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Front Cover Photo: Groundwater exposed

in scour hole of bed of Luni river during dry
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This State of Science Brief was produced as an output from an India-UK Water Centre
supported Researcher Exchange on ‘A water balance analysis to support sustainable
river basin management in desert River Luni, India’.
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1. Background

The Luni River system is one of the major river systems in Rajasthan. It
forms the largest drainage basin (34,866 km?) in the Thar desert region
of northwest India and is the main surface water source in western parts
of the desert. Though ephemeral, the river is of great importance to the
present and future development of the region as it not only supports
an extensive ecosystem, but also plays an important role in delivering
water for agriculture, drinking, and industrial use to many growing cities
in the basin. The inhabitants of this vulnerable arid and semi-arid region
live on the margins of water scarcity. Improvements in sustainable water
resource management, underpinned by better understanding of the
regions hydrological regimes, has the potential to positively influence the
majority of livelihoods in the region, as well as sustaining the integrity of
natural ecosystems.

The Researcher Exchange focussed on the IUKWC cross-sectoral theme
‘using new scientific knowledge to help stakeholders set objectives for
freshwater management’. Specifically, it aimed to explore how science
couldunderpinabalanced and sustainable river basin management system
to fulfil the basic water needs of stakeholders of the Luni River basin.
This Water Brief outlines the key research gaps and recommendations in
water balance and river systems research which were considered during
this Exchange.
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# | 2. Key Findings

The River Luni basin is a complex environment due to its desert setting,
climatic conditions and anthropogenic factors. One example of this
complexity can be seen in relation to flooding in the basin.

Even though it is a desert river, flooding is common in the River Luni. The
basin exhibits a ‘flood in a desert’ phenomenon, whereby huge spikes in
hydrological fluxes during the monsoon are followed by rapid recessions.
This sudden excess followed by significant scarcity further complicate
water management in the region.

Research suggests that River Luni has experienced several extreme flood
events over the past few centuries, with the 1979 flood being a historical
event (Kale, 2003; Dhir et al., 1982). Sometimes a day of rainfall, which
alters soil moisture content in parts of the catchment, can trigger a water
surge in the river (Sharma and Vangani, 1982). The annual average rainfall
for the upper Luni basin is 300-400mm, however over a 5-day period in
1979, the rainfall received far exceeded this average, with the Guhiya
sub-basin receiving 613.5 mm, followed by the Upper Luni (586.5 mm),
Bandi (568.8 mm) and Jojri (553.3 mm) sub-basins (Sharma et al, 1982).
This historic flood resulted in the destruction of over 93,000 homes, the
loss of more than 100,000 cattle, damage to over 3,000 wells, and at
least 374 human lives being lost and 119 missing, as well as over 55, 000
ha of land being rendered unproductive due to sand-casting (Sharma &
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Vangani, 1982).

Major floods in Luni have resulted in significant alterations to channel
morphology and disturbance of the river ecosystems. Changes to the
width-depth ratio of the channel stretches are observed, with channels
widening in several stretches after the floods. High suspended sediment
concentrations and discharge are commonly observed at the basin
outflow.

Despite the dynamic nature of this desert river during flood events, few
new channels have been formed. Observations made from the 2006
flooding in Barmer district and in 2007 in the middle part of the Luni Basin,
indicate that even after breaching the river banks and embankments,
sometimes by over 3 km, the surge of flood water followed certain century
old palaeochannels and abandoned channels. These pre-defined sand
covered or partially sand covered courses remain the primary carriers of
excess water during such events.

Several of the flow paths and dry channels are buried between flood
events due to the progression of sand dunes, as well as being populated
or disturbed by humans. One such example is the Kawas depression —
originally a shallow natural depression which was deepened and widened
through decades of gypsum mining for commercial purposes. As a result,
in 2006 flood water from the nearby Rohil River was held back in the
depression and did not recede for a few months due to the presence of
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thick gypsum layers.

In Kawas, in 2006, the onward flow of flood waters was restricted by
a chain of high sand dunes downstream. There are similar examples
elsewhere in the basin, such as at Utarlai, which floods regularly during
the monsoon due to its location next to a stream originating in nearby
hills and the local lithology. Vulnerable areas such as these highlight
the need for enhanced understanding of the interactions between local
geomorphology and flood risk in the region, in order to allow targeted
protection of property, livestock, and human life.

It is this backdrop of a highly seasonal hydrological regime and a low
geomorphologic threshold, that necessitates the development of specific
river basin management approaches for the basin. The Researcher
Exchange sought to begin the development of such a framework by
exploring the river dynamics of Luni and its unique features.

3. Knowledge and Data Gaps &
Recommendations

To-date few studies have focused on the River Luni and as a result the
basin requires more scientific research and in situ data generation to
understand its geomorphic vulnerability and its potential to act as a major
water resource to ensure long term sustainability and water security in
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this desert region.

The key gaps in our scientific knowledge and data that were identified
through this Exchange, and which are prerequisites to development
of a complete water balance model and the advancing of long-term
management approaches for River Luni are as follows:

3.1. Land Use-Land Cover (LULC)

Ecological data and assessments of land use practices are critical for
the region, because changing land-use in these environments impact
significantly on surface water availability and flood events.

Luni’s alluvial plain in the Thar desert has been experiencing substantial
land use-land cover change for the last few decades. There is a very
close relationship between the response of fluvial systems and the
aeolian processes in the region however gaps in our understanding of
these remain. In the last few decades the high rate of mining activities
and change of livelihood practices have altered the land use of the basin,
which has had a significant impact on the river system and water balance
of the river. Flattening of dunes for agriculture, and development of mines
and water storage ponds in interdune areas have, in some villages,
resulted in extreme flood damage due to flood water retention. Similarly,
villages neighbouring ephemeral streams face similar threats as the
natural orientation of drainage lines over the last few decades have been
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changed by human interventions.

Land use-land cover changes such as these have disturbed the drainage
system of the region. A better understanding of the interactions between
such changes and the regions hydrology is needed.

3.2. River morphology

The Luni river system is the lifeline of this desert ecosystem. Though
it carries saline water in some stretches, after receiving a few days of
rainfall it provides huge volumes of fresh water within the basin.

There are several government programmes and village level/individual
efforts to maintain water requirements for drinking and retaining soil
moisture for crops. Anicuts, check dams and embankments have been
constructed in order to store and check excess runoff.

The physical nature of some river stretches, as described in section 2,
means that high water levels are not contained and result in overflowing
of the bank into historical channels. When these channels have been
altered or are populated, this often triggers immediate flooding. Improved
awareness is needed to ensure that land-use planning/governance and
long-term river-management practice take into account the potential
inundation of these areas during high flows.

As a result of the Research Exchange, research has been initiated to
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estimate stream power, sediments transport and channel migration
patterns using 70 years of daily discharge, sediment load, and river
cross section data. Further research is needed to understand current
and potential future channel capacities, especially in stretches of river
vulnerable to flooding in the basin.

3.3. Groundwater — surface water interaction

Groundwater recharge rates and pathways in the Luni basin requires
further investigation. The local lithology and rock type in the region
impact these pathways, with impervious parts of the basin contributing
to high runoff rates and flash flooding. Further scientific studies into
variations in permeability, ground-surface water interactions and plant-
soil interactions are required to inform land use planning and the siting of
the ponds and other structures for flood management and water storage
during lean periods.

3.4. Monitoring frameworks

Generation of baseline data for the River Luni basin is crucial to
underpinning future research to inform decision making, and the
development of customised policy instruments for the region in the future.

For example, analysis of rainfall patterns was possible in some parts
of the basin during the Researcher Exchange but data gaps limited the
extension of this to the whole basin. More than 200 raingauges have been
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installed in the Luni basin by the Central Arid Zone Research Institute
(CAZRI). Most of these stations, however, are located in the upper part
of the basin, with insufficient network coverage in the lower part of the
basin. The Central Water Commission (CWC) also collects rainfall data in
the basin, as do the State Government. Data gaps limit our ability to build
water balance models and hampers flood mitigation planning. For certain
types of modelling work, such as the dynamic data-based model, spatial
coverage is critical.

There is a need for improved, regular, long-term hydrological data
collection in the basin, including runoff, percolation, groundwater
recharge, evapotranspiration, and rainfall monitoring. These data, along
with information related to river morphology and land-use/land-cover
need to cover the entire basin, in order to develop a structured, systematic
understanding that can contribute to comprehensive decision making.

4. Capacity Development Requirements

Long-term sustainable river basin management will be dependent on
trained professionals, NGOs, and farmers developing and implementing
watershed management practice frameworks suitable to their respective
locations. A general improvement in public awareness of water issues
including the youth, will be an important component of this. Capacity
development interventions are therefore required to build skills and
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knowledge at a local level within the basin. Such an inclusive involvement
of stakeholders within the basin can contribute to sustainable and
successful River Luni basin management in the long run.

5. Future

The River Luni is central to the livelihoods and development of the Thar
desert region of India. In order to better understand the river basin’s
geomorphic vulnerability and water resources potential, more scientific
research and in situ data generation is required. This will enable the
development of improved hydrological models to support decision
making on water availability and flood-risk management.

A sustainable river basin approach that integrates ecosystem services
needs to be adopted for long-term sustainability of the River Luni region.
A mixed method research approach is needed combining the river’s
cross sectional data, hydrological records and Focus Group Discussion
(FGD) data with satellite image analysis and other secondary data (such
as census, village directory, forest data, and agricultural census data) in
an integrated GIS platform. Such advances would allow us to explore
links between past hydrological variability, regional geomorphology and
land use practices, particularly across the main flood-prone regions of
the Luni River.
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Back cover photo: Groundwater exposed in scour hole of bed of Luni river during dry season.
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