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Summary

Well managed water resources and freshwater ecosystems are a prereqtositsustainable
development, and with careful planningater infrastructureinvestmentcan yield multiple benefits
that delivermorefor-less There ae however important caveatsThe continued reliance on grey
infrastructure alone canrfgment and alter freshwater ecosystemand poorly operatedor
inadequateinfrastructure canlead to water pollution, overmbstraction or disruption of natural
water and sediment flows through river systemdn contrast, innovative natural infrastructure
options hold the potential to deliver affordable water services alongside multiple additional benefits,
such as green space for recreation, biodiversity and carboragg but face barriers in comparison
to tried and tested conventional engineering approachéhe development of sustainable water
infrastructure (that uses natural and conventional infrastructure in combinatibajefore presents
a significant opportuity but also achallenge Meeting this challenge will requira whole system,
longterm, approach to planning and management that balances the needsnwdstors,
communities andthe environmen. Thisis not easyand will become increasingly difficulisahe
demand for water resources and protection from disasters continues to grow and-&rortpolicy
and planning perspectives persistBut momentum for change is growingnd Africa has the
geography, human resources and opportunity to take a leacklivering this change.

Current efforts on the use and incorporation slustainable watelinfrastructure across Africa

Over the last few decades, there has been a growing interest in sustainable water infrastructure in
Africa and a number of promising reselh and demonstration initiativesThese focus around four
main categories of sustainable water infrastructure (although there are some overlaps between
these groups).

1 Constructed wetlands for watefincluding wastewater)treatment. The use of constructe
wetlands has been explored in several African countnégth centres of expertise nowwell-
established in Egypt, Morocco, Tunisia and Tanzaawa an emerging initiative in Algeria
Constructed wetlands offer great potential as a eeffective way ofremoving pollutants and
excess nutrients from water before it is discharged to the environment, especially for sites that
cannot afford conventional water treatment such as small rural communities, farms and schools,
but also for industrial processes aneéw or existing urban developmentsheir true potential
however is maximized when they are usasl part of a sustainable water management system
that integrates watefsaving, water treatment, watere-use, nutrient recycling and energy
recovery technoloigs, using both grey and green infrastructureFor example, treated
wastewater can be reised for irrigation, allowing remaining nutrients in the water to be
productively used, while biogas can be recovered from anaerobic digesters and the sludge can
be @mmposted and used as a soil improveThey also offer cbenefits for biodiversity and
aesthetic value as well as educational opportunities; as $eeaxamplein Témacine in Algeria
and Ruaha School in Tanzania (see section Z12¢ir longetfterm sucess however dependsn
effective operation and maintenance, requiring support for continued funding and training
Natural wetlands can also be used for treating wastewater, but strict control is needed to avoid
overloading the system and destroying thetlaad.

9 Sustainable drainage systems (SuDS) and urban green infrastructure AGhough sustainable
drainage systems are growing in popularity in developed countries, there are few examples to
date in Africa But this is set to changeThere is acentre of expertise in South Africa where
various examples are being tested (including green roofs, permeable paving, retention /
detention ponds and wetlands) antthere are various initiatives exploring the retrofitting of
small scale SuDS into informaétteements, working with local communities and Non

3| Page



Governmental Organizations (NGOSUDS and Gl offer tremendous potential to solve drainage
problems as well as providing multiple -benefits for recreation, aesthetic value, carbon
storage, air quality,biodiversity and spaces for urban agricultureAfrica is experiencing
significant urban growth, and although this provides an opportunity for SuDS and Gl to be
incorporated, uncontrolled urban development that encroaches on green space is undermining
the opportunities for services derived from these spaceBarticipatory planning with local
communities is the key to successful implementation.

Aquifer rechargecan be an effective way of storing large volumes of surplus rainwater, river
water or recycled wastewater, especially in arid countries where evaporation rates from
reservoirs are very high There are successful schemes at Atlantis in South Africa, where
recharge also helps to provide a barrier against saline intrusion, and at Windhoek in Namibia
which is a worldeading example of successful storage in a highly fractured aquifer system

Land management and restoratioplays a critical role in sustainable water managemelRor
example, forests play a vital role in flood and erosion protectiorwali as regional rainfall
generation, and wetlands can help to regulate water qualitiiere have been several important
initiatives to restore degraded land, working in close collaboration with local communities and
stakeholders If successful, these itmtives provide multiple benefits for biodiversity, flood and
erosion protection, water quality, water supply and carbon storage, as well as providing jobs and
protecting livelihoods For examplethe Buffelsdraai community reforestation project in Sout
Africa is notable for itscontribution to employment and poverty alleviation It takes
considerable time and effort however to build wélinctioning relationships with local
communities and negotiate solutions that balance traafés between differentresource users

and different environmental, social and economic goals.

What role canMultilateral Development BankgMDBS9 play in promoting the developmentof
sustainable water infrastructur@

The conventional infrastructure narrative presents any biodiitg concern as a conservation issue

To make progress, MDBs have a role in transforming this narrative; and promoting ecosystem
services and biodiversity as central considerations in designof infrastructure solutions that
deliver Sustainable Devgdment This implicitly includes recognizing productive landscape features
as integral elements of infrastructure systems

To enable this transition MDBs have a role in supporiegional Member CountrieRiver Basin
Authorities and infrastructure prooters in developing plans that:

1

Embed a balanced infrastructure portfolio: The argument around natural and built
infrastructure is often polarized, with vigorowwgument given @ one at the expense of the
other. MDBs have a role irchallenging this false choice (between natural and built
infrastructure) and encouraging the use of sustainable infrastructure systems based on a
portfolio of natural, hybrid and buiinfrastructuretailored to the specific context.

Ensure visibility is given to lotaas well as more regional, impacts and benefitstuch
infrastructure is considered in the context of the large scale impacts it deliegysdontribution

to national powergeneration andwvater resources) MDBs havea role in demanding (through
guidarce)that the strong link between natural infrastructurehe services thait provides,and
local livelihoods issmbeddedin the choices madeby ensuing that participation andlocal
impacts are welteflected in decisiommakingprocesses

Ensure that thecase for natural infrastructure is heardnfrastructure promoters make the case
for investment using the rules of the gam&DBs set the rulesMDBs have a role in ensuring
these rules give preference to projects that adopt a whole system andtengview to the
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promotion of infrastructure This will include ensuring (i) naturafrastructureis recognized as

an integral component of potential solutiong&nd opportunities for inclusiorare considered

early in the planning process (and not simply a post hocadjunct to conventional built
infrastructure), and (ii) appraisal processashancethe chances for inclding/selectingnatural
infrastructure options (and do not prematurely foreclose integrated approaches or
systematically bias choices towards built infrastructur€entral to this will be accepting a need

for adaptive programmes that avoid an undue bias towards-offiecapital investment but
recognie the delivery of sustainable water management as a continuous process (and provide
the financial structures to enable this)

How can sustainable water infrastructure be integrated into decisioraking processes

Deliveringsustainablewater infrastructure in Africa will require the misconceptions that surround
working with naturalinfrastructure and natural processe® be overcome In particular, arrent
planning and decisiemaking processes tend to isolate water management issues within the context
of a narrow egineering or hydrologal paradigm In doing so, little (ofteninsufficien)
considerationis given tothe opportunitiesthat natural infrastructure offes to enhanceecosystem
health and toprovide ecosystenserviceshat reduce conventionkinfrastructure costs (ioth the
short and longer term) MDBs have a role in raising the awareness of these opportunities and
providing the guidance and tools to promote greater integration dévelopment and ecosystem
thinking into planning processes.

Information is widelyavailable onthe engineering performance dbuilt infrastructure (and the
expected benefits) but much less is known about the ecosysterdices delivered bgxisting or
proposednatural infrastructure A central barrier to achievgqnthe widespread usef sustainable
water infrastructure is the perception that natural infrastructure cannot be relied upon (particularly
during extreme events) This simplistic view, in part, reflects the continued reliance upon
deterministic standardshiat underpin engineering design approaches that consider performance in
the context of a small number of walefined design eventsTo make progress, and avoid potential
maladaptationevidenceon the performance of natural and natu®ased infrastructure will need to

be presented with comparable authority, and in comparable terms, to tbftconventional
infrastructure Investment frameworks will also need to be able to accept uncertainty,otin b
performance and future conditions, and seek an adaptive planning and management approach
(based upon a continuous process @viewand-modification rather than build-and-maintain).
These natural services support local livelihoods and provide seriodeuit infrastructure that often

go unrecognizede.g managing the flow of sediments to r@servoir reducing extreme storm
loads) Making this evidence available and adopting an investment framework that rewards the
attributes of sustainable watemnfrastructure are thereforeprerequisites to developing business
casesthat enable the many cebenefits to be identified, valued and factored ,imnd deliveing
investment strategies that appropriately combinatural and built infrastructure solutions

MDBs have aentral role in leading Africa to a sustainable water futureThis include informing
(through authoritative evidencs; influencing (through forums and media and the promotion of
good practice frameworks and guidance) and investing (colladvely and innovatively) to
deliver sustainable water infrastructure
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1 Introduction

1.1 Context of this assignment

TheStockholm International Water Institute (SIWI), African Development Bank (AfDB), World Water
Assessment Programme UNESCO (WWAP), Daegu Metropolitan City, Korea and International Water
Management Institute (IWMRill co-convenea Seminar ot { dz& ( FHrfrg&trudtdre®or Inclusive

Green Growth at the Stockholm World Water Week 2018hispaper supports the preparation of

this seminar anddevelopsthe agenda for internal dialogue in the Bank regardingossible future
direction towards greater mainsteming of sustainablevater infrastructure in Bank operations

pladng non-structural measures andomplementarynatural infrastructure at the core of water
development decisioimaking

Ld Aa FyGAOALI G6SR dKIF{d GKS dfawzanistciegsesoahdSlesdonysT NI &

learnt to provide a view on

the effectiveness of sustainable/green infrastructure across differing temporal and spatial scales;
financing sustainable/green infrastructure as a feasible investment;

governance for achievingfefient sustainable/green infrastructure;

maintenance and operation, expansion, and rehabilitation of sustainable/green infrastructure;
and

9 opportunities for technical innovation.

= =4 =4 =N

The overall objectivearethereforeto:

1 Identify African examples of sushablewater infrastructure, where a mix of grey anwhtural
(green)infrastructureis used

1 Review these case studies toderstand whether sustainable infrastructure is appropriate and
feasible in Africa, and if so, what are the conditions or activitexguired to invest in this
approach, whetheby the private sector, MDBs, governments

1 Based on thsefindings develop a frameworko help ensure key opportunities for sustainable
infrastructural approaches are recognized and adequately considered in the deciaking
procesgsof key stakeholders.

These will provide the foundatiofor building a potential business case for activetpmoting the
use of sustainable infrastructure in an institution such as the African DevelopBaak andseeing
the protection and enhancement of natural capital agableinvestment
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1.2 Report structure

Following this introductorghapterthe repoit responds tathe main questionsset out in theProject
Brief:

/ KFLIWGSNI HY {SGdAy3I GKS a0SySY¥KAANIOGI QB Sty ¥ I @823 B ¢

uniquely diverse climate, geography, ecosystems and decision context and how they act ¢o shap
the water development challenge.

Chapter 3: Challenges and opportunities for sustainable water infrastructdreis chapter presents
a summary of what is meant by sustainable water infrastructure as well as the challenges and
opportunities associated witdelivering sustainable water infrastructure

Chapter 4: Case examples of sustainable water infrastructurbis chapter presents examples of
sustainable water infrastructure across Africa and, where relevant, internationaltgr each
example, we asss the degree to which this a core or supplementary activity to the primary
infrastructure decision process.

Chapter 5: Conclusion3his chapter summarizes the key findings from the review.

Chapter 6: The way forwardThis chapter sets out the emerginginriples of a framework to
support a broader takeip of sustainable water infrastructure solutions.
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By 2050, Africa will be a very different continerts population will have doubled, soaring by
another billion Its towns and cities will house more people than its rural villagtsseconomies will
have transformed The question is not where Africa is going: it is whether the continent gets there by
following a sustainable and inclusive devetegmt path Fred Kumah, WWF Director for Africa
(WWF, 2017)

For most African countries economic growth is dependent upagriculture, mining and
manufacturing, and is likely to remain so fatrleast the next decad@BVWF, 2017) Reliable water

supply iscritical to catalysegrowth in these sectorgo generate the energy androw the crops that
gAft &adzZIllR2 NI GKS RS J6&tle(thdpSpyilationoffwhidhkKndl treDlg gvér xhg S v (i
next 35 years Thedemand for water resourcess likely toincreaseNJ LJA Rf & & ! FNA
grows, people become more affluentities expand and the climate changdsa response pressure

on! ¥ NA Ol Qxaandday rhdpydpices, largely intagtreshwater habitats and biodiversityvill
continue togrow.

In responding to these demandmherent conflicts will therefore increasingly aribetween water
for the environment,agriculture, energyurban use, mining anchanufacturing Water resources
are unevenly distributed across Africa and often out of phaik population centres For example,

Q
51

tKkS /2y32 . F&AAYS AYKIOAGSR o6& 2yte wmm: 2F (KS$

contain 30% of its wate(Jackson, 2009) More sparsely populated rural communities also face
water related challengesnc¢luding frequent gtreme floods anddroughts (and associateddiseasg
that add tomigration pressuresexacerbating the challenges presentedrbfugeesettlements and
informalurban sprawl (WWF, 2017)

Coupled with significanseasonaland interannual varialility and climate change the water
managementchallenge in Africa igherefore significant and will demand majanvestmentin water
management planninggovernance and infrastructureThe Africa Infrastructure Country Diagnostics
(AICD) estimatedor example, that to deliver food security Africa will need investmentsradired
US$18 billion for smadicale irrigation systems and $2.7 billion for laggale systems over the next

50 years (WWDR4, 2018)ith expenditureon conventional wateinfrastructuremore generallyi.e.
collection, treatment, processing and distribution infrastructure such as dams and levees) projected
to more thandouble by the 2040s (to ove6$bn per yeay Oxford Economics, 201 With only $7.9
billion of capitalinvestment in achieving WASH services financed in 2016 there is a significant
funding gap.

These figures exclude the significant investments that will be required to support the delivery of the
UN Sustainable Development GeglSDGs, United Nations, 2016 a requirement illustrated in
Figure2-1.

1 https://reliefweb.int/sites/reliefweb.int/files/resources/The0costs0ofOmOitation00andOhygiene. pdf
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SourceGlobal Infrastructure Hul2017
Figure2-1 | F NJcdbvefiénal wateinfrastructure investment: Current trends and projected seed

Significantly greater capit@pending is needed in St8aharan Africa, where sloprogress to date
means capital expenditures of 0%#of Gross Domestiedtluct (@P)throughto the 2030swill be
needed to close the gafHutton and Varguhese, 2016). In some countries the need is much greater
than this average (rising to 7% of GDP in Ethiogtigure2-2.

Ethiopia 71%
Guinea
Ghana

Cote d'lvoire

Benin
Senegal
Rwanda

Morocco
Egypt
Tunisia 0.5%

Labels indicate total water investment need including SDG

0% 1% 2% 3% 4% 5% 6% 7% 8%

B Current trends B Investmentneed [l SDG Source: Oxford Feonomics

Source Oxford Economig2018.

Figure2-2 Country breakdown of water infrastructure investment needs to deliver universal access
to clean drinking water and sanitation, 202630 (percent of GDP)

Inherent conflictswill arise inbalancingthe demands of different stakeholders, and managing
environmentl, economic, local and national outcomesHow these trade-offs are made will
determine the longterm development trajectory ofnarny African countries There is therefore a
critical opportunity for MDBs to influence this trajectory and ensure that investment choices reflect
good practice in river basin (e.gas expressed by Pegraet al., 2014) and water infrastructure
planning based on strategic planning of a complementary combination of natural and built

CAVEPRC
o l »
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infrastructure) Todo so successfullyiowever,will requiredifficult and often unique challenges to
berecognised Some of the mosimportant of theseare introduced below

2.1 A dynamic and diverse socieconomic context

Africa faceghree compelling socieeconomic challengesThese are welummarised in the recent
WWEF report?! FNA OF Q& 4| (WSVRERKLP) Rnd veftertS y (i Q

A diversity of economic settings
I F NJecdhofyiis as diverse as its people and geography

Many countries operate highly fragile economies (often dominatedcagsarian and/or extractive
industries that arehighly water dependent) and havémited capacity forlongterm planning or
investment Elsewhererapid urbanisationpresents opportunities to diversify and reduce the
dependence on water for developmenbut this presents new problems associated with urban
pollution and climate related risks (including urban flash floods)

A billion more people to feed

Agricultural production is up 160% over the past 30 ydausAfrica remains a net importer of food

and is the only continent where the absolute number of undernourished people has increased over

the past 30 years (World Economic Foruni,&2p

Recent years have seen significant improvements in agricultural production across Aigicgeen
SubSaharan Africar{SSA)countries have reached the Millennium Development G@ADG) of
halving the proportion of people who are hungr€ountrylevel programmes (such as the Ethiopian
Agricultural Transformation Agencypan-African groups (like the African Development Bank, the
African Union and the New Partnership for Africa's Developmant) crossborder initiatives (for
example, the @mprehensive Africa Agriculture Development Programhaa)e allcontributed

Further improvements are neededBy the year 2050, ¥ NA OF Q& LJ2 LJdzf indredagly A &

more than 42 million people per year and total population will have doubled2t4 billion(UN,
2017) City growth will be a key feature of this trend (. Will need access to water for food, energy
and water security, as well as hygieneAgriculture isalreadythe largest user ofvater in Sub
Saharan Africa (87% of total watese) (FAO, 2008), and improved wataanagement will be
required to respond to this increasing demand (authieveW { 5d¥ero Hunge® 0

Water suppors not only landbased agricultue but also freshwater aquaticagriculture and
freshwater fish provide a crucial food source to many local communities throughoutAfrica
(Jackson, 2009)Fishing is usually done for subsistence and the fish consumed loddlre are
however exceptionéncluding theintroduction of alien species for commercial fisheriggch as the
Nile Perch inLake Victoria The potential expansion of commercial aquaculture presents several
water resource challenges, including potential negative impactswitd fish populations and
ultimately, T A & K S NA S a QandLIbsR BfttzQifioha® ubsistence activds Better water
managemeniand more strategic infrastructure developmepianning is needed to take advantage

2 https:/lwww.weforum.org/agenda/2016/01/howafricacanfeed-the-world/
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of the economic opportunitieshat sustainableagricultureand aquaculturgresents Pegasys, 2017)
including intra and intercontinental trade (and the attenént benefits of social cohesion and
economic developmentyhilst avoiding the most negative consequences
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Figure2-3 Population growth across Africa is praied to besignificantby the 2050s
Rural poverty and rapid urbanisation

Rural communities and the informal expansion of urban centres across ABittinue tohave
limited access to WASH services.

Substantial progress has been made in improving accedsABH Water - for drinking and cooking,
sanitation and hygieneservices Despite these advancegushed forward byactivities in support of
the MDGs, many African countries are far from achieving universal accédsA8Hservices(

particularly sanitattn. This lack of progress is most acute in rural communitigth (almost 20

SAYERS
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percent of peoplecontinuing to rely uponsurface watert rivers, lakes, ponds, and irrigation
channelst for drinking cookingand waste disposal)

The inequality between ruradnd urban centres is also striking; Angola, for instance, there is a
difference of close to 40% between access to basic water services between urban dwellers and rural
residents (JMP, 2017)This discrepancy further disadvantages rural areas, partigutarls and
women who often shoulder the daily burdenf collectingpotable water, often from sources far

from homes When water supply and sanitation improve in rural areas, health and quality of life
improve, and other major goals such as poverty \@dldon, socieeconomic development,
improvement in education (especially for girls) and gender equality are addressed asRuedl
communities also often rely directly upon healthy freshwater ecosystBmsheir livelihoods and

food. Investment insound water management is therefore a necessary (although not a sufficient)
pre-requisite toredudng ruralpovertyand achievingDG 1@ Reduced Inequalities

These rural water issues increasinglpmbine with the allure of economic opportunities to

encaurage dout 17 million people each ye&w migrate from rural communities to expanding urban

centres (UNHCR, 2011 oupled with nomigratory population growththe urban population in

African cities is expected to treble by 2050 (Jackson, 2009), wéthrtan population exceeding the

rural population of Sutsaharan Africa by about 2048n urbanization trend reflected globally, with

the proportion2 ¥ G KS $2NI RQa LR LMzZ A2y fAGAYy3I AYy dzNDI Y
percent by 2050s, wittmuch of he expected urban growtkaking place inAfrica(UN, 2014)) In

response African cities will be drivers of economic growttiversity and tradedriving a rapid

increase iMT NA OF Q&4 YARRt S Of I 445435 (3% bidouiGSR LIDLAENERBA ZFyf
2010to 1.1 billion(42% of the populationin 208 (WWF, 201k Growing demand for water in

citieswill require a significant improvement in water management, particularly urban water quality,

to achieve SDG 11¢ Sustainable Cities an@ommunities a challenge that presentsultiple
opportunitiesfor the development of Sustainable Water Infrastructure (urban wetlands, green roofs,

and sustainable drainage approaches) alongside more conventional infrastructure.

2.2 A diversebiophysical seting

Interconnected physical geography

Africa, the second largest continent (after Asi@presentsabout onefifth of the total land surface

of Earthand can be divided into eight major physical regions: the Sahara, the Sahel, the Ethiopian
Highlands, tk savanna, the Swahili Coast, the rain forest, the African Great Lakes, and Southern
Africa Lying almost entirely within the tropics, and equally to north and south of the equator, Africa
exhibits little &mperature variatiory rather the most important ¢éimatic differences are due to
variations in rainfall(a variation primarilydriven by a combination of topography and ocean
interactions).

The most important physical features in the context of wadee the mountainousand elevated
Wg I (S NiopogapteblIheseprovide the source waters fahe majorAfricanriverssuch as the
Nile, the Niger, the Senegal and the Oratigat carry waterto areas that would otherwise be too
arid to support much life(Figure2-4). A network of importantwetlands are assaatied with these
rivers (for example the inland delta around the Niger, Sudd Marshes and many otherfhegnd
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support awide range of important lodaand regional ecosystem serviéeShese riversare often
transboundary (crossingnulti-national watersheds) andin most casesRiver Basin Authorities
(RBAskxist to develop cooperate managemenplans Despite these effo”, many geepolitical
tensions remain (such as those between Egfutdarand Ethiopia associated with the development
of the Ethiopian Great Renaissance Darm) someinstancesthe difficulties are a function dimited
evidence or capacity to delivéine innovative, multiscale, solutionsmeeded

Source: Africa Water AtlaswWater Towers and main rivers

Figure2-4 Africa's topography and important ‘water towers'

3 See for examplattps://www.wetlands.org/publications/watershockswetlandshumanmigration-sahel/
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Complex and diverse ecosystems

Africais home to aNA OK |y R dzyAljdzS Ft2N} FyR Fldzyl O2yil
biodiversity with the greatest concentrations occurring in the African equatorial ecosystems, South
Africa and Madagascar (UNBRCMC, 201@pud CromierSalemet al.,2018 Figure2-5).

I TNRA OF Q& keiestHal etosyRtangS GuMyEidSfrom forests to arid/serairid ecosystems are

being threatened by the increasirdhange in landise, for example, conversion to agriculture and
deforestation, leading to habitat fragmentation and destructionn response, mst, if not all,

terrestrial ecosystems in Africa have already experienced major biodiversity losses in th&0past
8SINESX gKAOK KFa yS3lIaGAGS A Ydtler@ihat wilybe éxdedBa@zd O2 y i |
by climate change (Cromie3alemet al.,2018)

The inland waters of Africa support a diveraquatic life with the hghest levels ofreshwater
biodiversity found in the Rift Valley Great Lakes (Lake Malawi, Lake Tanganyika, and Lake Victoria)
and in the rivers of the CongcAlong much of the Mediterranean and Atlantic coasts of Morocco,
Algeria and Tunisia, in Upper and Lower Guinea, southedreastern South Africa and in the Great
Lakesin eastern Africahigh levels of development areksociateddemands on water resourcesre
degrading freshwateecosystems As a resultmany speciesre currently under severe threatith
knockon impacts m livelihoods (as 45% of fish and 58% of plant species are regularly harvested)
Climate change is projected to degmfteshwater ecosystems further, resulting in an estimated
10% declinén freshwater biodiversitypy the 2050s (CromieSalemet al.,2018).

The wide continental shelf along the northwest coast of Afriba,mangrove forests of West and

East Africa anthe adjacent islands provide diverse habitats that support high levetsasfne and
coastal biodiversity The Red Sea is honte many, often unique, flora and fauna including
seagrasses, coral and mangrov&¥ith overexploitation, habitat degradation and loss, acidification,
pollution from landbased sourcega particularly important consideration in the content of this
report), invasivealien species and sea level rise, highly valuable ecosystem services are being
threatened For example, approximately 280% of African mangrove has been lost in the past 25
years (CromieGalemet al.,2018).

Africa maintains an almost intact assemblaafdargebodied vertebrates rhegafawna; Gill, 2015;
Rippleet al.,2016apudCromierSalemet al.,2018). TheK S| f (i K  #n&gafaulas hetrically
linked to maintaining intact freshwater and terrestridosystems ani highly vulnerable to habitat
fragmentation
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Figure2-5 Africa biodiversityBiodiversity Intactness Index
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2.3 Complex and emerging wategovernance arrangements

The strong megarend of rapid urbanizationwill continue to sharpen water competitioracross
Africa This will add tdhe complexity of the water governaneeededto ensure water is allocated
according tomulti-scale priorities (local, city country and basinand to be capable of delivering
multiple outcomes at those scalg including mclusive economic growthpoverty reductionand
ecosystem health Africa faces unique challengesachieving this goal; not simptlye misalignment

of water resource and urban growth anlde diversity of geographies and economies, but also the
variation in governance capacity and the interaction between informal and formal decision making

Moving towards sound water governance in Adriiaces severdhterconnectedchallenges These
are briefly introduced below

Inclusion and participation

There are dficulties in mobilising participatory (inclusive) decisimaking, at local, city and river
basin scalesdue to the lack of appropaie platforms for negotiations to take place between
stakeholders Thisundermines the legitimacy of the decision process egstrictsinnovation in the
solutions provided An ecosystem services lens, thfore, is central to sustainable water
infrastructure, supporing the identificaion (and engagement) of all stakeholders affected by the
potential investment choiceand its impacts on the flow of a range of ecosystem services and their
dependents(and not simply those with a vested interest in tipeoject or those immediately
impacted)

Diversity of policy and regulatory environments

Different types of water management activities take place at different spatial scales; from regional
scale restoration of environmental flowtkat might involve changet basinlevel water allocation
(via a basin water allocation plan) to localised water management issies aghe correct siting,
maintenance and operation ofa constructed wetlandor water treatment Likewise, management
of pollutant loads might inelve wholeof-basin regulatory measures or, alternatively, local action to
address specificdischarges by auser. Multiple, and often distinct, policy and regulatory
environments (formal and informaj see belowy and the context of rapid growth make caltare
action across scaledifficult in Africa It is particularly difficult to reconcile the increasing focus on
regulatory frameworks based on localisation and local content, a positive developmentrip ma
respects, with the requirements for midcale management of water resources and freshwater
ecosystems that is a prequisite of delivering sustainable water infrastructsee below)

Integrating informal and formal arrangements

Successful implementation of sustainable water infrastructofien demands a fully participatory
approach, which in turn requires dealing with both formal and informal governance systems, such as
national and local government alongside community groupsis challenging to wercone the
complexities introduced tlough these parallel formal and informal governance systernst this can
enable informal modes of governance to be effective contributors to formal deeisiking and
implementation without losing the social and economic benefits that the informal sygtemauces

For example, participatory planning of small scale sustainable drainage options in informal
settlements can harness the local knowledge and innovation of residentsKizahpett, 2017).
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Integrating local and regional planning

From communitieqincluding nomadic), to towns, cities and tramational River Basins, growing
water demands and use in the context of urbanization puts an added emphasis on waste water
treatment and the need for viewing water in an integrated landscape perspective ndety@ city
borders Integrated planning is heeded to prevent regional scale plans having adverse local impacts,
such as through oveabstraction of water for large scale irrigation scheni@eidand Orindi, 2018

and vice versa, such as local reclamatal wetlands for agriculture affecting regional biodiversity
and ecosystem servic€$urpieet al.,2016a)

Operationalising (regional) plans: Translating plans to action s

Contemporary approache® water management reflect a paradigm of integration; acwhcepts

such as Integrated Water Resource Management (IWRM) recotgmseconomicand ecosystem
servicebenefits of managing water and related resources in an integrateghner. In principle,

most river basin authorities (RBAS) recognize the need to adopt suap@oach andacknowledge

that rivers and wetlands provide important ecological services such as waste assimilation,
floodwater storage, and erosion control as well asitiddal social and economic benefits, including

local livelihoods and alleviating poverty within river basivighile the rationale for such an approach

is conceptually clear, most transboundary watershed managers focus on an IWRM framework that

looks at taditional water infrastructure to manage water quantity, flood defence, navigation, and
hydropower etc. For example,in the Congo River Basin (CRB) the development focus is on
hydropower and navigatianThis development path takes little account of timepacts of navigation

and dams on ecosystem services nor of deforestation on water losses that affect navigatiguie(

etal,2011). [ Ayla Y2y3a SOz2aeaitSy asSNWAOSa o00GKS TFT2NBa
regional linkage to the integrity F 2 NBa G SR Wgol GSNI G426SNERQUXT (KS aSN
the Congo, and the significant decline in river discharges and consequent reduction in days of
navigation are now being recognized through the IWRM lensdratnot yet evident in water
management policies or plansSignificant human resources and innovative financing will be needed

to bridge the implementation gap and deliver sustainable water fusunehighly conflicted basins

such as the Congo and elsewhere in Africa.

Transparency

The bhck of transparency, accountability and participation in decision making processes and
associated opportunities for corruptiorpresents a further challenge for sustainable water
infrastructure In one sense, the typically small scale and decentralisedr@atf many sustainable
water projects helps to reduce the potential for corruption and fraud, but conversely this can also
act as a disincentive fothose that are able to influence theecision if they are looking for
opportunities toWiphon offmoneyfrom large investments inonventional builinfrastructure
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3 Challenges and opportunities for Sustainable Water Infrastructure

3.1 Evolution of water infrastructure planning

Water management has often evolved in response to extreme events and developmessures

This heuristic approach has yielded some important incremental shifts in both policy and planning

(such as theoncepts of catchment management, integrated approachesecosysterdbased

adaptation) butit has been slow to influence thdgmning and design of the supporting water

infrastructure(Sayert al.,in press) In part this reflects the diversity of water infrastructure (both

in type and scalegndthe varying geographies and so&@oonomic contex@within which they are

promoted. This is not to say no progress has been mdideas, and central to this progression is the

changing perception of the role of water in sociey WWF/GIWP collaboration has explored this
progression(Source: Green Water Infrastructure: A Strategic approach to the planning and management natural and built
water infrastructure (Sayemst al., in pres3. Next in theseries on Strategic Water Management in thé'Zentury, WWF
and GIWP

Figure3-1) andthisis briefly discussed below

Narrow outcomes delivered using built
infrastructure responses.
Frequent unintended impacts (e.g. degraded
ecosystems, social disruption)
Lock-in to high legacy costs (for future
restoration or reconfiguration).

...a technical design process delivering
built infrastructure to satisfy narrowly
defined human needs (water storage,
treatment, energy production and
disaster protection) with few
environmental safeguards

...development resource to be
exploited/controlled.

Technical

Conservation of priority ecosystems and
reduced social tension.
An implementation ‘capacity gap’ leads to
mixed results
Opportunities missed to deliver more-for-less
through more integrated approaches.
Lock-in to high legacy costs (for future
restoration or reconfiguration).

.... a technical design process delivering
built infrastructure whilst limiting the
impact on priority ecosystems,
biodiversity and communities.

...development resource to be
exploited/controlled whilst avoiding
unacceptable environmental and social
impacts.

Safeguarding

Multiple outcomes delivered through a
portfolio of responses.
Long-term healthy ecosystemsand social
well-being at local and regional scales.
Wide range of benefits and costs traded
through a participatory process.
Adaptable solutions avoid inappropriate

lock-in. A‘

Source: Green Water Infrastructure: A Strategic approach to the planning and management natural and built water
infrastructure (Sayerst al., in pres3. Next in theseries on Strategic Water Management in thé'Zentury, WWF and
GIwWP

...a participatory planning process
delivering a portfolio of actions (built
and natural infrastructure) that provide
multiple outcomes for people, habitats
and species., including re-establishing
ecosystem functions previously lost
through poorly planned infrastructure.

..resource that supports interlinked
human and freshwater ecosystems and
the development benefits that derive
from them.

Strategic

Figure3-1 Evolution of water infrastructure planning
Phase 1: Technical

Water is seen as @evelopment resource to be exploited/controlled

4 https://www.wwf.org.uk/strategiewater-management
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single, weldescribed, benefits (i.eNB T S QINBRA Ol WYNI WINP2PARR SA@RZ vy I N2 f =
LINE G @afadigh, Sayers et al., 2014, 2017)with few (if any) environmental safeguards
Governance and planning arrangements are such that the objectives are delivered through-project
based built infrastructure with a single promoter and limiteshsideration of, or collaboration with,

other activities in the basinIn this regard thewater infrastructure planning mirrors the approach

adopted by many other infrastructure sectors (from energy planning to transport).

The potential for negative immas (present and future, local and regional) are largely ignooedt

best narrowly considered as part of standalone pdssign assessments that offer little opportunity

to influence the design concept As a result, ecosystems may degrade (foaregle, due to
unforeseen disruption of flow and connectivity) and future generations may be leickdd
potentially maladapted (and high cost) development pathways (reflecting limited consideration of
future change and the lontived nature of the infrasucture choices made) This does not imply

that all built infrastructure, planned and designed in this way, leads to degraded ecosystems or
disadvantaged communitiesAlthough manyschemedave, others with smaller footprints have not,
and continue to seve their original purpose well with few negative impacts

Phase 2: Safeguarding

Water is seen as a development resource to be exploited/controlled whilst avoiding unacceptable
environmental impacts

During this phase théwin-track approach to water resgce planning emergedadcusing actions
towards both supply and demanahanagement structure and nosstructural solutions)longside
efforts directed towards limiting the impact on priority species and habitatslyding theallocaion
and maintenance ofenvironmenal flows). Effort is also directed towards restoring degraded
ecosystems (through the reoperation or even removal of built infrastructure, @gnobscotand
Edwards Dams in US, Oppernetral., 2018) The underpinning concept seester planning and
associated built water infrastructure@s an intrinsic companion of development and any associated
biodiversity concern as a conservation isstighe safeguardingl@nningcontextis often based on
the (uUnwritten) assumption that the presensystemstate is as good as it will be, aadsuccesful
outcomeretains exising ecosystem functione(g a forest remnant above a town is safeguarded
and preservell Whilst there may be somminor enhancementctivities to satisfy particular needs
the focus is primarily on maintaiing exising priorityecosystem processes

Phase 3: Srategic
Water is seen aaresource that supports interlinked human and freshwater ecosystems

Wellfunctioning water infrastructureis seen as a preequisite for Sustainable Developmertty

ensuring adequate lonterm supply ofa suitable quality of water and sanitation services, protection

against unwanted flooding, safeguarding the natural environment (avoiding water pollutior; over
abstraction and limiting greemuse gas emissions) and maximizingoeaefits (such as provision of

energy and fertilizers, biodiversity, carbon storage, recreation and aesthetic vdluéhis context

Sustainable Water Infrastructurénge focus heré & dzLJLJ2 NJi a | WhatréddgiiZestheO Q I LIL.
ability of natural landscape features to complement Iuifrastructure in managing water related

issues at multiple scales (local to whole basin, short to long term) and across multiple demands

(from pollution, flood management, watestorage and supply, water treatment, navigation, .tc

The conventional infrastructurenarrative (presentd in Phase 2) igsansformed to a participatory
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(and fair) process that placesocial well-being ecosystemhealth and biodiversity as central
consderations in Sustainable Developmgi®ayerset al., 2017); a narrative thaimplicitly includes
recognizing productive landscape features as integral elements of infrastructure sysfumh an
approach provides opportunities to deliver wivin outcomes(lower cost and healthier ecosystems,
e.g Oppermarnet al.,2018 and recognizes the importance of systsgale behawur in maintaining
environmental flows and connectivitB(isbane Declaration, 2017

This strategic lens enables an ambitodsion to be set and innovative plans that challenge the
status quo to be developed; plans that recongise thaesgies between natural and built
infrastructure (e.g expanding forest ares to complement conventional responsesaeting the
demand for sevices a process that goes beyonmstoration). In this context a strategic approach
parallels the recogiised need tod 2 LJS NJ & xh@ yhbré aohceptual framing oWRM and
recognises that sustainable watrfrastructureis well founded in the princigs of integrated water
managment approaches.

To aid this transitont aSNAS& 2F W3I2{ RaSngre stididgiS apProadhkd wiaterdzy R S NL
managementave been developed through an-ging international collaboration led by WWITo

date, guidancehas been developed ortrategic approaches t®iver Basin Planning (Pegratal.,

2013); Flood Risk Management (Sayetsal., 2013); Water Allocation (Speedt al., 2013); Drought

Risk Management (Sayegtal.,2016) and River Restoration (Spestcal.,2016) The current focus

of this collaboratiorfocuses orwater infrastructure and- 8 8 2 OAF G SR WwW3I2f RSy NMz Sa
support the transition reflected herésayerst al.,in press)

What is sustainable water infrastructure ?

The recent releasef the 2018 World Water Development Report (WWDR2018) Nébased
Solutions for Watercall for a better assessment of the value of natbeesed solutions in addressing
water resource issues, and how these may be used to complement conventional, or grey,
infrastructure solutions Such approachemclude activitiesto protect or restore the ecosystem
functionsof a watershed that provides water resources to downstream communispscies and
habitats The WWDR 2018 goes on to ndkat the increased inteest in sustainable infrastructure
reflects a shift in perspectivahat mirrors broad changes from a protection paradigm to one of
resilience (recognizing that no single solution provides a complete solutinréssence, the WWDR
2018 advocatesan approach in whichli KS OK2 A OS  AgéeyQof Hieerinfadtmdugey W
developmentbutk 2 4 0 Sa i (bRndédMFB@dctihdt sdfegudirds or enhances ecosystems
services, reduces the lortgrm costs of conventional infrastructure and delivéne water resource
requirements an approach consistent with the strategic approach in the preceding section

In this contextSustainable Water Infrastructuf&WI)is used in this paper as shorthand far a
appropriatemix ofnatural and builinfrastructure (and reinforces the concept of Green Water
Infrastructuie being developed in support sfrategic framing promoted bWWF, seeSource: Sayet al.,in press

Figure3-2). Itincludes()comSy G A2y f WANBEQ 41 G§SNJ Ay FNIF &aid NHzO G dzN
storm water conveyance structures, sewage pipe systems, waste water treatment plant(igtc

natural infrastructure (naturaland seminatural landscape featuresuch as rural and urbaforests,

wetlands etc), and (iii) hybrid infrastructure (such constructed wetlands, artificial
infiltration/recharge basins, urban parks and river corridors, community gardens, green roofs and
bio-filtration facilities)
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Green Water Infrastructure
uses natural landscape features and nature-based approaches to complement conventional
engineering solutions

Natural Conventional

Hybrid
infrastructure

infrastructure

infrastructure

Built interventions in the Built interventions in the

Natural landscape features landscape land
(including landforms such as (such as dams, levees, sluices and =lninfez) o )
aquifers, wetlands, lakes and rivers landcover, such as urban surfacing (such as dams, levees, sluices,
and landcover such as upland and etc purposefully planned and treatment E.md landcover, such as
coastal forests) operated to mimic and safeguard urban surfacing etc developed using

conventional design approaches
freshwater ecosystems) en app )

Source: Sayert al.,in press
Figure3-2 Greenwater Infrastructureis based on a porfolio of natural, hydhand built infrastructure

SWilencompasses all of thedgpes ofinfrastructure and explicitly recognises the need tetthe

advantages of one to compensate for the disadvantages across multiple scales (from local to river

basin scales, from short to long terraj another The prefered W6 f SYRQ 2 F Ay T NI & NI
course, reflect the context. Opportunities for natural infrastructure to offer a productive

contribution to the management of watdnoweverwill unquestionablyexist throughout ruraland

urban/ periurban settingsKigure3-3).

Natural Infrastructure T
for Water Management 5

Investing in nature for multiple objectives

siabi

Connecling sivers 1o floodplains & aquiler

PurifyIng wastewater &
alleviating logdig 5
Ihealihy wetlands) -~

Source: IUCRKhfographic:https://www.iucn.org/theme/water/resources/infographics

Figure3-3 Example opportunities for natural and hybrid water infrastructure across a river basin
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Why focus on urban and peri -urban opportunities ?

The successfutbke-up of SNI willbe central to thedelivery of many&ustainable Develpment Goals
(SDGs), andgnore broadly to ahieving Nationally Determined ContributiofsIDCs)to climate
mitigation andthe Aichi Biodiversity Targetamongst othergoak. This does not imply thaall
situations will require complex blends of natural and built infrastructurnd the balance of
contributions will vary according toontext, but purposefully pursuing options that are predicated
on the basis of a SWI approach will be important in all settings.

This assigment is predominantly concerned with SWI designed to improve water supply,
stormwater management and sanitation efforts in urban and fpebian areas This focus recognise

the urgencyand2 LJLJ2 NIi dzy A 1@ LINBa Sy (i SR -goiky prodesS foutbaniNatidnl Q a
(see Chapter 2js well as pportunities to rehabilitate or replace ageing, inappropriate, or
insufficient conventionalinfrastructure with SWI approaches There are of course interactions
between water management in urban areas and the evidatchment in support of community
WASH servicg®.g. the lack of adequate WASH services at a community teaglbe adirect result

of, or exacerbated by, poor catchment practices, gubd catchment management practicery
improve the opportunity fo urban WASH services The Uganda Watershed Partnership
programmé, for example,aims to improveWASHServices through buildinthe capacityof Civil
Society Organisains (CSOs) in lobbying and advocacy to improve governance and management of
water resairces

Note: Although thispaper focuses primarily on SWI in the urban / pgban setting catchment and

rural examples are included to highlight the spatial connectivity within freshwater ecosystems and
the importance of upstream catchment management protecting urban water resourceéor
example through the upstream management of sediment flows, water quality and quantity).

3.2 Sugainable water infrastructure Benefits

Sustainablavater infrastructure seeks todeliver multi-benefits for economic, social webeing and
ecosystem healthThese cebenefitsare briefly introduced below

Inherently multiple benefit s; local and regional

Welkfunctioning SWI yields multiple benefitlood production, materials production (including
timber or fuelwood), erosion protection, climate regulation, pollination, cultural services (recreation,
FSAGKSGAO @I t dyXzand Waligess dhese B RhodnifitoOIScA people regional
economiesand ecosystems

The concept of SWI (as promdidere) is similar and compatible with other tools and concepts
being promoted internationallyprimarily the promotion of Strategic Water Management (promoted

by WWF) that builds upon dacosystenrBasedApproachasadvanced through the Convention on
Biological Diversity, the Wise Use of Wetlands outlined in the Ramsar Convention on Wetlands,
concepts ofGreen Infrastructurgsuch as the Flood Green Guide, WWHEQosystentbased disaster

risk reduction (DRR) and Climate Adaptation Ecosystem Seadgaesllas theWWDR NaturdBased
Solutions for Waterreport. All these approaches highlight the potential role that natumatl nature

5 https://watershed.nl/blog/howgoodwater-resourcemanagemeneadsto-improvedwashservices/
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based infrastructurecan playin supporting healthyecosysters andprovidingassociatedservicesof
benefit to local communitie and economic developmentWhere these approaches differ is the
degree to which theecosystem services can be used to complement lnfitastructureto deliver
outcomes for both freshwater and human systembhe promotion and use of SWI diffeskghtly
from other approachein that its starting poinisto purposefully seek solutions that use a blend of
built and naturalinfrastructure as its core missiofan approach that aligns withtr&tegic Water
Management approaches advocated earlies &t out byWWF)

Built infrastructure generally address a specific issuand isdesigned to accommodate a narrow
set of specified conditions and deliver an equally narrow set of prescribed outcomeddesatisfy

a relatively predictable demand thrgh the consideration of relatively predictable supply opticss
so-called predict and provide approachi} rarely provides cdrenefitsand usually has a high carbon
and material footprint In contrast,natural infrastructure is inherently muibenefit, including the
potential to improve the performancer reduce the associated cost (capital or revenaépuilt
infrastructure For example upstream catchment restoratiomay act toattenuate flood flows and
reduce downstream extremesr reduce sedimenkosses from the upstream catchment and prolong
the life of a downstream reservoiln promoting a blended respons8W!I has the capacity to deliver
multiple services of value; to both the local population (through the range of ecosystem services
providedby the naturalinfrastructure component) and to the regional econgigprimarily through
well-functioning built infrastructure)

Lower costs; short and long -term

SWI, involving a blend afatural and built responsesmay be more costffective andaffordable
and/or require less maintenance than conventional solutions

Natural infrastructure can support the deliverpf water related goals and reduce the requirement
for conventional infrastructure In some instance, the need for built interventiongaynbe removed
altogether, but in most cases the purposeful use of natural infrastructure seifluce the design
burden and hencéhe cost of built infrastructure Consider for example thease of water supplyA
conventional design process would involhe identification of the demandand design, bud and
operation of conventionalinfrastructureto supply, storetreat, and distribue the water Working
with natural infrastructure to support this process provides opportunitiesreduce costs from
upstream actions tcenhane the quality and security of supplisuch asafforestation and shelter
belts, to reduce the sediment load andhus the need for filtration and reservoir dredgihdo
downstream wetlands providing an additional layer of water treatra Similar synergies are well
described in the case of catchment and urban flood management and the attenuation of coastal
storms

There is an increasy body of evidencesupportive of the assertion that SWI typempaches are
often less costlyhan built infrastructure alone, both in the short and longer terhe Hydropower
by Design(HbD) initiative led by The Nature Conservancy (TN@)r example,explores the
opportunities forsustainable hydropowefas defined as energy develment that is consistent with
maintaining a broad spectrum of values from river systerigough systermscale planning,
development and managementThe TNC reports (Hartmaret al., 2013; Oppermaret al., 2017)
illustrated how systenscale solutions enable freffowing rivers to be maintained (compared to
what would occur through a conventional built infrastructure focual) also allowing energy
generation P & & ( S Y Cronfexf is Giskdité@efer to any leve beyond individual projectand,
through modelbased case study illustrations (in the US, China and Latin America) demonstrate the
benefits of such an approadkigure3-4). Theserclude (i) the ability to dentify potential conflicts
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earlier on than can projedbased approaches alone, allowing greater flexibility to find alternatives;
(ii) operational efficiencies, such as for cascade operations, sediment passag@nmental flows,

and safety (dam design/flood managemen()ij) for a given level of energy development, produce a
configuration of projects that allows maintenance of more of other values, including other water
management benefits and alsenvironmental and social valueSome specific examples of how
natural infrastructure (constructed wetlands) can reduce total costs across the whole project
lifecycle are presented in section 4.1.
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Figure3-4 Economic and environmental improvemempiportunities provided by system scale
approaches to hydropower

Equality and cohesion

A participatory approachis fundamental to SWI; an approach thiagiilds social capt, adaptive
capacityandreduces conflict

The growing interest imatural and naturebasedsolutionsfor water resource management reflects
the recognition of thecontribution of ecosystemdo human welbeing (a link reinforced bythe
WWDR 2018 Repgrt Thisconnectionis highly relevant in Africa, where it is recognized thabrer

YAYERS
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communities often have a very higind direct dependence oecosystem servicesThe cebenefits

of providing waterinfrastructureapproaches that promote healthy ecosystem for local communities
are wellestablished and include, for exampleppiding opportunities for harvested products, local
cooling or cultural servicesTheSWIapproach is also fundamentallyparticipatoryone and seeks to
engacge local communitiesand all relevant stakeholdesom the outset, inidentification of the
issues andrade-offs, the scoping of potential solutions as well as the dedigplementationand
monitoring of the chosen approach This is needed to manage tradéfs between stakeholders,
capture local knowledge and ensure the longevity of projecihis partigpatory process provides
long term benefits by building social capital and adaptive capacity and reducing conflict.

3.3 Qustainable water infrastructure The karriersto take-up

The United Nations2030 Development Agenda acknowledges the importance of susti@ina
management of natural resources.g( ecosystems) as critical to achieving the Sustainable
Development Goals (SDGS)here are however any examples of poor infrastructure choicist
conflict with this visionsee, for example, the negative impadftirrigation investments in Kenya on
wetlands that supported pastoralists, Reid and Orindi, 20183glecting the potential contribution

of natural infrastructurein managing water resources alongside built infrastructaleo misses
significant opportuities to deliver multiple benefits for botBDG 6 (Water and sanitatioahd the
other SDGs (e.g related to food, energy, health, biodiversity, gender equaliiyable cities,
education and sustainable economies)o achieve theSDGsa paradigm shifin the approach to
water infrastructure investment and plannings necessary

Achieving this change will require a range of barriers (some real and some perceived) to be
overcome(Figure3-5). Some of these are internationally relevant and some are specific to Africa.

Continued bias towards single purpose infrastructure: A development focus based strictly on single-project criteria continues to result
in infrastructure projects that fail to contribute to broader development goals (e.g. renewable energy focus at the detriment of
biodiversity)

Complexity of institutions and lack of coordination in infrastructure planning. Wastewater system with reclaimed water
system; Urban flood and river basin/regional flood river

Continued fragmentation of river systems: Environmental and social costs of the 3377 large dams planned or proposed by
2030s could be enormous (Grill et al. 2015) and could impact more than 300,000 kilometers of free-flowing rivers
(Opperman et al, 2017)

. Continued lack of social licence and fair outcomes: Poorly planned infrastructure continues to contribute to social conflict,

causing delays and financial over-runs. Who benefits?
Continued neglect of environmental flows and biodiversity: Poorly planned infrastructure can disrupt natural flow dynamics of
a river; accepted by conversation but not in longer term infrastructure, economic planning?

Assumed complexity: An assumption of complexity, implementation delays and less attractive financially returns are association with
system-scale planning; But the opposite is true!

SourceSayerst al.,in press
Figure3-5 Challenges in delivering sustainable water infrastructure
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An embedded bias to build conventional infrastructure

Infrastructure choices are often predisposed towards conventional built infrastructufighe
2OSNBKSE YAYyT R2YAYFYyOS 2F aaINBeé¢ (GKAY|1Ay3d NBFE S
(including loal public policy/building codes, civil engineering or economic instruments, service
provider expertise) that make it difficult for more innovative solutions.(éb@sed on a notionally
more complex combination of natudeased and built infrastructure) teucceed This bias is despite

the emergence of concepts of Integrated Water Resource Management (IWRMalthaughthey
promote SWI in principle, rarely dgo inpractice More strategic water management approaches
(as promoted by WWIE see Section 3) promote a systemsbased long term view that is more
explicitly aligned with the concepts of SWIThis is reflected in the limited implementation of
deliberate actions to support ecosystem service provision or use of natural or Hadsed
infrastructure solutions in the water sector across Africa as a core (as opposed to a peripheral)
activity (with notable exceptions being increased use of construeteddd sometimes naturai
wetlands and some lowevel habitat restoration).

An inappropriate decision scale: spatial, temporal and institutional

Systemscale planning and management is widely accepaésdbeing capable of reducing the
negative environmental and social impaessociatedvith infrastructure development and ensng
its longterm objectives(Oppermanet al.,2017), but systerscale planning is often perceived to be
associated with implementation delays and projects that are less attractive financially.

¢CKS WAOFIfSQ Aada AYLERNIFYG Ay:aLlk dAlFtY GSYLERNYXE |y

1 Satial context the watershed has often been considered the basis of good planning he t
water sector Increasingly however the notion of therecipitationshed (WWAP, 2018)that
includes both the watershed that receives rainfall as well as the source oftthespheric
moisture (which is oftenconsidered as aaxtermality)y A & LINBY2GSR & | Y2NB
as interventions that seefo A Y Ff dzSy OS WI (i Y2 & LIK 8dudh Bedizid) G SN S Y S NJ

1 Temporal contextMany choices are very lodiyed but often the @cision process fails tadopt
a longterm view. In response, the ability of healfhecosystems and associated natural
infrastructure to adapt to changing climates autonomously and the reltil@wv-cost of
purposeful adaptation often fail to feature the comparison of optionsFor example, looking at
coastal protection options, rmunconstrained coast will naturally adapt to changing sea levels;
retreating as they rise, advancing as they declifeew coasts are afforded this opportunity
today. Squeeed between rising sea levels and landward development, there is often little room
for the mangrove forests, coastal dunes and wetlands to adapt and continue to afford this

nature-based protection Once constrained, a cycle of negative feedback staftsa coastal

habitat degrades, wave attenuation weakens, its ability to trap sediment reduces and foreshores

- ‘ lower and steepen Any backshore defence is soon
undermined and may require significant investment to
hold a given shoreline positiorFigure3-6). Avoiding

this downward spiral will require better longéerm

planning that gives room to coasts to adapt (Sayers,

2017)

Figure3-6 Gambia: The beach is squeezed between
development and the seanable to retreatthe beach
lowers and protection is lost
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1 Institutional scaleThe scale aspect is important as water investors in a transboundary context,
perhaps dependent on surface water, will have to base their development assumpgtions
'‘predictable’ demand and supply conditions and projections, ameliorated perbgpdimate
change, to best fit investmentBut concurrently, other decision makers, relyiog the same
water source are also making decisions that immedigtechange baseline conditionsThe
institutions at thescale that may have the best knowledge for making such decisionstieeg
basin organisations, are often limited in their manddtg sovereign states to be knowledge
keepers Therefore applying SWI in a transboundary complex may be veryuliffi§/NI also
relies upona portfolio of actionsand & a result it is less centralizedequiring multiple
organizations (formal and inforat) to act (ncluding through exertingontrol over land neeed
to be set aside for natural or naturbased infrastructure, a particular challenge givire
pressures ofirbangrowth). The private sectoalso hasmportant role to play in providing water
infrastructure in Africabut making a case fonvestmentin multi-contributor solutionsis often
difficult.

An appraisal process that focuseson a narrow set of outcomes and lack of visibility of lost
services

ALJLINI A alf LINRPOS&aasSa GSyYyR (2 ¥ z6eudnas tRefollne &f vdte2 RS & O
stored¢ N} G KSNJ GKIyYy Y2NB s@B ¥t Snprovethemdzin @iyl Svebiaiag,

economic development or ecosystem healthThis narrow focugeinforces theBias to build2

introduced above Without wider consideration of the outcomes associated with the different
infrastructure development pathwaysdecisions can be taken without full knowledge of the
opportunities missedg.g positive impats on long term project costs and ecosystem services that

many be associated with the inclusion of naturatastructure and the risk of negative outcomes

(e.g loss of performancedegradation of the freshwater ecosystem, loss of local employment and
livelihoods)

Natural and welplanned built infrastructure astto support productive ecosystems; a contribution
that is rarely identified in conventional infrastructure project approacheBor example one
outcome from a pody consideredinfrastructure developmentmaybe a reductionin water quality
or loss of environmental flowd$eading to adecrease in fish populationsith an associated impact
on the local fishing industry, but no or little effort is directed toward®atng replacement jobs
These typs of localconsequences¢on fisheriesand how best to replace both lost employment and
the associatedood suppy) are too often invisible to the decision and investment processes

This does not imply that natural and natdbased infrastructue are without potential negative

outcomes For example, inclusion of urbayreen spaces can create disservices that are considered
negative for human welbeing The creation of a smallrbanforest may be perceived as an unsafe

location; wetlands can ba breeding ground for mosquitos; amaéturall LILINR I OKS & G2 Wwaf 2
FEt26Q AY FregucddawisBedrnpéak fiogs may also provideew snake habitat

There is a view thahatural and hybridnfrastructure mayconsume mordand than conventiona
built infrastructure, anchence itcompetes with housing and farming that have established business
cases and are thueften consideredmore investable Establishing the wholsystem, wholdife
view in the appraisal tools (that enable the full rangebehefits of SWI to be reflected in the
business case) will be a prequisite to wider takeup.
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An assumed lack of evidence and uncertainty in outcomes (for people, the economy and
ecosystem health)

Many SWipilot projects in Africa (see Chapter djein locations with easily definablgerformance
criteria and stakeholders (upstream and downstreaamd a clearconnection between the two
Developing thebusiness casé such situationss readily communicatedo the stakeholders and
potential investorsand hence relatively easy to deliver

In more complex settingthe interactions between ecosystem services and sociakvesfig, in the

short to longer term, are less well understaodlthoughsignificantadvances are being made, and
modetbased apppachesmaturing, here continues to be a perception that thencertaintyin both

the benefits and costs associated wiiWIresponsess significantly greater than those associated
with more quantifiable (and relatively immediate) returns from built infrasture. This perceived
uncertainty is akey constraintto the wider takeup of SWinoted in the literature Uncertainty
around the specific capacity of green infrastructure to address a particular issue can mean that it is
less likely to be properly osidered as an optianFor example, local, often unknown, soil conditions

will affect the performance of SWI that depend on recharge or infiltration

Threeimportant aspects underlie this barrier

Uncertainty of performance Unlike the relativemmediacy of conventional infrastructureatural

and hyrid infrastructure typically takes some time to establishnfaybe several years) The
performance of natural and hybrid infrastructure may also vary on an-entrual and interannual
basis, preserihg a management challengeatis not (perceived to be) associated with the relatively
projectable performance of a conventional infrastructure respon®ut the natural resilience of
natural infrastructure andits inherent ability to adapt to changinglimatic conditions is often
overlooked This ability to autonomously adapt does not however imply natural and hybrid
infrastructureis maintenance free; as Wi conventional infrastructuremaintenance is crucial, and
performance is likely to rapidly degple without this (se¢he example of Ruaha School wetland in
Chapter 4)

Inability to attributing benefit (and hence investment opportunitiesEstablishingthe cause and
effect relationshipsbetween infrastructure choices and outcomis difficult, and more so in the
context of SWI solutions based on multiple infrastructure respoygigen the multiple other drivers
of change (naturalseasonally or inteannuallyand anthropogenic, climate change, development
etc.). Disaggregating the benedibf natural infrastructure as part of a portfolio of infrastructure
responsesgs therefore difficult, but not impossibleFor example, an analysis of the future flooding
studies undertaken in support of the UK Climate Change Risk Assessment ébaye015)was
applied to explore the opportunity for natural flood management measures (iatural and nature
based infrastructure) within the Cumbria catchment (Li€d attributed the associatedcbenefits in
the context of the portfolio of responseFifure3-7).
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Figure3-7 The contribution tdlood risk reduction from defence, natural flood management and
property level protection, fahe 2080s

Uncertainty in sakeholder behaviorsStakeholder participation and transparency is central to SWI,
but there remains a imited understarding amongst investors, national, city and community
stakeholders as thow to achieve this For exampleijt is recognized that the wtar development
sectorin Africa (and elsewherdacesissues of corruption Some authors have noted that the use of
natural and hybrid infrastructure, and a more strategic systmsed development approach, may
be less amenable to corruptionThe promofon of the use ohaturalinfrastructure incurrent peri-
urban or future urban locations maglsopresentopportunities forresource or land capture for the
purposes of future profit sharingas a means of ensuring local communities benefit in the
developmant opportunity. In urban areas disconnect between users of water and an appreciation
of its source may emerge (it may be unclear if water frartap is from a surface or groundwater
source). This disconnecanundermine the appreciation of the potential threats to that source of
water, and hence undermine effective managemeddbowever, natural infrastructure projects may
help to make this link more explicit (e.g. El Zein et al., 2016, argue that constructksheveystems
that recycle water for irrigation help to promote awareness of water scarcity and encourage users to
reduce water demand).
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An approach based on siloed planning processes with capacity to deliver SWI

The use of sustainablevater infrastructure requires comparatively more cooperation across a
number of different stakeholders thaconventionalinfrastructure approaches including cross
sectoral or crossninisterial This raises two important barriers:

Lack of awareness of emerging fundinghicles and a capacity to access thefhe knowledge of
sustainable infrastructure, and the potential to blendtural and builtinfrastructure, is often lacking
within Government Ministries, MDB staff and the private seatompaniesthat are involved in
investments of water supply and sanitatioiThis lack of capacity meatisat opportunities to take
advantage of international funding instruments (such as the Global Environment Facility (GEF),
Green Climate Funds (GCF) and others) are mistetead he majority of funding is sought via
conventional routes and the associated investments focused towards conventional infrastrubture
part this reflects the lack of ministerial acceptance of a more strategic approach, but also the
background of the st&finvolved in project preparation and tha priori allocation of project
development resources that focuses on conventional engineering requirementsis,improved
awareness is needed, whether technical, financial, and institutional.

Lack of ceoperation: SWI typically requires eaperation between many different departments, e.g
water supply, sanitation, waste collectiomban planningforestry, agriculture oparks / recreation
Without multi-sectoral co-operation, SWI approaches are unlikely succeed However, these
departments usually operate in their own silos, which limits opportunities for implementation of SWiI
or undermines itperformance Forexample:

1 Informal settlements build on any available space, including potential green/blresinicture
such as floodplains, wetlands, river banks and parks (@auglas, 2016)Even where planning
regulations exist, they may not be effectively implemented, leading to uncontrolled
development by private developers encroaching ontdural infrastructure such as floodplains
and wetlands (e.gDouglas, 2016; Herslured al.,2017).

1 Lack of effective sanitation and refuse collection services leads tan&eyal infrastructure
assets such as drainage channels and wetlands becoming polluted @ygkdl with refuse (e.g
Jiusto and Kenney, 2016).

1 Overabstraction of water leads to watercourses and wetlands drying out (sometimes
exacerbated by development initiatives such as upstream irrigation schemes to promote
agriculture (e.g Reid and OrindR018)).
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4 Caseexamples of sustainable water infrastructure in Africa

A systematic search of the academic literature, grey literature and case study databases reveals
relatively few case studies where natdpbased solutions had been successfultplemented at full

scale, rather than as smatale pilot projects or experimentdNevertheless, some very promising
examples exist and it is cletdrat the potential for SWI in Africa remains underexploited.

The literature &llsinto four broad groupgFigure4-1):

Constructed wetlands for water supply, wastewater management and pollution control
Sustainable urban drainage and urban green infrastructure

Aquiferrecharge

Land management and restoration.

= =4 =4 =N

The following sections address each of these broad areas in turn, identifying the strengths and
challenges of each technology; opportunities for implementing in different contexts; current status
in Africa (accordig to the literature reviewed); any barriers preventing wider uptake and thoughts
on how these barriers could be overcome

Governance8

Land
management
62

Constructed
wetland, 116

Aquifer
recharge5

SuDS and (33

SourceBased on aystematic search of academic refereneeslgrey literature referencessee Appendix 1 and
associatedspreadsheet record.

Figure4-1 Number of references found for each category of sustainable water infrastructure

4.1 Constructed wetlands

Constructed wetlands are artificially created wetlands that use the napmdesses of plants, soils
and associated microrganisms to absorb excess nutrients and pollutants and/or break them down
into harmless forms.

Interest in constructed wetlands began in South Africa in the-18i80s and around 30 plants were
built or plamed by 1990, with further examples being piloted in Egypt, Morocco, Tanzania and
Kenya in the late 1990s (Kadlec and Wallace, 2008)ny of these wetlands were experimental or
pilot scale, usually built in partnership with university research teams aed for R&D, but there

are some examples of full scale wetlandKimwagaet al., (2013) lists 27 constructed wetlands
operating in East Africa in 2013, including 16 full scale and 5 experimental in Tanzania, two in

CAVERC
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Uganda and one each in Kenya, the Selfebe Zanzibar and Ethiopialn addition, the ZerM
project established centres of expertise in Morocco, Tunisia and Egypt in 20@hder to build 60
new constructed wetlands across 21 districts has just been issued in Algéiaat of the pilot anl
full-scalewetlands demonstrate very effective pollutant removal, though there have been problems
with ensuring correct operation and maintenance in the longer t@limwageet al.,2013)

Natural wetlands have also been used for wastewater treatmathough if the input is excessive
this can lead to degradation of the wetland (see Section 4.4).

Basic performance characteristics
Use

Constructed wetlands can be used to treat less polluted sources (such as household grey water,
stormwater or agriculturbrunoff) directly, or as part of a chain of treatment options after primary
treatment (screens, sediment traps, settling/stabilisation ponds) or secondary treatment (septic
tanks/anaerobic digesters or activated sludge systemBhey are used to treat aide range of

inputs including stormwater, household greywater, municipal wastewater, sewage, acid mine
drainage and the effluent from petroleum refineries, tanneries, breweries, pulp and paper works,
food processing plants and other industrial process@$ie treated water is often resed for a
variety of purposes such as irrigation, car washing or toilet flushing, so this technology addresses
water supply as well as water qualit€onstructed wetlands can also form part of a flood mitigation
scheme, forslowing the flow of water and treating polluted surface runoflthough it is relatively
unusual for a constructed wetland to be chosen in preference to a conventional wastewater
treatment option, in the cases where this has been done it is implemeasea core option, with the
primary purpose of treating wastewater using SWI

Basic types

Constructed wetlands have been in use for over 50 years (Castilemzueleet al.,2017), starting
with research at the Max Planck Institute in Germany in 1958I@€zand Wallace 2008)in 2004
there were around 5000 in Europe and 1000 in the US2EPA2004)

Constructed wetlands typically consist of a bed of gravel, sandibplented with wetland plants

such as reeds (Phragmites), bulrushes (Typha) or papyrus (Cyperus papyrus), although a wide range
of native plants can be usedrhey are generally differentiated according to management of water
flows:

0] free water surface tbw wetlands These resemble a natural wetland function including
areas of open water and are typically used to treat stormwater and urban or agricultural
runoff (because they can handle fluctuating flows).

(i) horizontal subsurface flow wetlandsHere waterflows usually remain below the substrate
so that the surface is dry, avoiding odour, mosquitos and the risk of human contact with
wastewater Treatment is efficient because contact with the root zone is maximized, so
these take up less space than freeterawetlands.

6 http://www.ona-dz.org/IMG/pdf/-948.pdf
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(i) vertical flow wetlands: Here wastewater is distributed over the surface (often in single
pulses of flooding) and percolates through the surface soils, providing opportufities
oxygenationand ammonia removal but more limited opportunitiésr nitrates removal
These take up even less space and are typically used forahigionia effluent such as
landfill leachate or food processing effluenthey can also be adapted to maximize removal
of metals andcan treat concentrated waste streamscinding sewage (after primary
treatment in a settling pond).

(iv) Hybrid wetlands:these combine both horizontal and vertical flow wetlands, to maximise
nutrient removal (Kadlec and Wallace, 2008).

In addition, floating macrophytes (plants such as duckweedematacinth or water cabbage) may
be used on effluent maturatioponds andcomposting drying beds (such as reedbeds) can be used
to treat sludge, which can then be reused for fertiligeigure4-2).

5-10m?
per person

3-5m? per
person

bl SO i S e AT

Horizontal sub-surface flow wetland

f 1-2 m? per
Vertical sub-surface flow wetland " person

SourceBased orEl Zeiret al.,2016

Figure4-2 Different types of constructed wetland showing the space needed toliceetehold
greywaterper person

Perceived strengths
The literature highlights various perceived strengths associated with constructed wetlands, namely:

1 Relativdy low capital cost: Constructed wetlands are cheaper to build than conventional
wastewater treatment plants.

1 Relativdy low operational cost:They are technologically far simpler than conventional water
treatment and usually have no moving parts, as they can be designed to use gravity rather than
pumps or control sluices, so they are relatively cheap and easy to maintain (Et 2812016
Kimwaga et al., 2032nd last longer (Nelson, persomm)

9 Provision of cebenefits Depending on the quality, the effluent can be used for irrigating parks,
gardens, trees, timber plantations, ndaod crops, food crops, washing cars, cleaning steet

VEPRC

35| Page



=a =4

flushing toilets, ornamental fountains or even drinking water (Ckéral., 2013). Harvested
vegetation can be used as fodder, biofuel or for cut flowers. They provide aesthetic value,
biodiversity (especially free water wetlands), educational oppaittes (including raising
awareness of water supply issues) and contribute to local cooling and urban green space (El Zein
et al.,2016).

Lower whole ife-cycle costsFollowing on from the points above, several studies illustrate that
total costs over thewhole project lifecycle can be cheaper than conventional infrastructure,
especially (but not only) when dmenefits are included. An exampler Ruaha School in
Tanzania is presented below. Another study found that a constructed wetland in Uganda was
cheger than a waste stabilisation pond because it had a 30% lower land requirement (Okurut,
2000, apud Kimwaga et al., 2012). Similarly,scenario analysis based on an Italian wetland
found that seminatural free water surface constructed wetlands were cheraghan activated
sludge wastewater treatment plants, despite far higher development costs, because the
operating costs were two to eight times lower, giving a 2 to 3 year payback period (Mannino et
al., 2008 apudKimwaga et al., 2012).

Locally appropriate: They can be built with local materials and local labour.

Relatively scalableThey can be applied at a range of scales from individual households to
municipal scale or industrial treatment plantsSmall decentralised options for individual
households or communities can provideaggregate outcomes at larger (municipality) scales (El
Zeinet al.,2016)

Capable of integrationThey can be flexibly combined with other types of treatment to provide

a tailored and coseffective solution, andtis can be targeted to remove specific pollutants
(often more effectively than conventional treatment for removing many nutrients, pollutants,
pharmaceuticals and pathogengotably in tertiary treatment units)

Safer and healthierproperly built substface flow wetlands have no odour, no exposed sewage
and no opportunities for mosquitoes to breagunlike conventional sewage treatment which
has open lagoons (Nelson, peomm.).

Low impact:the natural treatment processes avoid the usecbemicals ad have lower energy
consumption and greenhouse gas emissions that conventional treatment processes.

Note: Although much of the literature was composed of studies of individual experimental or pilot
scale wetlands, it is important to emphasise that thaitl fpotential is realized when they are
implemented as part of an integrated water management approach (as promoted. hEng allows

them to be part of a system that combines saving water use at source, reducing the environmental
impact of water dischayed to the environment, recovering nutrients from wastewater or sludge for
use in agriculture and even recovering energy from biogas digesters or harvested vegeiition
ZerGM project (see below) provides an example of this approach.

Perceived weaknesss

1

A breeding graind for disease: If not appropriately controlled free watersurface wetlands

attract pests or nuisance animals such as mosquitos, water snails or water snakes (Kivaisi, 2001)
However, this is not the case with subsurface wetlands, whioffer an advantage over
conventional sewage treatment (see above).

Performancecan be compromised: The misuse of a wetland can undermine its ability to
perform. Examples include removal of wetland vegetation by grazing or cutting by local people
(Negussieet al.,2012) and the theft of control valves (Kimwagjaal.,2013) Also,they may not

function well on waterlogged soils or during the rainy seasdpN>F A a SR 0 SRQ ¢St |
f SFOKRNI AYyaQu YIFe ¢2N)] 0 SetclicdMi)Ay GKS&S O2yRA
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1 A large space requirementMore space is required per household treated using constructed
wetlands than for conventional treatment optionsin densely populated areas, including
informal settlements or where land costs are high, this is @lehge but in the context of the
SWI promoted here, this is a false choice; the choice is not between conventional and-nature
based infrastructure but how these can be used in concert.

9 Lack of data There is often a lack of basic hydrology data and dat¢éhe proposed wastewater
stream, which hinders optimum design (Kimwagal.,2013)

9 Lack of capacity Private companies and consultants have not yet developed the capacity to
design and install constructed wetlands, so this task often falls to tsifyeesearchers (AEE
INTEC, 2009; Kimwagtal.,2013) Even when following detailed instructions, local contractors
may make errors such as positioning the inlet and output pipes at the wrong level or providing
the wrong type of substrate (Kimwagg al., 2013) Training is essential to ensure correct
design, construction and maintenance.

Examples of implementation
Lake Manzala Engineered Wetland, Egypt

Lake Manzala is a large coastal lake in the Nile Délte Lake became increasingiluted due to

influx of untreated wastewater with dramatic impacts on the fishing industry (the Lake once
adzZLJLX ASR o> 2F 938LJiQa TFAaK o0 dziln@®1, eonstruationi K S
started on a pilot scale engineered wetland feadby the Global Environment Facility (GEF), and
operation commenced in 2004The wetland was designed to treat 25,000 per day of water
taken from the Bahr el Baqar drain, a highly polluted drain flowing into the lake (this is 0.8% of the
total flow inthe drain)

Designed as a demonstration project, the treatment process consisted of ten parallel free water
surface flow wetlands with a portion of the water receiving further treatment (passing through two
subsurface flow wetlands) for use in a figaring facility.

When completed the wetland system was considered a success, remg@@ngf suspended solids,
15% of total phosphorous, 5% oftotal nitrogen and 97% of total coliform bacteriaat just one
quarter of the cost of conventional method&EFEI Sheilet al.,2010) Early in 2018, the wetland
was handed over to the National Water Resea@imtre of the Ministry of Water Resources and
Irrigation, for use as Centre of Excellence in teaching, replicating and disseminating low cost
wastewatertreatment technologiesas well as providing joksnd training opportunities for local
people

Ruaha School, Tanzania

Many community buildings across Africa are served by a conventional septic tBule to
waterlogged soil the soakaway at Ruaha Schegjuently overflowed Working with the University

of Dar es Salaam the School installed two horizefida¥ constructed wetlands planted with reeds
(phragmites) between 2004 and 2005, to treat the ovexfliisom the septic tankRigure4-3). They

have operated well since then, with capacity to serve 1200 peoplee treated water is used to
irrigate a field of elephant grass, which is used agléodor cattle owned by the school, and the
wetland is used to educate pupils on environmental managemenhe wetland cost $2500 in
construction materials, as the university provided the design for free and the staff and students did
the construction, ad costs $340 per year to operate (wages and analysis of water samples)st
benefit analysis found thathere was a net present valugNPV)of $2250 over ten years with an
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internal rate of return of 33% (compared to a nominal interest rate of 16% )eapalyback period of

4 to 5 years(Kimwaga et al., 2012)his hinged largely on the fact that after the wetland was
constructed, the septic tank had to be emptied only once a year compared to four times a month
before (at a cost of $20 each timeJaking mto account the health benefits from improved
sanitation, the NPV increases to $8880, the IRR is 106% and the payback period is one year.

In the early years the project was considered a success (in terms of avoided health impacts and
lower operating costglue to the reduced frequency of emptying the septic tank, Kimweigal.,

2013) The success was attributed to the motivation of the school staff, including the formal
designation of responsibility for operation and maintenanct visit by researchers early in 2018
found that the wetland condition had deteriorated due to a change in school management and lack
of maintenance, although it was still functionimgdemonstrating the robustness of the system
However it took only one dato clear the wetlands of excessive vegetation growth, so that new
vegetation can grow, ande site is now being used féurther research (van Deun, persomm).

Other wetlands in the region have failed due to poor maintenance or design or athexample,
another school failed to install a septic tank as planned (due to resource comnsjrand the
wetland inevitably failed after being overloaded with raw sewage (Kimweagh,2013)

Credit: SI VLRU@®oject, TMK Belgiunwith permission Seehttp://www.constructedwetlands.net/cwruaha.html

Figure4-3 The constructed wetlands at Ruaha School in Tanzania

Banana winery, Tanzania

Agroprocessing industries create effluent rich in organic matter, which is damaging when
discharged to the environment but also represents a potential source of nutrients that could be
recovered A treatment system was buittt a banana wineryBanana Investment Limitg¢éh Arusha
which was previously discharging untreated effluefrocessing effluent was treated initially in an
up-flow activated sludge blanket (UASB) reactor, and the effluent was polished in a subsurface flow
constructed wethnd planted with papyru&igure4-4). After 17 months of operation the systewas
removing 99% of chemical oxygen demand, 98.6% of biological oxygen demand, 9&¥eofisd
solids, 88% of nitrates and 50% of phosphatdie biogas produced in the UASBused in the
boiler, and tlke dried sludge and the treated water are used for irrigati@®aschakt al., 2017)
Another successful example of a papyrus wetland insha is treatinghe wastewater from the
student hostel at Nelson Mandela African Institute for Science and Techn@lagyDeun, pers
comm.)
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Credit: SI VLRU@®oject, TMK Belgiunwith permission.

Figured-4 Papyrus wetlands at Banana Investment Limited (left) and Nelson Mandela African
Institute for Science and Technology (right) in Arusha, Tanzania.

Chorfech Village and School, Tunisia

As part of the Zer project, a sustainale water management system was implemented for the
village of Chorfech 24, with 350 inhabitan#n Imhoff tank (a type of septic tank) was followed by a
series ofhorizontal and vertical subsurface flow wetlandsith a total area of 1800nt, and a
compasting reed bed for drying the sluddEigure4-5). A separate system was set up@horfech
primary schoql which had 60 pupils and 10 staffThe school was not coected to the village
sewage system and had no sanitation system, limited water supply and limited financial resources
A comprehensive systenwas installed, includingvater-saving equipment(pushbutton taps,
waterless urinaland rainwater harvestingas well as &anitation system consisty of aseptic tank
followed bya smallhorizontal subsurface flow constructed wetlaf@ix 5m) The treated water was
used forirrigation of the school yard, especially tre@SEENTEC, 2009) After three yearsthe
wetland was performing well, with high removal rates for suspended solids (93%), nutrients and
pathogens (Ben Saad et a2015) The wetland is still operating successfully today (Ghrabi,.pers
comm.) and similar wetlands have now been created ae¢twther schools in KasserineThis is
viewed as a good solution for small rural communities with limited financial resources for sanitation.

Photo: Macgulf http://www.macgulf.com/applicationexamples/experiences

Figure4-5 Constructed wetlands at the village of Chorfech 24
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Témacine, Algeria

The company Wastewater Gardens International has installed a number of wetlands in Africa,
including one at Témacine in Algefigigure 4-6). This was installed in 2007 at a historic site
including a mosque and a group bbuses andvas designed to treat 15 hper day of effluent
(mixed grey and blackwater) from 14%0 people After primary treatmentin a septic tankwater

flows into a 400rA horizontal subsurface flow constructed wetland designed as a crescent shaped
gardenand planted with a mix of ornamental plantdry gravel covesthe wastewater to prevent
odour or humancontact High quality effluent is produced, which usedto irrigate fruit trees
planted in drainage trenches next to the wetland

Although most constructed wetlands use reeds (Phragmites) or rushes (Typha), these plants can be
invasive if they escapénto the local environment Wastewater Gardens International have
pioneered a different approach which aims to use a diverse mix of plants, preferably local species
They work with around 200 plants which are adapted to wetland conditions in diffecemttges, of

which about 80% have additional uses (e.grnamental, animal fodder, fast growing timber,
weaving material, medicinal use, cut flowers, biodiversity vallk&)r the Termacine wetland a mix

of 25 plant species were tested, of which 7 werarfd to be suitable including oleander, canna and
bluegrass (Nelson and Cattin 2014; Saggal.,2017)

The system has been highly successful and led to requests for the company to design three further
wastewater treatment gardens A tender has just been issued by the Office National de
I'Assainissement in Algeria for the construction of 50 new wetlands across 21 Wilyas (counties),
based on these designs (Cattin, pecesmm.)

Qedit: Wastewater Gardens International

Figure4-6 Wastewater Garden in Témacine, Algeria on construction (left) and after six years of
operation (right)

Opportunities and barriers to wider take -up in Africa
Opportunities

Constructed wetlands are well5ui SR G2 ! FNAOI Qa Of AYFGS O0AYy & N¥Y
rapidly and microbial processes are faster) and offer a-efiettive means of tackling problems of

both water supply and water quality (Kivaisi, 200They have the potential to conbite positively

to integrated water management approaches in urban and-pdsan areas, and also have a range
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of uses in rural areasln this context Africal O y I 1 With th& eatésBdppounities for
constructed wetlands as:

1 Supplementary teatment for poorly performing municipal wastewater treatment plants
Many of the conventional wastewater treatment plants (WWTP) across Africa are ageing or
overloaded and their effluent fails to meet water quality standar@®r example, the Bugolobi
WWTP in Kampala failed discharge standards 100% of the time for a whole year of monitoring
(Bateganyaet al., 2016) CWs can be used as a ceffiective method to treat the effluent
before it is discharged to the environment; reducing pollutibimdiversity loss and public health
problems.

1 Low-cost, smallscale, secondary treatmentSecondary treatment of wastewater for small
communities, e.gvillages of up to 2,000 people, or in association with septic tanks (which fail to
remove nitrogen fromsewage) to bring water quality up to a level where it can safely be
discharged to the environment (Kadlec and Wallace, 2008)e to their small footprint, vertical
subsurface flow wetlands connected to septic tanks can be suitable for use in informal
settlements that are far from the sewer system (Buckley and Aramugam, 2016).

1 Urban gey-water treatment (Decentralized systems for individual houses or clust&isfein et
al. (2016) describes a design suitable for new towns in Egypt (such as the eBste¢r8aid
region, New Ismailia City and Technology Valley), based on plans for a sustainable community in
Iran. This follows the traditional form of dense lenige development with houses clustered
around central courtyards Greywater from sinks passésrough small constructed wetlands
that provide water for gardens, while blackwater from toilets is treated centralljzis design
reduces the cost of piping, leakage and energy required for centralized treatment while
providing attractive green space fogcreation Small scalelecentralized systems built into new
developments can be provided with private finance, saving money for municipalities.

1 Support in the treatment of agricultural and industrial effluent3ireating agricultural runoff or
landfill kachates (where landfills are lined) and treating effluent from industrial processes.

1 Tertiary treatment Where higher water quality is required, e.fpr vulnerable biodiversity sites
or where discharge is used for agriculture or as a water source

Barriers

Wider uptake is held back by a number of barriers, mainly linked to a lack of awareness of the
technology and its costs and benefits, by planners, policymakers, practitioners and the wider public
(Kimwageet al.,2013)

f  Assumption of no maintenanceConstructed wetlands are sometimes treated#d SG 'y R T2 NH
systems, both in Africa and elsewhere, but in reality regular maintenance is essential (van Deun,
pers comm.) For example, sediment and litter must be removed from traps; leaks and cracks
must be fixed; blocked pipes must be cleared; vegetation should be replanted if it fails to
establish in places; and usually the vegetation should be cut or harvested regularly to remove
nutrients that have been absorbed and stimulate new grawthhe effuent should also be
monitored to check its quality Inadequate maintenance or incorrect operation due to lack of
resources or training can lead to problems such as-fleeding or leakage (Kimwags al.,

2012)

1 Perceived credibility Constructed wdands are mechanically simple but biologically complex,
and their efficiency in removing pollutants may not be appreciated by conventional water
engineers who associate high performance with advanced engineered technology

9 Bias towards conventional projs. There can be preference for large, expensive conventional
engineering projects; sometimes linked to corrupt governanceCheap, small scale solutions
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give less opportunity for misappropriation of funds, which is an advantage but can also be a
barrier to implementation

91 Interdisciplinary kowledge barriers Design of wetlands requires knowledge of different
disciplines beyond traditional engineering (WWG, n.dlinplementation of full sustainable
treatment systems requires partners fromvater engneering, agriculture, urban planning,
architecture and possibly others, e.gociologyto work together (AEENTEC, 2009).

1 Lack ofcommercialcapacity. It can be very difficult or even impossible to find consultants who
can design sustainable water syste on a commercial basis, because the systems are so novel
(AEEINTEC, 2009)

1 Need for maintenance Some existing schemes have failed due to lack of knowledge, resources
or commitment to maintaining the schemes correctly (Kimwagal.,2018)

1 Unconentional sanitation systems. For optimal design of sustainable treatmesystemsiit is
usually necessary to collect greywater (from bathrooms) and blackwater (from toilets and
kitchen sinks) separately, which is not a standard approach in many plaédéscen There can
also be cultural objections or professional reservations about novel sanitation solutions such as
dry composting toilets or reise of treated blackwater (AHETEC, 2009).

1 Inappropriate regulations Regulations designed for conventiorisdatment systems may not
be appropriate for novel sustainable systemE&or example, at Chorfech village the optimal
design for the wetland (which left nutrients in the effluent to boost plant growth when used for
irrigation) could not be used becauseettstandards for nutrient levels were too strict (AEE
INTEC, 2009).

1 Lack of monitoring data Even when constructed wetlands are built and are operating
successfully, it is timeonsuming and costly to monitor their performance (beyond basic water

samplingi 2 YSSG NB3dzZ F §2NE NBIljdZANBYSyiao FyR a2 Yl
the wider public (Cattin, perscomm.).
To overcome these barriers, wider promotion of existing successful schemes is needed
Practitioners have found thataturald @ 8 0 SYa | f g+ && NBIjdzA NB | -LINRB RdzOi

making position who understands that behind the apparent simplicity, purification levels are as high
as with conventional grey infrastructure, and appreciates the added value of using such systems
(Cattin, pers comm.) Funding for a series of wathonitored fullscale exemplar schemes could
demonstrate the benefits for a range of different applications and in different regitmgparticular,

there is great potential to demonstrate the use of datralized systems in a residential new town as
envisaged in El Ze#t al., (2016), but there are also many other opportunities such as application in
rural communities, for centralized municipal wastewater treatment, and for treating industrial
effluent.

4.2 Urban green infrastructure

Urban green infrastructure can manage runoff using natural processes of infiltration into the ground,
storage in water bodies and filtration by vegetation

Conventional stormwater management uses grey infrastructure sudomsrete drainage channels

and storm sewers to collect water and channel it as quickly as possible to a point where it can be
discharged into a watercourse or water bodyhis approacthoweveroften results in pollution of
watercourses an@an also resulin a sudden increase in flood risk further downstrealtnalso loses

the opportunity for productive use of the watelAs a result, there is growing interest in alternative
green and blue infrastructurbased approaches which slow the flow of water arltbva it to
gradually infiltrate into the soil, as well as providing multiplebemefits A family of overlapping

42| Page



' LILINR I OKS&a Kl &a S@2ft SR Ay RAFTFSNByYyld O2dzy iNASaAzZ A
UK; Integrated urban water managemenfUWM) in the USA;Water-sensitive (urban) design
(WSUD/WSPp in Australia; Lowmpact Design (LID) in the USA (Lotterigtgal., 2015), Best

al yr3SySyid tNIXOiGAOSa o6.ato F2NJ ad2NX¥&l GSNI GNBI GY
Chinal SNB ¢S 3INRdzZLJ GKSY Ittt dzyRSNJ 6KS Ol iS3I2Ne 27
S NBO23ayAasS GKI G (KShasaSndvh witd Nsade yand Ithgt FniNdh &irbaNdzO G dzN
green space is seen as being primarily for other purposes (eegreaton) rather than water
management These approaches are increasingly being incorporated into new developments in
developed countries, but application in Africa so far has been limited.

Basic performance characteristics
Use

Urban green infrastructure (UGtan be applied in new developments or retrofitted to existing
developments at any scale, from an individual building to an entire municipdltg primary aim is

to manage surface water runoff and thus protect against flooding, but unlike grey infraseudGl

can also improve water quality, store water for potentialuse and allow groundwater recharge
through infiltration as well as providing biodiversity and amenity benefi&ome types of UGI,
including SuDS features such as bioswales and retepiimds, are specifically aimed at managing
surface water runoff sustainably and thus are core SWI investments, but other types of UGI such as
parks, gardens, sports fields or landscaping are aimed primarily at other goals such as recreation or
aesthetic alue.

Basic types

UGI uses natural processes of infiltration to the soil and filtration by vegetation to reduce runoff and
remove pollutants It includes features such doswales (vegetated ditches), ponds, retention and
detention basins, raingardenswetlands, green roofs, permeable paving, and general green spaces
such as parks, gardens, street trees and green/blue corriddtrscan also make use a@Xxisting
natural and semnatural features such as urban streams, rivers, wetlands and woodlands

Perceived strengths

1 UGIland SuD&llows groundwater recharge stores water for potential reuse and filtes out
pollutants, unlike impermeable grey infrastructure (eapncrete drainage channels).

I UGI and SuDS provides multiple co-benefits including aesthtéc value, recreational
opportunities, urban cooling and enhanced biodiversity.

1 UGIland SUDS$3ypically has lower environmental impactscompared to grey infrastructure (no
or little concrete used in construction; no or reduced need for enénggnsive pumping or
water treatment)

1 Smallscale or micrescale SuDS can be implemented, monitored and maintained by local
communities using sinple tools and local or recycled materials, even in informal settlements
(Fitchett 2017; Jiusto and Kenney 2016Yhis makes SuDS suitable for commubiged
adaptation, with the added benefit of fostering improved social cohesion and resiliehte
contrast, grey infrastructure solutions generally lead to community dependence on government
funding for implementation and maintenance, which may not always be forthcoming.

1 UGI andSuDS are flexibleand can be more readily adapted over time to suit changing
circumstances, e.gchanges in water level or ground level due to subsidence or erosion (Fitchett
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2017) Where litter is a problem, open channels typicalafDS are more easily cleardidan
conventional underground pipework.

Perceived weaknesses

1 Lack ofeffective sanitation and refuse collectioservices can lead to SuDS features such as
swales, ponds and wetlands becoming clogged with refuse (digsto and Kenney, 2016),
although this can also apply to grey drainage infrastructure (Mgtal.,2016) It is essential to
address both litter and drainage together as each problem can make the other worse (Fitchett,
2017).

1 Maintenance requirements Permeable paving can become clogged with sediment and requires
maintenance Vegetated SuDS features mdganeed maintenance to remove litter and build
up of fatty acids from domestic wastewater (Fitchett 2017), and poorly maintained SuDS could
become a health and safety risk, for example if there is stagnant water which is a breeding
ground for mosquitos (Iguniet al.,2016).

1 Space requirements UGI andSuDS features can take up more space than a grey drainage
system, although this space can also double up as green space for recreation, biodiversity or
urban agriculture.

1 Green roofs may not be feasiblm informal settlements where building strength may not be
able to take the weight of the soil and plants.

Examples of implementation
Century City wetland, Cape Town, South Africa

Century City is an upmarket development with the largest shopping centréhe Southern

| SYAALIKSNE FyR [ LIS .cleway ki in 2995, &n the it YBbiSa dedradkl
wetland area, and it incorporated a sustainable drainage system including a large (16 ha)
constructed wetlandwith four treatment cells and a numberf salt pansas well as a network of
carals and pondgError! Reference source not foungd. The system collects the stormwater runoff
from the Century City and neighbouring Summer Greesgebbpments, and channels it into the
adjoining Tygerhof Detention Ponffom where it passes into the Atlantic Oceabhe wetland acts

Fd 0KS Widzy3aQ 2F (KS aeadGSYX LIzZNAFeAydtabKS o1 G S
performs anfinportant biodiversity functionaimingto conserve a rare mix of habitatsund on the

site. It is home to 177 indigenous plant species and 120 bpdcies anchas been awarded
conservation status for its educational nature trg¥sce and Armitage, 2Q).

The system has generally been very successful, but it is fairly complex and there have been
management problems arising from fluctuations in the quantity and quality of effluent and runoff
Since 2008, it has received effluent from the nearby Potsdam WWTW in summer when runoff and
groundwater levels are lowhut this has led to duild-up of phosphorous levels, causing sudden
growth of an invasive ferand associated blugreen algaewhich coered the water surfaces and
prevented aerobic treatment of the runoff Eventually this was controlled using a freedting
weevil, but thereare still concerns aboututrophication and a buildip of dead organic matterThis
emphasises the need for sgshs thinking and adaptive management for maintaining complex
ecological system@/ice and Armitage, 2011).
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Photcs: Tophttp://www.uwm.uct.ac.za/uwm/wc/centurycity-wetland. bottom Michael Vice (Vice and Armitage, 2011

Figure4-7 Century CityCape TowrSuDS basifiop) and constructed wetland system (bottom)

Green roof, Durban

A demonstration green roof of 55Gtwas constructed on a municipal building in Durban in 2008, at
GKS /AGé 9y3IAYSSNE O2YLIX SEX Ia LINIG 2F (GKS S¢KE
Programme (MCPP)t covers two flat slabs on either side of an archiedf andis highly visike to
visitors Part of the area was set up as a direct green roof and the rest was modular, with plants
grown in plastic traysHrror! Reference source not found. A range of 81 indigens plant species
were tested, mostly sourced from within 50km of the site, of which 37 were found to be suitable
Tests showed benefits for biodiversity, significantly reduced runoff and a cooling effect, and the
attractive mix of plants provided high abstic value The roof was also used for growing food

range of vegetables were tested and those that were found to be suitable included eggplant,
tomato, spinach, green peppers, spring onion and chilli pepp&frge project was used to produce
guidane on installing green roofs in the region (Van Nieledral.,2011.)

Source: van Niekemt al.,2011 Credit Clive Greenstone and Mike Hickman.

Figure4-8 Demonstration green roof on a municigmlilding in Durban: Direct roof (left) and
modular (right)

SAYERS
45| Page - !


http://www.uwm.uct.ac.za/uwm/wc/century-city-wetland

Participatory micro -scale SuDS in Johannesburg, Cape Towand Nairobi

Informal settlements suffer severe drainage and sanitation problefvgo studies have investigated

the potential for researches, government, NGOs and residents to work together talesign and

implement a series of small scale SUDS measures (Fitchett, 2017; Jiusto and KenneyS2@H6)

scale interventions including permeable channels, soakaways and vegetation barriedesigmed,

constructed and refined at several sites, using local materials such as construction Wastes

showed that runoff problems were reduced and water quality improve@ihe projects were
implemented as 'cdearning' exercises to see what worksThis incremental and participatory

approach offers the potential for#a A (1 dz dzLJANJI RAYy 3 2F Ay F2N¥IE &aSGift S
YR NBLX I OSQ

Further work has taken place in Nairobi, Kenya, facilitated by a local NGO called KoDekgjte
minimal funding, the Kounkey Design Initiative engaged local government, professionals, the private
sector and community groups to successfully create a series of small multifunctional green spaces in
the informal settlement of KiberaThese spaces provideodd defence as well as recreational and
livelihood benefits (as spaces for urban agricultur€he community was engaged from the start of

the process, in mapping flood risk, designing and implementing the scheResidents emphasise

that such projectshould always be carried out by the community rather than being imposed from
above(Douglas, 2016; Tauhid and Zawani, 2018

Opportunities and barriers to wider take -up in Africa
Opportunities

Poor practices iurban water management haveeen a significantcontributor to the degradation

and pollutionof urban rivers Urban Green Infrastructure has great potential to contribute eost
effectively to the multiple challenges of flooding, water pollution and water scarcity in Africa, as well
as providng green and blue space for amenity and biodiversitytegraing UGI intourban water
management, including retrofitting existing urban areasll be a critical tool forreducing the
drivers of poor health in urban rivekgater systems UGI can be radily integrated with water
saving and watere-use technologies (e.grainwater collection and storage tanks)integrated
frameworks (such as IWRM, andtegrated Urban Water Managementjeat wastewater and
stormwater as resources, and match water gtyato the intended uséBahriet al.,2016) However,
many existing strategies fail to use the potential for green infrastructure and continue to focus on
grey measures To make the transition to a watesensitive urban design (as set outhRigure4-9)

will require MDBSs to be proactive in their promotion.
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Cumulative Socio-Political Drivers .

Water supply Public health Flood protection Social amenity, Limits on natural | | Intergenerational
access and Protection environmental resources equity, resilience
security protection to climate change
Water Cycle "] Water Sensitive
City / City
Adaptive, multi-
Diverse, functional
fit-for-purpose infrastructure &
sources & urban design
Supply Seperate A Point & diffuse end-use efficiency, = reinforcing water
hydraulics sewerage Dram.age_ source pollution waterway health = sensitive values &
schemes channelisation management restoration behaviours

Source: Browret al.,2009

Figure4-9 Typology of different city states ihe transition towards wateisensiti\e city management

There is growing interest in the potential of SuDS, IUWM and Gl in African countries including
Ethiopia and Tanzania (Herslued al., 2017), including a detailed plan for IUWM in Addis Ababa

(Worku, 2017) In South Africa, acost Sy ST A (i
' NBFY 5S@St2LIYSYyiQ AyiSNBSylAzya
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detention basins and constructed wetlands, as well as the retention of large natural green spaces
and riparian buffers (enabled by more compact development), were highlyetfesitive compared
to grey infrastructure, due partly to ebenefits for recreabn and amenity However, smalkcale
source control options such as residential soakaways were found to be very costly (Turpie et al

2016b)

Barriers

This review found only a few examples of implementation in Africa to date, mainly confined to a
handiul of schemes in South AfricaThis reflects the fact that SuDS is a relatively untested
technology, which gives rise to a number of barriers to wider uptake (Mzfuadli,2016):

entrenched attitudesthat favour conventional technologies

1
1 lack of awareness and evidenceon the benefits of SuD&nd uncertainty over costs,
maintenance requirements and effectivenek=ading todifficulty in convincing policy makers of

viability;

1 lack of skills and knowledgt implement SuDS
1

lack of basic maps and tilae.g on existing green space and hydrology;
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1 the need for coeordination and joint decisioamaking by multiple stakeholders (e.gdifferent
departments for green space, housing, roads, water supply, waste disposal, stormwater
management, energy, parlec.) (Bahriet al.,2016);

1 lack of effective urban planning including rapid and uncontrolled development with
masterplans, where they exist, becoming out of date faster than they can be implemented
(Herslundet al.,2017)

These barriers can be addresisthrough funding weltlesigned and monitored exemplar system
and evaluating and publicising the wider benefits for ecosystem serviees new developments,
SuDS should be tailored to local conditions rather than copied from examples in developsd citie
(Mguniet al.,2016) When retrofitting existing settlementSuDS installation should be incremental
and adaptive so that performance can be optimised for the local conditikmsal people can be
empowered to monitor, maintain and adapt SuDS to meednging conditions over time (Fitchett,
2017) It is also important to ensure that SuDS benefits the urban poor, for example by providing
ALl OS F2NI NFAY Sl GSNI KFNBSAGAYy3a YR AYF2NXNIE  dzND |
LJ2 @S NXiadligy to2ghidtrific&tion that displaces vulnerable people (Douglas, 2016; Mauali,
2016) If resettlement is necessary (e.tp move informal settlers from floodplains), this should be
done in close consultation with the community so that new dwgHirare provided close to jobs
(Tauhid and Zawani, 2018).

4.3 Aquifer recharge

Aquifer recharge involvegurposefully diverting surfacerater flows to underground aquifergor
storage

The first groundwater recharge scheme was in Berlin in the 18T8sre arenow over 40 recharge
schemes in California, and several in Australia and NMhiddle East In Africa there arethree
schemes in operation, plus one pilot plant (discussed below)

Basic performance characteristics
Use

The aim of aquifer recharge is &iore surplus water in underground aquifers, so that it can be
reused when surface supplies are lowhis helps to smooth out peaks and troughs in supply due to
fluctuations in rainfall or other factors Aquifer recharge can also be used to mitigate peots
caused by oveabstraction of groundwater, such as subsidence and saline intrudibere is some
overlap with the previous category of Urban Green Infrastructure, because this also encourages
infiltration (and thus groundwater recharge) rather thaonveying water offite as fast as possible
However, in this section we focus on larger scale schemes that specifically target recharge in
particular aquifers, often using treated wastewater rather than just runoff.

Basic types
Recharge can use eitheurplus surface water (from rivers or reservoirs) or recycled water (such as

treated wastewater, storm water or greywater)Water can be returned to the aquifer through
various methods (Murray, 2017):
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direct injection into boreholes, either using the sameorehole that is used foabstraction
(Aquifer Storage and Recovery), or injecting into one borehole and recovering from another
(Aquifer Storage, Transfer and Recovery);

spreading in infiltration basinsand allowing the water to percolate naturally intbe aquifer

(this only works for unconfined aquifers,.i.@here the aquifer meets the land surface);

local water harvestingle.g from the roof of a building) and injection into a graxdled pit or

well, for percolation to the water table, from whidh can be recovered using another well or
borehole;

sand dams which trap water in ephemeral rivers when they are in flood and allow it to
percolate into the ground.

Perceived strengths

1

1

= =

Aquifer recharge avoids evaporative lossesmpared to conventional stage in reservoirs,
which is particularly important in arid regions;

It prevents contamination compared to surface storage (provided that the aquifer is not
polluted);

It stores much larger volumethan can be achieved in reservoirs, without involvinsslof land
for reservoir construction;

It can be used to improve groundwater qualife.g where the aquifer has become saline);

It can be used to dilute and filter recycled watéwhen allowed to percolate from the injection
point to the recovery point).

Perceived weaknesses

1

=a =4

Water quality. Aquifer recharge is only feasible where aquifers are not irretrievably polluted,
e.g by mining activities (Kings, 2017Jhe quality of water that is injected should be controlled,
to avoid polluting or blocking thaquifer.

Public opinionmay prevent use of recycled water for recharge (Kings, 2017)

Schemes are costly and require enerfyy pumping In many areas there may be no need for
aquifer recharge as surface water storage may be adequate

Examples of imp lementation

Atlantis, South Africa

The aquifer recharge scheme in Atlantis, South Africa, has been operating sincé-itire84-10).
About 3 GL/year of tertiary ¢ated domestic wastewater and stormwater is recharged into an
unconfinedsand aquifer After six months the water is extracted and used to supplg4®So ofthe

0 2 ¢ drikdng water About 1 GL/year of lower quality industrial wastewater is infiltratecbtigh
coastal basins and used as a barrier against saline intr(iSisinerJeffeset al.,2016)
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Photo credit: Ricky Murray, Groundwater Africa (Murray, 2017)

Figure4-10 Infiltration basin, Atlantis

Windhoek, Namibia

Windhoek, which suffers from severe water shortages, pioneered the technique of recycling potable

water from wastewater treatment plantsAt the Goreangab WWTW, which treats water from most

of the 350,000 residents, water has bemtycled since 1968The plant uses a series of treatment

stages including activated sludge ponds, bioreactors, aeration tanks, ozonation, activated carbon

filters and ultraviolet disinfection (Gross, 201 Recycled water is mixed in a ratio of 1:3 withter

from reservoirs The technique is very successful and has been copied in other locations in the USA
YR alflF@aAlxX odzi LlzfAO LINRPGSadta RdzS G2 Odz (dzN
limited uptake elsewhere, including in eThekw(ikings, 2016)

High evaporation rates in Namibia result in large losses of water stored in reserxamsial rainfall

is 360 mm and evaporation is 2170 mm (Murray, 20143 a result, surplus rainwater and recycled
water is now injected into a groundhter aquifer for storag€Figure4-11). This aquifer is the main
groundwater source for Windhoek, but ovabstraction since the 1950s led taleop inwater levels

by over 40m, with the aquifer taking decades to recovéour existing boreholes were equipped for
recharge in 2004 and two more by 2011, with a recharge capacity of 22@un. Prior to injection,

the water (which is about one third reclaimed waterdatwo thirds dam water) is treated by
chlorination and carbon filtration to remove bacteriaBetween 200612, 3.3 million rm were
pumped into these boreholes about twice the normal rate of recharge, and the aquifer in this area
was fully rechargedSince then, 20 new boreholes were drilled and further boreholes are now being
drilled to access deeper parts of the aquifer, which is expected to provide sufficient water storage
capacity for ahree-yeardrought (when fully recharged) (Murra2017)
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Saurce:Ricky Murray, Groundwater Africa (Murray, 2017)

Figure4-11 The Windhoek aquifer recharge scheme, Namibia
Ben Sergaq Agadir, Morocco

At Ben Sergad/50 ML/day of treated effluent is supplied to fivdiltmation basins (after screening,
pretreatment in an anaerobic pond, and an oxidation pondjfter groundwater recharge and
wastewater retention, the water is used for irrigation of grass, alfalfa, wheat, and corn @Elan
2013).

Souhil Wadi, Tunisia

Souhil Wadi is a pilot scale facility which has been operating since the early 1980s, investigating the
safety of using treated wastewater for aquifer rechargdhe scheme has been controversial
because there have been concerns about the impacts oematality However, improvements to

the process may improve its acceptability (Ka&dlil.,2013).

Opportunities and barriers to wider take -up in Africa

Aquifer recharge shows great potential for contributing to water supply in hot, arid areas where
surface water storage (in reservoirs) would lead to large evaporative lo$&ésis also one of the

only options available for preventing saline intrusion due to groundwater deplefiam recharge

via infiltration basins, treated wastewater receiveddétional filtration as it passes through soil and
rockinto the aquifer Africa has gained considerable expertise from the schemes in South Africa and
Namibia In South Africa, the Ministry of Water Affairs has a policy to expand the use of recharge
andhas mapped all the suitable areaheir website lists case studies as well as potential future
opportunities that have been taken to the planning stage (http://www.artificialrecharge.co.za/).

However, there have been concerns (for the Souhil Wadi sehe@wer the impact of treated
wastewater on groundwater qualityCultural barriers to using treated wastewater for drinking have
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also prevented some schemes from going ahe&ldis technology needs to go hand in hand with
advanced wastewater treatment argfoundwater monitoring, as for the Windhoek scheme.

4.4 Land management and restoration

Land management and restoration encompasses a variety of approaches aimed at maintaining
healthy ecosystems that can deliver a wide range of services, including floedcmneh protection,
fresh water supply, water quality regulation and other provisioning, regulating and cultural services.

Although this paper focuses primarily on blémginatural and built infrastructuresolutions in urban

and periurban areas, citiesannot be isolated from their surrounding landscapeSustainable
management of the wider catchment is essential to ensure a supply of freshwater, to provide flood
and erosion protection and to protect water qualitLand management and restoration is thu
essential both within urban areas, as part of a blended urban system, and in the wider catchment
through minimizing loads on downstream urban systems

Basic performance characteristics
Use
Land management and restoration is used to achieve a variajpait:

1 To protect against flooding, erosion and landslidésg through afforestation);

1 To protect water quality (e.g through afforestation, planting riparian buffers; terracing to
prevent soil erosion; protecting or restoring natural wetlands);

1 To improve drought resistancend water retention (e.g through adding organic matter to the
soil or building sand dams);

1 To improve productivityand protect livelihoods (e.gby reseeding bare ground).

Water-related services are not always the main foqusometimes the action might be driven by
biodiversity conservation, carbon storage (e\ga forest carbon credits), or sustainable livelihoods
Many actions are geared towards climate change adaptation, which includes a large component of
water-related sevices in terms of managing drought and flood risk.

Basic types

This category includes a wide range of approaches based on land management or restoration,
including catchment management, ecosystbased adaptation, seiater conservation and natural
flood management It includes a wide range of measures:

9 protecting natural ecosystems (including forests, grasslands, wetlands, mangroves, reefs and
dunes);

reforestation / afforestation;

agroforestry;

conservation agriculture (roll or low till; mulchirg; adding organic matter to soil);

terracing; bunds; sand dams; zai pits; contour strips; riparian buffers;

clearing invasive alien vegetation; reseeding;

managing or reducing grazing pressure; reverting from arable to grassland;

restoring wetlandhydrology and vegetation; reconnecting rivers with flood plains.

= =4 =4 =8 =8 =8 =9
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Perceived strengths

9 Land management and restoration approaches are the essential foundation for long term
sustainability. A wellfunctioning upper catchment with good vegetation cover andlbey soils
will provide a degree of protection against flooding, soil erosion and landslides in both rural and
urban areas, and encourage water retention and groundwater recharge, which helps to maintain
yearround water supply This will reduce the neetbr (and costs of) grey infrastructure, e.g
water treatment plant, reservoirs, dams and levédsonversely, a degraded upper catchment
could increase the risk of floods and landslides and contribute to poor water quality in urban
areas downstream.

1 Cobenefits. As well as tackling water supply, water quality and flooding simultaneously, land
management and restoration can offer multiple-benefits, especially for biodiversity, carbon
sequestration, erosion protection, climate adaptation and rural iiheds.

Perceived weaknesses

1 It is essential to use a fully participatory approachvorking with multiple stakeholders, to
ensure long term ownership and stewardshiplt takes time and effort to build trusting
relationships.

1 It can be challenging to managconflicts and tradeoffs between different stakeholders and
different objectives For examplethere are often conflicts between productive uses such as
agriculture, fishing or forestry and regulating services such as flood protection, carbon storage
and biodiversity There can also be conflicts between different stakeholders making use of land
based resources, such as people involved in arable farming, livestock farming, or. fishing
Management of these conflicts requires lengthy processes of mediatiohconsensubuilding
to reach a sustainable solution.

Examples of implementation
31 OOE ! £AOEAA O7 &nd éiHed NaturaEReSourceMMadagetnent programmes

The Working for Water programmeas set up by the South African governmen®95 It is a job
creation and poverty alleviation scheme where people are paidléar invasive plantsuch as
mesquiteand acacia which are thought to contribute to water shortaget grewfrom supporting
ten projects with an annual budget of USD$2.3 milliori995, to over 300 projects with an annual
budget of USD$139 million in 201&nd currently employs around 9,000 people per year of whom
half are women (Cummingt al.,, 2017) In 2004 this became a suite datural Resource
Management (NRM) programmaxcluding Working for Wetlandgwetland restoration)Working on
Fire (clearing invasive vegetatioto reduce fire risk)Working for Ecosystems (restoring thickets,
savanna and grasslands) and Working for Forgsf®restation) The progranme, however,has
been criticized forfocusng on job creationto the extent that environmental effectiveness is
neglected For exampleJack of monitoring led to wasive speciebuilding up tounmarageable
levek in some area@Anglestanet al.,2017) Although this$ a successful programme, with multiple
benefits for pbs, gender equality, poverty alleviation, climate mitigation and adaptatiosdiversity
andlivelihoodsas well as water supply, Anglestam et 017) suggested that it could be improved
through ceeper stakeholder engagement and-learning, so that the work could be guided by local
knowledge and local needs.

53| Page



Buffelsdraai Community Reforestation Project

¢KA&E LINRP2SOG 2NAIAYIFIGSR Fa | WDNBSYyAy3d 5dz2NBFyQ
cabon neutral by planting trees in an 800m buffer around Buffelsdraai landfill site, on a former

sugar cane plantation (Roberts, 201®) has now evolved into a major community ecosysteased

adaptation project with multiple benefits for flood anetosion protection, water quality, fire risk

reduction and biodiversity, as well as screening local communities from the landf{Figjiteed-12).

This initiative s interesting for its socieconomic cebenefits ¢ KS LINP 2SOlG dzasSa (KS v
¢CNBSa F2NI[AFSQ | LIINRBFOK RS@PSt2LSR o6& (GKS 2AfRfl
project [ 2 O £ LJ52 L) S-LNBFSaiNE K | ¥ RY GiNgldhonde$ BiRdfldca@ a A y

collected seed, which they can exchange for food, school fees or other.gbbdgroject has

created a total of 635 jobs (99 fdaime, 24 parttime, 512 temporary), and has succeeded in raising
incomes, increasing school at@gnce and food security in an area that suffers high unemployment
and poverty As of January 2018, a total of 722,335 trees and other plants of over 72 species have
0SSy LXFTYUSR AY cnuH KI 2F flyRZI AyOf cattasytd | Wi AQ
the site by grazing animal§ he number of bird species in the area (which is a global biodiversity
hotspot) has increased from 80 to 145 (eThekwini Municipality, undated014, the project

received Gold Standard certification from then@ie Community and Biodiversity Alliance (CCBA),

for ensuring exceptional climate change adaptation benefits as well as benefits to local communities
and biodiversity (Douwest al.,2015) Two other projects have now been started in eThekwini
Municipality, at iNanda Mountain and Paradise Valley Nature Reserve (eThekwini Municipality,
undated).

Photos: eThekwini Municipality (Douwes et al., 2015)
Figure4-12 The tree nursery at Buffelsdra#eft) and part of the reforested site (right)

Succulent Karoo, South Africa

The Climate Resilient Livestock Production on Communal Lands project is an ecdmstem
adaptation project running from 2015 to 2019, by the IIED, the IUCN and the-WEBACin
collaboration with Conservation South Africét focuses on Namakwa District Municipality in the
Northern Cape Province, a poor region which is likely to become hotter and drier due to climate
change, with more intense storms, floods and drought$iearea includes the Succulent Karoo

one of only two biodiversity hotspots in arid regionisocal people rely heavily on livestock farming,
but this is very challenging due to the extreme dryness of the .arBarmers rely heavily on
ephemeral wetlands irthe Kamiesberg uplands for seasonal grazing and fodder, but both the
wetlands and the rangelands are degraded.
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The project aims to improve livelihood security for 100 farmers by rehabilitating 25,000 hectares of
communal rangeland (by reseeding with ldgajathered seed, mulching and clearing invasive alien
plants) and small wetlandsHowever, restoration is very challenging in this very fragile landscape,
due to slow germination and growth rates, loss of topsoil, low summer rainfall, short growing
seasms and low survival rates of plants (Bourekal., 2016) Restoration outcomes were not
apparent at the time of the first evaluation (Reid et al 2018b), but local communities gleaned
benefits from engaging in sustainable management and restoration tesiviThe project featured
strong community participation and use of indigenous knowledge, to the extent that the community
selforganised to implement the plansEvaluation showed that the activities carried out were not
costeffective for the landownes to carry out by themselves, but with external funding the activities
could form part of a job creation and poverty relief programme, similarly to the Working for Water
and Working for Wetlands programmes which were carried out in paralleé challenge and high

cost of restoration of these drylands emphasizes the critical need to avoid further degradation of the
remaining intact areas, by managing grazing pressure or promoting alternative livelihoods such as
ecotourism (Bourneet al.,2017).

Mount Elgon, Uganda

a2dzydi 9f 32y A& F YI22NI Wol (SN G626SND F NBF 68068 ¢

plant diversity However, increasingly frequent heavy rain coupled with cultivation and
deforestation have led to severe landslides and soil ergshmial droughts are also a problenThis
ecosysterrbased adaptation project, delivered by a partnership involving the government of
Uganda, the German Government, UNEP, UNDP, IUCN and IIED, adopted aadhnigiyatpry
approach(UNDP, 2015) The localcommunity made an adaptation plan and multiple actions were
then carried out, including

1 Grey infrastructure and improved appliance@ gravity fed river irrigation system feeding a
community storage tank, efficient stoves using local materials (mud), lsohgs);

1 Green infrastructure, sustainable agriculture and seibter conservation (river bank
reforestation, hillside drainage or trenches, terraces, grass bunds and banks, organic and
inorganic fertilizers, improved/drought resistant seed varieties, atmersification, hedgerows,
agroforestry, mulching, farming along the contour lines; water storage in ppnds)

1 Training, governance and finanddnancial training, and a micreredit scheme with access to
the scheme being conditional on good land management)

The actions were complementany reinforcing and supporting each otherThe use of efficient
stoves and solar lamps helped to reducdatestation caused by fuelwood collection, and the water
harvesting and storage systems allowed irrigation to take place and increased yields, and thus
incomes and diets These measures cut the time spent gathering wood and water, and improved
health (byreducing wood smoke impacts, improving water quality and improving incomes and
diets). The micrecredit scheme and associated training improved financial resilienkk these
measures underpinned the sustainable land management initiatives by freeirtgnep building
KdzYlFy FTyR a20AFt OFLAGLFE FTYR YF{Ay3 WSO02y2YAO
the community The community established tree nurseries, and 20,000 trees had been planted by
2015 (UNDP, 2015)

There were strong effortdo ensure that the most vulnerable people in the community were

targeted by the project, including women, and that the approach was fully participatancal
knowledge was used in the selection of suitable tree species for reforestaliog community ame
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together to plan the water distribution system, overcoming lesignding ethnic and land conflicts
and increasing governance capacity for future adaptation actions

A major evaluation exercise monitored the benefits and also the actions that didvoidt so well
(Reidet al.,2018a) The main conclusion was that a participatory approach is essential for longevity
and community ownership of the project Some barriers were encountered: for example,
government staff turnover threatens continuation obree of the project principles, e.gthe
concept that access to the microcredit scheme is conditional on good land managerbate
were alsosome tradeoffs. For example, the new rivded irrigation systems could reduce water
supply for people outsid¢he area; and river bank rehabilitation entails loss of land for farming or
growing pines.

Isiolo region, Kenya

This ecosysterbased adaptation project was funded by the Isi@ounty Climate Change Fund
(ICCCF in collaboration with the IIED, IUCN and BERAWCMC (Figure 4-13). It included
rehabilitation, fencing and/or construction of 11 sand dams, 4 water pans, 2 shallow wells and 1
water tank, with accompanying wait governance activities new borehole; funding for traditional
rangeland management groups; climate services anadio station Investments were assessed as
very costeffective with high rates of returma(ratio 0f402:1 to local communitiegnd even higher
taking into account other communities outside the axearhe work in Isiolo is also informing a
similar UKfunded project in Longido, Ngorongoro and Monduli Districts in Tanzania, and proposals
for devolved adaption finance in arid areas ofIMand SenegdReidet al.,2018a).

Credit Isiolo County Climate Change Fund.

Figure4-13 A rehabilitated sand dam, to trap ephemeral river flows

Lake Naivasha, Kenya

Lake Naivasha tee major horticultue area in Kenya and also a RAMSAR sit®verabstractionis
causingthe lake level to falland there are problems associated wittvasive species such as carp
and crayfish polluting runoff from horticulture and lak&ont hotels, overharvesting andearing of
Papyrus for agriculture A programme of engagement with local stakeholders has been running for
many years, in partnership with researchers from the University of Leicester in th&idKll scale
restoration initiatives have been undertakencluding panting Cyperus papyrus around lake and on
floating islandsgestablishingeducational programmes for local stakeholders and communities such
as Water Friendly FarmeésTestoldg dams on small impoundments and building cattle drinking
troughs below them In addition, @ Equitable Payment for Watershed See@ projectwas
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implemented, based on economic modeling of ecosystem service costs and benefits to all users
(Wanjala et al., 2018) This encouraged ehabilitation and maintenance ofiparian zones;
establishment of grass strips/terraces to reduce runoff and erosion on steep slopes; reduced use of
fertilizers and pesticides; and agroforestry and the planting of native trees andyhalgting fruit

trees and cover cropsThs achievedignificant land and water management improvemeras well
aslivelihood benefis (WWAP, 2018)

Drought Resilience and Sustainable Livelihoods Program , Horn of Africa (AfDB)

The Drought Resilience and Sustainable Livelihoods Program (DR3L&)deingl5-20 year Bank

t NEANI Y (G2 o0dzAf R O2 YYdzy A dimagezrangdIarave théryiv@lBood 2
and promote regional integration in the Horn of Africl is expected to develop infrastructure for
water mobilization and managementand agiculture and livestock production, health and
marketing It will also build the capacity of the populations and Governments of the participating
countries to better cope with the effects of climate change, resource scarcityesulircerelated
conflicts It includes natural resource managemeuging amix of hard infrastructure (boreholes,
irrigation schemes, water pondspump-based water supply wells, cisterns, micraams),
governance (watershed management plamstablishment and training ofommittees to settle
conflicts related to water and grazing landr funding of existing committeedivestock carrying
capacity) andhatural infrastructure (rangeland rehabilitatiorconstruction or rehabilitation ofoil
and water conservation infrastructure)

Lake Tana and Ribb Watershed, Ethiopia

This is a UNESEBP (International Hydrology Programme) ecohydrology demonstration isiteas
implemented byPolish Aid and ORDA (Organisation for Rehabilitation and Development in Amhara)
TheRibb watersheduffers ®vere degradation due talong history of overgrazing, overcultivation

and deforestation This project aims to establish a UNESCO Biosphere Reserve at Lake Tana
Proposed solutioniclude estitution of eroded soils by application of biodegradable geofibers and
replanting withpioneering plantsgonstruction of a sedimentatioiofiltration system in the city of
Debre Tabar aeation of woodlots (shelterbeltsland restoration of shore linevegetation Local
societiesare being involved in creatingustainable development plansThe project is currently in

early stageshttp://ecohydrology-ihp.org/demosites/view/172.

Nakivubo and Kirinya wetlands, Uganda

Natural wetlands have been used farastewater treatment in many places, but this is only a
suitable treatment method for low volumes of moderately polluted waté&or example, Nakivubo
wetland is one of several papyrus wetlands that have been used for 50 years to treat wastewater
fromKamlJ- £ I 0STF2NB AlG LI aasa Ayidz2 [F1S. Fhe ddlahdR I
receives effluent from the (poorly functioning) Bugolobi wastewater treatment plant as well as
heavily polluted surface runoff and untreated industrial efflueriti the Nakivubo channel
However, rapid growth of the city coupled with encroachment onto the wetland by agriculture and
uncontrolled urban development has led to shrinkage and degradation of the wetland (Kyambadde
2005; Kyambaddet al.,2016) Similarproblems are found for the nearby Kirinya wetland, which
serves the city of Jinja but is also suffering agricultural encroachment and degradation (Katsiime
al.,2007) A recent study for the World Bank found that:

oNakivubo wetland no longer has anysitove impact orthe ecological condition of Inner Murchison
Bay, with thelower wetland and bay having reached a hypertropdtette that is characterised by
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frequent, often toxic, algddlooms, as well as being severely contaminated péthogens that cary
a risk to human health Wetlandscannot substitute for wastewater treatment worksid can only
improve the quality of low volumes wioderately polluted waterTurpieet al.,2016a

The study proposed a major investment programree rehabilitate the wetland, including
preventing pollution at source through better sanitation and WWTP upgrades, converting the upper
part of the wetland (currently farmland) to a series of free water surface flow treatment wetlands,
restoring flow to he lower wetland (currently cut off by a railway line), establishing filter strips at
the edge of the wetland and providing recreational facilities such as a visitor centre, bird hides and
boardwalks This would cost $53M plus $3.6M per year for operaton maintenance, but there
would be estimated net benefits (a net present value of $80M over 15 years) from reduced water
treatment costs and recreational benefits, given that the town has hardly any recreational green
space at present (Turpiet al., 2016a). However, the process of reclaiming agricultural land to
restore the wetland is likely to be contentious and will have complex ssmoomic impacts, as
people who have occupied the land will need to be eviéted

Opportunities and barriers to widert ake-up in Africa

There has been much research on natbiesed solutions related to land management, and several
interesting initiatives across Africén particular, the IIED projects in Kendgandaand South Africa
(see above) are notable for their iy participatory approach and sound monitoring and
evaluation There is howevera very strong need for more investment

A number of projects have been working for many years at a small scale and offer the potential to be
scaled up with an injectionfdunding e.g at Lake Naivasha (Wanjada al., 2018) Other studies
have identified potential work programmes to tackle specific problems, fiagpding in Mauritania
(Senhouryet al.,2016) A study by the Nature Conservancy (TNC) identifies 38k diti Africa that

are mainly dependent on surface water supply and could benefit from watershed conservation
practices (TNC, 2016 he study finds that 28 of the 30 cities could significantly reduce sediment or
nutrient loads through conservation actionrsuch as forest protection, reforestation, riparian
restoration and agricultural best management practices (BMRgyicultural BMPs, such as thse

of terraces and cover cropsre the most widely applicable measure and coirtthrove water
quality for & million people Forest protection and restoration is less widely applicable but could
benefit up to 52 and 11 million people, respectivelffhese cities source their water from 84
catchments covering over 67 million hectargan area 26 times largeh&an their urban footprintg

yet they represent only a fraction of the potential for watershed conservation in Affioa eight of
these cities, avoided water treatment costs could offset the entire cost of catchment conservation
and for four of these(Cae Town, Lubumbashi, Nairobi and Yaoundé) the catchments are also
priority wildlife conservation areas, so there would be largéeaefits for biodiversity.

Despite these opportunities, there are significant barriers to action (Beal.,2018b; TNC, Z®).
These include:

1 Lack of evidencen the costs and benefits;
1 Governanceaequires ceordination across multiple sectors and administrative boundaries, which
is challenging;

7 https://ugandaradionetwork.com/story/55%&quattersface-evictionfrom-lakevictoria-shores
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1 Lack of investors Climate change adaptation funds allocate far more fundinggtey
infrastructure than green infrastructureThe Green Climate Fund and PES are both potential
sources of funding, but both are in their infancy;

9 Short term political decisioamaking favours photogenic hard engineering projects with
immediate and visile benefits over green infrastructure projects that may yield results in the
longer term

To overcome these barriers, TNC proposes establishing Water Funds which provide a stable and
transparent investment platform to allow public and private water w@$sedownstream to
compensate land managers upstream for catchment protectidiney are already involved in 60

such funds worldwide, mostly in Latin America, but there are currently only eight similar initiatives,
mostly within South Africa’'s Working for Watprogram TNC has launched a new Upper Tana
Nairobi water fund and is exploring options for another fund in Cape Town (TNC, 2016)

Expertise and evidence on costs and benefits is growing, and the Department of Environmental
Affairs in South Africa hasow published guidelines on Ecosystbased adaptation (DEA and
SANBI, 2017).

Investing in land management natubased solutions will require new ways of working for large
international funding organisations, with a new focus on participatory apgies that take local
knowledge into account, and a focus on capacity building for local communifiéss type of
approach however is already in evidence in some recent projects, especially those geared towards
climate change adaptation, e.ghe Drough Resilience and Sustainable Livelihoods Program (DRSLP)
in the Horn of Africa (African Develoemt Fund, 2015).

4.5 International examples

Despie the widespreadinternational recognition of the importance of ecosystems and their role in
water managementtake-up in practice at scale remains slowhere are however some importan
internationalinitiatives and examples that are startingdocelerateaction. Some of these initiatives
are introduced below.

Nature -based approaches in urban develo pment and community resilience

Recent examples of natuigased solutions to water insecurity in urban developmareg emerging
around the world Theseinclude(as summarized biagabhatleet al.,2018):

T ¢KS 9dzNRBLISIHY ! vyAizyQa [/ 2ingynplrehtgddn 16 Euiogedd citieINE 2 S O (
one of seven European projects seeking natbased solutions for smart cities and climate
change The total investment of the suite of projects is EUR 150 million; the aim is to help the
transition to moresustainable and resilient cities (Thompson, 2@Gipud Nagabhatlaet al.,

2018.

1 China is investing heavily in innovative green infrastructure such as green roofs on buildings and
urban wetlands, with the central goals of flood control, water conservatiod iacreasing the
resilience of city inhabitants (Zweynert, 201 Bhenzhen, an emerging smart city in Guangdong
Province, is becoming an icon of international environmental leadership by addpti ¢ ANB Sy
OA G @ ¢ . HtAsSipedporating the conceptsfagreen energy, resilient communities and
intelligent city infrastructure in its planning as part of a natbesed solutions approach (Kam
Ng, 2017apudNagabhatlaet al.,2018.

59| Page



1 Architects and urban planners in the Syrian Arab Republic are considerid$ 20.3 ySi NB R £
housing strategies using local resources and approaches to infrastructure development in an
effort to create resilient cities (Zekavat, 204gudNagabhatleet al.,2018.

i Taking note of intense weather, devastating hurricanes and freqgfieotling episodes in urban
spaces, architects in the United States of America are proposing green solutions that will embed
and deploy ecological services and the benefits of forested and aquatic landscapes in the
management of urban development (Lee, ZGpudNagabhatleet al.,2018.

T [AYFS tSNHzZ A& aSS1TAy3a G2 | RRNBaa airAayAaAFaolyil
AY T NI &l MH201S dablB&uvian Government introduced a Mechanism for Ecosystem
Service Compensation to encourage thdroduction of green infrastructure nationallyin
response to analysis that showed that integrating existing grey infrastructure with green
AYFNI aGNUHzOGdzNBE Ay GKS g1 G§SNAEKSRAE -seastm dleficiebyy 3 [ A Y
90 percent, at adwer cost than by built infrastructure aloneln response plans are in in
progress to deliver a combination of reforestation, pastoral reforms and wetland restoration
(Nagabhatleet al.,2018).

There is also a growing number of examplesudfan andperi-urban forest planning to achieve
variousand multipleobjectives including water managementSome of these are illustrated irable
4-1.

Nature -based approaches in flood management

To make gains in safeguarding and promoting ecosystems through flood managemsmtft in

emphasis is required Good practice is emerging. For examplerking with natural processes

needs to become a much more central considenatf a requirement acknowledged for example

with the recent initiative of the Environment Agency in England to promote the concefitsdiing

GAOK yI {dzNY f LINRE OS & a S and te/recént ad@pkon didatufal flood ysk 3 S Y Sy
managemen@into Scottish legislation TheW. dzA f RA Yy 3 additieRPWB B ¥ dzNB OJ G KS w
programme in the Netherlands atd Sy 3 A y S S NA yidthedJgas Well gstmibreaziyeBengut
similar)concepts oWy | 0 dzNS R | LJWNRNBE S K S 4 ¢ &.4ITHe FINGOGraNGude,

WWFRUS, 20168) WNXB & A f Ah&wé dlso stérted/td niodeN&Eh @k stage.

Legislation is also starting to reflect the connection between ecosystem health and human well
being, with an influence on flood management. In CalifortuS, the Delta Stewardsh@ounci)
created in legislatiorunder the Delta Reform Act (2009),risandatedby the state to achieve so
calledd O2Sljdz F2 M2 K& 5S¢t i pravidliigka mir @lialeAwdter upply dor
California and proteatig, restoring, and enhancing the Delta ecosystérhe coequal goals shall be
achieved in a manner that protects and enhances the unique cultural, recreational, natural resource,
and agricultural values of the Delta as an evolving pta@@A Water Code $54) Improvingflood
protection by structural and nonstructal methods is planned in the context of this broader
framework (Delta Stewardshipounci] 2013).

In China, WWF worked with the Yangtze river basin authoritigggstore Yangtze floodplain lees
leading thereconnecton of over 50 lakes to the Yangtze riveThe lakes had beatisconnected by
sluice gates to create more land for agriculture and urban developrgdnit this meant a lack of
natural flushing of the wetlands, which seriously thted water quality and biodiversity WWF
persuaded the government of Hubei province to try reopening sluice gates to reconnect one large
lake, Zhang Du, to the Yangtze
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Table4-1 Internationalexperience in urban and pariban forests

Country City Name

Germany Berlin Biotope Area
Factor (1984)

Sweden Malmo  Green Space
Factor (2001)

USA Seattle  Urban Forest
Stewardship
Plan
Seattle Green
Factor

Australia Sydney  Greening
Sydney Plan,
2012

Sweden Umed Young urban

forests
Norway  Akerselva
(Oslo)
USA New Program
York PlaNYC: 2030

Singapore

Japan Nagoya

USA Phoenix

USA Portland

Goal

To regulate new urban development with
an ecological approach

To regulate urban development for new
urbanization areas using an ecological
approach

To create an ethical model of urban
forest management for all stakeholders
+ To make specific improvements with
a view to achieving a net increase
in the functions of urban forests and
the associated economic, social and
environmental benefits
+ To increase forest cover by 30 percent
+ To strengthen the health and longevity
of urban forests, improve the quality of
species and eliminate invasive species

To protect and maintain existing urban
forests

+ To increase canopy cover

» To improve biodiversity

To increase knowledge and
commitment in the community

To develop new urban forests

To create multisensory environments

To ensure accessibility

To provide opportunities to be outdoors
and enjoy nature

To promote actions to actively support
nature conservation

To encourage actions to actively support
nature conservation

To invest in social infrastructure that
helps urban dwellers understand nature

Description

Part of the area to be developed is to be used for green
spaces in which the original vegetation is to be kept or new
plant cover planted. Guidelines are provided for landscape
planning and design, species protection, and conservation.
One of the main advantages of the Biotope Area Factor is
that it is flexible in the design of the urban forest and enables
stakeholder participation. Since the Biotope Area Factor
was introduced in the design and planning of green areas,
the provision of vegetation in heavily populated areas has
significantly reduced the impacts of climate change, such as
heatwaves, flooding and storms

The approach is similar to the Biotope Area Factor, with
various versions and biotopes

The management plan is framed within the Trees for Seattle
Strategy, which brings together all efforts on forests in the
city. A section of the strategy focuses on the design and
safety of street trees and their role as elements for reducing
driving speeds, crime and domestic violence without
reducing the important aesthetic values they provide.

The Seattle Green Factor is an adaptation of the Méalmo
Green Space Factor, which is being incorporated into other
cities in the United States of America

Strategy aimed at developing and protecting urban and
peri-urban forests

Young urban forests have been created by regenerating
previous forests or by planting trees, the latter seeking to
perform predetermined functions entailing specific forest
treatments that need to be permanently maintained. An
experimental study was carried out in Umeé on a 2.1-hectare
plot that had been reforested 20 years before. In this forest,
12 small forest compartments were created using various
thinning methods, with different functions and traditions,
creating areas for relaxing and meditating in isolation;
children’s play areas; natural-looking spaces; areas subject
to heavy management for aesthetic purposes; and various
samples of local forest types

A corridor was created along the Akerselva River to enable
downtown residents to travel to nearby parks hosting
14 “quiet areas” for contemplation

The aim is for every inhabitant to have a green area within a
10-minute walking distance

The integration of 200 km of pathways through elevated
runways to enable inhabitants in different parts of the city to
access parks

Conserve 10 percent of land next to the city boundaries as
an unmanaged area and protect it as a nature reserve

17 000 hectares of desert were purchased to avoid the
negative effects of urban expansion, and this area was
designated as a nature conservation site

Investment of more than 5 percent of the annual city budget
in biodiversity. The aim is to attain one of the highest tree-
canopy covers among the nation'’s cities (29.9 percent)

Source: Calazat al.,2018
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ecosystem and local communitiesSince then, aconnecting lakes then became part bfK A Y I Qa
national policy, and as a result a further 50 lakes were reconnected in similar ways, helping to
restore important wildlife habitats along a large stretch of the central Yangtze river

The impact on flood flows vas according to the relative cale of the naturebased activity
(catchment toindividualaction) - Figure4-14 ¢ but even small reductions in peak floods can have
positive outcomes for the scalad cost of associated built infrastructure (Sayetrsl.,2016).
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System based approaches in dams and hydropower

The increasing importance of hydropower, growing concentrations of dams in linked river basins,
and potential for more rainfall variability due to climate change, underline the need for effective
hydropower planning in AfricaThe Nature Goservancy habeen developing and demonstrating an
approach to hydropower (Hydropower By Desitirgt adopts a system scale planning approach and
combines natural and conventional infrastructure to deliver sustainable hydropower outputs at
lower cost Ths includes removing dams where possible and embedding a concept of regional
environmental flows Two examples are below.

Dam removal to restore fredlowing rivers: 5 experience of dam reoperatiorFERC (US) has
asserted the right to require a dam to be removed if it is in the public interest (Bowman 2002), with
the prominent example of Edwards Dam on the Kennebec River (Maine, USéther cases, dam
owners have decided that the mitigation condits required follicense renewal, particularly for fish
passage, were too expensive and so they pursued options for dam removal; examples include the
Sandy River (Oregon, USA) and the Klamath Rdadifornia, USA)On the Penobscot River (Maine,
USA) he FERC relicensing processes was used to implement asibaténsolution to balancing
hydropower generation with dam removal to restore fréewing river conditions

Regionalizing environmental flow management: Connecticutegionalized dam operatingules:
Wellconsidered environmental flows minimizkee ecological impacts of new water developments,
direct water development tdhe leastsensitive water bodies, and prioritize flow restoration efforts
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Several states within the United States are acpbshing these objectives through new streamflow

criteria or standards, expressed as limits on hydrologic alteration (Kendi;, 2012) Streamflow

standards, which apply to water bodies, are implemented as operating rules that apply to dams or as
withdrawal permits that apply to water users (Kendy al., 2012) Generally, water withdrawal

limits protect existing streamflow from future developmeniRestoring depleted flows may require
FRRAGAZ2Y I § L2 f AOASasx &adzOK | .& ByHiNihg fof Qalteratior2 y & SNIJ S
environmental flow standards also catalyze policies that promote water markets and other water
sharing mechanisms that reduce stresses on streamflow (Oppeetnain 2017).

4.6 Emerging capabilities across Africa

Our review highlight the growing interest and capability in several aspects of SWI across. Africa
Many nitiativeshave emerged with international suppdidcused on building capacity in sustainable
water management systemsFor example, te EUfunded ZelO-M project Bustainable Concepts
Towards a Zero Outflow Municipally Sa il of AAaKSR LIAf24 aeadSyvya Fid
Egypt and El Attaouia in Morocco, combining constructed wetlands with water saving, water
harvesting and reise technologies, as well as t&slishing a fully equipped Training and
Demonstration Centre in each country to build capacity amongst local officials, researchers and
engineers Programmessuch as those supported by the AfDBetworks (such as WWF),
international projects suchsthe ZerGM centres of expertisenew financing opportunities (e.gas
provided by GEF and GGIfd ongoing researchctivity €.g in Algeria, Botswana, Burkina Faso,
Cameroon, Ethiopia, Ghana, Kenya, South Africa and Uganda) demomdinatesignificat
opportunity that many African countries see for SWBome centres of expertise(providing
opportunities for capacity development and potential scalinyane briefly introduced below

1 Egypt:The NRC (The National Resedtemtrg was involved in 1bf the 19 papers we found on
constructed wetlands in EgypiThe Water Research & Pollution Control Department of the NRC
was involved in the Zet® project, and established a Training and Demonstration Centre to
treat effluent from an apartment block oppde the NRC compoundThis included a range of
sustainable water technologies including different types of constructed wetland and a
composting reedbed for drying sludge, with the treated effluent used for watering ornamental
plants and fruit trees (AERRITEC, 2009)NRC then developed a demonstration plant at SEKEM
organic farm and school, where the treated effluent was used for irrigation

1 Morocco: The IAV (The Institut Agronomique et Vétérinaire Hassan |l; Wastewater Treatment
and Reuse Unit) in Rabwas the ZerM partner in Morocco They have established a Training
and Demonstration Centre at their site, which treats wastewater from a sports centre using a
range of constructed wetlandsThe treated water is used for landscaping and toilet flnghi
They also developed a demonstration plant at El Attaisir Hamman, including a solar water heater
and constructed wetland for recycling greywater

1 Tunisia:CERTE (The Centre de Recherches et des Technologies des Eaux) established a Training
and Demonsation Centre at a student hall of residence as part of the Adrproject This
included a range of sustainable water technologies including a constructed wetland, and the
technologies are now being used as a basis for the design of efficient watemsysif all
buildings of the Ministry of Education in Tunisia (AEEEC, 2009)CERTE then developed full
scale constructed wetlands at Chorfech.

I Tanzania: The Waste StabilisatioiPond (WSP) and Constructed Wetland Research and
Development Group at the College of Engineering and Technology, University of Dar es Salaam
has been researching wetlands since 1998, in partnership with universities in Denmark and
Belgium, and has oversedhe construction of 27 full scale wetlands at schools, prisons and
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small communities in Tanzania, Kenya and Ugand#ey have produced design and operation
guidance and also information on the costs, benefits and enabling factors needed for CWs
(Kimwaga et al., 2012; 2013; see also material on
http://www.constructedwetlands.net/tan_cw.html).

1 South Africa: The South African Water Research Commission recently established a Community
of Practice on Water Sensitive Design (covering both urban and ruracatpphs), which is
being run by the University of Cape Tawihey have produced guidelines for Sustainable
Drainage and Water Sensitive Urban Design (Armiteigal., 2014), and have compiled a
database of case studies The Department of Water Affails f a2 K2 ada { 2dziK ! F N
Recharge Information Centre, with assistance from Groundwater Africa, a consultancy involved
with the Windhoek schenfe The Durban Research Action Programme is aiming to establish a
centre of excellence on reforestatip based at the Buffelsdraai Community Reforestation
Project site.

1 Ethiopia: The African Regional Centre of Ecohydrology in Addis Ababa is the result of a seven
year collaboration between the Ethiopian students and governmental officers in the UNESCO
European Regional Centre for Ecohydrology in Poland, followed by five years of scientific
cooperation between that Centre and the Ministry of Water, Irrigation and Electricity of the
Federal Democratic Republic of Ethiopia with financial support from the PailisRrogramme
Staff from the ministry were educated in ecohydrology, and several ndiased solution
demonstration sites were constructedin International Symposium on Ecohydrology for Water,
Biodiversity, Ecosystem Services and Resilience in Afiasaheld in 2016 in Addis Ababa,
followed by an Advanced Training Course in Ecohydrology and systemic biotechnology solutions
(Zalewsket al.,2018).

1 Kenya Lake Naivasha Sustainability Initiative provides a research base around Lake Naivasha,
which has been evaluating the complex interactions and traofés between different
stakeholders around the lake (see examipl€ection 4.9.

8 http://www.uwm.uct.ac.za/

9 http://lwww.artificialrecharge.co.za/
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5 Conclusions

5.1 Africa: Development context

Recent decades have seen Africdevelopment against a backdrop of significant losses in
biodiversity due to climate change and unsustainable resource exploitation (including the
development of largescale monocultures such as sugar carel the loss and fragmentation of very
specific labitats needed tosustainunique megaauna such as mountain gorillas and cheetahs)
These unsustainable practices continue despite the-esttblished relationships between healthy
ecosystems and socioeconomic weding

Achieving Sustainable Devetopnt across Africa will require bespoke approaches that carefully
oFftlyOS ! FNAOFIQa dzyAljdzS S 6 piessuiesod Mdustridlisaon @and 2 RA @S N
shifting demographigsrecognizing that healthy ecosystems are needed to underpin sustainable
economic growth and human wellbeing in the long terithe health of freshwater ecosystems will

be central in enabling these goals, including the maintenance of functioning rivers, wetlands, lakes

and aquifers to sustain a reliable and clean water suppyhé developing continentThis challenge

is recognised globally but Africa has some specific characteristics that make it even harder:

Rapid uban development: An opportunity as well as a challeng®e strong megdrend for Africa is
rapid urbanization By mid2030s, it is expected that half of the population will live in cities and
towns, with the proportion of urban dwellers peaking at 56% around 20%iswill fuel water
demands bythe manufacturing and energy sector as well as househoWater demands for food
production will remain high2 KAf S | FNR Ol Qa NJ kJhaRy ctaNdbdest alsol G A 2y |
represents an opportunity to turn African cities and towns into engines of positive social, political
and economic transformatian Water wil be central in this transformation and how water
infrastructure, allocation and rallocation decisions are made will either act to facilitate healthy
ecosystems and social wdléing or undermine them These decisions will play out differently
across Aidca, reflecting thedifferent stagesof development and varying water availability
different countries The relatively lowevel of water infrastructure and institutional investment in
Africa presents a major challengebut also presents ampportunity for African countries and
organisationsto learn from global experiencand leap frog the ®pensive water management
mistakes made by othecountries, making the right investmentsto deliver sustainablewater
infrastructure forthe benefitof nature, people and business.

Local ecosystem serviceShe lifeblood of many communities:Despite continued formal and
informal growth of urbancentres in Africa many communities will continue to be dependent on
local ecosystem services drawn fromban, peri-urban and surrounding agricultural landscapes
Ensuring healthy ecosystems in this context will be arpegiisite of longer term social webeing
Investing in natural infrastructure can ensure the continued provision of a range of ecosystem
servces that are essential for development, includiegluced disasterrisks €.g.stabilising surface

soils to redue the chance of a mud sligslowing the flows and reducing flood peaksid providng

food and resources for local peoplg.g. through urbanperi-urban or rural agriculture; and
harvesting of bieresources for building materials or livelihood#} the same time, welplanned
natural infrastructure carcontribute to achievement of biodiversity targets, helping to meet SDGs
14 and 15 (Life belo water; Life on land) and climate mitigation and adaptation targets (SDG 13).
There is not an exact match between biodiversity hot spots and delivery of ecosystem services, but
there is broad evidence that more biodiverse ecosystems are often more piigdudeliver higher

levels of regulating and cultural ecosystem services and are also more resilient to future shocks

65| Page



(Smith et al., 2017Components of sustainable water infrastructure investmentay thereforealso
form part of the investment necessaty meet biodiversityecosystemand climategoals of SDGs.

5.2 Emerging lessons from across Africa

Despite many articles stating the urgent need for more sustainable management of water resources,

and citing evidence of the potential benefits of adopting sirstble water infrastructure practices

G2 KSELI GFO1ftS ! FNAOI Q& RS ex8npriws Weén delieretl inSy 3Sa =
practice Those projects that have been delivered, and those that have been attempted and failed,
present several importat lessons The most important of these reflect four themes:

Participatory cedesignof infrastructure plansWt I NI A OA LI G2NEBEQ LINR2SOGa Oy
of engagement, from a cursory consultation to a fullydesigned project where local canunities

start to selforganise to continue working towards the objectives even after the end of initial
funding ¢ KA & WiRSyidiiK é3sential to ensure the lofgrm sustainability of the water
infrastructure In particula, meaningful participabn: (i) ensures stakeholder btip, a prerequisite

to the ongoing and correct operation and maintenance in the long term (helping to avoid problems
of incorrect operation or vandalism (Kimwagaal., 2013)) and(ii) enables local and indigenous
knowledge to influence the planning processes (often a rich evidence stream, for example local
communities often have good knowledge of local drainage problems in informal settlements
(Fitchett 2016), or the most appropriate grazing management strategies iandtyl(Reid and Orindi,
2018)).

Provision for operation and maintenanc&unding: Many development aid and loan programmes
focus on provithg financial support for capital investment onlyThis unduly biases proposed
solutions towards capitaintensive, low maintenance, approaches and reinforces a conventional
built infrastructure, projectbased paradigm making it difficult to promote more adaptive
management responses ¢ KA & NRdziAySte fSIFRa (G2 WAGNlyRSR |
commnunities no longer have the resources to support (often both in terms of operation and
maintenance); such as wastewater treatment plants that cannot be operated because of the high
cost of electricity (Kimwagat al., 2012) Not only does his lead to abadoned structures and
technologies and a wasted investment, biit may also have significant negative impacts on
associated ecosystems (if polluted effluents are no longer treated or environmental flows no longer
maintained) As with conventional built finastructure, natural and hybrid infrastructure (such as
constructed wetlands, SuDS and land management) all require ongoing maintenance to ensure
success

Upgrading and retrofitting of existing settlementsDesigning water sensitcities in the contgt of

formal urban development represents an important and effective investment opportunity; an
opportunity that, subject to capacity and funding, is relatively straightforward (although often not

done). Even if successful, these approaches will not afidie (G KS dzNBSYy G LINRPO6f Sya o
informal settlements where investment in basic infrastructure is lacking partly because authorities

view the settlements as temporary and unauthorized, and do not wish to confer legitimacy on them

In areas thatare inherently unsafe (e.gat high risk of major lifehreatening floods or landslides)
resettlement in safer areas may be the only optioHlowever, in other areas a new paradigm is
emerging, to quote:

GEKSNB A& INRoAYyI O2 ylimd van test servg titheny and hafloyid iff trbated toKds i &

outlaw places to be eradicated, but as emergent communities to be supported through incremental, in situ
slum upgrading processes understood broadly as cooperative efforts among residents, cgngnowipis, non
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profit organizations (NGOs), government and businesses aimed at improving basic services and putting into
motion the economic, social, institutional and community activities needed to support communibeingl|

XC2NJ SEFYLX §Y faddzi& LEFNAOE KI a A y.QiisboladdKehiely 20165 Y6 NI OSR
TheWNJ T § | ydpprosdd isifofted @wisive and politically unpopular (Douglas, 20M8)re

constructive approaches to upgrading involve working with local communitie$mimement

incremental, small scale, projects in an adaptive and flexible waysto and Kenney (2016) cite an
SEFYLXS 2F | WNBof201Ay3Q | LILINBIFOK 6KSNBY

GLY HnwmeCGTPdidériributed to an ambitious upgrading effort in Mtshini Wam, working clogkly

community members in partnership with the City of Cape Town and CORC, the Informal Settlement Network,

and iKhayalami, a neprofit supplier of improved shack material§hrough an upgrading strategy called

reblocking, all 250 shacks in the densedgk®ed neighborhood were replaced and reorganized into two dozen

GAye O2dzNIiel NR WOfdzaGSNARAQ AYGSYRSR (2 AYIDN®R&Bw &S OdzNRA
Y2YOGKAQ GAYST g2NJAy3a OfdzalGSNI o0& Gshipzepiasadll eKiingy dzy A G &
AKFOl14a 6AGK AYLINRPOGSR ljdzr f Ade akKhkOlazr ¢A0K2dzi RAA&LX
stormwater drainage, each cluster was placed on a platform of compacted stone, rubble and concrete
aggregate approximately 20centimeters deep, with courtyards and combination walkwa@gdway

stormwater channels dug into the aggregateSubstantial improvements have been made in the built
environment at comparatively low cost, providing in the process dozens of temporary fjobsidents and

YIye 2L NIdzyAd0ASa T2 NJ adjustd ahd Kenfigy 2016  RSNA KA LI RSOSE 2 LIV

It is time consuming to engage multiple different groups of citizens to implement small scale and
locally adapted solutions, but the results should help teume the long term sustainability of the
project as well as building local community capacity, resulting in improved resilience, adaptive
capacity and other socieconomic benefits.

Catchmentwide ecosysterrbased adaptation and land managemenglthoughthe focus in this
paper is on urban and pedrban areasthe condition of the wider catchment (or increasingly the
precipitationrshed) will directly affect downstream urban areas in terms of both water availability,
water quality, disaster management (pigularly floods, droughts and mudslides) as well as food
security (crop and livestock productivity) and see@mnomic factors Developng strategic
approaches to the planning and management of the sustainable water infrastructure that recognizes
these multiple scale®» F N2 Y Sy adz2NAy3 (GKS O2yGAydzZiy3a Fdzy OlA2yA
and transboundary rivers, to local streams, and ditches, to urban homes and gawd#ngquire
radically new ways of working that includes stakeholder pigndiion at all stages of the project, and

the transparent consideration of tradeffs e.g between intensive agriculturavith high short term

yields and traditional agriculture or pastoralismith long term ecological sustainability and
resilience Good practice frameworks are emerging to guide this process. (&igkneret al., in

press) and will need to be operationalized to deliver the potential #mmm benefits such an
approach promises.

5.3 Can Africa take the lead in sustainable water infrastructure?

Present dayrban green space across Africais mvd much2 ¥ | FNA OF Q& ¥ dzii dzZNB  dzND |
be built This means the opportunity for SWI is nowut the window of opportunity isfinite.

Recent years have seen the emergenceobfi growing number of regional centres of expertise

across Africa that, together witbrowinginternational evidence, are helping national, regional and

local authoritiesto understand the need to ensure healthy ecosystems if the-wel A y 3 2 F | F NA
unique and diverse cultures, habitats and species is to be sustaiAfica can take a lead in the
development of sustainable water infrastructure; if it does et uncertain future awaits
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6 The way forward

Successful development of a more strategic raagh to water management that includes
sustainable water infrastructure solutions will require a different way of working (in contrast to the
technologybased topdown implementation approach that has characterized most water
infrastructure projects in ta past).

MDBs have a central role to play in facilitatingsttiansition. As with any mainstreaming activjty
this will take time To make it happenMDBSs (such as the AfDB) will neednform, influence and
invest in sustainable water infrastructu(eigure6-1).

Multi-lateral Development Banks (MDBs) will be pivotal in shaping a sustainable water future in Africa.....

Generate and disseminate evidence and good
practice

Highlight innovative finance initiatives
(e.g. climate financing)

Embed ecosystem service considerations in
the enabling environment of regional,
national, city and local strategies and

associated plans

Promote early use of strategic assessments to
better identify the opportunity for sustainable
water infrastructures

Portfolio based plans and designs that
appropriately combine natural and built water
infrastructures

Promote participatory decision frameworks
that value the multi benefits of sustainable
water infrastructures

Figure6-1 Role of Multilateral Development Banks in promoting sustainable water infrastructure

The specific activities under these heading areposedbelow.

6.1 Informing

MDBs (such as the AfDB) need to continue to promote the conceptsustainable water
infrastructure as widely as paible through various media and tveorks in Africa€.g. through

events such as the Africa Water Week or AfriSaf)K A & LINE OS & awill héded t Bey T 2 NIV A
associated with:

Generae and disseminat evidence:MDBs (working with others) have anteal role ingathering
and brolerage of authotiative evidence on thevalue of freshwater ecosystems andthe
contribution that natural and naturebased infrastructure can play in concert with built
infrastructure to support Sustainable DevelopmenThis include developing accepted modelling
based eviénce (including for example opportunity mapping) but also highlighting wiresawater
ecosystem servicdsave been successfully promoted as part of urban andym@n developments
andthe contribution they have madéwhether in terms of water qualityquantity, flood or pollution
management)

Highlight innovative finance initiatives:MDBs are welplaced to help promotersdentify the
opportunities affoded by emerging financingand regulatoryinitiatives that support innovative
sustainable watemfragructure solutions New financial and legal mechanisms for the preservation
of ecosystem servicesych asthe GEF and GCBiodiversity offséting, payment for ecosystem
services, and employmeiiitased initiatives such as Working for Watare expandingand provide
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emerging opportunities Ensuring decisiomakers and tekeholders are aware of these
opportunities (including within the MDBs themselves) will provide a springboard teupke

Disseminae good practice: Promoting good practicen developing infrastructure plans that te€t

the value of ecosystem services and water .(eirg water sesitivity planning¢ see Figure4-9 and

strategic approasescd SS 22 C WwW3I2f RSy NH#E dsdetinatioh of[g@dprdctkg/ o0 dm 0
frameworks should be supplemented wittilot examples thatbuild tangible evidence basg on

African examples and demonsteathe advanages in terms ofttost and performancef blended

infrastructure responses

6.2 Influencing

Overall most trends (economic growth, rapid urbanization and population growth, climate changes)
point to an increased need for infrastructure development and sharpening of water competition
Consequentlyit will be imperativeto have effectivegovernance systems in place nmanagewater
allocation and reallocation within and between countrieshile working towards country priorities

of efficiency, equity and sustainabilitymportantly this is not only &out allocating water, but also
governing the social and economic benefits provided by water resources and related selizBs

have a powerful voice that can be used to influence these decisions, including:

Embedding ecosystem services in the enablieigvironment: Whilst different jurisdictionsacross
Africa will operate under differenpolicy, legal and regulatory frameworksinfluencing these
frameworks preserga significant opportunity to catalyze chang particularMDBs have a relto
influenee sustainable management pfotected areasandriver systemgparticularly transboundary
rivers) MDBs also have a role to influence institutionatlardination and the engagement of civil
society to ensurgarticipation in, and accountability forthe decisiors made MDBs have a role in
ensuring policies and institutional frameworkse capable ofdeliveing WASH service¥ 2tie-
3 NP dayicRafe capable of reporting on success and failursDBsare wellplaced to establish
standardsed systems and mcesses foopen and transparenteporting (building upon initiatives
such as the WWF River Report Card) and enabiiilgsocietyto help define,analy® and critigqle
monitoring data €.g as inUganda, where CS@se active in Joint Sector Revielyvacapability that
is currently lacking deute initiatives such ashie Joint Monitoring Programme

Developing good practice that enables the early consideration of sustainable infrastructure
approaches:An effective means of influencing behaviour is tolestf A 8K g KI &G Aa O2y aA
LINI OlG A OS Q eldgiston Si1gk& < atmijplaBnets use it and investors to demand its use

MDBs have role in providing these framewosKwith direct internal influence) Such guidance, as a

minimum, should promote wide stakeholderparticipationand ensurethat opportunities to embed

sustainable water infrastructure practices are considered as early irpldr@ning andproject life

cycle as possibldavoiding the common pitfall of adopting conventional built infrastructure
approaches as the preferred solutions too early in the options appraisal process)

6.3 Investing

The development of mechanisms for innovative financihgt OSy (i NI} f (it enableNRA Ol Qa
appropriate water investmen{in systens-based approacheacross countries, in watersheds and

within citieg in a way thafosters new partnerships betweebusiness, government and civil society

to support the achievement afevelopment goals

69| Page



Traditionally, donors and multilateral financing agencieaveplayed an important role in promoting
improved approaches to environmental and social issues at the project Enthis leading role is

once again needed tpromote more strategic portfolio®f activities thatare necessary to deliver
sustainable water infrastructureTheir direct influence may be more limited than it used to be: their
role as infrastructure financiers iw often eclipsed by other sources of financenrany countries
technical assistance funds are also limited, and improved practices ultimately depend on client

O2dzy i NA S5 0Q

I32@3SNyYSyida | O00OSLI

32 GSNY YSY (i aQ NeveftliedsBta the ektght thaOrfefbdd A y 3 |
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advise on planning reformendinfluence the investment cadey:

Promoting participatory decision frameworks that approprialg value multirbenefits: Investment
seeks to return value MDBs have a role in promoting the truealue of water in investment
decisions; a preess that relies upon local and regional stakeholderglicit these values and an
investment framework capable of appropriately representing the full range of short and lbeger

benefits

Promoting use ofmultiple sources of investmento deliver blended infrastructure Individual
investors often bring particular requirements and fod&ggure6-2). This preserd a challenge and
an opportunity for MDBs to coordinate investments in the context of a portfolio of natural and built

infrastructure measuresAs set out inhe2 2 C W. I y{lFof S

{ NEBrénBadpectsf A Y A G A |

portfolio response will have differentharacteristics (such as asset type, size, funding needs and
timelines) and thus will be more suited to different types of funditigstead of seeking to finance

the whole portfolio with the same type of funding (with attendant complexities) MDBs coulgtado

the role of facilitaing a blend of financial mechanisms to deliver sustainable water infrastructure
These may include private sector participation (PSP), commercial finance, micro financing, climate
finance (such as the Green Climate Funtije capaity needed to apply for, and coordinate, funds
through multiple mechanisms is however high and often too high for local stakeholders to pursue
MDBs have a pivotal role in supporting proposals to these funds in way that enables a blended
portfolio of natural and built infrastructure (supporting ecosystem health and sociatvegtig) to

bedelivered

lllustrative

Kafue Flats

« Reduce pressure of cattle farming
s Use smart grazing managementto |
allow vegetation of Flats to grow

. of

Tarwala .

bream to maintain sustainable fish
population

« Provide local fisheries with the
] opportunity to increase their price
point

&\ o + Reduce haNesting of juvenile
(

» Restore area around Blue Lagoon

to allow for more biodiversity

» Expand tourism facilities to

generate revenues

s« Improve
sugar cane
irrigation
system

» Regulate
water
allocation
and farm
expansion

<

« Reduce water pollution
« Treat water from cities of
Kafue and Mazabuka

Source: WWF, 2018
Figure6-2 lllustrative
SEFYLXS 27F
portfolio of projects

o &AY

The roleof MDBs is changimand can transition from lender to leader. This will be challenging but

the opportunity is significant(i 2
future.
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