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This State of Science Brief was produced as an output from an India-UK Water
Centre supported Senior Researcher Exchange held at the Indian Institute of
Technology Kharagpur, India in May 2019.
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1. Background

Climate change will impact all aspects of water resources and their
management in India and the UK. However, it will not occur in isolation,
but will also be associated with ongoing, uncertain, socio-economic
change. Understanding the consequences of, and responses to, future
climate and socio-economic change on Indian water resources requires
a holistic perspective that brings together both, i.e. the environmental,
infrastructural, human and governance systems that control the
movement, storage, use and return of water. Models are potentially useful
tools for supporting the understanding of the consequences of these
future changes and for supporting communication across the science-
policy interface. However, past research has demonstrated that a siloed
or sectoral approach to modelling provides a less nuanced understanding
of impacts than from using integrated or systems-based models. This
reflects the complex inter-dependencies and interactions between water,
land, economy and people.

Such systems-based modelling approaches, like any model, have
different strengths and weaknesses in how they can represent these
system components; differences in how they can represent adaptation
responses at individual to government scales; and have differing utility in
providing stakeholder-relevant insights.
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A Senior Researcher Exchange between Cranfield University and Indian
Institute of Technology, Kharagpur, was facilitated by the India—-UK Water
Centre in May 2019 to evaluate alternative systems-based modelling
approaches and the modelling of adaptation to future climate and socio-
economic change in order to support improvements in the ability of water
resource systems modelling in supporting multi-scale responses for
increased resilience to future global change. Further information on the
exchange can be in the activity report at www.iukwc.org.

2. Key Findings

2.1. Moving from direct sectoral impacts of climate change to
systemic impacts of climate and socio-economic change

Until recently, the focus of much current climate change impact, adaptation
and vulnerability (CCIAV) research in the Water-Energy-Environment-Food
nexus has been on understanding the direct impacts of climate change
on river flows, irrigation need, hydropower and reservoir performance
etc. There has been less emphasis on assessing the indirect or cross-
sectoral impacts and feedback which are a feature of real complex
systems. With the ongoing UK-India collaborations within the Sustaining
Water Resources (SWR) programme, these interactions and feedbacks
are being more fully represented in water modelling studies.
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However, whilst climate change uncertainty is widely recognised and
incorporated into CCIAV modelling study design, future socio-economic
change is rarely represented. Most studies to date have an implicit
assumption of low future socio-economic uncertainty, represented by
model conditions of no change or a Business as Usual (BAU) scenario in
which recent trends continue. This is despite the importance put on socio-
economic change by the stakeholders within the Researcher Exchange
workshop and the substantial body of literature that demonstrates that
the impacts of socio-economic change on water and land systems can
be more substantial than those of climate change. The lack of inclusion
of plausible contrasting scenario of future non-climate change arises, at
least in part, from the relative newness of the new generation of socio-
economic scenarios (the global Shared Socioeconomic Pathways or
SSPs) and the lack of downscaled scenario narratives and quantifications
for India. The SSPs describe alternative plausible pathways of change that
are arranged by axes that represent different levels of the socioeconomic
challenges to delivering effective climate change mitigation (e.g. energy
mix lock-ins; unsustainable behaviours; lack of international co-operation
etc.) and adaptation (e.g. lack of financial resources; conflict, inequality
etc.). Indian researchers would benefit from the considerable experience
that UK researchers have gained in the development, quantification and
application of such scenarios over the past 20 years.
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2.2. Characteristics of successful water resource systems
modelling studies

During the Researcher Exchange activities, UK and Indian studies which
utilised a broad range of systems models were discussed and evaluated.
Many elements of such modelling activities in the India and UK are
the cutting edge of hydrological modelling and science. The models
discussed ranged from commercial software packages (e.g. WEAPR,
RiverWare and MIKE-SHE), open or accessible source river basin models
(e.g. SWAT, GWAVA), closed source freeware models (e.g. VIC, HEC-
HMS) and bespoke system dynamics models. These represent the main
components of a water resources system (hydrology, uses, infrastructure
and policies) with different levels of completeness and sophistication.

There is no ‘one size fits all’ for systems-based modelling of water
resources in India, given the variability in system components and
behaviours across India and the range of different purposes to which
models were applied. Nevertheless the successful projects explored in
the RE had common characteristics:

1. An understanding of the system was developed prior to modelling,
through comprehensive data analysis and stakeholder engagement
to inform system representation. The incorporation of stakeholder
knowledge and understanding had the added benefit of increasing
stakeholder confidence in both the modellers and the model — all
stakeholders within the Researcher Exchange stakeholder workshop
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professed to at least medium faith in models/modelling studies/model
results.

. The selection of appropriate models or modelling approaches was

based on their ability to match that system representation and to
provide outputs that are relevant to stakeholders.

. The approaches to simplification of the complexity of the real

water resources system within the model were informed by system
understanding and the purpose of the modelling. This ensured that
key drivers or processes affecting water movement, storage and use
were not omitted.

. A regular programme of stakeholder engagement to gain feedback,

provide two-way learning and to develop trust, were implemented.
This included for system conceptualisation, iterative model design
(to ensure no important stakeholder-relevant omission), model
performance evaluation to the design, the adaptations, and
interventions to ensure that model outputs matched stakeholder
needs. Within the stakeholder workshop carried out during the
Researcher Exchange, the stakeholders all identified that it was either
“Important” or “Essential” for stakeholder knowledge to be included in
most types of modelling studies.

. All models were conceptual or physical-based, ensuring that

hydrological processes are explicitly represented. This provides
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greater confidence that the models will provide plausible results when
applied outside of the current climate and socio-economic conditions
to which they have been calibrated and validated.

2.3. Holistic and realistic assessment of adaptation

There are many different types of adaptation responses to the
consequences of climate and/or socio-economic change. Whilst there
are many scientific classifications of different dimensions of adaptation,
here we distinguish for the water sector between:

* Infrastructure e.g. construction of reservoirs, hydropower schemes,
irrigation canals etc.

» Technological e.qg. irrigation technologies and scheduling, appliance or
process efficiency

* Nature-based e.g. runoff control, soil improvement, afforestation

» Behavioural e.g. changing water use practices as a consequence of
water saving campaigns etc.

* Management responses e.g. changes in reservoir operation rule
curves, agronomic practices or crop selection

* Policy responses e.g. changing transboundary water sharing
agreements; imposing minimum environmental flows

14
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BOX 1: WHAT IS A MODEL?

A model is a simplified representation of a real system that is useful for a particular purpose.

'/- Snowmelt/accumulation * Agricultural irrigation

* Glacier dynamics
* Runoff
* River flows

* Public water supply
* Hydropower

* Industry

* Environment

L

* Groundwater

Hydrology

Water
management
infrastructures

Water policies

* Water-sharing
agreements

* Abstraction permits

* E-flow limits

* Reservoirs
+ Canals/offtakes
* Diversions

* Run-off-river hydropower
* Reservoir operation rules * Wastewater returns
g ) \ ... )
7 L7 A i

lllustrative elements of a water resource systems model
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Where adaptation responses have been simulated in river basin models,
they have tended to focus on infrastructural and management responses
(reservoir operation; check dams; irrigation scheduling and efficiency),
changes in crop practices, or landuse-land cover changes. There are few
studies which have yet to represent changes in non-agricultural water
demand/use through technological change and behavioural change; or
policy responses to change the allocation of water.

However, where adaptation options have been simulated, the
representation of the changes within the models is usually independent
on the socio-economic context, even when no change or BAU scenarios
are used. The implicit assumption is that future adaptation responses are
largely unconstrained by economic, knowledge, behavioural, manpower
or other constraints, which in most situations will be unrealistic. Such
unconstrained adaptation assessments risk giving an over-optimistic
assessment of the ability of adaptation responses to address the
consequence of climate change and any future failure to achieve intended
mitigation targets.
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3. Specific Knowledge and Data Gaps

Through the range of Researcher Exchange activities undertaken at IIT
Kharagpur, a range of specific knowledge and data gaps have been
identified:

» Socio-economic change: stakeholders attending the Researcher
Exchange workshop placed great importance on socio-economic
change, yet there are currently no accepted socio-economic scenarios,
including descriptive narratives and quantified variables, for India at
national or sub-national scales, in contrast to the climate scenarios.
This hinders both a holistic assessment of the water challenges facing
India and comparability between different studies.

» Systems modelling: water resources systems modelling is developing in
India and the UK, with a variety of modelling approaches being applied.
However, whilst there has been significant advances in simulating
catchment hydrology/hydrogeology and infrastructure management,
there remain important gaps in the inclusion of simulating non-
agricultural water demands and policy/governance at multiple scales.

* Human dimensions of adaptation: adaptation is largely simplistically
represented in current river basin and water resources systems
modelling, with no link to the socio-economic context and associated
constraints (e.g. policy, knowledge, behavioural, economic, etc.).
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There is no clear integration of insights from bottom-up and top-down
adaptation research to inform the representation and paramaterisation
of adaptation responses in models. Improved methods are needed
to represent the consequence of such constraints for uptake and
effectiveness of water and agricultural adaptation responses

Data: accessibility of quality-assured data continues to be a challenge
in India and, to a lesser extent, the UK. Though the India-WRIS WebGIS
platform (jointly launched by the Central Water Commission, Ministry
of Water Resources, River Development and Ganga Rejuvenation,
and National Remote Sensing Centre, Indian Space Research
Organisation, Department of Space), which aims at providing a ‘Single
Window’ solution for comprehensive, authoritative, and consistent data
and information of India’s water resources along with allied natural
resources in a standardized national GIS framework, has eased the
challenge to some extent, a lot more needs to be done to facilitate data
accessibility for meaningful research.

Education: adaptation research in the Indian Institutes of Technology
are largely failing to capture the human dimensions that may strongly
affect the uptake and effectiveness of many water and agricultural
adaptations. Engaging students and early-career researchers in
interdisciplinary meetings and projects that focus on understanding the
role of people and society in the complex interactions between water-
energy-food-environment people-land issues is needed to prepare the
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next generation of scientists to deal with the challenges in this field.

» Stakeholder engagement: the importance of their knowledge and
understanding for successful modelling applications is widely
appreciated by stakeholders, but is often not fully captured due to a
wide range of reasons. Nevertheless, there appears to be a knowledge
gap in early-career researchers understanding successful stakeholder
engagement and co-production methods and their application.

4. Capacity Development Requirements

The areas identified for capacity building and UK-India collaboration
include:

» Socio-economic scenario development and quantification;
+ Stakeholder engagement and co-production methods;

* Integrating bottom-up and top-down perspectives in the improved
representation of adaptation within river basin and systems models;
and

» Sensitising early-career water researchers to the importance of
considering the role of people and society.
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5. Future

The Researcher Exchange has identified a number of knowledge gaps
and opportunities, as well as areas of relative strength in the UK and
India. There are significant opportunities for Indian and UK researchers
to learn from each other through IUKWC and Newton Bhabha activities,
including research exchanges, training and workshops, and joint
research programmes such as the UK-India Sustaining Water Resources
and Water Quality programmes. Additionally, outward looking initiatives
in India such as the Ministry of Human Resources’ Global Initiative on
Academic Networks (GIAN') and the Scheme for Promotion of Academic
and Research Collaboration (SPARC?) provide funding for improving
international collaboration and learning opportunities in India. It is hoped
that such opportunities for mutual learning and capacity development
from UK and India initiatives continue to the benefit of scientists and
stakeholders in both countries.

" http://www.gian.iitkgp.ac.in/

2 https://sparc.iitkgp.ac.in/
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Back Cover Photo: Waterfalls in Forest (Venkat
Sudheer Reddy on Unsplash)
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