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Abstract. This paper represents a perspective on the ed-
ucation and training needs related to hydrology and water
resources science within the sub-Saharan Africa region and
discusses the requirements of the region, some of the rela-
tively recent developments and initiatives and some of the
constraints that exist and remain difficult to surmount. The
requirements include the development of academic research
capacity and technical skill for both the private and public
sector at a variety of levels. Some of the constraints that
exist include a lack of adequate funding, lack of follow-up
after short training courses, lack of institutional support to
continue training, and competition for major water resources
development projects from organizations outside the region.
One of the main conclusions is that to sustain both edu-
cational and practical expertise in hydrology and water re-
sources science within the region there is a need to build
a “critical mass” of local expertise. Part of this could be
achieved by increasing networking within the region and pro-
moting the sharing of information, tools and expertise. There
is also a need to promote institutional support.

1 Introduction

There have been a number of relatively recent publications
that have questioned the way in which hydrologists are ed-
ucated within the various educational institutions around the
world (Nash et al., 1990; Salz, 1996; Wagener et al., 2007,
2010). Most of these publications refer to the diverse dis-
ciplinary backgrounds from which hydrologists originate, as
well as the diversity of problems that need to be solved if
hydrologists are to contribute to improved management of
water resources. While hydrology is recognized by most as
a geoscience, it has been dominated in the past by contri-
butions from hydrologists who have a background in civil
engineering (Muzik, 1996) and has been largely driven by
the need to solve engineering problems. It is becoming

increasingly evident that the demands on hydrologists are
changing as they are required to understand the complexities
of the global water system within an interdisciplinary frame-
work (Wagener et al., 2007), but continue to develop their
own discipline as a science (through improved conceptual
understanding) and for applications in practice (through im-
proved prediction methods). Some of the identified problems
are related to diversity in the teaching and training material
that is used and a lack of consistency that could be hinder-
ing the advance of hydrology as a science (Wagener et al.,
2007). The dichotomy of the development of hydrology as
a science and its practice, as either an applied science or an
engineering sub-discipline, is also seen as limiting the appli-
cation of research results in practice (Nash et al., 1990). Most
of the background material that was used for these publica-
tions appears to have been derived from educational insti-
tutions in the developed world which generally have access
to adequate resources in terms of educators (lecturers and
post-graduate supervisors), text books and journals, as well
as computer and laboratory facilities. Hence the focus is on
the development of curricula, appropriate teaching material
and instructor awareness of emerging trends in hydrological
science. There are many educational facilities in the develop-
ing world where access to such facilities cannot be taken for
granted and where there are additional challenges associated
with creating an enabling environment for educating the fu-
ture generation of hydrological researchers or practitioners.

There can be little doubt that the future economic and so-
cial development of sub-Saharan Africa relies to a large ex-
tent upon the sustainable management of the water resources
of the sub-continent (Grey and Sadoff, 2002). Chapter 3
in the Africa Water Atlas (UNEP, 2010) refers to 9 “Wa-
ter Challenges and Opportunities” which includes such is-
sues as access to safe drinking water and sanitation, water
for food security and managing water under potential threats
related to global climate change. The final challenge referred
to is “enhance capacity to address water challenges” and is
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premised on the lack of existing institutional, financial and
human capacities for managing water. The chapter refers to
the main constraints as an “insufficient knowledge base”, no
“effective research and technology base” and “weak institu-
tional arrangements” for the “allocation and management of
water”.

The author accepts that there are many challenges to devel-
oping the hydrological education and research base in Africa,
but does not entirely agree with the UNEP (2010) report that
there is no research or technology base. Recent personal ex-
periences have also suggested that there is a large potential
knowledge base that needs to be encouraged and better or-
ganized so that it can make a greater contribution to water
management in the region and the science of hydrology in-
ternationally. The paper therefore attempts to look at some of
the hydrological education and training requirements for sub-
Saharan Africa (which will overlap with those from other
parts of the world), together with the constraints and some
recent progress that has been made. The main focus of the
paper is on post-graduate education and training (the main
experience base of the author), while it is recognized that un-
dergraduate training needs cannot be ignored.

2 Hydrological issues in sub-Saharan Africa

Many of the issues related to the approaches that can be used
for hydrological analyses and water resources estimation in
sub-Saharan Africa are different to some other parts of the
world. This is largely because of the high variability in space
and time that occurs across the region coupled with the gen-
eral scarcity of hydrological observations and data (Hughes,
2006) and poorly quantified human impacts in terms of ab-
stractions and land use change. Arguably, this is one of the
areas of the world where the concepts of uncertainty anal-
ysis (Pappenberger and Beven, 2006) need to be fully em-
braced as part of both hydrological research (Hughes et al.,
2010) and water resources management practice. A great
deal of uncertainty has always existed in almost all of the
hydrological estimates that have been used for designing wa-
ter resource schemes, or making decisions about allocations
for different users and for sustaining the natural ecological
functioning of water bodies (rivers, wetlands, estuaries, etc.).
However, there do not seem to be very many examples in the
region where the concepts have been applied as part of re-
search, and even fewer where decisions have been taken with
uncertainty explicitly accounted for. The potential impacts
of global change (Andersson, 2006; Lumsden et al., 2009)
and the expanding population (together with the related wa-
ter supply and food security concerns) of the region adds fur-
ther impetus to the necessity of accounting for uncertainties
in the future (V̈orösmarty et al., 2000).

It is apparent therefore that the training requirements (see
next section for further details) of the future generation of
water scientists, engineers and decision makers, worldwide,

should include the principles and methods of making uncer-
tain hydrological estimates and how to deal with them in en-
gineering design and water resources management decision
making. This will almost certainly require a paradigm shift
in the design of teaching, training and research methods and
material. Wagener et al. (2010) summarise the key compo-
nents of the required paradigm shift, but the question remains
about how this can be achieved in poorly-resourced regions
such as sub-Saharan Africa. These regions may have to rely
initially on the development of the required approaches and
materials from countries with greater research and educa-
tional experience and resources (e.g. Yadav, 2007). However,
they will also have to be adapted to the local conditions and
applied within the sub-Saharan Africa regional context (e.g.
Kapangaziwiri et al., 2009). The issue of paradigm shifts in
hydrological research raises one of the key questions about
training and research development in sub-Saharan Africa.
Should the focus be primarily on the application of scien-
tific methods, developed in the past or outside the region, to
water resources management problems that exist within the
region? The alternative is to strive for a better balance and
to encourage innovative scientific developments from within
the region.

3 Training requirements

The background to the training requirements in sub-Saharan
Africa lies in the many water related problems that are expe-
rienced within the region coupled with a small pool of quali-
fied scientists and engineers and a relatively small academic
community reliant upon a limited number of experienced
staff. The first issue that needs to be considered is associ-
ated with aligning the training requirements with the needs
of the region. There is no doubt that the sustainable manage-
ment of water in sub-Saharan Africa requires multi- and in-
terdisciplinary approaches that include specialist input from
a number of natural sciences, engineering, economics and the
social and political sciences. While it may be argued that one
of the failings of the past has been the inability of single dis-
ciplines to come together in a truly multi-disciplinary man-
ner, it should not be imagined that this can be achieved at the
expense of adequate training in the individual disciplines. As
noted by Metzger and Zare (1999) “strong interdisciplinary
programs can only be built in circumstances in which strong
disciplinary programs already exist. It makes no sense to
sacrifice successful disciplinary efforts to appease perceived
interdisciplinary needs”.

From the perspective of the hydrological sciences, it is
necessary to be quite clear in distinguishing between the
training requirements of hydrologists (as scientists), wa-
ter engineers and water resources managers (Kirshen et al.,
2004), despite the fact that they will contain overlapping
components. The author contends that there has been insuf-
ficient clarity in this distinction in the past and that the label
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“hydrologist” has been used too loosely and largely at the
expense of hydrology as a science. This is not a situation
that is unique to sub-Saharan Africa (Nash et al., 1990), but
perhaps the impacts have been felt more strongly in this de-
veloping region because of the relatively small community of
educators and practitioners as well as a strong (and probably
justifiable) emphasis on practical solutions. There is little
doubt that the region needs expertise in all of the individ-
ual disciplines that contribute to integrated water resources
management (IWRM). It is also desirable for the training to
include the broader context of IWRM and the contribution
that the individual disciplines can make to complex multi-
disciplinary solutions.

A further issue related to training requirements is estab-
lishing a balance between academic and practical training,
an issue that might also be referred to as the difference
between a science-based approach versus a more engineer-
ing application approach. The emphasis in the region over
the last few decades has almost certainly been on the engi-
neering approach, partly because many of the students who
have studied hydrology have been enrolled in engineering
departments. More recently there has been a shift toward a
more science-based approach in some university departments
where there are sufficient resources. The region certainly re-
quires expertise in the practical application of hydrological
and water resources analysis methods and this may be con-
sidered to be justification for focusing on the engineering ap-
proach to training. However, there are two additional factors
that have to be considered. The first is that without a sound
scientific background to the various practical analysis meth-
ods (including hydrological models), users are at a disadvan-
tage when it comes to their application in “difficult” situa-
tions, such as many of the completely ungauged catchments
that exist throughout the region. Getting the right results for
the right reasons (Kirchner, 2006) has often been neglected
in practical hydrological modelling, partly because the right
reasons are often not known in data scarce areas. A greater
scientific, rather than mathematical, focus (Hughes, 2010)
on modelling might go a long way towards solving these is-
sues. The second is that if the training does not include the
scientific basis for the methods it will always be difficult to
create a new generation of researchers who can develop new
and improved methods, as well as train the following gener-
ation of both scientists and engineers. Within South Africa
this is already being experienced with relatively few young
recruits to teaching and research groups within universities
and a rapidly aging cadre of experienced staff. However, this
problem is also related to the limited career (small number of
available posts) and remuneration prospects of academics in
the region (referred to in more detail below).

4 Existing resources

There are relatively few universities within southern Africa
that offer either undergraduate or post-graduate training in
hydrology and water resources science (Fig. 1). Many of
these include hydrology as only a relatively small compo-
nent of courses in other primary disciplines (e.g. civil engi-
neering, geography or environmental science). As far as the
author is aware there are only 3 universities where hydrol-
ogy is taught at undergraduate level as a primary discipline
and all of these are located within South Africa. At the MSc
level there are a number of course-work degrees offered, but
many of these are orientated towards water resources man-
agement and less towards the scientific aspects of hydrol-
ogy, or more generally, water resources science. From a
regional perspective, the courses offered through WaterNet
(http://www.waternetonline.ihe.nl– Jonker et al., 2012) are
an excellent example of regional cooperation by many dif-
ferent institutions and include water resources management
and science-based training (Wright et al., 2001).

Some of the universities within the region offer opportu-
nities for research-based MSc and PhD degree training, but
are constrained by funding for student bursaries and a rela-
tively small number of qualified and experienced project su-
pervisors. Recent experiences suggest that the pool of po-
tential post-graduate students is far greater than the exist-
ing capacity (in terms of financial and/or supervisory sup-
port). Between 2008 and 2010 there were two calls for ap-
plications for post-graduate opportunities in the SSAWRN
(Sub-Saharan Africa Water Resources Network) project, a
part of the Carnegie Foundation of New York funded RISE
(Regional Initiative in Science Education) programme (http:
//sig.ias.edu/rise). The two calls offered 26 opportunities for
post-graduate research at the MSc or PhD level. A total of
187 applications were received and the vast majority of these
were qualified to enter one of the four universities (Rhodes in
South Africa, Makerere in Uganda, Okavango Research In-
stitute in Botswana and Eduardo Mondlane in Mozambique
– Fig. 1) that form part of SSAWRN. A more detailed ex-
amination of the backgrounds, educational qualifications and
proposed research topics provided more evidence to support
the contention that most of the training offered in the re-
gion is on water resources management, rather than water
resources science. Relatively few of the students proposed
projects that could be considered to be scientific development
research (19 % in hydrology and 17 % in aquatic ecology),
while many more proposals (64 %) were related to the appli-
cation of existing methods to solve specific water resources
problems.

Apart from the university institutions that are currently
recognized as having some resources and are therefore of-
fering some form of post-graduate training, there are oth-
ers where the potential exists, if some of the constraints can
be over-come. Kyambogo University is situated in Kam-
pala, Uganda (close to the better known and better resourced
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Fig. 1. Universities within continental southern Africa with some involvement in hydrological training and research (Univ. of Mauritius is
not shown).

Makerere University – Fig. 1) and has an engineering depart-
ment in which hydraulics, hydrology and water resources en-
gineering forms part of the 3rd and 4th year curriculum. The
4th year students are required to do a project and out of the
(approximately) 100 students, some 70 frequently express a
desire to do a project in the field of water and sanitation. The
main problem is that they lack basic equipment (computers
and laboratories, etc.) as well as sufficient staff to support
both the heavy lecturing load and student project supervi-
sion. It is therefore hardly surprising that the single perma-
nent staff member in charge of water resources engineering is
not able to develop his own research programme and gener-
ate the publications required to enhance his academic profile.

Kyambogo University is by no means a unique situation
and there are other institutions that have substantial poten-
tial to develop their water engineering and water science de-
partments if some of the capacity and resource constraints
are overcome. The author has discussed similar issues with
young academics who are working in, or soon to return to,
the universities of Botswana, Malawi (Chancellor College)
and the University of Kinshasa in the Democratic Republic
of Congo (Fig. 1). These all represent existing resources that

are not being used to their fullest advantage for the bene-
fit of training hydrologists and water resource engineers and
scientists.

There is little doubt that many of the resources avail-
able for post-graduate training are currently funded, and
were partly initiated, from outside the region. Refer-
ence has already been made to the Waternet and RISE,
SSAWRN programmes, while further examples that are con-
tributing to the development of post-graduates are CLIVET
(Impacts of climate change on water resources and agri-
culture and adaptation strategies in Tanzania –http://
www.geus.dk/program-areas/common/inttz03-dk.html) and
NUFU (through the “Capacity building in water sci-
ences for improved assessment and management of wa-
ter resources” programme –http://espresso.siu.no/projects/
?wicket:interface=:4:1:::). South Africa is probably the
main exception to the dominance of foreign funded students.
While there are some foreign funded South African students,
many more are funded through the National Research Foun-
dation (NRF) or research projects supported by the Water Re-
search Commission (WRC).
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5 Main constraints

The majority of the constraints to the further development of
training and research are related in one way or another to a
lack of adequate funding. While there are a number of op-
portunities for students to obtain funding for bursaries (and
some of them can be used to study within the region), the
majority of these (outside South Africa) are financed from
outside the region. A large proportion of these funding op-
portunities do not support the development of faculty staff
members within the region’s university institutions and only
provide limited funds for the development of research infras-
tructure. One of the main discussion points at research and
training meetings within the region is always the low level
of financial support provided by most of the national gov-
ernments in sub-Saharan Africa. The inevitable result is a
strong reliance on outside funding which is rarely sufficient
to address the related constraints of:

– Relatively low levels of academic remuneration.

– Inadequate staffing levels.

– Inadequate access to equipment and other resources
such as computers, field and laboratory equipment, text-
books and scientific journals.

– Inadequate access to updated teaching material (and not
enough time available to develop them in-house).

– Inadequate support for staff research project develop-
ment.

– Inadequate support for attending scientific conferences.

– Inadequate resources to develop competitive research
proposals for submission to major international funding
agencies.

Figure 2 presents a comparison of national expenditure on
R & D and the size of the research community for a sam-
ple of countries around the world (Blankley and Booyens,
2010). While some countries achieve greater success in at-
tracting people into research for the same input costs than
others, it is immediately clear that South Africa does not per-
form very well on either count. Blankley and Booyens (2010)
also noted that a substantial proportion of the South African
R & D expenditure is derived from the private sector. Given
that South Africa has a higher relative R & D expenditure
than other countries in the region, it is clear that a greater
commitment is required from within the region to enable lo-
cal scientists and engineers to improve their abilities to con-
tribute to solving water related problems. It seems to be rel-
atively easy to mobilise funds for ministerial think-tanks, the
development of policy documents and inter-governmental
discussion meetings on topics such as addressing the Millen-
nium Development Goals and dealing with climate change
threats. Unfortunately, it seems to be much more difficult to

Fig. 2. Comparison of expenditure on R & D and number of re-
searchers (in all fields) based on 2008 data presented in Blankley
and Booyens (2010).

provide local scientists and engineers with the teaching and
research infrastructure necessary to find solutions to some of
these problems. Is it because the governments of the region
do not have sufficient confidence in their own scientists, or is
it because there are too few scientists to “shout loud enough”
and promote their expertise and potential value, or is it sim-
ply because there is not enough political will to support the
development and implementation of locally driven solutions?
In reality, the answer is probably a combination of the above
plus several other disabling factors.

There are also differences within the region in terms of
the number of students who are interested in pursuing ca-
reers in hydrology and water resources. Within most of the
region there appears to be a plentiful source of student in-
terest. However, within South Africa, where there are fre-
quently more resources, it is difficult to attract students to
post-graduate degree programmes and even more difficult
to retain them as future research or teaching faculty mem-
bers. As an example, the RISE, SSAWRN call for propos-
als elicited a response from South Africa of less than 6 %
of the total number that applied. It is frequently suggested
that part of the reason for this is the perception of lower
remuneration offered in academic institutions compared to
other sectors requiring similar or even lower academic qual-
ifications. This is not unique to the water sciences sector
and many science departments in South African universities
have reached similar conclusions. It is difficult to fully deter-
mine whether this is an accurate perception, however, on-line
salary surveys (for example,www.averagesalarysurvey.com,
last access: February 2012) suggest that early career profes-
sionals (4–8 yr experience) with at least a bachelors degree
can expect to earn substantially more in the IT, accounting
and financial, legal, business and engineering sectors than
academics of a similar age group. Given that academic train-
ing includes a number of years with limited student bursary
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income, it is perhaps not surprising that academic careers
are less than attractive to many young people in the re-
gion. In a listing of 64 careers covering more than 900 re-
spondents, university professors were ranked 37th. Aver-
age salaries for all individuals with MSc and PhD degrees
were listed as being 1.8 times the average for university pro-
fessors (www.averagesalarysurvey.com, last access: Febru-
ary 2012). While the results of any salary survey are bound
to be highly uncertain, depending on the profile of the re-
spondents, there are indications that the perception of lower
remuneration levels within South Africa has some foundation
in reality. Attempts to locate similar information from other
countries within the region were not successful. However,
it has been noted that academic posts advertised for South
African science faculty positions frequently attract many ap-
plicants from countries to the north, which suggests that
these positions are attractive to academics in other parts of
the region.

It is possible that the greater interest in post-graduate hy-
drology and water resources studies from countries other
than South Africa is a reflection of the larger number of
job opportunities in other South African sectors compared
to many other sub-Saharan Africa countries. It is also pos-
sible that these differences are related to pre-university edu-
cation conditions, awareness issues and other factors. While
understanding these apparent regional differences could be
important in terms of developing water science capacity to
serve the region as a whole, there is no generally available
and appropriate information that could clarify the situation.

A further constraint to the development of local post-
graduate programmes is the often held perception that it is
better to pursue a post-graduate degree at universities out-
side the region that have more elevated academic reputations.
While this may be an accurate perception, it is difficult for
some of the poorly resourced local universities to compete.
The result is that at least some of the graduates never return to
the region, although the numbers involved and the potential
impact do not appear to have been quantified.

One of the constraints to improved hydrological prac-
tice is the lack of capacity of local water resources man-
agers (mostly employed as civil servants) to adopt new ap-
proaches. This means that even locally developed and ap-
plied research products are rarely used and there is a short-
circuit in the processes associated with translating research
into practice, evaluating the benefits and generating further
research to continually improve both scientific understand-
ing and practical applications. While there are some regional
institutional arrangements for linking research to policy and
applications, their effectiveness in terms of implementation
(rather than policy development) is questionable. For exam-
ple, the SADC (Southern African Development Community)
accepted a report funded by the Water Research Commission
of South Africa (SADC, 2001) that provided a detailed terms
of reference for a project designed to quantify the surface
water resources of southern Africa in an integrated manner.

While the report explicitly addressed one of the SADC Water
Sector regional strategic action plans there were no follow up
actions and the assessment of water resources in the SADC
region continues to be based on regionally fragmented ap-
proaches. Gustard (2002) refers to the need for a greater
emphasis to be given to the process of technology transfer,
follow-up research and training in the use of appropriate soft-
ware tools. While problems of transferring science into prac-
tice are certainly not unique to the developing countries of
the world, the gap is arguably wider in developing countries
due, in part, to communication problems between those in-
volved in research, practice, management and policy devel-
opment, as well as a lack of resources to effect real changes.

The final bullet point at the beginning of this section refers
to the resources required to develop competitive research
proposals to international funding agencies. A further is-
sue is that the structure of many of the funding calls of-
ten fosters north-south cooperation (e.g. between European
or North American and sub-Saharan Africa institutions), but
rarely fosters south-south cooperation. Many sub-Saharan
university departments or research institutes do not have the
resources, or administrative support, to navigate the com-
plex procedures required to submit proposals to (for exam-
ple) the European Union, and are therefore highly reliant
upon their more experienced European or North American
partners. The result is that many institutions in sub-Saharan
Africa are aligned with partners from outside the region and
find themselves competing against other institutions within
the region. While competition for funding is not unique to
the sub-Saharan Africa region and is a necessary part of al-
locating research funds, the lack of resources prevalent in
many of the region’s institutions puts them at a serious dis-
advantage.

The overall result of these constraints is that all of the re-
sources (including human, financial and materials) required
to further develop teaching, training and research in hydrol-
ogy and water resources science are severely limited and
there is a real fear that even the current situation is unlikely
to be sustainable. The retirement of key individuals has the
potential to cause the collapse of an institution’s research
and post-graduate teaching programme if there are no suit-
ably trained and experienced persons to replace them. A
further problem is that the termination of one or more for-
eign funding programmes can result in a substantial decrease
in the number of post-graduate study opportunities – some-
thing that the region can ill afford, given the relatively small
number that are currently available. Just as it appears to be
very difficult for many of the countries of sub-Saharan Africa
to emerge from the real (socio-economic) poverty gap, so it
is equally difficult for them to emerge from the “research”
poverty gap.

An analysis of the results of a SCOPUS (http://
0-www.scopus.com.wam.seals.ac.za/home.url, last access:
14 February 2012) search using “hydrology and Africa” in
document titles, abstracts and keywords revealed that the
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majority of the contributions have been made from outside
the region. A total of 804 authors are listed in the search
results, 468 of them having contributed 5 or more publica-
tions. 76 % of the authors with greater than 5 “hits” are affil-
iated with institutions based outside the region (dominated by
France, UK, Netherlands, Denmark and USA), while 68 % of
the remainder are affiliated with South African institutions.
The picture does not change very much if all the authors
are included (79 % outside the region and the remainder still
slightly dominated by South Africa). While there are many
different ways in which publication databases can be anal-
ysed, it is abundantly clear that scientific contributions to hy-
drology in Africa do not primarily originate from African
institutions.

6 The way forward

While the previous section has painted a somewhat gloomy
picture of the situation in the region, there has been signif-
icant progress in recent years that has resulted in more re-
search activity, specifically at the post-graduate level. The
example of the success of WaterNet (Jonker et al., 2012)
has already been referred to, and while primarily focused
on MSc level training has generated a large number of stu-
dents who are more than academically prepared to take on
the challenges of a PhD research programme. The Carnegie
funded RISE project (http://sig.ias.edu/rise), that is support-
ing more than 20 PhD and MSc students from some 10 coun-
tries in Sub-Saharan Africa through the SSAWRN, has also
been referred to. A more recent example comes from the
Ethiopian Institute of Water Resources (EIWR), launched in
2011, which has enrolled 18 PhD and 24 MSc students work-
ing on projects related mainly to drinking water, food secu-
rity and hydroelectric energy (A. Viglione, personal commu-
nication, 2012). From the perspective of the development of
scientific hydrology in the region, it is perhaps unfortunate
that the focus of many of these student projects is on wa-
ter resources management issues. However, the author also
recognizes that this is perhaps inevitable and appropriate in
a region where there are many water management problems
that require urgent solutions.

The critical issue is therefore to find ways in which this
progress can be sustained as well as removing some of
the barriers that might be preventing even greater progress.
There needs to be a concerted effort to pool the available
resources and encourage the development of a critical mass
(of facilities, human capacity and financial resources) that
will contribute to a sustainable future. Given the overall
socio-economic status of the countries in the region, and
the fact that this seems unlikely to improve substantially in
the near future, it will always be necessary to rely to a cer-
tain extent on support from outside the region. This issue
has been recognized by many groups including the African
Renaissance Institute of Science and Technology (ARIST –

http://www.arist-edu.org/) whose objective is “to foster the
transformation of Africa through education, research, inno-
vation, entrepreneurship, and community outreach”. The real
issue is therefore how can outside assistance be used to ef-
fectively develop sustainable local capacity? The ultimate
objective must be to create a situation where African water
science and engineering groups can compete or collaborate
on equal terms with their colleagues from more developed
countries. What should be avoided is some type of scien-
tific colonialism, where the outside organizations remain the
dominant force.

There are many instances where major development
projects in the region are undertaken by outside (the region)
consulting companies, sometimes with local partners and a
training component, but quite frequently without. Some or-
ganisations in the region have referred to the lack of follow-
up activities once the initial training of local partners has
taken place. This type of approach rarely develops effective
capacity in research or practice within locally based institu-
tions. Part of the reason for favouring outside consultants
may be related to the lack of available local expertise, or the
lack of awareness of the existence of local expertise and the
lack of capacity of local qualified staff to bid for such con-
tracts. The problem could also be related to assumptions by
politicians that experts from developed countries are more
skilled and can provide better solutions than local scientists
and engineers.

There is little doubt that networks of potential collabora-
tors in research, training or practice are not fully integrated
in sub-Saharan Africa. While there are a number of differ-
ent collaborating groups (collaborating with each other and
with organisations outside the region), they are often not
very extensive, tend to be rather exclusive and often com-
pete for funding opportunities with each other. WaterNet
(Jonker et al., 2012) represents an exception to this situa-
tion, is designed to be more inclusive and has played a ma-
jor networking role in recent years. However, there remain
other groups that are not part of existing areas of coopera-
tion and appear to experience difficulties in “breaking in”.
While the concepts behind establishing “centres of excel-
lence” (not necessarily located in a single geographic loca-
tion) may be sound, in practice they tend to favour those in-
stitutions that already have capacity at the expense of those
that do not. This situation tends to be counter-productive
when it comes to developing the capacity in the region as a
whole. It is inevitable that there will always be some groups
that have experience of working successfully together and
these should be encouraged to continue. However, there ap-
pears to be a need for a broader, non-aligned “umbrella” net-
work that can support established groups as well as encour-
age the development of emerging groups. The intention of
such an umbrella network would not be to exercise control
and add any additional administrative burden, but to add real
value to existing initiatives in an attempt to ensure their sus-
tainability and to make them more inclusive. An umbrella
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network approach might also be used to revive previous ini-
tiatives that were productive in the past but have recently be-
come largely inactive. An example is the UNESCO Southern
Africa FRIEND (Flow Regimes from International Experi-
mental Network Data) programme that generated valuable
regional research results during a 10 yr period up to 2003
(UNESCO, 1997, 2004), but has been largely inactive since
then, partly due to a lack of funding and partly due to the
original partners becoming involved with other projects and
not having the resources to contribute to both.

Lack of access to and awareness of research and teaching
material is often quoted as being a stumbling block for re-
search and developing new teaching programmes. This mate-
rial includes textbooks, or other source material for lectures,
journals and some of the global datasets that research organi-
sations in other parts of the world take for granted. It is there-
fore encouraging that there are several existing and planned
initiatives to improve the access to the material available for
under-resourced universities in developing countries. One
such programme is Research4Life (www.research4life.org),
which is aimed at reducing the knowledge gap by provid-
ing affordable access to critical published scientific research.
In a similar vein, the International Association of Hydrolog-
ical Sciences (IAHS) initiated the Task Force for Develop-
ing Countries (TFDC) some years ago. This programme dis-
tributes IAHS publications free of charge to universities all
over the developing world, including some 28 in Africa.

With respect to teaching resources, a US team of hy-
drology educators have recently initiated MOCHA (Modular
Curriculum for Hydrological Advancement –www.mocha.
psu.edu), designed to share the development of teaching ma-
terial created by a range of experts in specific fields of hy-
drology. This type of resource could become invaluable to
university departments in the sub-Saharan Africa region, par-
ticularly if some experienced lecturers can contribute mate-
rial that has a strong local flavour and relevance. Similarly, a
web-based portal of global and regional datasets (Watershed
and Hydrologic Information Portal – WHIP) is under devel-
opment by the University of Washington and others. This
web portal will include links to data sources, the ability to
search or filter by data type and region, primary references
describing each dataset, guidelines on use of the data (infer-
ences that can be made), and examples of how to use the data
from published literature. It is, however, important to recog-
nize that many sub-Saharan African universities still do not
have adequately reliable and fast internet connections to be
able to make the best use of web-based resources.

7 Conclusions

A large part of the content of this contribution is based on
the personal experience of the author combined with inputs
of the opinions of others gleaned from discussions at confer-
ences, workshops and other meetings. Many of the opinions

are difficult to support with hard facts as much of the infor-
mation is not formally documented. There is therefore a need
to canvas the opinions and attitudes of a broader community
of role players (students, academics at different career levels,
practitioners, managers) from both within the region and out-
side. The purpose of such a survey would be to obtain more
explicit information that can be used to re-analyse some of
the issues raised in this paper, arrive at some more definitive
conclusions and provide a basis for the future planning of
training and research needs. This survey could be conducted
under the auspices of the IAHS working group on hydrology
education and use existing networks (such as WaterNet) to
contact a broad and representative audience.

Despite the current lack of information there are recur-
rent themes that emerge during discussions with hydrological
scientists and water engineers who work within the region.
These are related to a lack of financial resources and a feel-
ing of being trapped in a “research” poverty gap that many
individuals and institutions find difficult to emerge from. Ta-
ble 1 summarises many of the constraints (and some of the
reasons for their existence) and possible solutions that have
been referred to in the sections above. There are overlaps
amongst both the constraints and the possible solutions and
it is apparent that many of them are related to funding.

The statement made above that the region has a small pool
of qualified scientists may seem to be incompatible with
some of the recent developments in training and outputs of
post-graduate students. However, it appears to be difficult
to attract these emerging scientists into academic (research
and training) posts; an essential requirement if the existing
training initiatives are to be sustained. There are several pos-
sible reasons for this situation, including a relatively small
number of available academic posts and uncompetitive re-
muneration packages (especially for early career academics).
While some research positions are available, they are often
based on short-term contracts that offer little in terms of job
security. While academic career prospects for young scien-
tists are somewhat limited, it is also becoming increasingly
difficult to develop academic staff succession plans and the
age profile of existing faculty staff is becoming dangerously
high.

While there is clearly a need to develop interdisciplinary
research approaches to solving complex water resources is-
sues, this should not be achieved at the expense of sound
training in the individual disciplines (Metzger and Zare,
1999). Recent trends that focus on training in the broad is-
sues of water resources management (through course-work
MSc programmes and short courses for professionals) should
not be seen as a substitute for training in scientific research,
which is less than adequately developed in the region. Both
are important and have roles to play in the further devel-
opment of water-related skills in the region. However, the
former tend to be more attractive to both funders and stu-
dents as they offer promises of training in “work-related”
skills. This is quite an important selling point in a region
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Table 1. Summary of current constraints and possible ways forward (note that there will be overlaps between the constraints and solutions).

Current constraint or situation (and reasons) Possible solutions

Not enough faculty members to sustain training Improved facilities and remuneration.
and research (poor remuneration and lack of Active recruitment drive, particularly of
facilities). younger academics.

Too much reliance on foreign funding (not Demonstrate the value of science
enough R & D funding commitment from training and research to national
governments in the region). governments and lobby for additional

local funding.

Not enough basic hydrological science Focus staff recruitment and educational
education (lack of resources and staff. resource development on science.
Over-emphasis on water management). Improve access to developing

international teaching and research
resources.

Focus on training in existing solutions to Focus on emerging problems as well as
problems (lack of resources to switch to new new approaches to their solution.
approaches or lack of awareness of new
approaches).

Lack of access to, or awareness Need demonstration projects to illustrate
of existing research resources. the use and value of such as Earth

Observation (EO) data and existing
hydrological modeling software systems.

Not enough integration of science and practice Improve communication between
(lack of communication and commitment). scientists, practitioners and managers

within the region. Encourage water
managers to use research outputs from
the region.

Too little understanding of interdisciplinary Encourage interdisciplinary research and
approaches (separation of disciplines). teaching, but not at the expense of

adequate training in single disciplines.

Lack of integration of small research groups Encourage the development of an
(lack of adequate networking). “umbrella” network that can support

existing and new research groups.

Poor integration of local research with Encourage network links between local and
international research (lack of access to, or foreign groups (or individuals). Improve
awareness of international research training in the development of research
programmes and funding). proposals.

where potential employment opportunities are a high prior-
ity. It is therefore important to establish an improved bal-
ance between science and practice when looking at future
possible developments in training and education. The addi-
tion of more science training could be used to support some
of the existing programmes that focus on the integration of
skills and their application in practice. Part of the training
and research should include the concepts and methods that
can be used to deal with uncertainty in science and practice,
which represents a paradigm shift for most countries in the
world (Wagener et al., 2010) and not only the sub-Saharan
Africa region. These concepts should be applied to the indi-
vidual disciplines (hydrology in particular), as well as to the

cross-disciplinary links that should ultimately contribute to
improved water resources management.

From a more optimistic perspective, there have been a
number of positive trends (notably WaterNet, SSAWRN and
more recently the Ethiopian EIWR initiative) that have re-
sulted in the completion of some sound scientific research
and the development of the careers of a number of lo-
cally based academics and practitioners (e.g. Kapangaziwiri,
2011; Kongo, 2008). While these are encouraging trends,
the conclusion of this paper is that a “critical mass” has not
been reached and the current system is too heavily dependent
on outside support (financial and in terms of supervisory ex-
pertise) to be considered sustainable in the long-term. This
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comment is not meant to imply that foreign funding is a prob-
lem, but that a better balance between foreign funding and lo-
cal investment in water education and research should be en-
couraged. It is suggested that the sub-Saharan African com-
munity of water resource scientists and engineers involved in
education and research need to establish improved networks
in which they can share inter alia expertise, research re-
sources (models, software, data sets, etc.), information about
locally and globally available data as well as contacts with
potential research partners and funders, within and outside
the region. Many institutions are not even aware of the ex-
istence of others, or are not familiar with their expertise or
potential to contribute to collaborative research projects. Im-
proved networking could help to solve some of these prob-
lems and could even contribute to mobilizing the community
to get its voice heard in the government departments of the
region that control the education, research and development
budgets. WaterNet (Jonker et al., 2012) has achieved a great
deal and provides a sound basis upon which to build a future
approach to networking.

Perhaps one of the critical questions to be asked is how
international organisations and existing structures, such as
UNESCO, IAHS, WaterNet and RISE (SSAWRN) can con-
tribute to resolving some of the constraints and further en-
courage the development of hydrology teaching and research
in sub-Saharan Africa? There is no doubt that contributions
are already being made and some further suggestions have
been made within this paper, but it is important to determine
what else needs to be done to try and establish the critical
mass in hydrology research and bridge the research poverty
gap.
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