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Abstract: Water resources, particularly in arid and semi-arid regions of the world are of
great concern, as they are closely linked to the wellbeing of humankind. Sophisticated
hydrological prediction tools are required to assess climatic and hydrometeorological
conditions, as they impact the sustainability of water resources as well as water availability.
Research and data collection activities from multi-hydrometeorological sensors (e.g.,
gauges, radars, satellites) form the basis for quantifying the impact of extreme episodes along
the hydrologic phases that manifest in terms of the magnitude, duration and frequency
of floods, droughts and other hydrometeorological hazards that affect water resources
management. A number of hydrometeorological research activities have been reported in the
literature by various researchers and research groups globally. This contribution presents
(a) a review of the hydrometeorology resource landscape in South Africa; (b) an analysis of
the hydrometeorology services and products in South Africa; (c¢) a review of the
hydrometeorological research that has been conducted in South Africa for the last four
decades; and (d) highlights on some of the challenges facing the sustained advancement of
research in hydrometeorology in South Africa.
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1. Introduction

Hydrometeorology is an interdisciplinary field of research that combines knowledge from the
atmospheric sciences and hydrology to study the transfer and exchange of water and energy between
land and the lower atmosphere. This field of research can be seen to exist at the interface of two
well-developed disciplines, meteorology and hydrology. In general, hydrometeorology provides
ever-advancing knowledge about the hydrological cycle, which is an integral part of the wellbeing of
humankind on Earth [1]. The scope of hydrometeorology research is clearly interdisciplinary and
includes analysis of the space-time properties of proxy parameters such as precipitation, maximum
precipitation amount, minimum and maximum temperatures and their influence on river systems and
dams. In this regard, this field of research is concerned with a broad understanding of the complex
interactions between weather and the water resources of the earth [1]. It is worth mentioning that
water is one of the most common substances on the surface of the earth, with a total volume of
~1,386,984 x 10° km? in various storage locations or reservoirs, as depicted in Figure 1.
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Figure 1. Percentage composition of total water in various reservoirs.

Water is cycled between each of the reservoirs through the hydrologic cycle - the movement of water
among ocean, biosphere and atmosphere. The theory behind hydrological processes has been
documented by various researchers; for example, see articles by [2—6]. The flow chart in Figure 2 depicts
a simplified process of water transfer between the land, oceans and the atmosphere. The actual
hydrological process is, however, very complex and requires an in-depth understanding of how each
process interacts with the others, energy transformation between the different water phases (e.g., solid,
liquid and gas), movement and distribution of water on Earth and consequently their effects on water

resources [7].
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Figure 2. Schematic representation of hydrologic cycle. Adapted from [2].

Hydro-met extreme events such as storm rainfall, floods, drought, avalanches, hails, etc., have the
potential to cause economic damage, social disruption and even loss of human life worldwide [8]. Such
extreme events are of great concern as they have severe impacts on socio-economic development
e.g., causing significant damage to agriculture, ecology and infrastructure as well as disruption of human
activities, injuries and loss of life [9]. Increases in the magnitude and frequency of high rainfall events
may lead to an increase in frequency of flood events, landslides, soil erosion, accumulation of silt in
dams, inundation of lowland areas and aquifer recharge due to rising water tables [10]. According to the
reports presented by the Intergovernmental Panel on Climate Change [11], there is clear evidence that
the number of weather and climate extremes, warm spells or heat waves and heavy precipitation has
increased globally since 1950, though large regional differences also exist. Changes in some of the
extreme events have been linked to anthropogenic climate change drivers. These anthropogenic
manifestations are often in the form of global warming of extreme daily minimum and maximum
temperatures at a global scale [11]. All these factors pose a serious concern to various communities,
globally and at the regional level. For instance, the possible collapse of small dams and reservoirs due
to extreme precipitation is likely to increase (in the future), putting the lives of hundreds of thousands of
people in South Africa already settled on floodplains in danger [12]. Furthermore, global warming
produced by anthropogenic emissions of greenhouse gases is likely to impact the water cycle at scales
ranging from global [13] to local [14].

Extreme weather and climate events have received increased attention recently due to increasing costs
associated with their occurrence [15]. In particular, various studies have focused on variability and trends
in extreme weather and climate events with the aim of understanding the observed trends.
For example, using daily rainfall records at 125 stations, [10] analyzed trends in heavy rainfall, total
rainfall and number of dry days in Australia, for the period of 1910-1990. The authors reported
increasing trends in heavy rainfall and total rainfall during both the summer half-year and winter
half-year across the country except in the far southwest Western Australia and inland Queensland.



Water 2015, 7 1583

A reduction in the number of dry days in both halves of the year was also observed across the
country except in the far southwest part of the country and at a few stations in eastern Australia.
In [16], Osborn ef al., analyzed daily precipitation data from 110 United Kingdom (UK) stations over
the period 1961-1995 to assess intensity distribution of the precipitation amounts in the UK. The authors
observed a decline in daily intensity of precipitation in light and medium events as well as an increase
in the heaviest events during winter. The observed change was reported to be fairly uniform across the
country and apparent even when older data are analyzed dating back to 1931 or 1908. The reserve was
observed in summer, indicating a decline in the proportion of the seasonal total in the heaviest events.

In [17], Brunetti ef al., analyzed 45 daily precipitation records covering over 120 years (1880-2002)
in Italy to investigate changes in the daily precipitation frequency and distribution in the country. The
authors observed a persistent negative trend (since the end of 19th century) in the number of wet days
across Italy, ranging from —7% per century to —15% per century, with the greatest contributions to yearly
trends originating from spring and autumn. An increasing positive significant trend in precipitation
intensity in the northern regions of the country was also observed. The authors attributed the increase in
precipitation intensity to a decrease in the contribution of low precipitation categories to total
precipitation and to an increase in that of higher categories corresponding to heavy precipitation events.
Clearly, the studies reported in [10,16,17] relate to the 20th century hydrometeorology research on
Australia, UK and Italy respectively. The hydrometeorology of sub-Saharan Africa has been demonstrated
by numerous studies [18-22]. In [19], Conway et al., used river basin rainfall series and extensive river
flow records from nine major international river basins to characterize spatial and temporal variability
in sub-Saharan African water resources over the period 1931-1990. The authors observed a substantial
variability in rainfall and river flows between 1931-1960 and 1961-1990 in West Africa. On decadal
time scales, sub-Saharan Africa was reported to exhibit drying across the Sahel after the early 1970s,
relative stability disrupted by extreme wet years in East Africa, and periodic behavior underlying high
inter-annual variability in Southern Africa.

The increased attention to extreme weather and climate events raises numerous worldwide
questions. For example, it is unclear whether these extreme events are truly increasing, society as a whole
has become more vulnerable to extreme weather [23] or it is only a perceived increase aggravated by
enhanced media coverage, or some combination [15]. The biggest obstacle that limits assessment
of weather and climate events and quantifying whether these events have changed over the
20th century either globally or on regional scales is the lack of long-term hydro-met data [24].
In particular, a number of countries suffer from poor distribution of hydro-met observation networks
(in terms of both density and coverage).

The goal of the present review is two-fold. Firstly, the hydro-met research landscape in South Africa
is not exhaustive in spite of important scientific and socio-economic applications. Rather, various
hydro-met research activities are embedded in established research niches like climatology,
meteorology, agrometeorology, and hydrology. In this contribution, we review a number of research
initiatives that directly or indirectly fall under hydrometeorology. Through such a review, we hope to
illustrate the scope and current baseline research in hydrometeorology in South Africa. Secondly,
hydro-met data and products are not readily available in pre-processed and uniform formats. For
example, the available hydromet data sets are often in raw format and in various file formats. While we
understand that various institutions like the Water Research Commission (WRC), Council for Scientific
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and Industrial Research (CSIR), Department of Water Affairs (DWA), University of Kwa-Zulu Natal
(UKZN) and South African Weather Service (SAWS) continue to provide some hydro-met products,
these products are provided in various file formats and archived in databases that are not sufficiently
accessible to the scientific community. This review attempts to investigate the current hydro-met
research landscape and assesses various factors that influence hydro-met research in South Africa. As a
result, the present review contributes to understanding the state of hydro-met research activities and
overall initiatives in South Africa.

2. Spatial Extend of Hydrometeorology in South Africa

Hydrological processes of a given region are often understood through studying river basins. For
instance, observed hydro-met variables in selected river basins may be used to evaluate the ability of
models to characterize hydrological processes that are linked to extreme weather events such as drought
and floods [25]. South Africa contains 22 major rivers, 165 large dams, more than 4000 medium and
small dams on public and private land, and hundreds of small rivers [26]. The four largest river basins
in South Africa in descending order are Orange, Limpopo, Komati and Olifants. Table 1 details some of
the characteristics of these river basins.

The four river basins are international river systems as they are shared among different southern
African countries. They cross and form borders between riparian countries, simultaneously acting as the
largest water resources in countries and regions classified as semi-arid and subjected to increasing water
stress. These shared-water basins hold tremendous potential for various natural resources, including
cross-boundary hydropower production, larger scale multi-country irrigation schemes, inter- and
intra-country navigation, joint inland fishering development, joint water supply sources utilization,
environmental protection, wild life conservation, recreation and eco-tourism development, etc. [27].
River basins are often characterized by their tributaries (small rivers flowing into a larger river),
watershed (an area of highland surrounding the river basin), confluence (where a river joins another
river), source (the start of a river) and mouth (where a river meets the sea or an ocean). Most of these
rivers and their surrounding catchment areas are equipped with hydrometric gauges and water level
sensors used to monitor runoff, water quality and other parameters that are useful in conservation of
water resources. The DWA maintains an up-to-date online database of runoff information for monitoring
hydrometric gauge stations found within South Africa [26]. The department continuously collects water
samples and analyses to assess the quality of the water resource and its suitability for use [28].

Table 1. Physical description of the most common river basins in South Africa. Source: [29].

Total Catchment  Basin Area Mean Annual
River No. of Riparian No. of Dams Storage Capacity
Catchment Area in % Rainfall Volume
Basin Countries in SA 10 ¢ (m%)
Area (km?)  SA (km?) in SA (10° m®)

Orange 4 964,000 563,900 254 24 11,200 12
Limpopo 4 414,800 183,500 45 26 5,750 12
Olifants 2 54,570 9 2,400

3

Komati 50,000 29,200 62.5 22 3,600
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3. Hydrometeorological Services and Products
3.1. Hydrometeorological Services in South Africa

According to the World Meteorological Organization (WMO), hydro-met activities play an essential
role in the safety and welfare of humanity. The WMO is an intergovernmental organization established
in 1950 and currently composed of 191 member countries and territories. South Africa is one of the
member states of the WMO and receives support and guidance from the agency in activities related
to hydrology and water resources problems in the context of socio-economic development and environmental
protection. The main emphasis is on international exchange of experience and technology, the
international dissemination of hydrological information, forecasts and warnings, and raising public
awareness of the socio-economic and environmental significance of water. In line with WMO requirements
and guidelines, SAWS has been running hydro-met activities since the mid 1990s, supported by various
WRC-funded projects. The most current hydro-met projects conducted by SAWS include: (1) implementation
of a hydro-met modelling system (South African Flash Flood Guidance (SAFFG)) to model potential
flash floods based on satellite or radar rainfall estimates, soil moisture and runoff modelling; (2) development
of a seasonal river flow forecasting system for South Africa; (3) development and implementation of a
radar- and satellite-based Quantitative Precipitation Estimation (QPE) system to approximate the amount
of precipitation that has fallen at a given location or across a specific region; (4) support for the DWA
Flood Room through a dedicated flow of relevant information and forecasts necessary for flood warning
activities and the River Forecasting System in the Vaal-Orange river system, operated by DWA.

Almost all of these projects are funded by the WRC of South Africa, an organization committed to
promoting a better quality of life for all through funding fundamental water research, growing scientific
capacity and disseminating knowledge to various important stakeholders. Its funded projects directly
address the country’s water challenges by investigating new technologies and methods to enhance water
and sanitation supply, supporting policy and legislation and providing much-needed guidance to
implementers. The South African WRC funds research projects covering, for instance, all aspects of the
hydrologic cycle, including water resource management, aquatic ecosystems, water use and waste
management, the use of water in agriculture, and issues like climate change that may affect the country’s
water resources in the future. The WRC works hand-in-hand with the DWA in formulating provincial
strategic plans to support service delivery for various hydrological activities (e.g., weather and climate)
through the Directorate of Hydrology. This Directorate is, among other things, responsible for the
operation of a Flood Room, which in turn is responsible for issuing flood warnings in the Orange-Vaal
River systems as well as management of the Vaal Dam and other dams in this system. The DWA
provides various products and services, e.g., daily flows, dam level and rainfall information; weekly
state of dams; river flow modelling for river floods; river flood warning; provincial rainfall trends; flood
management; water resources management; and many others.

The CSIR, through their Water and Human Health Groups, contributes to dealing with challenges in
the water sector through a variety of research that focuses on the assessment and management of water
resources to ensure an optimum supply of quality water to the users while ensuring the integrity of the
resource base. In particular, the CSIR research groups focus on, among other things, quantification and
characterization of groundwater to supply sustainable development; assessment of aquatic ecosystem
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processes, management, and protection; and usage of the National Water Resource Classification System
to classify water resources and to facilitate a balance between protection and use of the nation’s water
resources. The UKZN has also been involved in leading water-related and hydro-met research in South
Africa. Their home groomed model (Agricultural Catchment Research Unit or ACRU) has been used
and verified on data from South Africa, Swaziland, Zimbabwe, Germany and the United State of
America (USA) [30,31], Canada [32,33] and New Zealand [34,35]. The ACRU model has since been
used for agrometeorogical and hydro-met forecasting purposes as well as for impact assessment studies
(e.g., runoff modelling), as in [36,37]. The UKZN research group and their collaborative partners have
undertaken various case studies using the ACRU model as an Installed Hydrological Modelling System
(IHMS) on numerous river catchments across KZN and nearby provinces. Examples of such studies
include: (1) Indicators of hydrological alteration for assessing environmental flows for highly variable
rivers; (2) Planning for the environmental reserve of the Mkomazi catchment and (3) Meso-scale
indicators of water poverty in the Thukela catchment, South Africa, under baseline land cover conditions.
For detailed information on these case studies, the reader is referred to [38] and references therein.
Examples of other institutions (research & academic) indirectly contributing towards hydrometeorology
services include the Agricultural Research Council (Institute for Soil, Water and Climate), University of
Pretoria (Department of Geography, Geoinformatics and Meteorology), Rhodes University (Department
of Environmental Science), University of Free State (Faculty of Natural and Agricultural Sciences),
University of Cape Town (Department of Environmental and Geographical Science).

It is important to note that hydrometeorology research in South Africa is in its infancy, yet there are
a plethora of studies linked to hydrometeorology that have existed for a number of decades. These studies
were conducted by small research groups that existed within established disciplines. The studies have
contributed to hydrometeorology services in South Africa nonetheless. Additionally, the role of the
private sector (i.e., through private research initiatives from companies) cannot be ignored. In particular,
the public and private partnership geared towards tackling adverse effects of climate change is one of
the key areas where hydrometeorology services could be attained.

3.2. Products and Applications

There are various hydro-met products that can be derived from a typical hydrometeorology station.
Precipitation (amount and duration) describes the water that falls to the earth surface from the
atmosphere in either liquid or solid form. Thus precipitation includes rainfall in liquid form or snow,
sleet, and hail in solid form. Precipitation data are the most important data used in hydro-met analysis as
precipitation forms the foundation for runoff generated in catchments and sub-catchments.
Evapotranspiration of surface water from seas, oceans, rivers, lakes, dams, catchments, etc. as well as
from plants, vegetation and trees are other important variables or products derived from hydro-met
observations. In particular, evaporation is one of the primary inputs to catchment rainfall runoff models
and is hence also used to determine water losses from wetlands, reservoirs, and aquifers and the water
requirements of crops under irrigation. Other products derived from hydro-met observations include
temperature, atmospheric pressure, humidity, solar radiation, stream flow, water levels (surface and
groundwater), wind speed and direction, horizontal visibility, soil moisture content, lightning,
vegetation cover, efc.
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Data derived from hydro-met observations form the basis for knowledge, decision making and actions
in fields such as water management, agriculture, energy, aviation, transport, risk management, etc. Water
resources planning and management is currently a challenge to the South African community. South
Africa is facing scarcity of water resources, the most challenging of constraints known to influence
economic growth, social justice and ecological integrity in various developed and still developing
countries. Approximately 40% of the world’s population in over 80 countries experience water
scarcity [39]. In addition, rapid growth in population, urbanization, agricultural activities, industrial
development and natural occurrences (drought) have also contributed to the increased demand for water
resources in various parts of the world, leaving water resources planners to continually look for
additional sources of water to supplement the limited resources available to their regions.

The Department of Water Affairs and Forestry (DWAF) in South Africa has developed a National
Water Resource Strategy (NWRS) to address the management of water resources to meet the development
goals of the country [40]. The NWRS is tasked, among other objectives, with identifying areas of the
country with limited water resources and constrained development, as well as development opportunities
where water resources are available. Three possible issues have been identified as the main factors
affecting South African water resources management. Firstly, the national conditions and low rainfall with
high evaporation rates create low availability of runoff. The second main factor leading to greater water
demand and possible scarcity of water resources involves population growth, economic development and
pollution. Thirdly, the policies related to management of water resources often determine the procedure
used by relevant authorities when managing resources and directly impacts other driving forces and pressures.

In South Africa, regions situated in the south-eastern coast receive high rainfall while the western and
interior regions of the country are arid and semi-arid. The quality and quantity of water change as a result
of seasonal and intra-annual rainfall changes, particularly in rivers [41]. Thus the availability of water is
limited during the dry season due to South African river flow being low for much of the year, with
periodic high flows. Climate change, a natural cycle whereby climate changes to accommodate the
energy received from the sun, has been reported to exhibit a huge impact on water resources [42—46].
One of the most important impacts of climate change as reported in the literature is on hydrology, which
results in changes in river flows and regional water resources [47], making it difficult to estimate river
runoff. Climate change is expected to reinforce the global hydrological cycle, leading to an increase in
many impacts on regional water resources. It has also been projected that climate will have prominent
effects on the available runoff. For instance, a change in the total amount, frequency and intensity of
precipitation will directly affect the amount and timing of runoff and intensity of floods and
droughts [48]. Climate change is also believed to increase water stresses by decreasing runoff in areas
such as Southern Africa, whilst runoff decreases in other parts of the world [49]. In particular, due to climate
change related to reductions in the frequency of rainy days [50] and a later onset of the rainy season
during spring [51], South Africa is expected to become wetter in the east and drier in the west,
particularly during the December—February period [52].

4. Review of Hydrometeorology Research Studies in South Africa

Numerous studies on applications of hydrometeorology observations dating back almost four decades
have been presented by various researchers and research groups in the literature. For example, using
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available rainfall data for all recording stations in Kruger National Park, [53] compiled a rainfall map
for the region and investigated the cyclic nature of the annual rainfall as well as the rainfall distribution
within the cycles. The author found that the rainfall statistic for Kruger National Park confirmed the
recurrent cyclic nature reported earlier by [54]. Annual rainfall totals and intra- and inter-annual rainfall
variability trends from 1970 to 2000 were analyzed by [55], using rainfall records from 13 stations along
a latitudinal and altitudinal gradient in the KwaZulu-Natal Drakensberg foothills east of the escarpment.
In these studies, the authors detected a significant spatial trend in annual rainfall variability with a mean
annual rainfall in the Drakensberg attributed to altitude, distance and the location to the eastern side of
the Drakensberg escarpment. Furthermore, rainfall in the KwaZulu-Natal Drakensberg foothills was
reported to display intra- and inter- annual variability not necessarily influenced by altitude or the
relation to the escarpment.

In [12], Mason et al., investigated changes in extreme rainfall events in South Africa using
rainfall data from 314 stations across the country for the period 1931-1990. In this study, significant
increases in the intensity of the extreme rainfall events between 1931-1960 and 1961-1990 were identified
over about 70% of the country. In addition, the intensity of the 10-year high rainfall events was found to
have increased by 10% over large areas of the country except in parts of the northwest as well as in the
winter rainfall region of the southwest. In [56], Roy and Rouault used hourly precipitation data from
1998 to 2007 across 102 stations in South Africa to analyze trends in extreme hourly precipitation events.
Results included predominantly positive trends during summer, with the strongest trends concentrated
in the coastal areas in the southeast. Reversed spatial variations in the trends during the winter season
were also reported, with observed negative trends in the coastal areas and positive trends in the interior.

In [57], Reason et al., investigated inter-annual variability of dry spells frequencies, dry and wet spell
characteristics and onset dates of the austral summer rainy season over the Limpopo region of northern
South Africa. Results included that summer dry spell frequency and onset were related to ENSO via
changes in regional circulation. In particular it was reported that Nifio 3.4 sea surface temperature
anomalies appeared to exhibit a relationship with dry spell frequency during the analyzed period of
1972-2002. In addition, anomalies in onset date of the rainy season during 1979-2002 were found to be
inversely related to Nifio 3.4 sea surface temperature, with the relationship strengthening after 1986.
Studies by [58] used precipitation data from 11 South African regions to investigate periodicities, ENSO
effects and trends in rainfall series for the period 1900-1998. The author found that 8 regions had
maximum precipitation in the austral summer months whilst the remaining 3 had the maximum in
autumn and winter. In addition, annual values were reported to exhibit significant year-to-year
fluctuations (e.g., 50% to 200% of the mean) while five-year running means depicted long-term
fluctuations (75% to 150% of the mean). The relationship between El Nifio Southern Oscillation (ENSO)
and South Africa austral winter rainfall was analyzed in [59] by Philippon et al., using a 662-rain-gauge
daily rainfall database documenting the period 1950-1999. The findings were that the May, June and
July seasonal amount depicted a positive correlation with the El Nifio 3.4 index that became significant
since the 1976/1977 climate regime shift.

In [60], Dollar and Rowntree investigated hydro-climatic trends, sediment sources and geomorphic
response in the Bell River catchment in the Eastern Cape Drakensburg of South Africa. In this study no
evidence for progressive long term change in the rainfall pattern for the catchment was detected, but
annual and seasonal rainfall cycles with variance peaks occurring every 16—19 years were reported.
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Based on these results the authors suggested that flood events following years of below average rainfall
may cross the threshold limit for channel stability, which is often followed by a major flood event after
sustained low rainfall periods. In [61], Grenfell and Ellery investigated the impact of stream-flow on
sediment transport and geomorphology of the Mfolozi River in South Africa and found that sediment
transport variability occurred at the intra- and inter-annual scale. Further analysis of mean monthly
sediment concentration and discharge were found to show a hysteresis effect, suggesting that sediment
concentration peaked prior to discharge in the early wet season. Low sediment concentrations were
reported on the peak discharges during the late wet season.

5. Key Challenges of Hydrometeorology Research and Recommendations

This contribution takes into account the fact that hydrometeorology research focus groups exist across
the world, suggesting that this research field indeed plays an important role in the wellbeing of
humankind. In addition, most hydrometeorology studies reported in the literature are done in Europe,
the US, China and other internationally involved countries, focusing all the impacts of weather and
climate events in their regions. In particular, most of these countries have implemented several programs
and activities that deal with the study of hydrometeorology of extreme events and mitigation of their
effects. In addition, many of these countries (e.g., USA, Australia, Canada, England, India, Russia,
Scotland, efc.) have established an operational hydro-met capacity to assist with forecasting and
warning, as well as informing the public of possible heavy rain, floods, droughts, etc. In contrast,
hydrometeorology research in Africa (in general) and South Africa (in particular) is still in its infancy.
There are a number of compounding factors that contribute to this state of affairs. Firstly, there is
currently a big gap in Africa in terms of spatial distribution of stations involved with hydro-met
observations. Most of the stations are spread out and clumped in the Northern and Southern Africa. As
a result, Africa has a very irregular network of hydro-met stations needed for comprehensive
hydrometeorology research.

In South Africa most of the sites either have no hydro-met data sets or the sites have collected
incomplete data or only selected a few variables of interest. Even if there are weather stations run by
private organizations or farmers, there is no guarantee that the gathered data are shared with the public
regionally or nationally. This obviously creates data gaps at multiple levels and limits hydrometeorology
research activities in the country. This review associated the research gaps with various factors,
including, among others, poor distribution of the hydro-met observation network, limited access to
hydro-met data and products, and inadequate research groups and institutions conducting hydro-met
research. Additionally, the hydrometeorology research support base (financially) is limited. In line with
these limitations the following is therefore suggested: an advanced method to fill in network gaps by
expanding hydro-met observations network; advanced methods of filling data gaps by using ground
observations, reanalysis data and satellite data; establishing or upgrading the database management
system for easy access to hydro-met data in an appropriate format; and increasing partnerships and
collaborations between national and international research and academic institutions in various
hydrometeorology activities to promote sharing of knowledge and experience. In addition, it is important
to access historical weather and climate data, as it can be used to efficiently manage water resources.
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6. Conclusions

Accurate prediction of hydro-climate extremes is vital to society, as it contributes to timely
preparation for and mitigation of disasters. Human and economic losses that often result from natural
(weather and climate related) disasters such as storms, heat/cold fronts, floods and droughts could be
reduced if governments (and regional) organizations were capable of providing comprehensive
hydrometeorological services at appropriate lead times. A robust and functional hydrometeorological
system is therefore critical for disaster risk mitigation, preparedness and response. This review attempts
to unravel the status quo of hydrometeorology research in South Africa. While research fields such as
hydrology, climatology and meteorology have received considerable interest (albeit from few research
institutions), hydrometeorology research remains non-exhaustive. This conclusion is based on (a) a
critical analysis of hydrometeorological services and products and (b) a review of the actual
hydrometeorology research activities. Both perspectives point towards the lack of a functional
hydrometeorological system. A robust hydrometeorological system ought to exhibit two main tenets:
(a) established best practice hydro-met and weather hazard monitoring and early warning system, which
can be established through advanced application of hydro-met technologies and data; (b) succinctly
strengthened hydrometeorological services and products through investments. Without a clear
hydrometeorological system, we are compelled to conclude that hydrometeorology is still in its infancy.
While this statement might seem far-fetched to many colleagues who have been involved in
hydrometeorology research in South Africa dating as far back as 1970s, the reality is that at present,
progress in this interdisciplinary research field is dormant. The authors take this extreme view for a
number of reasons. Firstly, South Africa has a very poor network of hydro-met stations i.e., gauged
stations dedicated to hydrometeorology research. The existing stations either have numerous data gaps
or unsuitable temporal resolution of data records. Second, there are very few hydrometeorology experts
in South Africa. We say this due to the small number of institutions that actively participate in
hydrometeorology research. Further, the number of hydrometeorology publications from scientists
based in South Africa is very low. A survey of the literature corroborates this fact. There is clearly
a lack of active research activities which cover the whole spectrum of hydrometeorology research
i.e., observations, modelling and prediction. Only one institution (i.e., UKZN) has been actively involved
in this field of research. Third, there is no single program at academic universities that is dedicated to
hydrometeorology. Instead, many of the hydrometeorology activities are implied and embedded in
traditional study programs. In conclusion, provision of decision support information on weather, climate
and water resources allows society to be prepared for and responsive to hydrometeorological threats. In
the context of South Africa, such a decision support system (i.e., the hydrometeorological system)
should be envisioned by all stakeholders, including governments and private organizations. The
hydrometeorological system should be able to provide effective hydrometeorological data and services
that meet the needs of the general public, emergency services and other specialized users. The
hydrometeorological system ought to have the following salient characteristics:

(a) An effective hydrometeorological extreme events warning service network and database in order
to provide appropriate and timely services and products;
(b) Strengthened institutional capacity development;
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(¢) Cooperation among national, regional and international organizations in order to carry out

research related to hydrometeorology and water resources.
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