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The Urban Indicators project at West
Virginia University, entitled Monitoring
Beira Using Geographic Urban Indi-
cators, is a collaborative effort between
West Virginia University and the Catholic
University of Mozambique in Beira. The
project is based on the UIP framework
of building national and local capacity to
collect and use policy-oriented indicators
as part of a strategy for the development
of sustainable human settlements.

The project was funded with the intention
of achieving four broad objectives:

1. Gain knowledge on the state of
urban quality within Beira,
Mozambique, which can be used
to evaluate existing urban condi-
tions and monitor change.

2. Establish a quantitative baseline
of spatial data within a geographic
information system (GIS),
grounded on the UN Urban Indi-
cators Programme, that can be
used by a variety of stakeholders
to evaluate the effectiveness of
policies and programs intended to
improve socially and economically
distressed communities, increase
homeownership, and reduce
homelessness.

3. Transfer expertise in evaluating
urban indicators using spatial ana-
lytical techniques and GIS from
West Virginia University (WVU)
to the Catholic University of
Mozambique (UCM). The trans-
fer of knowledge will be through
web-based training programs.

4. Assistin developing and evaluat-
ing policies and programs that are
intended to improve the quality
oflife in Beira.

Objectives 1-3 have been achieved in year
one. Objective four will be one of the foci
of this collaboration in year two if
funding is continued.

In year one, significant progress was made

despite concerns with data availability and
reliability. The major achievements in year
one can be summarized as follows:

» Deepening of the WV U-
UCM partnership and capacity
building at UCM

» Development of a workable
spatial database for three

barrios

» GIS-based urban indicator
descriptions for three barrios

» GIS-based modeling for one
urban indicator (water)

» Development of a project
web-site that includes web-based
training modules using ARC-IMS
(http://beira.geo.wvu.edu/)

If funded in Year Two, we foresee research
in three major areas. First, we

will complete the web-based modules on
remote sensing, implementation of ARC/
IMS, and modeling and test their usefulness
of all six modules as training. Second, we
will continue the mapping

of land cover and land use change in the
city. We have obtained, and are in the initial
stages of, processing the aerial photographs.



Third, we will explore policy and planning
applicationsof the work already com-
pleted. Finally, we will broaden the spatial
scope of the database beyond the three
barrios, to include the entire city of Beira.
As in Year One, the overall objective of
the project will be the building of GIS-
based urban indicators.




INTRODUCTION

GIS and Planning

Planning is a future-oriented activity, based
ideally on shared information and the ac-
tive participation and consent of all stake-
holders (Nedovic-Budic, 2000). The plan-
ning realm encompasses all geographic
scales from the national to the local, and
combines domains of interest ranging from
the natural environment, regional infrastruc-
ture, through urban and regional develop-
ment and economic growth. Planning prob-
lems within the urban domain require deci-
sion-making and solutions in situations con-
cerning urban growth and change; unem-
ployment, decline and economic revitaliza-
tion; transportation; environmental degra-
dation; residential neighborhood decline
and redevelopment; historic preservation;
conservation of land and natural resources;
and the provision of open space, parks and
recreation facilities (Jones 1997). Alterna-
tively the role of planning agencies may be
more routine — focusing on inventory, moni-
toring, regulation, and enforcement. The
tasks confronting planners regularly include
the sighting of new industrial areas and the
reuse of old ones, the location of hospitals
and other essential services, residential
developments, recreation and leisure facili-
ties and public open space. They comprise
highway building and maintenance, emer-
gency response and hazardous materials
planning, zoning, and the ordinary process-
ing of planning applications. In each case
the demand for information by the plan-
ners and those for whom the plans are made
is enormous (Huxhold, 1991, Martin
1996).

Access to information, the ability to pro-
cess it and the generation of alternative out-
comes, frequently in an iterative procedure,
are essential in supporting decision-mak-
ing.

Consequently, GIS is fundamental to plan-
ning for its role in maintaining databases of
a wide variety of types of spatial on non-
spatial data. Information integration on the
basis of a shared geographic footprint is seen
as one of the major strengths of GIS. Be-
yond data integration and access facilitation,
the power of GIS as a decision support tool
stems from its analytical and synthesizing
potential. The value of GIS in the planning
process increases directly with its ability to
portray information at different scales of
resolution, generate analytic solutions to
planning problems and generate alternative
scenarios. The role of “what if?”” is nowhere
more highly developed and used than within
the planning context.

Ideally GIS should offer support to the plan-
ning process universally. Itis often assumed
that the expense of software and hardware
is the bottleneck in the increased use of GIS
technology in the developing world, but the
lack of adequate spatial data remains the
most significant constraint (Yeh 2000). In
developing countries comprehensive, multi-
cadastral, data are scarce. Yeh (2000, 885)
comments that in developing countries the
most readily available data are from remote
sensing sources, leading to an emphasis on
land cover rather than land use, and on
physical environmental data rather than so-
cial and economic.

Socio-economic data are primarily
acquired through field surveys, which are
expensive, and developing countries are
unable to mobilize resources to collect
important statistical information. Incom-
plete, inaccurate, out-of-date data are
unfortunately the rule rather than the
exception.



Planning for Global Urbanization

The rapid growth of population and its con-

centration in cities around the world consti-

tute a crucial element affecting the long-term
outlook for humanity. Between 1970 and

the closure of the 20™ century, urban popu-

lations increased from 35 to 50 percent of
the global total. Indeed, it is estimated that

more than 1.5 billion will be added to ur-

ban populations across the globe during the

next 25 years, when 60 percent of all the

world’s people will be living in or near cit-

ies (Global Outlook, 2001; Kirdar, 1997,

Rakodi, 1997). A disturbing aspect of these

figures is that 90 percent of urban popula-

tion growth between 2000 and 2020 will

accrue in cities of the developing world.

Take Africa for example, long thought of as

one of the least urbanized continents, it is

expected that over half the population will

be urban by the year 2020 (Aryeetey-

Attoh, 1997; Rakodi, 1997). This global
demographic shift points to the realty that

the world’s problems are urban problems,

the world’s future is an urban one, and that

cities present the arena where the battle for
sustainable human development will be won
or lost.

The rapid urbanization of the world’s popu-
lation poses new and special challenges to
governments and communities around the
world as they confront issues of economic,
political, social, and cultural integration and
transformation. As we begin the 21 Cen-
tury, new forms of globalization and tech-
nological advancements continue to blur tra-
ditional national boundaries.

As such, cities serve simultaneously as in-
ternational, national and regional engines of
economic growth, centers of technological
and cultural creativity, homes of the poor
and deprived, and the sites and sources of
environmental pollution (N’Dow, 1997,
Rakodi, 1997). Rakodi (1997:1) remarks,
“...our understanding of the dynamics of
these cities and the urban systems of which
they form part, and our capacity to manage
them effectively, are limited”.

In this light, it becomes apparent that the

development of contemporary societies will

depend largely on understanding and man-

aging the growth of cities, and the city will

become the test bed for the adequacy of
political institutions, for the performance of
government agencies, and for the effective-

ness of programs to combat social exclu-

sion and to promote economic develop-

ment.



IInformation about Cities

Contemporary urban problems include:
environmental pollution (Fuchs, 1994;
Kirdar, 1997); poverty, homelessness,
unemployment, disease, crime, and social
inequalities (Global Outlook, 2001;
Kirdar, 1997; Knox, 1998; Rakodi,
1997); and poor management, land scar-
city, declining resource base, civil strive,
and institutional inflexibility (Leitmann,
1999; N’Dow, 1997; Stren and White,
1989; Wekwete, 1994). Too often these
problems and phenomena that character-
ize the process of urbanization continue to
be poorly documented and represented,
hence depicting a distorted picture of the
city. The situation is more critical among
cities in the developing world where the
divide between urban reality and the abil-
ity to comprehend that reality is most sig-
nificant. In Africa for instance, Rakodi
(1997:10) observes, “One of the most sig-
nificant problems in addressing urbaniza-
tion issues and in assessing the perfor-
mance of urban management.... is the
dearth of information”. The reasons for this
lack of data and the unreliability of infor-
mation are well known: economic difficul-
ties (Stren, 1994); political turmoil
(Rakodi, 1997; Stren and White, 1989);
war and civil unrest (Kirdar, 1997;
N’Dow, 1997); and a combination of over
centralization and an emphasis on rural de-
velopment (Mabogunje, 1992; Obudho,
1994).

The urban information crisis in developing
regions severely constrains the ability to
develop and analyze effective urban policy.
A sustained and systematic appraisal of
urban problems, as well as tools for urban
policy has been largely inadequate in pro-
viding the overall picture of the city

and how it functions. Rarely do these tools

provide an indication of the relationships be-
tween the performance of individual sectors
and broader social and economic develop-
ment results (Leitmann, 1999). In determin-
ing the causes of urban dysfunction and in
monitoring progress toward achieving sus-
tainable cities, it is increasingly necessary to
rely on effective tools to analyze the perfor-
mance of cities, within countries, and on a
worldwide basis.

There is a problem with reliable and appro-
priate data at the intra-city scale. Most ma-
jor economic aggregates, which might mea-
sure the health of the urban economy such
as city product, investment or trade, etc, are
unavailable. Other data, which might mea-
sure the condition of the population, infra-
structure and the environment, are available
in some places and not others, and are sel-
dom collected in a consistent international
framework (UNCHS, 2000). Worse still,
while enormous data have been generated
at very high costs throughout the world, they
are often incomplete, inappropriate, inaccu-
rate, or generated for narrow planning ap-
plications. There is a global need to build
national and local capacity to collect useful
information on urban conditions and trends,
to convert the information to knowledge
through appropriate techniques, and to ap-
ply this knowledge in formulating and modi-
fying urban policies and programs (UNCHS,
1999). This will help to resolve the informa-
tion crises and close the knowledge gaps that
blur the vision of city leaders and the hopes
and aspirations of urban citizenry.



UN Responses and Global Urban Indica-
tors

The Global Urban Observatory is a
UNCHS Habitat’s facility for monitoring
and evaluating the implementation of the
Habitat Agendaand Agenda21. This body
was born of a resolution by the 1996
UNCHS Habitat IT Conference in Instabul,
Turkey, that “All partners of the Habitat
Agenda, including local authorities, the pri-
vate sector, and communities should regu-
larly MONITOR and EVALUATE their
own performances in the implementation of
the Habitat Agenda through comparable
human settlement and shelter INDICA-
TORS...” (Paragraph 240 of the Habitat
Agenda). The Urban Indicators Program
(UIP) and the Best Practice and Local
Leadership (BLP) together make up the
Global Urban Observatory. This Urban
Indicators Program was born of the real-
ization that many cities of the world (par-
ticularly the developing world) are faced
with an information crisis, which seriously
undermine their capacity to develop and
analyze urban policy. This decentralized
networking and capacity building program
responds to one of the most critical needs
of urban policy — the need for better infor-
mation on urban conditions and trends.

The meaning and role of indicators has thus
been defined: ‘...a measure that summarizes
information about a particular subject and
may point to particular problems ... (and)
provides a reasonable response to specific
needs and questions...” (UNDP, 2000).
Regardless of the definition, literature has
demonstrated that various indicators based
on easily obtained data can offer useful in-
telligence for making strategic choices about
directing and managing future growth.

Furthermore, while indicators primarily
show trends, prioritize and define targets,
provide qualitative and quantitative informa-
tion etc, (Barnejee, 1996; Leitmann, 1999),
they can also be more than pieces of infor-
mation if designed in response to well de-
fined policy objectives (Global Outlook,
2000; Sawicki and Flynn, 1996).

In a special issue of the Journal of the
American Planning Association devoted
to a discussion of indicators, Banerjee
(1996:222) summarized the purposes of
indictors as:

To measure performance of policies and
programs; to examine trends; to monitor the
condition of a city or a region; to inform
decision-makes; to raise awareness of the
public; to define targets; to set planning ob-
jectives; to compare localities horizontally
(across space) or longitudinally (over time);
to raise flags in an early warning system; to
guide strategic investment choices; to chal-
lenge conventional wisdom; and so forth.

Similar views are shared by Sawicki

and Flynn (1996) and Leitmann (1999) who
feel that indicators must be capable of af-
fecting citizen action and public policy mak-
ing, and hence must be formulated through
a broad-based partnership approach involv-
ing all levels of decision-making and all
stakeholders. However, it has been argued
that stakeholder participation in this process
has always remained questionable as ex-
perts dominate the scene (Leitmann, 1999).

In a more detailed fashion, Leitmann (1999)
elaborates the need for stakeholder partici-
pation in the development of indicators and
the problems that beset this phase. Noting
that urban indicators must be linked to the



development process, the author empha-
sizes that a realistic set of urban indicators
should be:

““...measurable, based on existing data, af-
fordable, based on a time series, quickly
observable, change sensitive, widely ac-
cepted, easy to understand, and balanced”
(Leitmann, 1999:168). From this discus-
sion, and elsewhere in the literature, it is
seemingly apparent that urban indicators
involve measurement, and so their validity
and meaningfulness in planning is critical and
must be within specific contexts — scale,
scope, institutional setting, history etc
(Banerjee, 1996; Global Outlook, 2001;
Leitmann, 1999; UNCHS, 2001). Simi-
larly, the geographic unit of analysis (house-
hold, census block, block group, tract,
neighborhood, city, county, state, and na-
tion) and the scale at which the data are
reported (neighborhoods in one city, all
states in a nation etc) must be a central
consideration in the creation of such data-
bases (Leitmann, 1999; Sawicki and Flynn,
1996).

It is agreeable that there is no ideal “objec-
tive” set of indicators or criteria for devel-
oping indicators. Too often, experts in a
top-down fashion clearly distanced from the
people whose quality oflife is being assessed
formulate urban indicators. Nevertheless, the
United Nations has provided a broad frame-
work from which all nations can base their
selection depending on their respective lo-
cal settings. For instance, in preparation for
the HABITAT II conference and the subse-
quent implementation of the HABITAT
agenda, the UNHCS short-listed six key
urban indicators as:

»socio-economic development
»infrastructure

»>transport

»environmental management
»local government

»housing

From this initial list, an extensive list has been
developed under the six categories to com-
prise of over a hundred and twenty (120)
sections (Leitmann, 1999; UNHCS, 1997).




Geographic Information Systems and Ur-
ban Indicators

Geographic Information Systems have
been commonly used for urban applica-
tions such as comprehensive planning, haz-
ard and environmental ‘hot-spot” identifi-
cation, zoning, land use inventories, land
use and land cover mapping, site suitabil-
ity assessments, socio-demographic analy-
sis, management of infrastructure, change
analysis, as well as other more sophisti-
cated analytical applications (Barnejee,
1996; Leitmann, 1999; Nedovic-Budic,
2000; Maclaren, 1996; Ryznar and
Wagner, 2001). GIS has, indeed, become
an ideal tool for planners and policy mak-
ers (Leitmann, 1999).

The spatial nature of urban phenomena pre-
scribes the use of geospatial technologies
in urban management. GIS analysis is
mainly used during the informed consulta-
tion phase to generate physical and social
information, including key correlations, and
for monitoring the implementation of plans
in cities. Sawicki and Flynn (1996) en-
gaged a thorough conceptual and theoreti-
cal examination of the literature where they
identify urban environmental indicators as
the precursors of neighborhood indicators
in the United States. To illustrate the rel-
evance of GIS, it is argued “With many
records located in space, the GIS can then
aggregate them to any level of geography:
city blocks, neighborhoods, census block
groups, tracts, municipalities and counties
(Sawicki and Flynn, 1996:166).
Furthermore, the analytical capabilities of
GIS have made the technology more than
justa communicative visual tool

hence most applicable in the development
of indicators for evaluating urban policy and
the quality of our cities. This way, the use of
the technology would fall within the five geo-
graphic information science (GIScience)
potential areas for planning as identified by
Nedovic-Budic (2000:82): database devel-
opment, integration of geospatial technolo-
gies with urban models, building of planning
support systems, facilitating discourse and
participation, and evaluating planning prac-
tice and technological impact.

Applications of GIS have recently dissemi-
nated to developing nations in general and
Sub-Saharan Africa in particular (Conitz,
2000; Gar-On Yeh, 1991; Hastings and
Clark, 1991). It is evident however that the
levels of adoption have varied across the con-
tinent with richer countries (South Africa for
instance) far much ahead of poorer ones
(such as Mozambique). Despite the rapid
adoption, the use of the technology has
tended to reside in externally funded projects
or state agencies and rarely is it owned and
used by people at the grassroots. Similarly,
there has not been a coordinated style of
adoption and use in many countries. Although
local authorities in different countries in Af-
rica have engaged GIS at different levels,
enormous gaps in information and citywide
data have become commonplace. In this
project, GIS is used for the development of
baseline spatial data for the city of Beira,
Mozambique, and the analysis of this infor-
mation for policy formulation and evaluation
purposes.



THE CITY OF BEIRA

Beira is Mozambique’s second city (map
1). Established in 1884 as a Portuguese
military base with a port and railway line
it was designed to provide connectivity to
the interior as well as to handle trade traf-
fic from Malawi, Zambia and Zimbabwe.
The city has undergone rapid growth and
transformation since the country achieved
independence in 1975. From a mere
215,000 inhabitants in 1980, it registered
409,260 in 1997. However, such phe-
nomenal growth has not been without con-
sequences: unemployment, informal settle-
ments, poor service delivery, and environ-
mental decay are common features.

Two challenges lie at the core of Beira’s
current problems: one is its physical loca-
tion and the other is its colonial legacy.
Built at the confluence of Pungwe and Buzi
rivers, the city lies in a swampy floodplain
with poor natural drainage. Developable
land, therefore, is at premium.
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To ensure the functionality of the city colonial
authorities constructed a network system of
underground and open canals to facilitate
drainage. The system worked as long as de-

velopment controls were in place and there
was no pressure to accommodate the Afri-

can population as part of the urban built en-

vironment. Unfortunately post-independence
Mozambican cities like their counterparts
elsewhere in developing countries suffer from
the absence of any systematic, enforced plan-

ning,

Without maintenance and development con-
trols the system of controlled drainage has
fallen into disrepair and rendered inoperable
by the increased squatter formation in low
laying areas that are prone to flooding.
Equally alarming is the fact that ecologically
vulnerable areas account for over 80% of all
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The other evil is, of course, the city’s legacy
of spatial segregation: sound infrastructure
and good housing for European enclaves and
very little for Africans. In 1975, however the
city experienced a dramatic transformation
when a massive influx of Africans moved in
to reclaim a city hastily abandoned by the
departing Portuguese. As densities increased
the city found itself ill-prepared and unable
to cope with the basic needs of the new
population due to lack of both institutional
capacity and resources. The existing hous-
ing stock and infrastructure simply deterio-
rated or fell into disrepair. As a result, ac-
cess to safe drinking water and sanitary sew-
ers in the previously built up city has become
amajor health issue.

Currently only 43% of the city’s residents
have access to piped water and of this num-
ber only 60% have access to water that meets
the World Health Organization minimum
standards for safe drinking. Nationally, ac-
cess to safe water is enjoyed by only 50%
of the population while access to sanitation
is estimated at 39%. The increased pollu-
tion of water supplies associated with a de-
ficient sewerage system or insufficient drain-
age and overbuilding in flood prone areas
where residents use latrines has made both
formal and informal residents vulnerable to
water-borne diseases. In 1997, for example
11,000 people were treated for diarrhea,
while an equally significant number were ex-
posed to cholera resulting in 600 fatalities.
Compounding these challenges that the City
of Beira would have been expected to ad-
dress under normal circumstances has been
the impact of the civil war that devastated
the country for two decades. During and af-
ter the civil war, heavy migration from the
rural provinces into Beira resulted in a 95%
increase in the city’s metropolitan popula-
tion including Dondo.

The current urban population growth rate

of 6.4% per annum is one of the highest in
Sub-Sahara Africa. A significant propor-
tion of the rural migrants found safe heaven
in squatter settlements within and on the
urban fringe. As a result, more than 50%
of the city’s current urban households are
squatters without access to basic infra-
structure such as portable water, sanita-
tion and waste management and sustain-
able economic opportunities.

In 1983, the City of Beira attempted to
address these challenges by commission-
ing the Beira Structure Plan. The plan pre-
sented ambitious proposals to improve and
expand existing urban infrastructure, im-
prove economic opportunity while tack-
ling the serious problem of squatter for-
mation in the ecologically sensitive and poor
infrastructures areas of the city. The plan
proposals were never adopted or imple-
mented due to the impact of the civil war
and insufficient human and financial re-
sources.

Map 1I:
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As relative peace and stability has returned
to the country, the city of Beira finds itself
faced with multiple problems including the
need to: expand employment opportunities
for a rapidly growing population and, ad-
dress challenges of insufficient drainage and
sewerage systems, water shortages, power
outages, deficient road infrastructure, inad-
equate shelter, and other failures in city man-
agement. Underlying these challenges, how-
ever, is the need to developreliable and
useable spatial databases for urban mainte-
nance, management and planning.

There is general agreement that accurate,
timely and policy relevant data are a pre-
requisite for effective planning, management
and governance. However, the ability of cit-
ies to design and articulate their data needs,
obtain relevant data and use it for policy
design and monitoring is often inadequate.
This scenario is typical of Beira; where both
qualitative and quantitative data remain a
major constrain to apply to the most press-
ing problems.

To address this challenge, this project de-
veloped a baseline GIS database that uses
the infrastructure indicator as a driver to
monitor and analyze urban change. The
choice of this indicator as a driver is pre-
mised on the simple recognition of the close
correlation between infrastructure capacity
and sustainable urban growth. Besides be-
ing essential for urban economic and em-
ployment growth both formal and informal
cess to water and sanitation.the provision
of infrastructure is a key determinant for
housing provision and a good predictor of
housing quality.

Map 2: Urban Indicators Project Study Sites

Beira, Mozambique
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PROJECT GOALS

AND OBJECTIVES

According to documentation of the UN
Global Urban Observatory (http://
www.urbanobservatory.org/indicators/)
“The purpose of the Urban Indicators
Programme is to build national and local
capacity to collect and use policy-oriented
indicators as part of a strategy for the de-
velopment of sustainable human settle-
ments... How we anticipate, recognize,
measure and interpret urban problems and
how we respond to them in policy will de-
termine the overall sustainability of human
development.” In addition to broad national
and urban indictors, the geographical dis-
trbution ofurban hdicatorswithin human
settlements and their immediate environs is
an essential component of the measurement
and assessment of urban quality and for the
evaluation of the effects of policy.

In response to the request for proposals,
West Virginia University proposed a project
in co-operation with UCGIS and the HUD
Office of Policy Development and Research
that has the following long-term objectives:

1. Gain knowledge on the state of
urban quality within Beira,
Mozambique, which can be used
to evaluate existing urban condi-
tions and monitor change.

2. Establish a quantitative baseline of
spatial data within a geographic in-
formation system (GIS), grounded
on the UN Urban Indicators
Programme, that can be used by a
variety of stakeholders to evaluate
the effectiveness of policies and
programs intended to improve so-
cially and economically
distressed communities, increase
homeownership, and reduce
homelessness.

3. Transfer expertise in evaluating ur-
ban indicators using spatial analyti-
cal techniques and GIS from West
Virginia University (WVU) to the
Catholic  University  of
Mozambique (UCM). The trans-
fer of knowledge will be through
web-based training programs.

4. Assistin developing and evaluat-
ing policies and programs that are
intended to improve the quality of
life.

The selected study city, Beira (Province of
Sofala), is already enrolled in the UN ur-
ban indicators project. A GIS has been in-
stalled at CIDDI-UCM which has the nec-
essary infrastructure, offices, and means of
communications, qualified staff and stu-
dents.

Four primary goals were identified in the
original project proposal:

Goal 1: Baseline indicator data are
identified and acquired; a database is
designed, implemented, and managed.
Goal 2: Methods for estimating disag-
gregated indicators are designed and
evaluated

Goal 3: A long-term, web-based GIS
training and education program with
disaggregated indicators is developed
and implemented for students and
professionals.

Goal 4: A business plan is set up to
make CIDDI-GIS an indicator service
center and to disseminate web-based
instruction from WVU and UCM.

These goals have been achieved in year
one.

13



DATA ANALYSIS

AND RESEARCH RESULTS

Overview of the Data

Good data is essential for good urban in-
dicators. Several key issues arise immedi-
ately when dealing with data from devel-
oping nations. First, the availability of data
can be severely limited. Developing nations
lack the information infrastructure neces-
sary to collect, analyze, and interpret large
amounts of information. Thus, the analyst
is often bound by real constraints on the
amount of data with which investigation can
be conducted. Second, the quality of data
is somewhat suspect. Political consider-
ations, lack of resources, and limited train-
ing all interfere with data quality. Addition-
ally, very few developing countries have
national data standards, not to mention
national digital data standards. Finally,
accessing available data can be difficult due
to language differences and sheer difficulty
in transfer. Internet resources are often
scarce and poor in quality where available
and courier service incurs great expense.
Translating digital data is a further difficulty,
especially when the data has been collected
in a less than optimal method, with meta-
data often non-existent or incomplete.

We have attempted in this project to ame-
liorate some of these issues by working
closely with our partners, who both col-
lected and ground referenced much of the
data used here. Working with CIDDI at
the Catholic University of Mozambique, we
obtained GIS coverages on population,
land cover and land use, socio-
economicTwo types of data are used in
this project, GIS coverages and remotely
sensed imagery, both air photography and
a satellite image (Landsat Thematic Map-

per).

Two types of data are used in this project,
GIS coverages and remotely sensed imag-
ery, both air photography and a satellite im-
age (Landsat Thematic Mapper). develop-
ment, housing, and infrastructure.

GIS coverages were obtained from both ex-
ternal sources and were generated internally.
Of'the images, air photographs were obtained
from the state mapping agency, CENECATA
and the satellite image was obtained from the
Global Environmental Change Program at the
University of Virginia.

Initial data generation for the entire city of
Beira, within the UN framework on urban
indicators, presented us with two challenges.
First, a fundamental concept regarding the
operability of the UN model for urban indi-
cators was problematic, namely the scale of
analysis. Intra-urban, or sub-city indicators,
are critical in understanding the dynamics of
rapidly growing urban areas, especially in the
developing world. The UN model lacks sen-
sitivity to scale, thus reducing its overall ap-
plicability in a data poor city, such as Beira
where internal, as well as external, dynamics
drive urban change. Second, we also deter-
mined early on in the project that monitoring
all of Beira was not feasible due to limited
data availability and data quality concerns.
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The project database includes five infor-

mation types:
Map 3:
Overlay of Census Population Density Data with Housing Data
Population :‘\\ : \
With population data, we can begin to build ; K-
predictive models for areas that lack suffi- %, =~ / P e pm g
cient data. Population data is the most ba- M. & J;,#-*-" ' ne

sic form of data used here. Population data
was obtained from the Mozambique cen-
sus for the year 1997. This is a robust data
set including population totals, density, and
several descriptive variables.

Mkomebers ] Sy Dutners

Land Cover and Land Use

Land use data includes the city of Beira at
selected sample points. The major catego-
ries include the urban-built environment,
gardening/farming, and open-land. A sat-
ellite image was obtained from the Global
Environmental Change Program at the Uni-
versity of Virginia from which land cover
for the city was digitized. Land use is par-
ticularly relevant to this project as the im-
pact of urban agriculture is great in the
poorer areas of the city. By identifying these
areas of urban agriculture we can make
assumptions regarding service provision
and livelihood security. Areas with higher
concentrations of urban agriculture tend to
be those in poorer areas. Urban agricul-
ture also reduces vulnerability of the city’s
poor.

Map 3A: Land Use Types based on Point Fxtrapolation
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Socio-economic Data

Socio-economic data was collected for the
three study barrios, Matacuane,
Macurungo, and Maluti by CIDDI and in-
corporated into the GIS databases. The
sample size per barrio was approximately
100. This database includes detailed infor-
mation on water and sewerage utilization in
the three barrios and important demographic
data. Variables include gender, age, region
of origin, level of education, type of hous-
ing, and access to electricity and phone ser-
vice. Of specific interest to this project are
the variables on water connections, particu-
larly access and source of water, water us-
age and expense, and distance to the near-
est water source.

Housing and Buildings

A coverage of buildings was captured and
referenced by CIDDI. These buildings in-
clude housing and housing type. The den-
sity of housing by barrio was plotted and, at
the time of writing, is being verified off of
recently obtained air photography. This cov-
erage is fundamental in the modeling exer-
cise, as we are concerned with infrastructural
connections to houses and differences in
connections by housing type.

Map 4: Population Increase in Beira, 1980 1997
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Air Photography

The aerial photographs obtained from
CENECATA, the national mapping
agency of Mozambique, are being digi-
tized and will be used to enrich exist-
ing data and create new data sets.
Coverages were obtained for the years
1982, 1993, and 1996. We anticipate
complete digitization of these photo-
graphs in the early part of Year Two.
Air photography data will be used as
an underlay to the digital coverages
obtained from CIDDI. Specific data
layers that will be improved are roads,
houses and building stock, and water.
As a developing city, Beira exhibits
some fundamentally different spatial
patterns and methods of service pro-
vision from cities in more developed
industrialized regions. A network sys-
tem of underground tunnels and open
canals facilitates city drainage (Map 6).
In addition to verification of existing
data, new layers of information will be
obtained from the photography. For
instance, the road network on the pe-
riphery of'the city in the GIS coverage
is incomplete. Using the air photos, we
have added to the existing data. A sec-
ond example, land use, provides fur-
ther clarity in intended data creation.
Currently, the land use information for
Beira is a point file. Using this cover-
age and the air photographs we will
be able to map land use parcels or
polygons.
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V1606

£66L  04soby

17



Methods and Analysis

Methods

For these data to be useful, they all had to
be transformed, referenced to the same co-
ordinate system, and checked for errors and
cross-compatibility. All files were refer-
enced to the UTM system (WGS 84 Zone
35 South). Errors in projection and refer-
encing were found and corrected for cross-
compatibility (do the different coverages
match when overlaid?) and graphically en-
hanced. Once each coverage and image
had been corrected, overlay analysis be-
gan. Several coverages were overlaid to
build the urban indicators. As this project is
primarily interested in connectivity, housing
and water access were analyzed first. Next,
population and housing density were over-
laid to determine concentrations in the bar-
rios. Proximity to electrical lines was as-
sessed, although inadequately due to the
poor quality of data on such lines.

Land use was overlaid with housing to iden-

tify areas of high urban-agricultural activity
(garden plots). The satellite image was then
overlaid with each GIS coverage for em-
pirical validation. Finally, GIS modeling of
the infrastructure data was undertaken.Due
to the data quality issues uncovered in year
one, we began experimenting with GIS and
remote sensing methods to enhance the util-
ity of existing information. If funded, this will
be a major focus for year two and will in-
clude the creation of a land cover and use
change map for the city and region.

Air photographs will be geo-referenced and
rectified, enhanced, and digitized. Concur-
rently the air photography will be overlaid
with existing GIS coverages and additional
features, e.g. houses, streams, land cover
types, will be incorporated into the existing
data. Only initial processing of this type has

begun.

Map 2: Urban Indicators Project Study Sites

Beira, Mozambique
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Initial Findings: Descriptive GIS Analysis

Initial findings shown in maps 2-9 are the re-
sult of geographic overlay and querying, buft-
ering, and image overlay and querying. Basic
mapping will not be included in this section.

a) Landsat Thematic Mapper Image: Map 2
shows the land cover of the city of Beira in
1991. Although generally urban in structure,
several parts of the city display large patches
of vegetation. To the southwest, large parks
and open spaces dominate (shown in red on
the false-color image), however, the vegeta-
tion in both Macurungo and Macuti are urban
gardens, rather than parks or open spaces.
Currently, there is no information on the exact
use of these gardens. The heaviest concentra-
tion of industry is on the west at the rail yards,
while the center of the city is marked
“CBD”(map 2). The darker green and blue
areas to the north of'the city are exposed ar-
eas (soil, open water,etc.). Streets are mani-
fest as linear, light lines. The white areas along
the outer boundaries are beaches. The airport
is located in the extreme northeast part of the
city, evidenced on the map as a star pattern
with the runways in dark blue.

b) Population Density and Infrastructure: High
population densities in the city of Beira corre-
late to the type of housing. Less formal hous-
ing areas were identified from the satellite im-
age (and some initial analysis of the air
photographs).The less formal housing areas
appear to be more densely populated (map
3). However, an inverse relationship was found
between service provision and housing den-
sity. In short, those areas with the most need
for infrastructure are those with less access to
it and this helps explain the widespread un-
sanitary conditions.

Map 3:
Overlay of Census Population Density Data with Housing Data

'\.\\ ' y .

By far, the central and smaller districts
have the highest population densities. The
concentration of development around the
CBD is typical of a developing city.

The periphery of the city is rather
close; denoting the poor transportation
network In fact the city is skewed
toward the transportation lines that run
to the next city to the northwest,
Dondo. Map 3 clearly shows higher
densities in the center-west. These
districts are rather large in area, but
population distribution is not even.
There are clear population clusters near
the transportation lines.
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Map 4 shows the dramatic increase in popu-
lation in Beira from 1980-1997. A major
influx of refugees from Mozambique’s civil
war flooded the city in the early and mid-
1980s. Mauve district shows the greatest
increase as it had the lowest overall popu-
lation in 1980. The influx of poor, domi-
nantly rural people settled largely in the
northeast districts. On initial inspection of
aerial photography, Mauve shows a great
deal of rapid urbanization, but constrained
to the southern part of the district.

One possible indicator of urban economic
growth is the gender ratio in a city (map 5).
A large influx of males seeking employment
can lead to widespread unemployment and
a host of service provision issues. Beira
does not display an unbalanced gender
population. All districts show relatively equal
amounts of males and females in the popu-
lation.

c) Population and Land Use: Analysis of the
land use coverage overlaid on the satellite
imagery showed the greatest concentration
of urban agriculture in those areas with in-
formal housing, but no strong relationship
exists.

Informal gardens can also be identified in
the areas with better housing stock and
larger housing plots. Specific relationships
can only be determined after processing of
the air photographs has been complete.
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d) Socio-Economic Data: The most sig-
nificant analysis of the socio-economic
data was in mapping rather than GIS analy-
sis (See Appendix A for data tables). Spe-
cifically, density was queried against pro-
vision of water service and distance to
water source was utilized as a buffer with
the GIS coverage of water lines and ca-
nals. As map 6 shows, the area of the city
within 0.25 km of both water and trans-
portation is rather small. In developing cit-
ies, not only is access to water important,
but also often getting to the water source
point can be a challenge. Most of the ar-
eas with easy access to both water and
transportation are in the central city area,
however, recent water provision to the new
settlements in the northeast is also evi-
denced on this map.

Beira sits on a very swampy, low part of
the coastal plain. A major health challenge
in a city of this size is drainage of water to
prevent water-borne disease. Map 7
shows that the drainage system services a
large part of the downtown, with some
notable exceptions.

¢) Housing and Infrastructure

GIS Modeling

Our goal here was to investigate means of
estimating urban indictors at the intra-ur-

ban scale using GIS where direct mea-

surement by survey, official record, etc.,

is unavailable. For example, access to

water is one of the 23 key urban indica-

tors defined by UNCHS. The UN Statis-

tics Division defines access to water as

having water located within 200 meters of
the dwelling; hence the indicator has a spe-

cific spatial component.

Map 6: Areas within 0.25km of Water and Transportation

Map 7: Buffer of Water and Drainage Sources at 0.5 km
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It refers to piped water either within the
building or accessible within 200 meters —
without extreme effort - to provide for
household needs. The indicator is reported
as the percentage of households with
access to water.
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No areal unit is specified, so this statistic
may be reported for any geographical zones
for which data are available. One method
to estimate percentage of households with
access to water using a GIS, given the dwell-
ing locations and water pipeline infrastruc-
ture is shown (maps 8 and 9).

Inputs are a map layer of house footprints
(polygons) and a water pipeline layer
(arcs). A buffer is created from the water
pipelines at convenient distances, for ex-
ample 50 meters, 100 meters or 200
meters, etc., and this is overlaid on the
house layer. Houses within 200 meters of a
pipeline are selected as having access to
water. A map of administrative zones (cen-
sus tracts, barrios, neighborhoods) is over-
laid on the access to water layer and the
proportion of houses in each zone with ac-
cess to water is calculated. A map showing
differential access to water over the entire
urban area or of specific dwellings with or
without access may be created, for instance,
based on map 8.

= n‘?a% %‘
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Buffer around waterline - 50 meterintervals

Similar methods may be applied for access
to sewerage, electricity, gas, and other utili-
ties. The main disadvantage of this approach
lies in its reliance on the physical manifesta-
tion of the infrastructure. For instance, hous-
ing may be mapped from aerial photographs
or satellite images, but other types of urban
infrastructure such as water mains and sew-
ers are subterranean and therefore cannot
be mapped using remotely sensed images.
Access to engineering plans or similar data
is necessary.

Map 9:
Use of Buffer Analysis for Access to Water Indicator

Houses farther than 200 meters from water main selected (highlighted yellow)
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PROJECT WEB SITE

To promote information on this project and
to disseminate data and information to the
scientific community and our international
collaborators, we have established a web-
site at http://beira.geo.wvu.edu/. This site
details the project, including a descriptive
overview, a project outline, a data distribu-
tion page, the training modules, and institu-
tional profiles. Nested within the site are
the training module exercises and the shell
of the internet map service (IMS). The site
includes several clickable images and
downloadable powerpoint presentations of
findings as shown in the New York City
Symposium in January 2002.

Web Based Training Modules

Web based training with partners in Beira
at the Catholic University is a core compo-
nent of this project. Finding on-site training
prohibitively expensive, we set forth to de-
velop web-based training. Each step in data
collection, management, and analysis has
been developed into training modules (http:/
/beira.geo.wvu.edw/module _intro.html).

There are two stages to the training
modules, a basic and introductory stage,
and an advanced stage. The introductory
stage modules include training sessions on

1. Data management

2. Digital Mapping, and

3. Introduction to GIS
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The advanced stage modules include
1. Image Analysis
2. IMS Training, and
3. Analysis and Presentation.

The introductory modules have been com-
pleted and the advanced stage modules are
being written for web-publication. Prob-
lems with the data have slowed progress
on the advanced stage modules.
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Web-based Training: Internet Map Serv-

S8

Year One activities included the creation
of an Internet map server (Level 0 Proto-
type at http://beira.geo.wvu.edu/website/
beira IMS/viewer.htm). This server was
designed and target toward training of our
international partners. The operating soft-
ware is ARC/IMS, which utilizes the Arc
Map component to share maps and data
on the Internet. Data obtained in Beira can
be corrected and enhanced at WVU and
then served back to the Catholic Univer-
sity for further analysis. Advantages of the
map server include:

1) ease in transfer of data - Shipping data
via CD or printed map is subject to loss or
theft in transit;

2) security - ARC/IMS 3.1 allows for vari-
ous levels of security. An interface may be
kept open for the general public while at
the same time only authorized users can
access sensitive data;

3) more dynamic training — our collabora-
tors in Beira have much more access to
the project’s daily activities and can be
provided with far more opportunities to
train. Expensive personnel trips back and
forth can be reduced, thus saving limited
resources.

Continued development of the IMS will
continue, given Year Two finding. We ex-
pect to achieve significant improvements
to the system with the release of ARC/IMS
version 4.0.
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DISCUSSION

GIS for Urban Planning in Developing
Countries

The future of GIS for planning in develop-
ing countries is dependant on building tools
that meet the local needs of planning prac-
tices for data manipulation, decision-sup-
port, visualization and policy analysis
(Brail and Klosterman, 2001). Strategic
information resource management and the
integration of appropriate technologies for
effective planning are, therefore, key to
the diffusion of GIS and GIS-based ca-
pacity building for planning applications.
The availability of both qualitative and
quantitative data remains a major con-
straint to planning efforts in the City of
Beira. City planners can overcome some
of these problems by using simple tech-
niques such as controlled surveys and ex-
trapolation to build a GIS that will allow
them to gain a snap-short of prevailing con-
ditions, identify hotspots, and, to monitor
change. A complementary approach
would be the use of remotely sensed im-
ages of land use types (e.g., housing) in
conjunction with existing official records
such as city infrastructure layout maps to
determine access to facilities such as wa-
ter, sanitation and electricity, provided the
capacity exists to manipulate and interpret
such data.

The potential for geographic information
systems to assist urban planners in data
poor environments that are experiencing
rapid change has been demonstrated with
this research. For example, valuable spa-
tial information about housing quality,
population density, access to critical in-
frastructure, services, and land use/land
cover patterns has been presented. In the
case of water, GIS buffering shows poor

access in densely populated neighborhoods

and generally poorly serviced squatter com-
munities. There is also a concentration of
population growth near the city center and
this compounds the strains of urban growth
and change. There is also a clustering of
population near transportation nodes and
networks because of the poor transporta-
tion options available to Beira residents. The
Beira GIS also indicates significant urban
agriculture, and this is consistent with infor-
mal housing growth and a steady migration
from rural areas. These gardens are an im-
portant source of nutrition for residents and
planners must recognize this spatial reality and
the importance of urban agriculture for
peoples’ livelihoods.

These examples suggest that GIS technol-
ogy is appropriate for local planners and plan-
ning agencies in Beira. The hardware and
software are already available locally and
CIDDI-UCM has become a high quality de-
pository for digital spatial information for
Beira and all of Central Mozambique. Our
conclusion is that GIS is an appropriate tech-
nology for city planning in Beira and similar
urban areas in developing countries.
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Data Issues

Several data issues faced this project,
both anticipated and unanticipated. The
expectation of many northern institutions
that readily available data exists for cities
in developing countries cities is inaccurate.
The data needs for the list of urban indi-
cators drawn up by the United Nations
can be easily met in the developed world,
but the case is very different in most de-
veloping country situations. This is espe-
cially relevant in data-poor African con-
texts. The following are the most signifi-
cant data issues faced in this project.

Incomplete meta-data: Directly related
to issues of poor data quality are those
regarding meta-data. In many cases the
data was simply not explained. Where
coverages had complete databases, the
explanation of the database was absent.
Documentation on data creation methods
is completely absent and documentation
of data quality is being generated, as it
also does not exist. The absence of this
information, while not proving to be in-
surmountable, contributes significantly to
delay and generation of the information is
more time consuming at this later stage
than at the time that data are created.

Data quality: Where data exist, they are
often of poor quality. A simple satellite
underlay showed gaping holes and signifi-
cant errors in the data.Cross-compatibil-
ity is a second data quality issue. Several
coverages simply could not be opened to-
gether. Projection errors were most com-
monly the case of poor cross compatibil-
ity, but some coverages were captured in
different reference systems (about one-
fourth of the coverages were captured in
the Clarke reference system while half

were captured in a WGS 84 reference sys-
tem).

A second major data quality issue is that of
incomplete data sets. While the GIS features
were present in the coverages (line, polygons,
points), much of the database relating to these
features was un-populated. No data existed
for much of the transportation and water cov-
erages. The land use and houses/building cov-
erages had databases only one-fourth to one-
half complete. Populating these data sets from
the air photography has proven to be time
consuming.

Language: Language differences were mini-
mized in that four members of the team at
CIDDI spoke English, however a lack of
Portuguese speakers on the team at WVU
resulted in inevitable bottle-necks as transla-
tion from Portuguese to English had to go
through the project administrator. Data sets
were largely in Portuguese and translation into
English was time consuming as each question
and variables, in the socio-economic survey
for instance, had to be translated. While is-
sues of language will remain, methods should
be investigated as to reducing language bar-
riers.
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CONCLUSION

What can we conclude from this exercise?

The initial assumption that these pilot
projects could draw/relay on the availabil-
ity and applicability of UN derived urban
indicators to develop a GIS for monitor-
ing and analyzing urban indicators at the
sub-city level was too ambitious and un-
realistic for two reasons:

1. UN urban indicators, though pro-
viding a useful starting point, were
intended for country comparisons
rather than sub-city level analy-
sis. Since urban problems are
contextually based and solutions
have to be developed locally,
sub-city level analysis of indica-
tors requires the generation of
data that is situation specific. This
is an important lesson from the
Beira experience.

2. Unlike cities in other countries,
data on key UN urban indicators
were found to be either incom-
plete or non-existent. This was
not surprising given that
Mozambique only recently
emerged from a long protracted
civil war, and therefore faces
major challenges on many fronts
including reconstituting critical da-
tabases for urban policy analysis
and institutional capacity building.

The conditions of a poor data environment
presented both constraints and opportu-
nities. Specifically, the need to generate
new data forced an early decision con-
cerning the choice of indicators and
the methods of analysis.In this re-
spect, the training modules devel-
oped both reflect the desire and

need to familiarize the userwith ba-
sic techniques for selecting appropriate indi-
cators, data gathering methods, mapping as
well as techniques for integrating disparate
data sources to analyze and monitor urban
indicators.

Though the methods and spatial techniques
applied in this project were dictated by the
unique set of circumstances that exist in Beira,
they offer useful lessons for other areas char-
acterized by a poor data environment or
where local authorities have limited capacity
to monitor growth and change. For example,
the emerging colonias settlements along the
US-Mexican border are a case in point. The
Office of Housing and Urban Development
defines colonias as “rural communities and
neighborhoods located within 150 miles of
the US-Mexican border” (http://
www.hud.gov). Their conditions mirror those
of informal settlements on the urban fringe in
developing countries in that they lack adequate
infrastructure and other basic facilities or de-
velop spontaneously without jurisdictional
sanction and viable livelihood systems.

For regional and local authorities attempting
to respond to this growth phenomenon, the
various methods used in the Beira context
offer possibilities. Remotely sensed data (air
photography and satellite imagery), can be
used to estimate the pace of colonias growth
as well as to assess the threat of encroach-
ment to ecologically sensitive areas and
farm land. Second, an integration of
remotely sensed data and resultant
GIS coverages can be used both as a
predictive and planning tool for infra-
structure improvement, assessing
housing conditions, and demand es-
timation of related basic facilities, for
example: water access, electricity,

sanitation, schools and recreation.
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