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ABSTRACT Well-planned urban green landscapes, including wildscapes and
green spaces, have the potential to contribute to climate change adaptation
and mitigation. Yet for cities in low-income countries, the value of these
urban landscapes in climate change response strategies is often disregarded
and remains largely unexploited and unaccounted for. This paper discusses the
potential role of urban green landscapes as a “soft engineering” climate change
response strategy, and calls for the pursuance of management practices that
preserve and promote the use of these urban spaces. It does so by combining
theoretical arguments with an empirical example based on an innovative and
novel approach to landscape rehabilitation, the Lafarge Ecosystems Programme,
in the coastal city of Mombasa, Kenya. The paper finds that a well-managed
system of green landscapes in resource-poor urban areas can generate net social
benefits under a range of future scenarios. It further finds that climate change
adaptation and mitigation responses can be initiated by a range of stakeholders
operating at all scales.

KEYWORDS climate change adaptation / green infrastructure / mitigation /
Mombasa / urban ecosystems / wildscapes

. INTRODUCTION

As in many parts of the world, most of the existing and proposed adaptive
responses to climate change in East African cities are biased towards using
“hard engineering” solutions such as building sea walls, levees and channels
or relocating infrastructure to control flooding.® Such hard infrastructural
responses, although necessary in some cases, can present a number of
challenges and costs that bring us to question both the effectiveness
and efficiency of such solutions relative to the techno-institutional
and financial barriers faced by low-income countries. Furthermore, the
devastation of New Orleans by Hurricane Katrina in 2005, with the failure
of the levee system, demonstrated that hard protection can also fail, with
tragic consequences.® For low-income countries this emphasizes the need
to explore less expensive but multi-beneficial strategies. One such strategy
for urban areas is the provision and protection of blocks of contiguous
land and improvements in the connectivity of areas of natural resource
or ecological value, with the aim of establishing a network of natural
areas and working landscapes. This ecosystems approach or “soft
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engineering” solution can be achieved through the protection of urban
wildscapes and the provision of green spaces, which are viable climate
change response options and “no-regrets” measures capable of yielding
multiple benefits.

Experiences from around the world tend to show that “soft
engineering” solutions to climate change impacts (including the
use of ecosystems-based strategies, wetlands and green spaces, green
infrastructure and land use planning) are more cost effective and
sustainable in the long run than hard technical solutions, and also
provide a range of other benefits to society.®) However, it must be stated
from the outset that no single solution or approach is likely to fit all
future challenges posed by climate change. For this reason, a toolbox
approach from which various treatments and practices can be selected
and combined to fit unique situations is generally recommended.® In
other words, the application of an integrated approach that considers the
use of a combination of techno-ecological and social response measures
to climate change risks is likely to be a more effective approach.

Given that a combination of technological, financial, institutional
and skill constraints, as well as data limitations describing environmental
conditions in low-income countries, are likely to limit the implementation
and effectiveness of “hard engineering” solutions, there is a need to
consider alternative interventions.® While promoting urban wildscapes,
green spaces and green infrastructure for urban environmental quality
and community health is not new, the application of a management
approach that accounts for the full values of these urban landscapes in
climate change adaptation and mitigation is less widely understood and
advocated in the African region, particularly in urbanized areas, and is
therefore worthy of further exploration.©

The contribution of this paper is two-fold. First, it explores the
potential of utilizing the moderating influence of wildscapes and green
spaces to address the challenges posed by climate change in Mombasa,
Kenya. Second, it presents an example of an innovative and novel
approach to urban landscape rehabilitation in Mombasa and draws
on lessons learnt from this example to identify the need for improved
stewardship of green infrastructure resources to help urban residents in
low-income countries adapt to the effects of climate change.

Mombasa is a seaport island city in Kenya, lying within a coastal
strip in the hot tropical region that is influenced by the monsoon. Its
rapidly increasing population is growing at a rate of 3.6 per cent per
annum and now stands at close to one million.” Although the scale
of climate change risk in Mombasa is yet to be established due to the
lack of local analysis, it is expected that climate change will exacerbate
current problems such as flooding, storm damage and seashore erosion
with serious consequences for infrastructure, coastal assets and human
health.® Being a harbour city, Mombasa serves as a major conduit of
commerce between East and Central Africa and the rest of the world.
Furthermore, the city and its surrounding areas account for the biggest
proportion of income from tourism, which is also a key driver of Kenya’s
Vision 2030,° and currently accounts for 10 per cent of the Gross
Domestic Product (GDP). Therefore, there is a need to explore effective
strategies that have the potential to minimize the likely impacts of
climate change.
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Il. CONCEPTUAL ISSUES: RELATING THE POTENTIAL
FUNCTIONS OF URBAN GREEN LANDSCAPES TO CLIMATE
CHANGE CONCEPTS

Landscapes of urban open spaces can exist at different scales, from
cracks in the pavement and private backyard gardens to more extensive
urban landscapes such as green parklands, woodlands, unused vegetated
allotments and abandoned fields. Terms such as wildscapes, green spaces
and green infrastructure have been used to highlight the different
characteristics of these landscapes.'” This section begins by giving
meaning to these terms. It then discusses their applicability, both as
landscapes of open spaces and “no-regrets” strategies, in building resilience
(the ability to absorb shock and still maintain functionality) and adaptive
capacity (the ability to evolve in order to accommodate change), as well
as in adaptation (actions that reduce vulnerability or enhance resilience)
and mitigation responses (interventions to reduce the sources or enhance
the sinks of greenhouse gases) to climate change.®V

The phrase “urban wildscapes” has been used to describe
those urban spaces where natural processes (as opposed to human
intervention) such as the spontaneous growth of vegetation appear to
be shaping the land."» According to Jorgensen, urban wildscapes often
emerge from the aftermath of development. In other words, it is what
remains after the programmed uses have ceased. This paper extends the
above description to include those spaces where human agency has also
contributed to the ecological revitalization of destructed urban spaces to
create a new wilderness environment. Urban green spaces on the other
hand are heterogeneous structures in size, shape and nature, which can
facilitate the survival of some wild species or support biodiversity in
the urban habitat.® They may include forest patches, parks and other
small green areas. Jorgensen cautions that while wildscapes may occur
in green spaces they are not necessarily green, as they may also include
quarries and expanses of industrial waste.

Well-designed green wildscapes and green spaces constitute
green infrastructure, which has been described in the literature as the
interconnected system of green spaces that provide natural ecosystem
values and services (such as clean air and water and a wide array of
benefits to people and wildlife) and is environmentally and economically
sustainable. Green infrastructure, such as street trees, parks, green roofs
and rehabilitated natural urban waterways, differ from conventional (grey)
infrastructure, such as road networks, stormwater pipes and canal systems,
in that while the latter is uni-functional (constructed to serve a particular
purpose), the former is multi-functional (has multiple benefits).(®

Adaptation and mitigation are crucial to reducing vulnerability (the
degree to which a human or natural system is unable to cope with adverse
effects) and thus the overall risk associated with climate change.®® Hence,
the most commonly suggested adaptive option in the climate change
context is promoting resilience, perhaps due to the fact that an overarching
goal in sustainable development is to create resilient communities.!”
Urban wildscapes and green spaces provide a unique opportunity to
address both climate change mitigation and adaptation, in addition to
maintaining, restoring and enhancing the natural environment services
and offering other socioeconomic functions.®™ They have a crucial role
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to play in response to the impacts of climate change whether through
providing temporary holding grounds for stormwater runoff, reducing
the risk or extent of flooding, or improving the microclimate of an urban
environment. For example, Baines talks of the preference for stormwater to
overflow into wild green open spaces rather than into living rooms."” As a
mitigation option, urban vegetation (including trees and forests) can help
to reduce energy flows and ecological “footprints”, including the ability
to absorb carbon dioxide and some other pollutants from the atmosphere
and to cool ambient air through evapotranspiration.?” This in turn has
the potential to lessen the impact of any heat island effect, improving
the comfort of microclimates and in turn reducing the demand for
air-conditioning in warmer climates (although currently there is little
empirical evidence to prove the link to reduced air-conditioning use). The
provision of psychological and physical human well-being, free ecosystem
services and biodiversity conservation to urban communities constitute
other important benefits of urban green landscapes (wildscapes and green
spaces) not related to climate change.®? In general, the use of vegetation
cover to reduce the severity of the urban heat island, manage floods and
stormwater and provide other recreational benefits is well documented.?®?

To be able to provide multiple benefits, the green landscapes must
be resilient enough to accommodate gradual changes associated with
climate change and return towards prior condition after disturbance,
either naturally or with management assistance.® If the green landscapes
are themselves vulnerable (e.g. due to loss of ecological functionality), it
means that they have lost their resilience, which in turn implies loss of
adaptive capacity to respond to future changes in climate. Fundamentally,
the formation of interconnected systems of green landscapes and
infrastructure is broadly recognized as the optimum approach to
protecting or enhancing the resilience of ecosystems and maximizing the
return on investment in urban green spaces.

lll. GREEN LANDSCAPES IN THE CONTEXT OF MOMBASA

This section outlines the necessity of buttressing the use of urban
green landscapes (wildscapes and green spaces), in the context of green
infrastructure, as a “no-regrets”, “soft engineering” strategy for addressing
the effects of climate variability and change in Mombasa. The issues that

lend credence to this approach include:

e thelack of technological, institutional and resource capacity (funding
and skills) to undertake “hard engineering” options;

e the legal powers and duties of municipal authorities to ensure healthy
urban environments;

e current efforts by various stakeholders (including local community
groups and private businesses) in tree planting, city beautification
and general ecosystems management; and

e the need to have cost-effective infrastructure systems that not only
respond to a wide range of climate-related events and extremes but
also have multiple benefits to city residents.>

Mombasa occupies a low-lying, often flood-prone, coastal location
and lacks adequate protection against extreme events. The city is
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characterized by substantial and growing social and environmental
problems, including those that are associated with pressures of population
growth, housing quality, air pollution and water and sanitation.®®
Climate change is expected to exacerbate these problems, contributing to
a heightened risk of flooding, coastal storm damage and seashore erosion,
and vulnerability to diseases associated with climatic conditions and
land uses, such as malaria and other vector-borne diseases.?” These will
result in costs associated with the loss of infrastructure, biodiversity and
natural resource assets (such as fisheries and recreational resources), as
well as costs to human health. In addition, socioeconomic factors such
as population trends and housing conditions are also changing, altering
exposure and sensitivity to flood risks as well as increasing the frequency
of flood disasters.®® Sea level is predicted to rise by 0.1-0.9 metres by
2100, which will aggravate flooding, while it has been estimated that
the overall adaptation bill will rise to 10 per cent of the Gross Domestic
Product.® Yet, the municipal authority has limited assets and capacity to
cope with and adapt to the implications of climate change.®® Therefore,
the challenge of urban management in the face of climate change risks
points to the need for “no- regrets” and pro-poor interventions.

In Kenya, the Local Government Act, Cap. 265 of the Laws of
Kenya gives local authorities regulatory mandates within their areas of
jurisdiction.®V The powers and duties to spearhead local environmental
planning and management and to execute local land use planning are
critical in shaping the capacity of municipal councils such as Mombasa to
roll out urban green infrastructure and, by extension, use the implications
of climate change risk as an opportunity to expand (and not necessarily
change) their existing mandates.®? However, in order to use these powers
effectively, any such authority requires political will and local support
to be able to allocate resources. This means that the full value (whether
quantifiable or not) of potential urban green spaces must be recognized,
in order to encourage a move away from traditional development of
urban land, particularly development that may perpetuate vulnerability
to climate change or undermine adaptive capacity.

Many local community groups as well as private businesses are
actively involved in city beautification and the planting of trees. For
example, the Kenya Forest Services (KES) facilitates local groups to
carry out tree planting. The KFS has formed the Mombasa-Kilindini
Community Forest Association (MKCFA) to undertake participatory urban
forest management. The business sector in Mombasa is also involved in
tree planting and ecosystem management, generally contributing to the
environment as corporate citizens. Such companies include Mabati Rolling
Mills, Bamburi Cement Factory, Athi River Mining and Kenya Pipeline.
As an example, the Kenya Ports Authority (KPA) recently sponsored
the rehabilitation of Mama Ngina Park, located in the city centre.¢?
In addition, during this study, resident groups in Port Reitz, Tudor and
Mtongwe in Mombasa (Figure 1) were found to be involved in mangrove
regeneration, in part because residents have a sense of responsibility to
care for the environment, but also as a source of livelihood. For example,
a youth group working on the mangroves along the Mtwapa creek,
which is in Kilifi district but close to Bamburi in Mombasa (Figure 1), has
devised methods to obtain benefits from the mangrove forests through
“silvofisheries”,®¥ while at the same time ensuring conservation and
further regeneration of the mangroves.
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FIGURE 1
Map of Mombasa Island and surrounding areas

SOURCE: Adapted from a map drawn by the author.

Thus, if well supported, a range of different stakeholders in cities such
as Mombasa can facilitate the establishment of cost-effective, citywide
green infrastructure systems through urban greening. Furthermore, given
the recent occurrences of flooding, wind destruction and increased average
temperatures that have exposed the vulnerability of Mombasa to the
impacts of climate change, the challenge facing the municipal authority
is to try and establish a system of land use management for open green
landscapes to help buffer floods, provide natural stormwater management,
reduce energy use (through shading and/or evapotranspiration), as well as
reduce costs associated with engineered systems.®

a. From wildscape to greenscape: Mombasa'’s Haller Park

This section describes an innovative urban landscape management
activity in Mombasa that involves the transformation of a wildscape (as
defined by Jorgensen®?) into a thriving urban wilderness. This particular
example is not intended to provide proof of how the rehabilitation of the
wildscape into a thriving ecosystem has helped in responding to climate
change risks in Mombasa; rather, it is a demonstration of how a key
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stakeholder has engaged in successful urban ecosystem management that
may have consequences for climate change adaptation and mitigation
among other socio-ecological and economic benefits. Furthermore, it is
used as a basis for the argument that facilitating the expansion of such
initiatives through planning and management can lead to the attainment
of a citywide green infrastructure system, with its associated benefits.

In 1952, Cementia Holding AG, Zurich was looking for a suitable site
on the East African coast on which to build a cement factory. The choice of
location depended on three requirements: limestone and shale (the main
materials necessary to manufacture cement) had to be obtainable within
the vicinity of the plant; the factory had to be near a harbour for export
purposes; and it also had to be close to a railway line for inland sales. At
the time, there was an area of uninhabited bushland a few kilometres
north of Mombasa that was ideal for the project, and it was here that
the company built the Bamburi Cement Factory. The resulting excavation
of coral for cement manufacture turned a two-square kilometre area
into an inhospitable arid wasteland, which expanded annually by tens
of thousands of square metres.®” Many years later, in 1990, the French
multinational (Lafarge Group) purchased a 60 per cent stake in Cementia
Holding AG, and among the properties purchased were cement plants
and transportation terminals, including the Bamburi Cement Factory.

i. History: quarry to park

Bamburi Cement Factory, now a subsidiary of the French multinational
Lafarge Group, is located in the Kisauni area of Mombasa (Figure 2).
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FIGURE 2
Map of Mombasa showing the location of Lafarge Ecosystems

SOURCE: Adapted from a map drawn by the author.
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Through the Lafarge Ecosystems Programme, the company has become
world famous for its rehabilitation of quarry mines. The Mombasa
rehabilitation programme, initially called the Bamburi Quarry Nature
Park and now renamed Haller Park, was initiated in 1972.¢® The mines
formed wildscape areas, which had been left when quarried materials were
taken away for cement manufacture, leaving an inhospitable wasteland.
Although north Mombasa benefited from the location of the cement
factory (particularly through the creation of employment), the large area
of bushland was converted into a wasteland that expanded every year by
tens of thousands of square metres. At the time operations commenced,
no environmental law required mining industries in Kenya to rehabilitate
exploited land. However, the management of the cement factory felt it
had a responsibility to do so long before the subject of environmental
protection became a worldwide issue.®? After many attempts to find
pioneer plants that could survive in the limestone desert, Casuarina
equisetifolia, or whistling pine (a tree that originates in Australia and
is adapted to grow under severe conditions), seemed to be ideal for the
harsh environment. After a few years of planting, the casuarinas became
self-seeding and began to colonize the surrounding quarry. Over time,
these pioneer trees improved the soil condition, allowing new plant
species to become established, including indigenous species. To improve
biodiversity, a limited number of wild animals were introduced at various
stages, while birds and insects found their way into the forest.“? After
about 25 years, the former quarry has become forested and ecologically
and economically self-sustaining. Photo 1 shows a section of the park as
it appears today.

ii. Current status

The company has 250 hectares of mined land, of which 220 hectares have
been rehabilitated. Currently, Haller Park is home to 400 different varieties
of indigenous trees, including bushes and herbs; also 230 species of birds,
some of which have been classified by the International Conservation
Union (IUCN) as endangered species; and mammals, reptiles and small
cats (including giraffe, waterbuck, hippopotamus, eland, oryx, buffalo and
crocodile). In addition, a large number of insects have been observed in
the forest, ensuring a diversity of life, with every species making a unique
contribution. The result has been the creation of a wilderness park in
the city, bringing Mombasa residents into contact with nature, providing
socio-psychological benefits, and promoting both educational and
recreational activities. Observing the number of people visiting the park,
especially at weekends and on public holidays, the eco-tourism value is
also evident. According to official records the park receives about 150,000
visitors per year. The value of the park was captured by one Mombasa
resident during a visit: “Since I do not enjoy going to the beach, on hot days
when I'm not at work I come here to do some bushwalking. I find it cooler...
and there is fresh air.” Most afternoons, residents can be seen whiling away
time along the Mombasa-Kilifi road, under the shade provided by trees in
the park (Figure 2).

Haller Park is also demonstrating other social, educational and
economic benefits to the wider community. For example, a Kenya Forest
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PHOTO 1
An area of Haller Park

© Justus Kithiia (2009)

Service (KES) official in Mombasa explained that his department had
been organizing local user group members to visit the park for training
and demonstrations on effective tree management. Community groups
are sub-contracted to undertake rehabilitation works, especially the
replanting of trees, thus helping them to “learn by doing”; and the Lafarge
Ecosystems Programme is also represented in the Integrated Coastal
Zone Management Programme. In terms of socioeconomic benefits, a
local community group that makes and sells curios and other artifacts
has entered into partnership with the park’s management to sell its
merchandise for better returns. Similarly, a long-term community resident
attributes the emergence of big business in the area to the existence of the
park (according to him, property values in North Coast, the location of
Haller Park, have quadrupled in the last 15 years).®V

IV. DISCUSSING THE LAFARGE ECOSYSTEMS PROGAMME AND
RELATED ACTIVITIES IN THE CONTEXT OF CLIMATE CHANGE
RISK RESPONSE AND OTHER SOCIO-ECOLOGICAL BENEFITS

The ensuing discussion revolves around four recurring themes, namely,
mitigation, adaptation, local sustainable development and socioeconomic
benefits. These could be viewed as signifying both the actual and the
potential contribution of the Lafarge Ecosystems Programme and related
activities to the city of Mombasa amidst the likely impacts of climate change.
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It is clear from the history of the Lafarge Ecosystems Programme
that responding to climate change was not one of the original objectives
of rehabilitation 25 years ago. This is not surprising since, at the time,
climate change was not a prominent issue in the development agenda
generally. To date, there is no evidence to suggest that current knowledge
of the implications of climate change has caused a rethink of the value
of greening urban environments through rehabilitation, instead climate
change has become yet another lens through which the value of
rehabilitation projects, such as the Lafarge Ecosystems Programme, can
be considered. This can be inferred from the following statement by the
Lafarge Ecosystems manager during an interview in 2009:

“Lafarge has a responsibility to rehabilitate all their mines in over 74
countries. It’s a moral decision to give back to nature as we extract
limestone for cement. However, as the Haller Park project in Mombasa
has grown bigger than was initially anticipated, we have now decided
to grow more trees [for the offset of greenhouse gas emissions| with the
intention of substituting coal energy with renewable energy. This will not
only reduce our production costs but is also good for the environment.”

It has been stated that irrespective of the motivation for climate change
adaptation, both purposeful and unintentional adaptation can generate
short- and long-term benefits.#? Haller Park as a well-maintained
ecosystem has the potential to create adaptation co-benefits despite this
not being the original intent. The trial and error methods initially used
by the rehabilitation team to identify and establish the pioneer plants
is recognized by Agrawal as a critical approach in identifying effective
adaptation options, especially for a resource-poor city like Mombasa.“® He
further asserts that an adaptive perspective on development will require a
willingness to experiment, the capacity to take the risk of making mistakes,
and the flexibility to make space for social and institutional learning.

The local corporation (Bamburi Cement Factory) may be unaware
of its role both as a driver and responder to climate change. However, its
involvement in corporate social response shows an understanding of how
context shapes socio-ecological interactions within the city, hence its potential
contribution to building resilience to climate change impacts.“* Furthermore,
for a resource-poor city like Mombasa, where the state of knowledge
about the most effective ways in which institutions can facilitate local
climate change risk responses is sparse and where no blueprints exist for
planning such responses, the municipal government cannot be expected
to be the main stakeholder in spearheading climate responsive measures.
The Lafarge Ecosystems Programme demonstrates an alternative role for
municipal authorities, that is, one of facilitator of specific opportunities
and sustainable initiatives, which initiatives may be implemented by a
range of stakeholders (including local communities, private corporations
or other opportunistic partnerships between different agencies). However,
given the generally low priority given to climate change issues in Mombasa,
coupled with ineffective urban governance in Kenya in general, it may
take further incentives or other agencies to encourage the take up of such
“value-adding” initiatives.“> This, however, does not negate the fact that
the Lafarge Ecosystems Programme could serve as an indication of how
climate change response actions can cascade across a landscape and be
initiated by agents ranging from individuals to corporations and public
bodies as well as governments.
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Due to its tropical location, Mombasa can be very hot, averaging
65 per cent humidity and 32°C heat.“® The fact that some people visit
Haller Park on hot afternoons to experience its cool temperatures shows
the potential of urban green landscapes in alleviating outdoor thermal
discomfort in the urban environment. While the likely extent of changes
to ambient temperature due to climate change is uncertain for East Africa,
the chapter on Africa in the IPCC Fourth Assessment Report notes limited
increases in temperatures in the tropics compared to other latitudes based
on global warming models; similarly, the chapter alerts us to the combined
impact of local land use change, land clearing and deforestation on
micro-climates and thereby an increase in local temperatures in regions
such as East Africa.“” An increase in ambient temperature due to these
combined effects could potentially increase mortality among the urban
poor and vulnerable populations who tend to lack the economic means
and social support systems necessary to avoid the adverse health impacts
associated with extreme temperatures.“® However, as is characteristic of
most benefits of urban green landscapes, a citywide effect in reducing
thermal discomfort and air pollution is only achievable in the presence of
well-designed systems of green spaces and green infrastructure, and not
just isolated green landscapes such as the Haller Park.®?

To the local community, the park also provides an opportunity to
be close to nature, with the associated positive impacts that this can
bring in terms of mental health and the simple pleasure of experiencing
trees, birds and other wildlife in an urban situation. This is apparent in
the high number of people who visit the park each year. By involving
the community in its activities through local partnerships, the Lafarge
Ecosystems Programme adds to the broader social dimension that has
the potential to facilitate adaptive ecosystem management. Indeed,
this may help to create social networks, which could serve as the web
that ties together an effective adaptive governance framework.®® The
Lafarge Ecosystems Programme seems to lay emphasis on an ecological
and economic basis for rehabilitation rather than on socio-ecological
considerations. In order to enhance the value of such initiatives and
provide long-lasting social, educational and adaptive benefits, it is
necessary for the planning, design and management of such programmes
to have an understanding of how residents interact, value and understand
the environment, rather than just support planting and maintenance of
vegetation. Furthermore, where opportunities occur on private property,
it may also become necessary to engage private landowners.

In the face of climate change, a major shortcoming of a rehabilitation
initiative such as the Lafarge Ecosystems Programme is the trial and error
methods used by the rehabilitation team to identify and establish pioneer
plants. This approach risks the introduction of invasive species, thus
creating green spaces that are ill-adapted and susceptible to undesirable
changes.®? On the other hand, the emphasis put on the adoption of
local materials and species by the rehabilitation team (such as the use of
indigenous plants) may at times prove to be ill-advised. This practice is
likely to consign the whole greening project to what Harris et al.®? refer to
as a generic “dead end”, which does not allow for the rapid adaptation to
changed circumstances that may be necessary if climate scenarios proceed
as predicted. Therefore, into the future, it will be necessary to ensure a
balance between rehabilitation through the introduction of plant species
and the need to build resilient green landscapes. Thus, rehabilitation
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through the lens of climate change requires thinking about future climatic
possibilities and conditions in order to plan and design for more resilient
ecosystems. In Australia this approach has been recognized and adopted
by landscape architects and land managers, where careful consideration
of the use of various plant species is recommended, for example the use
of drought-hardy species in regions where water is scarce or is likely to
become less reliable.®?

A visit to Haller Park shows that the Lafarge Ecosystems Programme
has invested heavily in water sources and recycling to irrigate and
maintain the tropical vegetation. This approach may not be sustainable
in the longer term under climatic change. According to a Mombasa Water
and Sanitation Company engineer, the city currently only receives 45 per
cent of the water required for normal use.®? Although rainfall along the
coast of East Africa is predicted to increase by 30-50 per cent due to climate
change, it is also expected to be more variable, making it more difficult
to rely on rainfall to provide the water needs for urban vegetation.®® This
presents a big challenge in initiating and expanding green infrastructure
not only in Mombasa but also in other poorly resourced urban centres.

Although Bamburi Cement Factory, through the Lafarge Ecosystems
Programme, has demonstrated the possibility of achieving well-
maintained green landscapes in Mombasa, the municipal authority has yet
to supply the frameworks for the provision of quality control. This could
be attributed to the institutional fragmentation of the planning systems
in Kenya in general, which makes it difficult to adopt local planning
frameworks within which the importance of green infrastructure can be
addressed. Notwithstanding the resource deficiency of the local authority,
with more effective planning, existing funding and skill capacities can
be better tailored towards value-adding development, promoting best
practice such as green infrastructure-based projects.®® The municipal
authority’s regulatory mandate to control development in its area of
jurisdiction can help leverage local policies to facilitate the expansion of
green landscapes. These might include providing incentives for resident
groups and private individuals to plant and care for trees and green
spaces, formulating bye-laws to regulate or encourage green landscaping,
identifying opportunities for developing a system of green spaces and
green infrastructure in the medium to longer term via strategic planning,
and embracing adaptive city governance approaches.

V. CONCLUSIONS

The multi-functional nature of urban green infrastructure consisting of
wildscapes and green spaces necessitates the application of management
approaches that account for the full value of these urban landscapes. This
is especially so in the face of predicted changes in future climate and
parallel pressures of land use development and change. For low-income
countries, the implications of climate change create a new urgency
to seek ways of building general resilience through cost effective “no-
regrets” interventions. Pursuing adaptive governance in poorly resourced
urban areas requires that efforts be directed towards green infrastructure
as opposed to expensive grey infrastructure development, for the simple
reason that well-planned systems of green landscapes have the potential
to generate net social and ecological benefits under a range of future
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scenarios. It is, however, important to keep in mind that no single
approach fits all future challenges posed by climate change. For this
reason, adaptation responses will need to come from a range of treatments
and practices, selected and combined to fit unique situations.

The Lafarge Ecosystems Programme and related activities show that
the development of green landscapes may involve voluntary actions
by various stakeholders in the city. Although the municipal authorities
have the overall mandate to provide frameworks for quality control and
ensure systematic planning of green landscapes, stakeholder involvement
can ease the burden of implementation from the frequently cash-starved
authorities. To ensure full cooperation from businesses and corporations,
which are not only major responders but also drivers of climate change,
their involvement should be viewed as a social response rather than a social
responsibility. The synergies necessary in addressing the uncertainties
surrounding climate change require that corporations, governing
authorities and other players do not get stuck in the legalities of social
responsibility. What is required is a framework that relies on collaborations
of adiverse set of stakeholders in the city as well as approaches that embrace
flexibility, learning from experience and continuous incorporation of
lessons into future plans. In addition, plans should be informed by the fact
that even the most elaborate green infrastructure will only have a certain
range of adaptive capacity; hence the need to base greening decisions on
a knowledge of socio-ecological resilience.

The “no-regrets” interventions are not cost free and therefore
expanding the green landscapes will attract both direct and indirect
costs. This is especially so in Mombasa and other cities in low-income
countries, where the built form does not normally allow for significant
sites for the establishment of green spaces for public or ecological good.
A major task for planners and decision makers will therefore be to ensure
both innovation and cost effectiveness; for example, by optimizing scarce
resource investments and identifying initiatives that are implementable
by a range of stakeholders.
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