DIALOGUE:
DEVELOPING A HYDROLOGY RESEARCH STRATEGY
TO ENHANCE WATER SECURITY IN SOUTH AFRICA

TOWARDS A HYDROLOGY RESEARCH STRATEGY

J. MWENGE KAHINDA,
E. KAPANGAZIWIRI,
D. HUGHES

26 August 2021

| == WATER

RESEARCH
I U COMMISSION



i
AIMS N
‘/ ‘m?

UVERSARY

A review of and scoping for water scarcity/security research in South Africa: towards a
research strategy

The aim of this study is to review, consolidate and scope hydrological and water
resources research considering the projected socio-economic trajectories, demand and
needs patterns and changes in weather patterns and climate.
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2 Hillslope-riparian—stream—groundwater interactions

Groundwater fluxes across boundaries

Long-term persistence of sources responsible for the degradation of water
quality

Extent, fate and impact of contaminants of emerging concern

Innovative techn. to measure variables at different spatial and temporal scales
Traditional hydrological observations vs soft data

Data for socio-hydrological models and conceptualisations

Adapt hydrological models to changing conditions

Reduce hydrological model uncertainty (structure/parameter/input)
Communicate uncertainty results

Society and water management

Water and migration, urbanisation, civilisation dynamic
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1 Water use data

2 Model improvement for better process representation.
3 Structured hydrological society

4 National database of hydrological information

5 Soil data
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Is the hydrological cycle regionally
accelerating/decelerating under climate and environmental
change, and are there tipping points (irreversible changes)?

What are the hydrological thresholds (ecological flow,
maximum allowable flood that society can cope with and
minimum allowable flow that is required for livelihoods and
navigation, etc.) and response to climate change forcing?
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What are the mechanisms by which climate change and water use
alter ephemeral rivers and groundwater in semi-arid regions?

How will future climate interact with the land use changes, the
water use changes and affect the country’s hydrology and water
resources?

What are the most suitable approaches to reduce the bias of
climate models in order to improve the efficiency of climate
change impact studies on hydrological regimes?
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What causes spatial heterogeneity and homogeneity
in runoff, evaporation, subsurface water and material

fluxes (carbon and other nutrients, sediments), and in '~ be

their sensitivity to their controls (e.g. snow fall regime,
aridity, reaction coefficients)?

What is the optimum level of discretisation
(hydrologic response unit) to sufficiently address the
catchment heterogeneity?

Explore hillslope-based catchment decomposition
approach superior to hydrologic response unit (HRU)
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Land type and soils data

Disaggregate the land types to provide the
spatial distribution of various hillslopes and
hydrological soil types within a land type

Produce a high-resolution soil map of South
Africa for hydrological purposes
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How do flood-rich and drought-rich periods arise, are they
changing, and if so, why?

Floods

Research priorities identified by Smithers and Schulze (2003) and
Van Vureen et al, (2013).

Flood hazard mapping
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Droughts

Further our understanding of hydrological drought.
Identify and address uncertainties and gaps in our
knowledge about hydrological drought (Loon, 2015).

Better quantification of hydrological drought. SPI and
SPEI fall short in many regards. Investigate the use of
a multitude of drought indices or even a composite
(ndex in hydrological drought monitoring.
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Droughts

Moving to including the human aspects of hydrological
drought (Loon, 2015). One of the questions is exploring
the (mpacts of human intervention (n drought
propagation.

Application of drought research in water management
and policy (Loon, 2015).

Changes (n the drought signal due to propagation
through the hydrological cycle, especially groundwater

#CSIR
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Why are runoff extremes in some catchments more sensitive to land-use/cover and
geomorphic change than in others?

Incorporate non-stationary LULC in hydrological modelling
Apportion the impact of LULC changes on hydrological processes

Consider both anthropogenically induced biophysical changes and natural long-term
3 growth in LUCC impact studies for large basins.

@CSl|

Touching lives through innovation




% INTERFACES IN HYDROLOGY

P

YE
ANN

VERSARY

(

@ jiieLEnspiration = What are the processes that control hillslope-riparian—-stream-
transplratlon + evaporatlon 5 . h h ?
= ) X § groundwater interactions and when do the compartments connect:

transpiration

trees  grass Better quantify the interactions between surface and sub-surface systems

Further research on the complex interaction between human beings and
the natural environment;

Better quantification of hydrological impacts of the invasion of alien
vegetation in water source areas and along streamflow paths.

The need to monitor vegetation occurrences and their impacts on water
resources avatlability

' groundwater

Back to basics - research catchment
recharge

#CSIR

Touching lives through innovation




666

-. ’|-:. "“;--t- <-\.,<,‘

Groundwates filling
llurn‘b mwbﬂw«n
fracrured rock
Q
T

A5 |NTERFACES IN HYDROLOGY /

/ E
l ANNIVERSARY

What are the processes controlling the fluxes of
groundwater across boundaries (e.g. groundwater
recharge, inter-catchment fluxes and discharge to
oceans)?

Better quantification of groundwater hydrology to:

- Bridge the gap between hydrology and
hydrogeology;

- Improve modelling of the complete’ hydrological

#CSIR
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How can we use innovative technologies to measure surface and
subsurface properties, states and fluxes at a range of spatial and
temporal scales?

Evaluation and assimilation of various satellite-derived hydrological
vartable products over South Africa.

Investigate the accuracy of relevant satellite data from different sources
against reliable ground station data

Bias correction of remotely sensed hydrological variables — Digital Earth
Innovative techniques and instruments to measure rainfall, river discharge,

soll moisture, etc. in South Africa. C s I R
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What is the relative value of traditional hydrological observations
vs soft data (qualitative observations from lay persons, data mining
etc.), and under what conditions can we substitute space for time?

Citizen science-based network to record daily precipitation using
low-cost tools across South Africa. Great potential to involved
primary and secondary school kides.

Physical and virtual staff gauges for crowd-based stream level

observations
#CSIR
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How can we improve our water use data?

Update WARMS using the V&YV data and other existing databases.

Identify and collate all relevant datasets and update WARMS. Work in
cooperation with all entities collecting water-use information and
compille these data to produce water-use information aggregated at
relevant hydrological and administrative boundaries. Every five years,
compile and disseminate the nation’s water use data for the main water
use categories.

Develop a unified approach for collecting and organising water use

information.
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A national water data repository?

Establish a national water data repository

Data Valuation - Explore common costs associated with data collection and the impact
of different data purposes on its attributes and value.

Quantify, document or communicate the value of open, shared and integrated water

#CSIR
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Research and Innovation Data

Used to innovate and create more efficient and higher impact

decisions.
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Regulatory Data

Used to determine if organizations are in compliance with

regulations.
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Operational Data

Used on a regular basis to inform day-to-day operations.
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Broad Temporal/Spatial Decision-Making Data
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Potential
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Used to inform policy, investment, management, and decision

support systems.
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How can hydrological models be adapted to be able to extrapolate to changing conditions,
including changing vegetation dynamics?

How can we disentangle and reduce model structural/parameter/input uncertainty in
hydrological prediction?

How can we improve SA hydrological model to better represent processes?

Which key hydrological processes are not properly represented in the Pitman and the ACRU
models?

Update the Pitman model to better represent key identified hydrological processes.
o Update the ACRU model to better represent key identified hydrological processes

. y;
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How can the (un)certainty in hydrological predictions be
communicated to decision makers and the general
public?

What are the synergies and trade-offs between societal
goals related to water management (e.g. water—

environment—energy—-food-health)?
Y
) CSIR
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Hydrologic Sciences is extending into new territories
We must integrate with related sciences and embrace other (sub) disciplines
Systematic attention to the importance of hydrologic science in the public policy process

Need of deeper collaboration and communication with colleagues in the social sciences,
including economics, political science, psychology, and sociology.

Deeper discipline knowledge — Research catchments
Enhance communication skills
SANCIAHS (Hydrology COP) to lead the next iteration of the research strategy?

#CSIR
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Money
How big is the research slice?
What are the needs of other disciplines?

People
Where is the next generation of hydrologists?
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