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This State of Science Water Brief was produced as an output of the [IUKWC
Science Workshop on Advancing Drought Monitoring, Prediction, and
Management Capabilities
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1. Background

Water is the primary medium through which we feel the effects of climate
change. Water availability is becoming less predictable in many places,
including in India, and increased incidences of drought are exacerbating
water scarcity and negatively impacting agriculture. An integrated
knowledge of water (both surface and subsurface), the biosphere and
social systems, and environmental flows through them, is required to
devise sustainable agricultural, economic and information systems that
will allow us to decelerate climate change, protect us from extremes, and
adapt to unavoidable change at the same time.

Drought is of such concern, with serious consequences for millions of
people globally and in India in terms of water and food security, that
there are many organisations and individuals involved in tackling it. Thus,
deep challenges arise around how to bring these different organisations,
individuals, stakeholders and vulnerable communities together to achieve
more rapid innovation in the systems used for monitoring, forecasting,
and communicating key information with vulnerable local farmers and
communities.

With this in mind, the India—UK Water Centre hosted a Science Workshop
on “Advancing Drought Monitoring, Prediction and Management
Capabilities” at Lancaster University, UK between the 18" and 20" of
September2018. The activity was convened by the Lancaster Environment
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Centre, Lancaster University, UK and the Centre for Earth, Ocean and
Atmospheric Sciences, University of Hyderabad, India.

The purpose of the Workshop was to review the status of drought
monitoring, prediction and management, and to consider the utility of
geo-scientific inputs to help reduce the extent and impact of droughts
and build drought resilience.

Prior to the start of the Workshop, Prof. Peter Atkinson and Dr Vishnubhotla
Chakravarthi created a schematic diagram that aimed to provide some
structure to guide the Workshop delegates through the programme and to
structure the subsequent discussion (Figure 1). It is included in this Water
Brief to provide context and to support some of the recommendations
made.

The specific Workshop aims were to:

1. Assess the state-of-the-art of the science of drought monitoring,
prediction and management globally and in India, with special focus
on remote sensing-based approaches;

2. |dentify gaps between research knowledge and operational
requirements for drought policy and management; and

3. Lead to a road map for advancing operational capabilities for drought
policy, monitoring, prediction and management in India.
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Figure 1. Schematic diagram capturing the structure and relationships between elements covered by
the Workshop. tis time, ET is evapotranspiration. The text in black details measurable system variables
or states, the text in light blue characterises the operations (e.g., forecasting) relating to these states
and the text in red characterises the same in a risk analysis framework. Stakeholder engagement and
the development of services to increase resilience emerged from the Workshop as key issues.
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This Brief outlines our key findings and presents an overview of knowledge
gaps, and future directions for policy and practice. It should be read
in conjunction with the Activity Report, which outlines the activities
undertaken during the Workshop itself. This can be downloaded directly
from the IUKWC website.

The IUKWC is based around five key cross-sectoral themes and aims to
deliver a portfolio of activities across these themes. This activity focused
on the IUKWC theme on developing hydro-climate services to support
water security.

2. Key Findings

2.1. A gap exists between top-down agro-meteorological
services and local stakeholder needs

The first challenge identified was how to better link large, top-down
national systems for forecasting the drought hazard (e.g. end of drought
due to monsoon) and the requirements of farmers and local people in
terms of receiving appropriate information, understanding what this
means for them and helping them to respond in an appropriate way.

India has a distinguished track record of public provision of agro-
meteorological services (as identified in IUKWC Water Brief 6). However,
large, monolithic, top-down systems for information production will
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necessarily face challenges in terms of being able to reach and provide
appropriate and timely information to stakeholders.

Thus, fine spatial resolution, reliable, timely and appropriate information
on weather, but also on other factors like real-time crop productivity
and stress, was identified as a major gap. Information on real-time crop
productivity and stress can be provided by remote sensing.

This is made more challenging by the juxtaposition of the need for reliable
and precise fine resolution local and tailored information against the vast
scale and extent of the Indian sub-continent.

Some of the intensive, interactive work undertaken by delegates with
local communities using a social science approach - itself challenging
and time-consuming, but locally impactful - underlies the scale of the
challenge.

The idea of building a unified system that would include drought
impacts (e.g., from remote sensing) as well as the drought hazard, and
refine national information to be locally relevant using social science
approaches, was discussed as a major opportunity.
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2.2.  Opportunities exist for the uptake of modern Data Science
approaches

A strong case was made by some delegates for the rapid uptake and
adoption by the community of Open Data principles, integration of
Open Data sources, adoption of Machine Learning and Deep Learning
techniques and services on the Cloud. This should include Cloud
computational tools like Google Earth Engine. This is a potentially key
point in relation to bridging the gap between national systems and local
stakeholders.

The high negative impact of providing inaccurate information arguably
makes the national agro-meteorological services (appropriately) risk
averse. The consequences in terms of loss of livelihoods and loss of life
of providing inaccurate information can be great. Moreover, the range
of services provided by national organisations is necessarily constrained
and must be highly accurate. However, this may make the uptake of
innovation (e.g. machine learning, Al, mobile apps) more difficult.

Thus, attention needs to be paid to how to either support national
organisations to develop associated services or consider how to wrap
a range of services around the data provided by these organisations,
as has been done by private and third sector organisations over the last
decade or so.
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2.3. Groundwater usage is currently not sustainable in many
parts of India, and in the context of drought and a changing
climate this represents a serious water and food security risk

Excessive withdrawal and declining recharge of groundwater are major
areas of concern for future water availability in the context of a changing
climate and increasingly variable monsoon. Declining groundwater in
deep aquifers (i.e. not recharged) was also identified as a key issue.

Insufficient recharge and over-extraction occur, for example, due to use
of water for irrigation and changes in climate. This is particularly the case
in agriculturally intensive areas of India such as the Indo-Gangetic Plain,
but groundwater availability is also a great concern in other areas of
India. As groundwater becomes more scarce in future, or is increasingly
contaminated by arsenic or other heavy metals, then an increasingly
variable monsoon, particularly in the timing of its arrival (marking the
end of a drought period), represents a serious threat to water and food
security in India.

This emerged as akey topic in relation to agricultural and food sustainability
for urgent attention by the community. It needs to be included in any
holistic systems approach that captures the drought hazard, the drought
impacts and local stakeholders. It is recommended as a suitable topic for
a future IUKWC Workshop.
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3. Building Knowledge and Capacity
Through Further Work

An opportunity exists to bring a wide range of different national
organizations, academics, stakeholders and users together to achieve
greater local utility of agro-meteorological services.

During the Workshop there appeared to be a gap in approach between
academics working on issues like groundwater recharge and remote
sensing of crop productivity (i.e., drought impacts) and national
institutions focused on providing reliable information on hydro-climate
and agro-meteorological services (i.e., the drought hazard and agricultural
extension services). This gap is likely to be generalisable across India,
since the issue is common across the world.

Consideration should, thus, be given to how connectivity between national
organizations and University research can be increased such as to achieve
greater synergy overall going forwards. This is particularly important in
relation to key findings 2.1 and 2.2 above. For example, in relation to Key
Finding 2.1, it is important that systems experts and social scientists are
included in multi-disciplinary teams. In relation to Key Finding 2.2, it is
crucial that computer scientists are included. This should include experts
in measurement (e.g. remote sensing), middleware (e.g. cloud services,
databases), data analytics (e.g.machine learning and deep learning), and
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data visualization (including in phone apps).

The IUKWC initiative is driving in this overall direction of building
international, multi-disciplinary networks. However, while the IUKWC
can establish a network and process, consideration needs to be given to
how to develop specific initiatives and sustain them through continued
investment.

There is also a need to develop better connections between events. It is
recommended that future Workshops are primed on previous events such
as to ensure incremental or non-overlapping advances are achieved. Such
building of capacity in networks should be achieved through sustained
investment.

4. Specific recommendations

1. Create a road map for advancing operational capabilities for
drought policy, monitoring, prediction and management in India that
is accessible by multiple stakeholders so that the goals and plan
to achieve these capabilities is clear. Who should “own” this road
map is not clear. However, investigating the potential of having an
oversight body to bring the different key players together to drive and
coordinate innovation in relation to drought management, could be a
consideration.
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. Aim to extend high-quality, national capabilities in agro-meteorological,

and hydro-climate services in particular, by taking a systems approach
that includes multiple state variables, including vegetation and water
impacts derived from remote sensing, and the human element at the
user end working with social scientists. Working backwards from
local users, the aim should be to develop a system that delivers the
information that local farmers and communities really need. This is
not necessarily a task for meteorological organisations, who have a
specific remit.

. Aim to extend the above services by adopting modern data science

approaches where appropriate. This may mean working in partnership
with existing private and third sector service providers.

. Target groundwater as a key issue in the overall system underpinning

water and food security in India.
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