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ABSTRACT 
 

Major advancements are needed to avert increasingly frequent water-related 
disasters globally, and especially in the developing country context. One such 
solution currently under development involves facilitating groundwater recharge with 
wet-season high flows to refill depleted aquifers in upstream regions of catchments, 
thus preventing downstream urban flooding and simultaneously providing additional 
groundwater for intensifying irrigated agriculture and mitigation of droughts. This 
solution we have named "underground taming of floods for irrigation" or simply UTFI 
(pronounced ‘utfy’). Thoughtful planning and staging are needed when applying UTFI 
to ensure that the technical, economic, social, institutional and environmental risks 
are addressed in progressing from design to implementation.  
 
The origins for UTFI began in the Chao Phraya River Basin where our analysis shows 
that that major flood events in past decades could be accommodated within the vast 
shallow alluvial aquifers situated within and upstream of the flood prone areas and 
generate major earnings for rainfed farmers by dedicating relatively small proportion 
of land to UTFI interventions. Upstream farmers could be incentivized to become 
flood water harvesters to gain local benefits from increased agricultural production 
and mitigate floods downstream.  
 
The economic benefits to the rural economy in the implementation areas and the 
wider public benefits from flood reduction appear to be substantial and make UTFI 
attractive and support the transfer of investments from downstream flood relief and 
restoration to upstream prevention. Pilot scale implementation has commenced on 
the Gangetic Plains in Uttar Pradesh, India to more clearly reveal actual performance, 
benefits, costs and trade-offs. The characteristics that lead to sustainable 
development models and raise awareness amongst local and higher level 
stakeholders needed for upscaling are being revealed. A similar process has recently 
started in northwest Bangladesh.  
 
Keywords: Floods; Droughts; Resilience; Groundwater irrigation; Chao Phraya and 
Ganges basins. 
 

1. PROBLEM STATEMENT 
 
Major investments are urgently needed to avert increasingly frequent water-related 
disasters that create enormous suffering, displacement and financial losses to the 
poorest and most vulnerable, particularly across the most populated parts of Asia 
(Amarnath et al., 2012). Floods and droughts account for 90% of the people affected 
by so-called ‘natural’ disasters with severe social and economic losses. Each year on 
average, over the period from 1980 to 2013, floods killed around 5,000 people, 
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affected the lives of 52 million and cost US$ 16 billion in damages (CRED, 2005). The 
corresponding annual figures for droughts were 17,000 killed, 76 million people 
affected and US$ 3.5 billion in damages. In geographic terms, Asia eclipses all other 
regions and accounts for about 95% of all people affected by both floods and 
droughts. Negative impacts of extreme climatic events are most severe for the 
poorest people within developing countries, who are the most vulnerable and suffer 
the most in terms of loss of lives and livelihoods (ADPC-UNDP, 2005). 
 
Technological solutions that are cheap, robust, cost-effective and scalable remain 
lacking. The suite of measures typically implemented to address flooding usually 
focus on engineering-based, surface approaches (like large dams, or dykes) that 
seek to impound, divert or dispose of water, that a few months later in the dry season, 
could serve to boost agricultural production and livelihoods if captured effectively. 
Greater emphasis needs to be placed on developing a broader range of storage 
options, including subsurface water storages, and utilizing them more effectively and 
holistically (Pavelic et al., 2012). 
 

2. PROPOSED SOLUTION 
 

Intense rainfall induced flooding has long been known to replenish underlying 
aquifers, and a twist on this idea is the concept of "underground taming of floods for 
irrigation" (UTFI) (Pavelic et al., 2015). This basically involves strategically recharging 
depleted aquifers in upstream regions of catchments with wet-season high flows, thus 
preventing downstream urban flooding and simultaneously providing additional 
groundwater for irrigation during the dry season and drought-proofing communities 
(Figure 1). Thus, UTFI is better suited to flooding events that are of a larger-scale and 
longer duration than those that are rapid or localized. 
 
UTFI is a specific application of managed aquifer recharge (MAR) that puts it into a 
larger-scale perspective that offers a wider range of benefits (Pavelic et al., 2015). 
Whilst the technical components of UTFI are not new, the combined approach and 
the proposed mode of operation is novel. There do not appear to be cases where 
UTFI-like interventions have been put into practice at scale. Whilst watershed 
development/groundwater recharge programs, for example, have been operating in 
India for decades, the focus has been largely on water-scarce areas with little or no 
emphasis on flood management. Careful planning and a staged approach is needed 
to ensure that upstream-downstream linkages are developed effectively. For 
example, developing new recharge facilities in upstream parts of river basins to 
address groundwater depletion problems can produce local-level benefits but if 
managed ineffectively generate negative benefits overall due to high opportunity cost 
felt downstream (Kumar et al., 2012). 
 
UTFI takes a fresh look at flood and drought risk management conjunctively – in the 
same basin – and draws upon upstream opportunities to relieve downstream impacts. 
In other words, it converts water-related risks to societal benefits. The policy space to 
achieve this must cut across numerous sectors that encompass the management of 
surface water resources, groundwater, irrigation, landuse planning, urban/agricultural 
development and others. The complex institutional environment can be simplified if 
UTFI can be integrated into existing government development programs or plans. 
Thus to adequately understand the context and entry points for UTFI in urban and 
rural planning, detailed multi- level/sector stakeholder engagement is vital from the 
very beginning. Bringing onboard key stakeholders from the development sector 
including private enterprise and international financial institutions can also help 
facilitate UTFI uptake. 
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Figure 1. Schematic representations of a flood-prone landscape without and with 
UTFI interventions (left). A plan view representation is also shown (right) 
(adapted from Pavelic et al., 2015). 

 

3. FROM CONCEPT TO PRACTICE 
 
To ensure triple-bottom-line sustainability is achieved a suite of technical, social, 
institutional, economic and environmental risks need to be considered in relation to 
site selection, system design, local governance, capital and operating costs, 
waterlogging of adjacent areas, groundwater contamination and environmental flows. 
To address these risks, a staged approach is proposed that is adaptive to local 
conditions and changing circumstances.  
 
It is envisaged that the advancement of UTFI from idea to widespread implementation 
would involve three main stages defined here: 
 

i. broad-scale opportunity assessments of UTFI suitability 
ii. pilot-scale testing and evaluation   
iii. scaling up using knowledge, tools and models developed in earlier stages 

 
This three stage approach is recognized as a being over-simplistic; for example within 
stage may lie a myriad of sub-steps and interactions that are highly case specific and 
difficult to identify a priori. At the same time, it does suggest the pathway used in 
progressing the research, as detailed below. 
 

4. FEASIBILITY TESTING IN THE CHAO PHRAYA BASIN 
 
The UTFI concept emerged as a spinoff from groundwater recharge testing with canal 
flows in the Chao Phraya River Basin, Thailand (Pavelic et al., 2012). Major 
catastrophic flooding events in the lower reaches of the Chao Phraya River Basin are 
regular and episodic. Whilst the volumes of water that cause this devastation are 
large, they could, in theory, be managed if more widely distributed across the basin in 
aquifer systems which have enormous potential to both store water and later make 
the water available for enhancing agricultural production.  
 
The quantum of surplus wet season flows was determined and means to retard this 
flow to enhance aquifer recharge and stimulate groundwater development for dry 
season cash cropping without unduly compromising the demands of existing water 
users. It was estimated that, on average, around 30% of Thailand’s wet-season water 
discharges to the Gulf of Thailand from the Chao Phraya River. This water could be 
harvested without significantly impacting existing large-medium storages (and hence 
the supplies of water to cities, towns, industries or irrigation projects), nor on the Gulf 
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and deltaic ecosystems.  Water would be harvested in one year out of four without 
deleterious impacts on existing major storages, the riparian and/or coastal 
environment. These volumes captured are large and equivalent to the third largest 
surface water storage volume in the basin.  
 
Results from pilot MAR trials reveal that this water could be readily recharged and 
accommodated within the vast shallow alluvial aquifers situated within and upstream 
of the flood prone areas.  Capturing peak flows one year in four on average by 
dedicating around 200 km2 of land to groundwater recharge within the Chao Phraya 
River Basin would reduce the magnitude of flooding and generate about US$ 250M 
per year in revenue from new agricultural production to boost the livelihoods of 
rainfed farmers who represent some of the poorest members of the community. 
 
Off-channel floodwater harvesting and groundwater use to promote dry season cash 
cropping is, in principle, viable through an alliance between the government and 
upstream and midstream farmers strategically located along riparian corridors, acting 
as flood ‘wardens’. It is proposed that famers operating in riparian zone ‘hotspots’ be 
co-opted to become flood harvesters and thus contribute to improved flood water 
management through simple water management technologies that enable agricultural 
lands to be put to higher productive use. Local-scale site suitability and technical 
performance assessments and revised governance structures and cost-sharing 
arrangements are needed to bring this to reality.   
 

5. PROSPECTS MAPPING AND PILOT TESTING IN THE GANGES 
BASIN 

 
5.1 Basin-scale opportunity assessment 
 
To first understand the likely extent and magnitude of the opportunities to utilize UTFI, 
mapping of the Ganges basin has been carried out, one of the largest and most 
heavily populated river basins in the world which is also subjected to frequent floods 
and groundwater depletion. Watersheds within the basin suited to UTFI were 
identified by a methodology developed exclusively for this purpose (Brindha and 
Pavelic, 2016). This was achieved by the determination of a suitability index using 
geographical information system (GIS) tools. Various factors that influence the 
occurrence of floods and its impact; groundwater occurrence, recharge, storage 
potential and demand in any region were identified. This then identified nine surface 
characteristics of the basin (drainage density, population density, geology, flood 
frequency, flood mortality and distribution, extreme rainfall events in a year, land use, 
slope and soil), two subsurface characteristics (groundwater level and transmissivity 
of the aquifer) and the economic loss due to floods to be collated from different 
sources and processed in Arc GIS 10. Results show that 24% of the inner basin had 
very high suitability and a further 44% had high suitability for UTFI (Figure 2). The SI 
distribution reveals differentiation in suitability across the landscape – not all areas 
have the same potential to support UTFI implementation. There was a tendency for 
the watersheds at the periphery to have a low suitability index, a natural transition 
considering that the adjacent areas could be excluded from the analysis. These 
upland areas with low suitability index contribute runoff that can lead to flood 
inundation downstream. This highlights the scalar nature of the problem, and the 
dilemma in trying to find a balance between considering scales that are either too 
small or too large. Too small a scale may disconnect the problem areas downstream 
from the areas where there are opportunities upstream. Too large a scale creates 
excess aggregation and separation between the upstream and downstream areas. 
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Figure 2. Suitability index rankings determined at the watershed level across the 
inner Ganges River Basin (adapted from Brindha and Pavelic, 2016). 

 
 
5.2 Pilot testing in the Upper Ganges 
 
After a detailed remote sensing-based analysis of the entire Ganges Basin and field 
visits with support from local agencies, a suitable village in Rampur district, Uttar 
Pradesh state was chosen for the pilot testing and demonstration. A community-
owned village pond linked to a canal transporting river flows was modified and 
retrofitted with ten gravity-fed recharge wells to serve as a scientific trial and practical 
demonstration (Figure 3). Three piezometers were also installed within close 
proximity to the pond to monitor the effect of recharge on water levels and water 
quality. The trial commenced only as recently as September 2015 and is expected to 
run for several years. Initial monitoring results indicate that the groundwater level 
around the pond has improved due to the recharge augmentation. This will in turn 
provide more water for irrigation activities in the dry season. Salinity reductions in the 
local groundwater have also been observed. This pilot operation is intended to be 
handed over to the local community in the future to be maintained and managed by 
them after appropriate training has been provided and local institutional arrangements 
finalized. 
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Figure 3. Location of pilot trial site area and monitoring locations (Brindha et al., 
2016). Note: SW1= canal; SW2 = stilling chamber; SW3 = pond; SW4 = 
Pilakhar dam (not shown on map); RW1 and RW2 = groundwater from 
recharge wells; P1 to P3 = piezometers. 

 

6. CONCLUSIONS 
 
UTFI has been introduced here as a new approach to conjunctively managing 
problems in water resource supply and demand in a way that offers the dual 
advantages of enhancing irrigation potential and livelihoods in the upstream, and 
moderating the negative impacts of floods in the downstream. The approach uses 
components that are generally well-tested individually, but in a combined manner and 
in settings that are novel. Opportunities for UTFI implementation are gradually 
becoming realized. A research and development framework is offered for piloting and 
upscaling UTFI, and for better understanding the risks involved and how they can be 
addressed and managed to achieve wider acceptance and implementation. 
 
The Chao Phraya Basin case study has revealed that almost 30 percent of the wet 
season discharge into the Gulf of Thailand from the basin could be harvested thereby 
significantly reducing the flood risk without having negative impact in the downstream 
users and greatly boosting livelihoods for thousands of farming households. 
Capturing peak flows would take place in wet years and requires dedicating about 0.1 
percent of the land to groundwater recharge within the basin. This would not only 
reduce the magnitude and costs of flooding, but also generate no less than US$ 250 
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million per year to boost livelihoods for farming households, and thereby allow capital 
investments to be recouped over reasonably short timeframes. 
 
The Ganges River Basin case study demonstrates that the characteristics conducive 
to implementing UTFI are present over large tracts of the inner region of the basin. A 
scientific process has been followed to identify and set up a pilot trial in Rampur 
District in western Uttar Pradesh. The recharge interventions are low-tech, robust, 
make the best use of existing infrastructure, and aim to be managed by farmers. 
Performance evaluation is under way to determine the impact of UTFI interventions 
on surface water and groundwater hydrology, agricultural production and 
food/nutritional security, household incomes and gender/equity dimensions. The 
piloting seeks to generate a sufficiently strong body of scientific evidence on the 
technical and non-technical performance to verify sustainable implementation, and to 
find workable policy instruments and institutional arrangements for UTFI to be 
implemented on a scale that achieves significant positive impacts.  
 
With flood and drought events still regularly inflicting enormous socioeconomic costs 
across Asia, government agencies and other decision makers should consider UTFI 
amongst the portfolio of options when making investments in climate change 
adaptation/mitigation and disaster risk reduction. Scope also exists to consider UTFI 
to regions beyond those considered thus far, and potentially in developed countries 
as well. 
 

ACKNOWLEDGMENTS 
 
This work was undertaken as part of the CGIAR Research Programs on Climate 
Change, Agriculture and Food Security (CCAFS) and Water, Land and Ecosystems 
(WLE). The partners for the project include the Central Soil Salinity Research Institute 
(Lucknow, India), Krishi Vigyan Kendra (Rampur, India), The Energy and Resources 
Institute, (New Delhi, India), Livelihoods and Natural Resource Management Institute 
(Hyderabad, India), Acacia Water (Netherlands) and the University of Dhaka 
(Bangladesh). The contribution of research team members from these institutions is 
duly acknowledged. We thank the two anonymous WIF2 reviewers for their 
constructive comments on the abstract originally submitted for consideration. 
 

REFERENCES 

 

ADPC (Asian Disaster Preparedness Center) - UNDP (United Nations Development Programme) 2005. 

Integrated flood risk management in Asia: A primer. Bangkok, Thailand: Asian Disaster 
Preparedness Center, 332p. 

Amarnath G., Mohamed A., Pramod A. & Smakhtin V. 2012 Detecting spatio-temporal changes in the 
extent of seasonal and annual flooding in South Asia using multi-resolution satellite data. In: Civco 

DL, Ehlers M, Habib S, Maltese A, Messinger D, Michel U, Nikolakopoulos KG & Schulz K (Eds.). 
Earth Resources and Environmental Remote Sensing/GIS Applications III: Proceedings of the 
International Society for Optics and Photonics (SPIE), Vol. 8538, Amsterdam, Netherlands, 1-6 July 
2012. Bellingham, WA, USA: International Society for Optics and Photonics (SPIE), 11p. 

Brindha K. & Pavelic P. 2016 Identifying priority watersheds to mitigate flood and drought impacts by novel 
conjunctive water use management. Environmental Earth Sciences 2016 75(5), 1-17. 

Brindha K., Gangopadhyay P., Pavelic P., Sharma N., Verma C.L., Mishra V.K. & Kant L. 2016 Can village 
ponds be modified to mitigate floods and meet local irrigation demands? Proceedings of the 
ISMAR9 Symposium, Mexico City, 20-24 June 2016. 

CRED (Centre for Research on the Epidemiology of Disasters) 2005 EM-DAT: The international disaster 
database. 2014, Available at http://www.emdat.be/database (accessed on November 30, 2015). 

Kumar S., Surinaidu L., Pavelic P. & Davidson B. 2012 Integrating cost and benefit considerations with 
supply- and demand-based strategies for basin-scale groundwater management in South-West 
India. Water International 37(4), 460-477. 

Pavelic P., Srisuk K., Saraphirom P., Nadee S., Pholkern K., Chusanathas S., Munyou S., Tangsutthinon 
T., Intarasut T. & Smakhtin V. 2012 Balancing-out floods and droughts: Opportunities to utilize 



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.2.2.07 

 

 
8 

 

floodwater harvesting and groundwater storage for agricultural development in Thailand. Journal of 
Hydrology 470–471, 55–64. 

Pavelic P., Brindha K., Amarnath G., Eriyagama N., Mutuwatte L., Smakhtin V., Gangopadhyay P., Malik 
R.P.S., Mishra A., Sharma B.R., Hanjra M.A., Reddy V. Ratna, Mishra V.K., Verma C.L. & Kant 
L. 2015 Controlling floods and droughts via underground storage: From concept to pilot 

implementation in the Ganges Basin. Colombo, Sri Lanka: International Water Management 
Institute. IWMI Research Report No 165. 


