category 

Crops Livestock Employment Health Total 

MF SF MF SF MF SF MF SF MF SF 

Upstream LL -- -- 1840 3648 3000 5600 250 400 5090 
(6) 

9648 
(11) SMF 1325 3062 2810 5442 1600 3000 260 580 5995 

(6) 
12084 

(11) 
LMF 11486 18171 720 1440 2000 3800 -- -- 14206 

(4) 
23411 

(7) 
All 1822 3802 2538 4932 2600 4800 259 564 7219 

(5) 
14098 

(10) 
Downstream LL -- -- 3805 6378 3000 5400 1000 1250 7805 

(8) 
13028 

(14) 
SMF 3798 7421 4858 7839 2800 5200 490 1030 11946 

(10) 
21490 
(18) 

LMF 7200 14400 2130 3194 2800 5200 -- -- 12130 
(3) 

22794 
(6) 

All 4406 8667 4104 6610 2000 3800 575 1233 11085 
(8) 

20310 
(14) Note: Figures in brackets are percentage to respective household income. 

 
Many households whose houses were damaged during past floods have now constructed their 

new houses on elevated land or by raising plinth levels to stay above the past flood levels. 
Agricultural areas suffered more damage than the houses because of the lower level of the farms 
and almost all the farmland in the village had been damaged by the floods. However, participants 
admitted that they did not undertake any protective measures to safeguard their farms from floods. 
Though most villages have access to communication systems there is little information available 
relating to flood forecasts. When asked if any members from the participants’ family had ever 
attended a disaster/flood training program or if they had ever received information on flood 
preparedness, not a single participant responded affirmatively. However, almost all the participants 
believed that such training should be provided. And, climate change and water stress is also 
perceived as a livelihood threat in the near future.  

Income diversification seems to be a major strategy adopted by the households in response to 
floods. Households with diverse sources of income were more resilient to flood impacts than those 
with single source of income. Important strategies include creation of employment, education, skill 
development, land development and reclamation, improving rural infrastructure and credit support. 
Social infrastructure such as health and education are part of long-term recovery process, while 
cheaper credit, debt relief and rebuilding of physical infrastructure are of extreme importance.  

Preferred interventions vary from providing food security and input subsidies to institutional 
credit depending on the economic status of the household. While SC and ST households (lowest 
social category) prefer the provision of food grains and support for agricultural inputs, households 
belonging to other communities prefer assistance for agricultural inputs, provision of food grains 
and assistance for crop losses in the same order of priority. Awareness levels are low, especially in 
the non-intervention villages, as far as the need for natural resource management interventions like 
UTFI. 

2.4 Institutional dynamics 

Sustainable management of UTFI interventions poses number of opportunities and challenges. 
Opportunities are in the form of evolving new institutional arrangements that are more 
comprehensive in dealing with natural resource management dilemmas. It is observed that learnings 
from some of the existing institutions like watershed management, water user associations, 
participatory groundwater institutions would help designing appropriate institutions. Instruments 
such as payments for environmental services and participatory learning could be integrated for 
achieving financial sustainability, equity and social acceptability. 

 Despite being a naturally endowed region, communities are relatively poor due to small land 
holdings. As a result wage employment contributes substantially to the household income along 
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with agriculture and livestock. Downstream villages are better off due to better access to water. 
Unlike the widely-held belief that strong social capital is associated with economic backwardness, 
social capital as well as the presence of voluntary sector are weak in this region, which is unique.    

Flood impacts are substantial in terms of income losses across the households. Impacts are 
disproportionately born by the socioeconomically vulnerable sections. Higher magnitude of flood 
impacts in the downstream villages is also associated with water stress during summer months. The 
contrast is more conspicuous in the upstream villages emphasising the need for UTFI interventions.  

In the context of UTFI, user / stakeholder groups could be formed viz., UTFI management 
committee (UMC) that is similar to or under the FPOs with broader objectives, which can get 
support from higher-level institutions. Given the wider scale of benefits awareness building is 
prerequisite. Awareness campaigns need to be designed in the local context and folk tradition. 
There appears to be lot of space and potential for non-governmental organisations (NGO), hence 
requires concerted policy support. This would help bridging the gap between the communities and 
the public and private financial institutions.  

While UTFI management requires the involvement of number of departments and institutions 
such as irrigation, groundwater, watershed, etc., they need to be integrated with the UMC / FPO as 
and when they evolve. At present, maintenance of UTFI structures were taken up under the 
Mahatma Gandhi National Rural Employment Guarantee (MGNREG) programme. The gram 
panchayat (GP) should play an overarching role of guiding and monitoring the CBOs, including 
UMC. At present, GP is only the active institutional anchor present at the village level. A nuanced 
assessment of organising the local communities to manage UTFI (say UMC) and other CBOs is 
needed to identify and strengthen the drivers of collective strategies in the region. This along with 
the design of appropriate instruments for sustainable management of UTFI interventions would be 
taken up.     

2.5 Summing up 

The observations presented here provide some insights and directions for future work on scaling 
up. 

n There is strong interest in the UTFI activities though there are some apprehensions regarding 
reduction in flooding. While UTFI technically addresses such anomalies at scale, appropriate 
institutional arrangements along with awareness building are required. 

n Absence of any institutional arrangements is identified as one of the constraints for adopting 
flood mitigation and recovery mechanisms. There appears to be clear demand for institutional 
evolution, though it needs to be introduced externally with policy support. 

n Given the substantial socio-economic benefits, public and private sector agencies could 
support the collective initiatives. Promotion of NGO sector would go a long way in bridging 
this gap. 
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