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This State of Science Brief was produced as an output from an India—-UK
Water Centre supported Pump Priming Project on Current Opportunities
and Challenges in Developing Hydro-Climatic Services in the Himalayas
undertaken in 2017
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1. Background

The India—UK Water Centre funded a pump-priming project on “Current
Opportunities and Challenges in Developing Hydro-Climatic Services in
the Himalayas”. Within the project 15 climate scientists, hydrologists and
glaciologists from India and the UK have assessed the significant issues
for hydro-climatic modelling and service development in the mountain
regions of northern India.

The outcome is available as a report (Widmann et al. 2018). It includes
an extensive review of the scientific literature on the relevant processes,
of current modelling capabilities, and of the availability of meteorological,
glaciological, and hydrological observations. This review is combined
with a discussion of user needs to identify the main opportunities and
challenges.

2. Key Findings on current status

Mitigation against climate- and hydrology-related risks, for instance
related to floods and droughts, and exploitation of potential benefits
of hydrological changes requires comprehensive and user-oriented
meteorological and glacio-hydrological predictions for days to
seasons ahead, as well as long-term climate change and hydrological
projections. The current status of scientific understanding, modelling and
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observations needed to provide such hydro-climatic information for the
Indian Himalayas is characterised by the following aspects:

2.1. Understanding and prediction of large-scale climate controls

The primary large-scale factors that influence regional weather and climate
variability, for instance through affecting the Indian Summer Monsoon or
wintertime low-pressure systems, have been identified. However, open
questions remain about their relative importance and their interactions
with each other. It is also in many cases unclear how realistically these
climate controls are represented in climate models, how they will be
affected by climate change, and thus how they will in turn influence
regional climate in the Himalayas.

2.2. Understanding and modelling of small-scale meteorological
processes

The knowledge of small-scale meteorological processes, for instance
of local topographic effects or cloud microphysics, is limited, partly
because there are not many high-resolution observations. Moreover the
representation of these processes in climate models is highly simplified
and it is unclear to what extent this affects the simulated climate change.

2.3. Glacier mass-balance

There is considerable uncertainty about the current and past thickness
of Himalayan glaciers, due to a lack of observations, as a result of major
logistical and access constraints. This makes it difficult to identify the
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processes that dominate the mass-balance of glaciers and thus to
constrain projections for the future. The representation of snow and ice
processes in global climate and land surface models, and in catchment-
scale hydrological models is limited.

2.4. Hydrological processes

Understanding the specific hydrological processes in the major river
basins is hampered by the limited availability of hydrological observations,
such as river flow measurements. There is also a lack of knowledge
about the river basin properties and how these modify the climate inputs
through basin storage and transfer processes to generate river flow.
These include both natural (e.g. lakes and groundwater) and man-made
(reservoirs) storage, and natural and human-modified transfer processes
(land use change, irrigation).

2.5. Modelling capabilities

Substantial meteorological and hydrological modelling capabilities do
exist for this region, with state-of-the-art models being implemented.
However, integration of glacio-hydrological and meteorological models
is not well developed.

Computational resources are good in some Indian research centres, but
could be improved in others. The need for better computation capabilities
will remain for the foreseeable future, because the spatial resolution of
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models, and the size of ensemble simulations are still substantially too
low to adequately simulate all key processes and to quantify uncertainties.

The lack of available observations for hydrological variables makes
calibration and validation of hydrological models, and defining the
initial conditions for forecasts difficult, while the lack of high-resolution
meteorological observations hampers the development of atmospheric
models.

2.6. Skill of weather forecasting and climate models

Meteorological models have good general skill for forecasts up to a few
days, but the simulated precipitation in global and regional models has
substantial biases in location and amount, which is a key challenge for
combining meteorological and hydrological modelling.

Longer-term to seasonal predictions remain a challenge, because of
limited understanding of the relevant predictors, deficiencies in initialising
the predictions, and fundamental predictability limits due to the chaotic
nature of the climate system.

Climate projections for the 21st century for a given emission scenario
are affected by model uncertainties and random variability, leading for
example to considerable spread in the simulated precipitation change
over some regions. In addition there are known systematic biases. There
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is a need for process-based model validation to reduce uncertainties and
develop defensible bias correction approaches.

2.7. Skill of glacier and hydrological models

Modelling the response of Himalayan glaciers to climate change is still in
the development phase. Simulations incorporate mass balance, ice flow
and debris transport. They suggest the mitigating role of insulating debris
cover in glacier retreat, but also predict detachment of debris covered
tongues, which may accelerate glacier decay.

Hydrological models are relatively mature, but still likely to be a larger
source of uncertainty for flood and drought predictions than the
meteorological input. They are calibrated for the current climate, and
some important hydrological processes are not adequately incorporated,
for example land use, snow, groundwater, reservoirs and human water
use, It is thus unclear how well they are applicable in future conditions.

Further development of both types of models is hampered by a lack of
high-resolution, unbiased meteorological input and of observations for
calibration and evaluation.
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2.8. Hydrological predictions

There is a Regional Flood Information System (HKH-HYCOS) based on
observations over the Ganges-Brahmaputra-Meghna and Indus basins,
which encourages sharing of flood data and information for reduction
of flood vulnerability. However, there is no equivalent system for dealing
with water scarcity.

Some effort in using weather forecasts as input to hydrological models
has recently been made by the Central Water Commission aiming
at extending the lead time and accuracy of hydrological predictions.
However, coupling meteorological and hydrological models for India at
catchment and regional scale is still in a pioneering phase, partly due
to the biases in the simulated precipitation that drives the hydrological
models. This is of crucial importance because of the feedbacks that
exist between the land surface and the atmosphere. Predicting droughts
and floods is thus still a major challenge. For long-term projections the
meteorological input is more uncertain, and the coupling of glacier and
hydrological models needs to be developed further.

2.9. Observations

Some gridded precipitation and temperature datasets that include the
Indian Himalayas are available, either based on interpolated ground
observations (APHRODITE, India Meteorological Department) or on
simulations that assimilate observations (reanalyses). These are often

R.¢. 5 fagm St gafgam

TTT-STeTq-AeFT Ud R =fedl iR sraaid-l & SMUR R U &3 a1 T
JUITet (TIpUT-UIaral3nTd) g, Sl f a1g @1 SifaH &) &H B & oy
d1g & Hihs! I GaAI3T &) T B P! MTRd B! | gTaifcs, Ut Bt
HI I Fen & forg 31 gAsw e yone 6l 8

1T 81 § besid S SN A el fay deieh galgami & sl wwy ud
Tctdhdl &I g & Ie-d I siadxe gadht Argdl & fore AfdyETge) &
w0 T A A & Yafgam! & ST &1 & $ YA fbT Y &1 gTaifes,
SR Ud &g R IR HRd & Tt 1y 9 5Tdt faqm deeft Afeal & g
3l 1 U Sawur TRUr F §, o faqe Waeht Afsal &1 e $fiflie =y
3 Rigees auf & gafuel & aoie I gid1 8| IgHSd Ud eRTad & s Hielg
gfaferal & HRUI T8 3ifd Aedqul 31 39 UHR JW UG dTa! &1 Higwarft
31uft it v SIS A B 1 et Safd 3 SIAET & forg Hies Teieh fAfay warer
%ﬁ@a%,gw%waaﬂﬁaﬁwsﬁnﬁﬁ$waﬁ&nﬁﬁmam
SRR g

R.R. Tddemif

v A Teaeles) T4 dUHH & $8 fieel T (ScRicy) ford yRda
ferTera &= i g, a1 <Y SR Y Sraaia (Zexuldes UISS S
- UphTeTge, Sfear Traw faw faum) a1 Rgaes W o sraaid=RAT) Bl

T --wr—l-.-\..-




14

used as input for hydrological models. However, local observations in
the region are scarce, in particular at high altitude, which can lead to
substantial errors in the gridded datasets. Satellite and other remote-
sensing products might help to improve the situation, but are difficult
for high-altitude areas. The limited meteorological surface and upper-air
observations hamper the much-needed validation of weather forecasting
and climate models in the region.

There is also a scarcity of in-situ hydrological observations and a
complete absence above 3000m, which is a key limitation for developing
and validating hydrological models. Moreover, the observations are
carried out by different government agencies, e.g., India’s Central Water
Commission (CWC) and Central Ground Water Board (CGWB), and India
Meteorological Department (IMD), and access is often limited.

Increasing the monitoring of glacier mass is required for developing long-
term predictive capabilities.

2.10. Communication and advice

Providing hydro-climatic information in the most useful form requires an
understanding of the role of hydro-climatic information in decision making
processes. It also needs a realistic assessment of which information
can actually be provided due to practical and fundamental limitations.
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This can only be achieved by close collaboration between information
providers and users, rather than by a top-down approach.

Information should be provided on different aggregation levels. For
instance academic and government scientists require access to raw data.
Members of the public, government agencies, non-profit organisations or
industrial corporations require analysed information, on micro to regional
scales. Policy and decision makers may need reports and executive
summaries of a manageable length and level of scientific detail.
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3. Specific Knowledge and Data Gaps

Category Opportunities and recommendations

Scientific
understanding

Improved understanding should be gained on

e The effect of climate change on large-scale drivers of regional climate, for instance the land-
sea temperature contrast and the summer monsoon, or the hemispheric-scale wintertime
atmospheric circulation;

e The effect of land-use changes on climate;

e The role of small-scale processes in modifying the weather and the climate change signal;

e Glacier mass and processes;

e Hydrological catchment processes, especially related to storage and transfer (both natural and
man-made);

e Effects of changes in water use and management.

Modelling and
prediction

¢ |ndia’s and the UK’s large and excellent scientific communities in meteorology, climate research,
hydrology and glaciology, and substantial modelling capabilities provide an excellent opportunity
to move towards integrated meteorological/climatological-glacio-hydrological modelling on all
timescales.
This requires interdisciplinary meetings, but overcoming the substantial technical and
scientific challenges will only be possible if interdisciplinary projects on developing integrated
modelling can be funded.
® |ncreasing computing resources is essential to meet the need for better process representation
and uncertainty quantification.
¢ Predicting meteorological and hydrological extremes should be a key element.
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Category Opportunities and recommendations

Observations

Scarcity of meteorological and glacio-hydrological observation, in particular at high altitudes, is a

crucial problem for developing predictions on all timescales. Realistic ways forward include:

e Case studies and targeted observation campaigns in high altitude catchments;

e Feasibility studies for using crowd-sourced measurements, low-cost sensors, and mobile
communication networks;

¢ Further development of the use of remote sensing data and calibration methods;

¢ Improved data sharing and provision of metadata.

Information,
communication and
advice

e |dentify user groups and sectors, their specific information needs, and the role of hydro-climatic
information in decision making;

e Facilitate close collaboration between information providers and users;

¢ Provide information on different aggregation levels and communicate uncertainties;

e |dentify lines of communication. Government agencies dealing with water resources, floods
or droughts, should be in direct two-way communication with the providers of hydro-climatic
information. Ways of informing the general public should take into account illiteracy in parts of the
population.

e |nclude advice on actions in short-term to seasonal forecasting, for instance by using warning
levels with recommendations.

¢ Provide information on changes in hydrological extremes as part of climate change projections.
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Category Opportunities and recommendations

Education

e Engaging with schools and pupils from an early age is important to create awareness in the
general public on hydro-climatic extremes and climate change, and to increase resilience.

e Engaging students and early-career researchers in interdisciplinary meetings and projects
focused on hydroclimatic issues is needed to prepare the next generation of scientists to deal
with the challenges in this field.
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4. Future

The development of hydro-climatic services requires addressing key
scientific questions, interdisciplinary cooperation, and capacity building
with respect to observations, computing resources, and educating
scientists who have a sufficient understanding outside their main
discipline. It also requires a close dialogue with the potential users of
hydro-climatic information and co-design of the ways information is
presented and of the lines of communication.

The IUKWC is already facilitating advances in several of these areas
through meetings and short projects. Further progress can be made by
coordinating existing scientific, observational, computing and hydrological
management resources between different Indian and UK institutions.
However, the complexity of the challenges requires additional funding to
achieve hydro-climatic services that benefit the people in the Himalayan
and the downstream regions in the best way possible.
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