Urban development and Climate Change in Mozambique’s Capital, Maputo

Abstract: Mozambique’s capital constitutes a metropolitan area of approximately 3 million inhabitants, located adja-
cent to the Bay of Maputo. This area includes the city of Maputo, and its residential and industrial surroundings such as
Matola, Boane, KaTembe and Marracuene. As Mozambique’s population of 22 million is expected to double by 2040,
most of the urban areas are growing quickly, generating social, cultural and environmental conflicts. EIA is required for
the approval of most significant projects and infrastructures (roads, ports and airports, industry, tourism, urban devel-
opments, etc.) and the Ministry of the Environment conducts a review process prior to the authorization. In the Maputo
Area this EIA process is particularly critical, as the lowlands which constitute most of this region are often flooded and
the surrounding coastal areas are prone to erosion and rapid changes in morphology. This paper presents and discusses
an integrated approach to Maputo’s urban development, its environmental vulnerabilities and the need for one integrat-
ed approach in the subsequent EIA processes and requirements. The paper also gives a contribution to the methodolo-
gies and the critical topics to be considered in the assessment of climate change related impacts and measures of mitiga-
tion and adaptation.
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1. INTRODUCTION
Mozambique’s capital Maputo comprises a metropol-

Maputo, showing a huge peak in 2000) associated with
low pressure systems at Mozambique’s channel and

itan area of approximately 3 million inhabitants, locat-
ed adjacent to the Espirito Santo Estuary and Maputo
Bay area. This area includes the city of Maputo, and its
residential and industrial surroundings such as Matola,
Boane, KaTembe and Marracuene. As Mozambique’s
present population of about 22 million is expected to

latter development of Hurricane Eline (category 4)
(Figure 1) caused historical flooding in 2000, resulting
in a high death tool and intense damage to roads and
other infrastructures, villages and crops. Damages
caused by Hurricane Eline were valued in 12% of the
country’s Gross Domestic Product (INGC, 2009).

roughly double by 2040 (U.S. Census Bureau, Interna- - AN
tional Data Base, 2012), most of the urban areas are X e
growing quickly, generating social, cultural and envi-
ronmental issues.

According to available data from several sources
(UNFPA, 2007; UNS-PDDESA, 2012, World Bank,
2009), the world is undergoing the largest wave of ur-
ban growth in history. In 2008, for the first time in rec-
orded history, more than half of the world’s population
will be living in towns and cities (UNFPA, 2007). By
2030 this number will swell to almost 5 billion, with
urban growth concentrated in Africa and Asia (UN-
FPA, 2007).

Mozambique already has one of the largest urban
populations among East African countries (38%) (UN-
FPA, 2011; UNS-PDDESA, 2012), and its urban popu- \
lation is expected to reach 50% in 2025 and 67% in .
2050 (UNS-PDDESA, 2012). According to information
published by the United Nations (UN) (UNS-PDDESA,
2012), Maputo and Matola together account for almost
a third (27%) of 2010 Mozambique’s urban population
and 10% of the nation’s total. Maputo itself is estimat-
ed to grow above the country’s rate until 2025 (65% vs.
33%) (UNS-PDDESA, 2012).

Mozambique is recognized as one of the African
countries most vulnerable to climate change, due to the
extension of coastal lowlands formed by estuaries and
deltas (INGC, 2009).

The highly populated lowlands that surround the Es- :
pirito Santo Estuary and Maputo Bay area are often
flooded and the surrounding coastal areas are prone to
erosion and rapid changes in morphology. This makes
the existing and projected urban areas highly vulnera-
ble not only to the anticipated sea level rise but also to
increased frequency of extreme weather events like
hurricanes.

A succession of heavy rain periods (see chart in Fig-
ure 2 for precipitation deviation from annual average in

| .
Figure 1 — Tropical hurricane Eline over Mozambique’s
coast, 22" February 2000 (in NEMUS/BETA, 2011)
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Figure 2 — Precipitation deviation from annual average in
Maputo, in the period 1976-2005, showing a huge peak in
2000 (MICOA, 2006)
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The earth’s climate has changed many times in the
past in response to natural causes. Over the last century
it has however noticeably changed in a shorter time-
scale, with global temperature rises and more extreme
weather events (IPCC, 2007 and 2012). Sea level rise
(SLR) is a key effect of climate change. Sea levels are
rising globally, but with regional variations. However,
there is some uncertainty as to the rate and amount of
rise that could occur by any specific time in the future.

The last IPCC report (the Fourth Assessment Re-
port, AR4, IPCC, 2007) stated a rise of about 0.60m at
2090-2099 in its most non-conservative scenario. How-
ever, there is growing consensus that AR4 figures for
sea level rising are overly optimistic. Rahmstorf (2007)
and Pfeffer et al. (2008) are examples of studies that
concluded for less optimistic values for predicted SLR
(Figure 3).
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Figure 3 — Sea level rise projections comparison

Local studies for Maputo region (INAHINA, 2008)
estimate that sea level may rise 0.2m by 2034 or 2041,
0.5m in 2073/2071 and 0.8m by 2114 or 2098, depend-
ing on the modelling approach (i.e., prediction based on
local observations vs. IPCC model, respectively).

However, global climate changes and the risks as-
sociated to it refer not only to SLR, but also to the in-
crease of frequency and intensity of extreme weather
events, such as storms.

Instituto Nacional de Gestdo de Calamidades INGC
(2009) predicted extreme sea levels in the port of Ma-
puto combining SLR expected from climate change
with storm surge calculated for several return periods.
Compared with present levels (1.78m, High Astronom-
ical Tide), the estimated 1-year return period extreme
levels rise are 0.10m by 2030 and 0.2 to 1m by 2060,
considering low and high SLR scenarios, respectively.
For 2100, 0.30 to 5m were obtained for the same two
scenarios.

This indicates that, although there is little doubt that
sea levels are rising, there is considerable uncertainty
regarding future rates and changes of SLR on the fre-
quency and intensity of severe weather events. There-
fore, an integrated approach, involving different spe-
cialist teams and considering risk scenarios and impact
assessment prediction tools is essential in urban plan-
ning to ensure the correct development of Projects lo-
cated in high-risk areas.

2. INTEGRATED APPROACH TO URBAN DEVELOP-
MENT IN HIGH RISK COASTAL AREAS — MAPUTO
BAY AREA

Development of Southern Maputo Province was ap-
pointed to the public company MAPUTO SUL E.P. by

the government of Mozambique after the decision to
build a bridge linking Maputo to KaTembe and im-
prove the road network further south with the Republic
of South Africa, near Ponta do Ouro.

One of the most important developments that may
be catalysed by the new bridge is the future city of
KaTembe, located in the south margin of the bay, just
across Maputo waterfront.

First projections estimate 400,000 inhabitants in
KaTembe by 2040. In addition, tourist areas and a
logistical/industrial areas are considered to be part of
this development.

Large developments, such as KaTembe city, in eco-
logically sensitive areas demand an integrated approach
to urban and infrastructure planning, where impact as-
sessment was considered at preliminary stages.

Environmental Impact Assessment (EIA) is a legal
requirement in Mozambique for the approval of most
significant projects and infrastructures (roads, ports and
airports, industry, tourism, urban developments, etc.)
and the Ministry for the Coordination of Environmental
Action (MICOA) performs a review prior to licensing.

With that goal in mind, MAPUTO SUL E.P. put to-
gether a large team of consultants covering various
areas of expertise, in order to conduct the studies and
projects needed, such as the bridge, the road network
and other urban infrastructures (Figure 4). The team
includes a vast number of experts in areas such as ar-
chitecture and urban planning, civil, hydraulic, traffic
and environmental engineering, oceanography, marine
geology, ecology, sociology and economics, among
others.

Public engagement was sought from the beginning
of the development by organizing seminars and other
public presentations where valuable inputs were col-
lected.
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Figure 4 — Integrated approach to urban planning in Ma-
puto — KaTembe and South Maputo province

In order to establish an adequate basis for subse-
quent planning, risk assessment studies, particularly
those regarding flooding, were identified as critical
from onset of development. The primary goal of the
integrated planning exercise was to determine probable
flooding levels in the bay area which would provide
input for both the urban planning and the engineering
team to develop city and road layouts in the safest pos-
sible way, avoiding high risk areas.

Ecology studies were also important as some of the
main projects (bridge, etc.) are located in a delicate
estuarine environment where wetlands, such as man-
groves and salt marshes have an important role not only
in the ecological equilibrium but also economically, as
fish nurseries and as natural barriers to flooding and



erosion. Therefore, establishing natural areas that
should be protected and defining associated buffer
zones, as well as identifying degraded wetlands to be
restored was an essential task.

Several other baseline studies were conducted in or-
der to provide the information needed to perform sus-
tainable land use planning. The articulation between the
impact assessment and the urban planning and engi-
neering teams was very close and iterative, resulting in
a layout optimization effort.

3. MAJOR STUDIES IN PROGRESS
3.1 Hydrodynamic Modelling of Maputo Bay

Flooding risk assessment was one of the main sub-
jects that needed to be studied. However, coastal ero-
sion processes were locally significant and therefore
were also important to take into account.

Espirito Santo Estuary and the Maputo Bay area
have complex hydrodynamics due to shallow waters
and a wide network of channels, sand and mud banks
and wetlands. Additionally, several river contributions
(Maputo, Umbeluzi, Incomati, Tembe, etc.) with tor-
rential characteristics, tide and wave action and the
Indian Ocean influence were considered. Several study
scales were needed to clearly understand the processes
governing circulation including: regional (large scale
ocean circulation), local (Maputo bay) and hydrological
(river basins, flood studies).

Therefore, a sophisticated 3D numerical modelling
approach was essential to cover all the details and
achieve adequate results to comply to initial goals. A
system of nested models was developed in order to
more efficiently assess the various study scales and
correspondent inputs for the final predictions needed.
Several models including MOHID Water/Land, SWAT
and SWAN among others were used.

The nested model scheme approach allows for the
departure from a regional scale to a high resolution
local model.
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Figure 5 — Nested models scheme (NEMUS/BETA, 2011)

The first step was to collect existing baseline infor-
mation to validate the models. This included a signifi-
cant data compilation effort, ranging from topographic
to meteorological, hydrologic and oceanographic in-
formation.

Several simulations were made (Figure 6, model
reproducing year 2000 floods, in terms of velocity) and
results were compared with available local observations
for the different parameters of interest. Good overall
correlations were achieved, which means that the mod-
els adequately describe the main hydrodynamic pro-
cesses.
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Figure 6 — MOHID reproducing year 2000 floods and its
impact on Maputo Bay area (NEMUS/BETA, 2011)

Major constraints that hydrodynamics and coastal
evolution imposes to the occupation of the territory in
Maputo Bay are linked as follows:

Storms and Hurricanes

Sea Le‘_"el Rise (storm surge, ocean swells, heavy rains)

Erosion=:

Slope
Instability
Figure 7 — Major risk factors in Maputo Bay area
(NEMUS/BETA, 2012b)

As can be seen above, SLR and extreme weather
events are the driving forces that can increase risk ex-
posure for populations that will inhabit the region,
manly due to erosion, flooding and slope instability
processes.

Simulations currently underway include risk scenar-
ios that account for probable climate change issues like
SLR and increased frequency and magnitude of storm
surge from tropical hurricanes, to define constrains to
urban and infrastructure planning.

The modelling tools will also be very useful to the
subsequent EIA of the several development projects,
especially for climate change related impact assessment
and for defining mitigation and adaptation measures.

3.2 ElAs of Maputo-KaTembe Bridge

The proposed bridge will link the city of Maputo
(north side) to KaTembe municipal district (south side)
by crossing the Espirito Santo Estuary.

One of the biggest issues in this project is the loca-
tion (and form-factor) of the pillars, as the bridge spans
a busy port area (Maputo’s side) and the main naviga-
tion channel.

The hydrodynamic modelling study in progress will
provide valuable input information on currents, flood
levels and erosions patterns, that will help both engi-
neering and EIA teams to assess bridge design elements
dimensions and location (road connections, pillars,
gabarit, etc.) and its impacts.

It also help to define mitigation and protection
measures for the bridge itself and for the margins or
sensitive habitat.
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Figure 8 — Preview of Maputo-KaTembe Bridge

3.3 EIA of KaTembe City

An EIA is underway for the city’s Masterplan, with
strong focus in flooding, coastal erosion, and wet-
land/ecological issues beside, of course, the highly im-
portant social and economic aspects (Figure 9). It will
allow for sustainable urban planning from the begin-
ning which will help in avoiding risk areas and mini-
mizing future disaster situations and/or protection
measures.
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Figure 9 — Preliminary EIA main environmental aspects
(NEMUS/BETA, 2012a)

In particular, the role of existing wetland habitats as
fish nurseries and natural barriers to flooding are being
investigated as natural engineering and habitat restora-
tion techniques to mitigate climate change impacts.

—

Figure 10 — Examle ofPreIiminary EIA recommendations:
ecological structure (NEMUS/BETA, 2012a)

In a next planning stage formal EIAs are proposed
for 3 priority development areas to be defined and de-
tailed in the Urban Plan.

3.4 Regional Development Plan of KaTembe-Ponta
do Ouro

The Regional Development Plan (RDP) of KaTem-
be - Ponta do Ouro is a strategic planning instrument

that aims to preventively think the south Maputo prov-
ince as a whole (Figure 11), in the wake of the of recent
development objectives announced by the government
for this region.
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Figure 11 — RDP KaTembe - Ponta do Ouro: Study Area
and new proposed roads (NEMUS/BETA, 2012b)

Its main goal is therefore to define a strategy that
weights different models of regional development, con-
sidering the economic, social and urban development
projects, ongoing or prospected, its relationships with
its surroundings and the dynamics that will be generat-
ed as a result of their implementation. The new Mapu-
to-KaTembe bridge and regional road network im-
provement decisions are clearly the main driving forces
for anticipated development, although mining and agri-
cultural projects underway are also of great importance.

The study area is highly constrained due to its
known flooding vulnerability and by extensive conser-
vation areas of both national and international rele-
vance (Maputos’s Special Reserve, Libombo transfron-
tier conservation area, Maputaland biodiversity
hotspot). The coastline facing the Indian Ocean has a
huge potential for touristic development, but is also
vulnerable to erosion and SLR as well as being exposed
to hurricanes and tsunamis. Other vulnerabilities in-
clude shortage of usable surface water resources and
exposure of groundwater aquifers to saltwater intru-
sion.

As such, climate change associated issues are of
major importance for this region as well, manly SLR
(groundwater salinization, etc.) and flooding/erosion
caused by more frequent extreme weather events.

Hydrological and other baseline studies that were
conducted in the initial stages mapped natural risks
areas in order to identify existing conflicts and avoid
future sensitive occupation.

The RDP was complemented by an Economic, So-
cial and Environmental Development Plan (ESEDP)
that, among other issues, defined the basis for a rural
village water supply scheme, considering potential fu-
ture climate change impacts.

Despite not being presently mandatory in Mozam-
bique, the RDP was nevertheless subjected to Strategic
Environmental Assessment (SEA), according to Euro-
pean Union (EU) Directive standards.



3.5 ElAs of KaTembe-Ponta do Ouro and Bela
Vista-Boane Roads

The new improved road network in the south Mapu-
to crosses the interior RDP area (Figure 11) so the main
issue related with climate change is flooding. The base-
line studies made in the RDP as well as for the Maputo
Bay (hydrodynamic modelling) will provide valuable
information for assessing impacts of the proposed road
layouts and define the necessary mitigation measures.

Crossing of Maputo’s Special Reserve, near Sala-
manga, known by its elephant population, is also a ma-
jor impact that needs to be addressed in the EIA, in
close collaboration with the reserve’s management au-
thority.

4, MAJOR CONCLUSIONS

The present integrated approach to urban planning,
involving a large multidisciplinary team, with strong
focus on risk and environmental impact assessment,
and the use of sophisticated prediction tools, from early
stages, has proved to date to be successful in addressing
the particularities of a sensitive and complex region
such as Maputo’s.

Risk and preliminary impact assessment studies has
been crucial to a sustainable urban planning, providing
precious inputs to design and engineering teams that
resulted in optimized layouts, better infrastructure siz-
ing and location and better landscape integration, all of
which may reduce negative environmental and social
impacts and less need for mitigation measures.

Results from the work developed so far were re-
garded as highly positive both from the Project propo-
nent and from local authorities and consulting and aca-
demic communities.

The wide range of detailed baseline studies done, as
well as risk and impact assessment, including climate
change related, has set a solid knowledge base that will
be of great value to subsequent EIAs that need to be
done, not only to license already known projects (Ma-
puto-KaTembe bridge, City of KaTembe, etc.) but also
future ones along the region’s progressive development
process.

This kind of approach seems therefore to be well
suited and recommended to address significant territo-
rial transformation processes, such as those increasing-
ly taking place in emergent countries, in a sustainable
way.
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