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Abstract

Urban land-use planning and management are in constant mutation throughout the world. With sustainability as the goal, the
use of indicators for land auditing and monitoring is becoming more and more in demand.

Classical approaches elaborate core sets of indicators by picking the most relevant elements in exhaustive lists. More recently,
a few structured research approaches consider the set of indicators as a whole, following the concepts of systemics, and so
highlighting the strengths and weaknesses of the sets.

Starting from the principle that the relevance of an indicator is due not only to its intrinsic qualities, but also to its placement
and relationships with the other indicators in the collection, this paper proposes a systemic method, named Relational Indicatorset
Model (RIM), for the elaboration of a set of indicators for management support.

The RIM method starts with the a priori definitions of the goals and users’ purpose (RIM-objectives), and then chooses
indicators to reflect the objectives on representing the distribution of indicators in a relational graph (RIM graph). The graph
modeling allows analyzing the match between the indicatorset and the defined objectives, as well as the interrelationships
between the indicators. The analysis is made easier by breaking down the RIM graph following two projections: the first one
(RIM-4D) highlights the distribution of the indicators in a multidimensional graph with respect to the objectives; the second one
(RIM-IR) focuses on the interrelationships and offers the possibility of formalizing the causal interactions and the aggregational
relationships between the indicators, following a qualitative approach.

The RIM is applied to the design of sets of spatial and non-spatial indicators for the cities of Thies (Senegal) and of Geneva
(Switzerland) to emphasize the potential of the method. It opens up interesting possibilities for application to all sets of indicators
for sustainable land-use development. It also contributes to the creation of observatories for city management, instruments used
to monitor and control the urban sustainable development.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ment, the term “local urban management” is preferred
(Srinivas, 1999; GHK Group, 2000The concept of

Indicators are being used more and more frequently urban management is extensive. FollowBagrja and
in the management of cities, land use, and the envi- Castells (1997)there are five main challenges to man-
ronment. But their implementation within institutions aging an urban community: (i) to provide an economic
remains difficult and a large number of challenges exist base, (ii) to build urban infrastructure, (iii) to improve
in creating a model of urban complexity that is relevant the quality of life, (iv) to ensure social integration, and
to the needs of its user®ECD, 1997a; Rechatinetal., (V) to guarantee governance. The quality of the man-
1997; Naveh, 2001 agement depends not only on how well each of these

While numerous approaches favor the use of indi- challenges is met, but also on their integration to create
cators, relevant methodologies are missing to elaboratecoherence in urban development.

a set of indicators designed to meet the specific needs Since the 1980s, local management systems have
of particular situations. The operational and practical undergone considerable modifications in Europe and
aspects, such as the availability and updating of data, more recently in developing countries, driven by the
are often neglected. Indicators are often represented byfollowing dynamics:

indirect evaluations that are barely relevant to the eval-
uation objectives. They also ignore what is not mea-
surable or quantifiable, such as subjective information
related to urban management.

Following two field experiences in designing sets of
indicators for urban monitoring, a methodological ap-
proach was developed by referring to former methods
and to a cross-analysis of the two field experiences. Our
Relational Indicatorset Model (RIM) creates a graphi-
cal relational system for structuring a set of indicators.
This paper presents the methodology and its implemen-
tation in the two field experiences, to highlight how it
enables structuring sets of indicators for urban land-use
management.

The paper first analyses the new challenges in ur-
ban development, as well as the main approaches to
the elaboration of sets of urban indicators. The RIM
method for the design of sets of indicators, based on
the RIM graph is then developed and applied to two
case studies of urban land-use planning and manage-
ment in Thies, Senegal, and in Geneva, Switzerland.

e A changing relationship between the state and the
local communities; especially decentralization and
modification of decision processes and financial re-
lationships Ie Gaks, 1993.

e The emergence of new forms of local governance
and new forms of partnerships for management,
leading to a redefinition of the frontier between the
population, the public sector, and the private sector
(le Gaks, 1998

e Following the Rio Summit,the commitment to sus-
tainable development as a holistic and transsector vi-
sion of development that requires integrating man-
agement activities and expanding diagnosis and fore-
casting Borjaand Castells, 1997; Palang etal., 2000;
Naveh, 2000; Geertman and Stillwell, 2003a

e Anincrease in opposition to projects that negatively

affect the environment, for political and economical

reasons, but also due to the liberalization and di-

versification of the media_{iz, 2000; Joerin et al.,

2001).

One consequence of these changes is more complex
management and broader communication, which make

2. The development of indicator-based decisions more difficult and increases conflicts. This
instruments to meet new challenges in urban urban complexity has been debated for decades in de-
management veloping countries, and today presents an urgent chal-
lenge. A slum in Delhi, a “banlieue” in Marseille, or an
2.1. Urban management inner city in Chicago may manifest the same problems,

because all cities, in spite of their cultural, historical,
The traditional idea of urban management consists and geographic differences, are managed by similar
of the good management and planning of a city, en-
trusted to the institutional actord NDP, 1997. If they ! United Nations Conference on the Environment and Develop-
are elected representatives of a decentralized govern-ment, June 3-14, 1992, Rio de Janeiro.
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socioeconomic, political, and urban logBdlay et al., tion of strategic plans, and compare best practices of
2000. management.

In order to analyze and control the complexity, cities
are often conceived as a dynamic and complex systems,2.3. Indicators for urban management
ecosystemsT(jallingii, 1993; Newman, 1999; Naveh
2000; van Kamp et al., 200®r auto-organizing sys- An indicator is an empirical and indirect interpreta-
tems Repetti and Flaz-Droux, 2008 made of in- tion of reality, but not the reality itse{lJECD, 1997a;
puts from its environment, of metabolic interaction be- Merkle and Kaupenjohann, 2000t is the result of a
tweens its subsystems, and of outputs to the environ- selection of data (for instance, the follow up of the pop-

ment. ulation as ademographicindicator) or of an aggregation
of data that reduces the information (for instance, hu-
2.2. The new challenges of urban management man development index as an aggregated development

indicator). Thus, it promotes a better understanding of

In response to the evolution of the urban context, complex phenomenaand provides a common reference
the past several years have seen modifications in man-to different stakeholders with various preoccupations.
agement and communicatio@éertman and Stillwell, A set of indicators for urban management consti-
20033. The newtechniques are more dynamic, derived tutes an instrument for observation and for decision
from economic management principles and informa- (Joerin et al., 2001 It gives to the urban stakeholders
tion technologies. a model of city development at a given time and for a

First, urban management is becoming more flex- definite territorial spaceXllen, 2007). A set of indica-
ible, based on the integration of a strategic global tors has three strategic purposes in urban management
scheme and local management dynamiCsar(nona (von Stokar et al., 2001
and Burgess, 2001; Ingallina, 2001t addresses
urban project Borja and Castells, 1990r spatial or
territorial planning yon Stokar et al., 2001 which
are flexible tools for management and communication
established at the conurbation level. It also includes °
sustainability concerns and more and more public
participation Borja and Castells, 1997; le G, 1998;
Shafer et al., 2000 The strategic project is comple-
mented by territorial management, a dynamic tool
for analysis and negotiation centered on a continuous ¢
audit of the strategic plarSfinivas, 1993

Second, urban management deals more with pow-
erful databases and information systems. To face the
considerable volume of data, tools are needed to estab- In each one of these types of comparison, the use of
lish overviews of the goals and provide an appropriate indicators is central. In practice, we observe that these
level of synthesis. Actors must be able to access all roles remain limited, indicators being mainly used as
the relevant data without getting lost in the details, nor quantitative and static views of a given reality.
swamped with information that does not provide a clear
picture and is not directly useful for decision making 2.4. Designing a set of indicators
(Allen, 2001; Joerin et al., 2001

This evolution of management approaches requires  City management is an open and dynamic process,
new instruments and tools for strategic development, influenced by many outside constraints, related to dif-
for information update and transmission, and for mon- ferent themes and multiple management levels. This
itoring the development. There is thus a particular need causes its evolution to be unpredictable. Authors gen-
for indicators, especially spatial indicators, to contin- erally agree that there is no generally accepted con-
uously monitor urban development, control the execu- cepts definition and conceptual framework to measure

e Monitoring: a continuous audit of the land in time,
comparing its condition at various moments. The in-
dicators give a series of updated images of reality.
Controlling: an evaluation of the distance that sepa-
rates the condition at a defined moment from defined
objectives or target values. The indicators measure
the distance to the defined objectives (Spangenberg
et al. 2002).

Benchmarking: a comparison between territorial en-
tities to find the best practices. The indicators are
used as a common base of comparison between the
territorial entities Newman, 1999
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urban quality as the frameworks relates to local poli- data and performs spatial analysis, itis possible to con-

cies @llen, 2001; Harts et al., 2003; van Kamp et al., struct spatial indicators that are more comprehensible

2003. Further, urban planning and management is an to a large audienceA{len, 2001; Harts et al., 2003;

open or unstructured problem, where the goals and val- Lautso, 2008 Maps are often more accessible than

ues are not clearly formalized and do evol@eértman tables of data.

and Stillwell, 2003k. Thus, it is impossible to estab- To gain a sound understanding of the whole urban

lish a fixed collection of information for all purposes system, the relational linking of indicators goes further

of decision-making. Thus, the solution is to display a than a collection of static pictures of reality. Linking

coherent image of urban development through a sound enables understanding the functioning of the system by

understanding of the whole urban system. Designing emphasizing effects and causal chains. This could be

a relevant set of indicators requires then appropriate illustrated through an “urban quality” diagnosis that

methods and must avoid several methodological traps.would aim, like in medicine, at seeking welfare by
First, numerous approaches propose simple collec- analyzing, sorting and coupling symptoms, like urban

tions of indicators, as many as one hundrehifed sprawl, traffic jam, unemployment, etc.

Nations, 1995 However, excessive information col-

lection does not provide a clear interpretation of agiven 2.5. Designing sets of indicators: toward a

situation: it goes against the objective of simplifica- systemic structure

tion. On the other hand, an overaggregated indicator

does not adequately represent urban complexity, espe- In the beginning of the 1990s, following the emer-

cially when it results from aggregating opposite trends gence of the concept of sustainable development, sev-

or antinomiesBell and Morse, 2000 Finally, a set of eral collections of indicators were designed for gauging

indicators should be flexible enough to respond to the the efficiency of projects according to their influence

different needs of urban management at the different on the environment, society, economy, and future gen-

levels and scales of the urban system. erations. Three main methods have been proposed to
Second, indicators are used to evaluate the perfor- structure these large collections:

mance of the system. Thus, standards or target values .

) , o e The sector-based approach starts from a systematic
are required to define the objectives and evaluate the

. . classification of the indicators in a framework of
strategies. However, the establishment of these stan- “Pressure—State—Response” (PSRECD, 1993
dards is not based on “facts”, but is often based on P ! ’

; o . Itis based on a parallel description of environmental,
expert assumptions and negotiations of interests. In-

struments have therefore been developed to define stan- SZ?:SO(T r;(i:t’esdol(\::;ii’o?gd gsgt(lst .u;u)oEn glljorlggl;tgce;l ch 1” i
dards from trend analyse® ECD, 1988; von Stokar et . ’ ' ' ' :
al., 2001: UN-Habitat, 2002; World Bank, 2008uch e The intersector approach focuses on the relation-

. . . ships between the sectors (e. g. social distribution of
approaches aim at determining the desired progress of ) : SN .
. . 2 income). Itis used in applications like thklammond
an indicator in regard to an objective.

Third, in order to follow up on and audit political et al. (1995approach and the Wuppertal approach

actions in the course of time, indicators should not only (Spa_nge_znberg etal., 20p2
. o . e The indirect approach, such as the phenomenolog-
describe a present condition, but also integrate the dy- . .
. ) . ical methods Rrescott-Allen, 199bassociate sus-
namics of the systemAflen, 2001; Harris and Batty, : .
S . . o tainable development with a small number of phe-
2001). The question is then to know in which direction
S nomena.
the system evolves: is it going toward or away from the
desired progress? These three methods generally aim at designing ex-
Finally, the objective of good communication is not haustive collections of indicators with a strong statisti-
always in harmony with representing statistical indi- cal connotation. The relevance of each indicator is con-
cators in tables. Graphically representing the spatial sidered with regard to the application conteliEN,
heterogeneity and variability of territorial phenomena 1998; de Montmollin and Altwegg, 200@nd the in-
can enhance this type of information. Thanks to Geo- dicators are put together in the form of collections, but
graphic Information Systems (GIS), which stores basic are not presented in the form of systems. In the PSR
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model, we observe that some indicators show correla- others UN-Habitat, 2001, 2002 Finally, the Sustain-
tions links between different sectors. However, these able Citie§ initiative from the European Commission
relationships are not highlighted or used as a struc- proposes a structured with six main transversal con-
turing base, expressing the interdependence betweercerns, each indicator relating to one or several concerns
phenomena or enabling understanding the dynamics (Ambiante Italia, 2008 These three examples all pro-
of the processes. These approaches are well adaptegbose different ways for expressing qualitative interrela-
for the comparison of world regions, but their use in tionships. Now, they do not formalize their methodol-
local management remains limited. ogy and do not propose a clear method for identifying

Rechatin et al. (199 Have proposed a more innova- interrelationships nor analyze the resulting model.
tive structuring method, defining the conditions neces-  We assume that interrelationships between indica-
sary for the elaboration of a coherent set of indicators. tors are causal or aggregafivend can be either one-
The originality of their approach lies mainly in focus- directional or circular$chwarz, 199 Circular inter-
ing on the properties of the set as a whole and not of relationships imply the presence of feedback that is
the indicators individually. They address, among other negative when the effect diminishes the cause, or pos-
things, the suitability of the objectives, the multidimen- itive when the effect amplifies the cause and makes
sionality, the diversity of the geographic scales, and the system evolve toward a new stater{ Bertalanffy,
the number of indicators. Their method is based on an 1968; Schwarz, 1994The set of indicators should then
analysis of the strengths and weaknesses of several aphelp assess the directionality of the system in time, in
proaches. It leads the way toward a definite structuring space, and in regard to the finality—finality being the
method for a set of indicators, according to the a priori goal of the system. Through modeling the system phe-
defined goals of the evaluation. It is no longer a matter nomena and feedback, the set of indicators could then
of selecting relevant indicators from an exhaustive list, create an urban observatory to pilot the local develop-
but of assessing if the set is relevant as a whole. ment.

The use of a set of indicators would be easier if The approach adopted in our RIM method uses a re-
all the indicators were independent. Indeed, a managerlational set of interlinked indicators. Indeed it enables
could plan actionsin ordertoimprove an arenainwhich one to better analyze complexity by expressing conse-
the indicators are unsatisfactory without fear that these quences for the whole system following an alteration
actions might weaken other arenas. Yet this modelisin- of one or several indicators. It finally assesses how far
compatible with the reality of a city thatcan be analyzed a system has evolved toward its goal.
as a complex and dynamic ecosystem made of entities
and fluxes Huang et al., 1998; Newman, 199€on-
sequently, the alternative is to make explicit the interre- 3. Methodological proposal: the Relational
lationships between indicators, in order to understand Indicatorset Model (RIM)
real dynamic processes and to propose locally relevant
and effective sets of indicatorMéalkina-Pykh, 2002; In order to design and analyze a set of indicator, we
Gallopin, 1997; van Kamp et al., 20p3 propose a method based on a Relational Indicatorset

The concept of interrelationships between indica- Model (RIM). We defineéndicatorsetas a coherent set
tors is more and more used in the design of urban indi- of indicators, structured through the RIM.
cators. For example, the Sustainable Seattle initiative The RIM method Fig. 1) follows six stages:
explicitly proposes the concept of complementary in-
dicators; thus, the linkage of each indicator with oth- Stage 1: Define thRIM-objectives
ers is clearly highlightedSustainable Seattle, 1998  Stage 2: Design the RIM graph;

Another example is the Global Urban Observatory Stage 3: Create the indicatorset;
initiative® from UN-Habitat; it proposes six transver-  Stage 4: Position and analyze the indicatorset;
sal indexes that link the indicators and themes with

4 http://www.sustainable-cities.org/

2 http://www.sustainableseattle.org/ 5 We assume that the aggregation of basic indicators in indexes is
3 http://www.unchs.org/programmes/guo/ an example of interrelationships.
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1. Define RIM-objectives
goal of the indicatorset (what are we assessing?)
users purpose (why do we assess?)

v

2. Design the RIM graph and its two sub-graphs
RIM-4D (multidimensional) graph
RIM-IR (interrelationships) schema

v

3. Create the indicatorset

¥

4. Position and analyze the indicatorset on the RIM graph

i :

5. Modity the indicatorset

¥

6. Final indicatorset and implementation

Fig. 1. The six stages of the RIM method.

Spatial dimension

Stage 5: Modify the indicatorset;
Stage 6: Final indicatorset and implementation.

3.1. RIM relational graph for modeling the
indicatorset

The core component of the RIM approach is a rela-
tional graph used for modeling the indicatorg&( 2).
This graph s structured with regard to four dimensions:
strategic dimensiarspatial dimensiopaggregation di-
mension andthemes The first three dimensions are
ordinal and are represented as three axes on the RIM
graph.Themesgre nominal and do not appear as an axis;
instead they are represented by graphic patterns. The
RIM graph highlights the position of each indicator rel-
ative to the other indicators of the set, the distribution of
the indicatorset relative to each dimensistrgtegic
spatial aggregation andtheme} and the internal in-
terrelationships between the indicators of the set. This
allows cross-analyzing the indicatorset at two comple-
mentary levels: on the one hand, in regard to the goals
and users’ purpose (of the indicatorset and not those
of the indicators taken individually), and on the other

Aggregation dimension

>

Strategic dimension

Themes
Indicators, theme A
Indicators, theme B

A Interrelationships

Fig. 2. RIM graph for an indicatorset.
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hand, in regard to the aggregation and causality inter-

relationships between the indicators.

Practically, this double analysis is made easier by e

breaking down the RIM graph into two complementary
projections:

e First, in the RIM-4D graph that focuses on the dis-
tribution of the indicators relative to the four dimen-
sions §trategig spatial aggregation andthemey
Second, in a RIM-IR schema that displays
the internal interrelationships of aggregation and

causality.
3.2. RIM-4D

The RIM-4D graph provides links between the indi-
catorset and the RIM-objectives, which are specific to
the context. The RIM-4D expresses the RIM-objectives
according to four-dimensional axes:

e TheStrategiadimension has three levelSperation
Management/Administrationand Policy/Strategy
The information used to define policies is not the

same as the one used for the management of a given

sector of activity, and vice versagn Kamp et al.,
2003. Thus, the strategic decision-maker will need
global indicators, the manager will prefer more tech-
nical information, and the operator will turn to a
set of data specific to his/her sphere of activities.
The one or many targeted levels for the implemen-

tation of the indicatorset thus have to be clearly
identified.

The Spatial dimension has four levelsinfras-
tructure/Block Neighborhood Municipality, and
Conurbation The perception of a problem is not the
same at a local scale (an infrastructure, a street, a
group of houses) as it is at a global scale (from the
smallest administrative district or commune, to a city
and its suburbs or conurbation). Therefore, it is im-
portant to propose indicators for the different levels
of analysis and according to the relevant geographic
areas Allen, 2001; van Kamp et al., 2003
TheAggregationdimension has three leveBasic-
indicator, Sector-indexandOverall-index The mul-
tiplicity of data and simple indicators that are little
aggregated offers the possibility of a thorough anal-
ysis of a situation, even though an index is more
representative of a global phenomenon and is easier
to follow over time and to compare with other cities.
TheThemesoncern very diverse questions: demog-
raphy, infrastructure and public services, economy
and activities, social welfare, environment, etc. The
indicatorset must represent all the themes of the eval-
uation goal. Some complementary indicators can
be intersector to express the relationships among
themes. They can even be transsector, aggregating
values from different themes.

The design of the RIM-4DKig. 3) is based on the
RIM-objectives. On each of the four axes, target lev-

Themes

- Indicators, theme A
I:' Indicators, theme B

Spatial dimension

Infrastructure / Block

Indicator X
e Strategic level: Policy
Spatial level: Commune

.
e Aggregation level: Index
.

it
w-
Neighborhood []
Commune ﬁ /J
Conurbation

Theme: B

Basic-indicator,
Management

Index

Aggregation dimension

Strategic dimensig

Policy

Fig. 3. RIM-4D decomposition of the RIM graph.
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els are defined, for example, a singleategic dimen-
sion (Policy) in the case of a system intended for a
single decision-maker, but two strategic dimensions
(Policy andManagementin the case of a participa-
tory management forum.

The indicatorset is then created and located on the
RIM-4D graph. The analysis of its distribution, with
regard to the predefined objectives, enables the identifi-
cation of biases, and then, if necessary, the modification
of the indicators.

3.3. RIM-IR

After the use of the RIM-4D graph to analyze and
modify the indicatorset, the indicators are hierarchi-
cally and thematically organized. However, the rela-
tionships of interdependency are not taken into ac-
count at this phase. The next step will be to complete
the modeling of the indicatorset to conceptually rep-
resent the internal interrelationships on the RIM-IR
schema.

The modeling of the interrelationships is based on
the three following stage$ig. 4):

o First, identify the wished trend of the indicator. This
is a matter of deciding if an indicator will be maxi-
mized or minimized, with regard to a goal.

e Second, identify the possible interrelationship be-
tween each pair of indicators and the direction of
this interrelationship (plotted with an arrow), which

! Indicator X
- Theme: A
- Wished trend: to maximize

Interrelationship
- Nature: concordant

Indicators, theme A
Indicators, theme B

[]
('

— Concordant
-==p Discordant

Maximize/Minimize

Fig. 4. RIM-IR decomposition of the RIM graph.

A. Repetti, G. Desthieux / Landscape and Urban Planning xxx (2005) XXX—XXX

can be linear or circular (in case of positive or neg-
ative feedback).

Third, identify the nature of each interrelationship.
An interrelationship between two indicators A and B
can be concordant, when an increase in the indicator
A results in an increase in the indicator B (moved
together in a common direction), discordant when
an increase in the indicator A results in a decrease
in the indicator B (opposite direction).

Analyzing the RIM-IR schema, it is possible to as-
sess qualitatively the impact of an indicator on the oth-
ers and thus to define globally if the system evolves
towards its goal. When one wishes to optimize one con-
crete goal of the urban system represented by a certain
indicator, it is possible to assess if the consequences
will be harmful to the whole system or parts of it. In
the complex system of the city, such negative impacts
are frequent. They highlight the importance of consid-
ering indicators in interrelationships within a system
rather than studying them separately.

4. Case studies

In order to illustrate the RIM approach, we present
its application in two case studies: (i) an indicatorset for
a strategic urban planning instrument in Thies, Sene-
gal, and (ii) an indicatorset for a neighborhood patrtic-
ipatory evaluation of the urban conditions in Geneva,
Switzerland. These case studies are complementary;
each highlights different components of the method-
ological approach. In Thies, the focus is mainly on the
design of the RIM graph and on the analysis of the
distribution of the indicators; in Geneva, the case study
highlights the RIM-IR modeling of the aggregation and
causality interrelationships between the indicators.

4.1. Indicatorset for strategic urban planning in
Thies

4.1.1. Context

Third largest urban area in Senegal in terms of pop-
ulation, Thies is a classical example of a mid-sized de-
veloping city, as presentedfiable 1 The urban areais
made up of two concentric commufethe first one is

6 The “commune” is the local political and administrative level in
the Senegalese administration.
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Table 1
Development indicators for the city of Thies

City of Thies, Republic of Senegal

Population in 2000 300,000
Demographic growth 3.3% per year
Population in 2025 (estimation) 650,000

Literacy rate
Poverty rate
Annual budget (2001)

45%/23% (men/women)
48%
€2,000,000

limited to the city center, while the second one includes

peripheral neighborhoods and several surrounding vil-
lages. The two communes have to face several crucial
problems, in particular:

e A constant demand for new settlements, which has
resulted in a dramatically increasing informal land
occupation, strong land speculation, and conflicts
with the surrounding rural villages.

A conflict that pits the city against the neighboring
rural communities due to city expansion that occurs
without consultation and transparency.
Environmental deterioration due to the lack of
dumps and the accumulation of waste on vacantland,
which requires urgent action.

Several unhealthy neighborhoods because of the
lack of wastewater evacuation systems and frequent
flooding caused by the deforestation of the surround-
ing hills.

Under pressure from community associations, the
two communes have started a consultation process with
the different stakeholders in land-use management, to
create cooperative planning of the city and its envi-
ronment. This approach took shape in 1999 through
the creation of a formal collaborative framework and
through the initiation of a participatory urban manage-
ment process. Since then, representatives from the two
communes, from the state, and from the community
associations meet many times a year to discuss and
propose new development projects.

Thies also received assistance from the Urban Ob-
servatories of Francophone Africa (OVAF). The city
has obtained methodological support from the Ecole
Polytechnique Ecérale de Lausanne (EPFL) and from
ENDA-TW’ (Repetti and Rlaz-Droux, 2008

7 ENDA-TW is an NGO specialized in participatory urban devel-
opment in developing cities.

In order to assist the local actors in their participa-
tory development program, a Planning Support System
(PSS) has been created to serve as an exchange plat-
form. This collaborative GIS-based instrument con-
tains a set of indicators, which aims at monitoring
the city development as well as at supporting decision
making in urban land-use planning and management.
The PSS includes a prototype of a viewer interface
named System for Monitoring Urban Functionalities
(SMURF) that makes its use easier for actors without
computer skills Repetti et al., 2004

4.1.2. Design of the indicatorset

The indicatorset was created based on the RIM
method. At the start, the RIM-objectives of the set were
formalized (Stage 1), through consultation with the lo-
cal actors:

e The goal of the indicatorset is the evaluation of the
sustainable and harmonious development of the city.
It passes through different components: economy,
quality of life, society, environment and governance,
and through a time perspective.

The users’ purpose of the indicatorset is the collabo-
rative management of urban development through
monitoring, controlling, and comparison with the
other cities of the OVAF network. It is intended for
the different stakeholders involved in the urban man-
agement of Thies.

The definition of the RIM-objectives was used as a
basis for the RIM graph design (Stage 2). It started
with selecting the targeted levels on each of the four
dimensions of the RIM graph:

o Thestrategicdimensionincludes two levelsin this
case:Managemen(infrastructure planning) and
Policy (decision on priorities for intervention and
investment).

Thespatialdimension includes four levels in this
case: Infrastructure/Block, Neighborhood, Com-
mune, and Conurbation.

The aggregationdimension includes three lev-
els: Basic-indicator(most of the indicators are
few aggregated)Sector-index(aggregated by
theme), an®verall-index(the indexes should al-
low comparing the arenas of intervention, tracking
their global evolution, and comparison with other
cities).

Thethemesnclude nine themes in this cad@e-
mography Education Health, Drinking water,
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WasteMobility, Trade Social activitiesandGov- dicators. The database contains two layers with data on
ernance These themes were defined with the sup- educationSchookndNeighborhoodSchooktores the
port of the city managers, according to the local location of each school, as well as the name, the num-
priorities and to the availability of data. ber of classes, the number of pupils, and the associated
metadatalNeighborhoodstores for each neighborhood
Based on this framework, a set of 38 spatial and the child population and the literacy rate. The stored

non-spatial indicators was created (Stage 4) by the sci- 4ata for theEducationtheme are aggregated into six
entific partners and proposed to the local stakeholders. jndicators Table 2:

The indicatorset was then located onthe RIM-4D graph

(Stage 4) and modified till it matches a good distribu-

tion in each dimensiorHg. 5. Inthis early stage ofthe e Pupils per classroomThis indicator displays a the-

RIM approach development, the RIM-4D model was  matic map representing each school with a gray

used to analyze the possible aggregation interrelation- patch. The indicator is positioned on the RIM-4D

ships, but not the causal interrelationships. with a Managemenstrategic level, annfrastruc-
Giving more details for the themgducationwill ture/Blockspatial level and as Basic-indicatoras

better illustrate the complementarity of the dataand in-  aggregation level.

Themes

Indicators, theme Demography
Indicators, theme Education
Indicators, theme Health
Indicators, theme Drinking water
Indicators, theme Wastes
Indicators, theme Habitat
Indicators, theme Mobility

ZiIN7Z S |

Indicators, theme ‘I'rade
Indicators, theme Social Activities
Indicators, theme Governance
Indicators, trans-thematic

Spatial dimension

. JREIEN

Infrastructure / Block

Neighborhood [

Indicator Literacy rate

Commune |- @

Indicator Education index

Conurbation

N

Strategic di nmnsi(‘n

Basic-indicaror, EV

Sector-index, i
Management Policy

(verall-index
Aggregation dimension

Fig. 5. RIM-4D graph for Thies.
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Table 2
Data and indicators available for the theBducationfor Thies

11

Schools
_ Highschoos |
Vocational biaining

Schools
For each school: location, classrooms, and pupils
No aggregation level (data)

[] nodata

[1<s50
[] s0-80
™ >80

Pupils per classroom
Number of pupils per classroom in each school
Basic-indicator

- -
LS
< 2km

I > 2km

Distribution of schools
Distance to schools from the different neighborhoods
Basic-indicator

< 200
200-1000
I 1000-4000

B > 4000

Population in school age
Distribution of the density of children of school age per

49.5% yilages 4 Communes

59.6% | Vile

591% 1998 |7 Historical values
59.7% (1993 |2 )
86.3% Dakar 2 Reference city

Education rate

Proportion of the children of school age who are registered
in the schools

Basic-indicator

km®

Basic-indicator
___ Vilages ¢ Communes
34.0% | Ville
34 1998 _-,f— Historical values
347 1993 2
38% Dakar 2 Reference city

Literacy rate

Proportion of the population with literacy skills in
French

Basic-indicator

21.0 ' zone IMAP «— Conurbation
[520 Afique 2

[620_ Accra 2 Reference cities
291 |lLagos |12

Education index

0.5 x education rate + 0.5 x literacy rate (average of
primary education, high school, and university)

Value between 0 and 100

Sector-index

o Distribution of schoolsThis displays map showing

the distance to the nearest school for all the habi-

tat clusters. Its position on the RIM-4D danage-
mentstrategic levelNeighborhoodpatial level, and
Basic-indicatoraggregation level.

e Population of school ageThis spatial indicator is
a grid at 1-km resolution that shows the number of
potential pupils. On the RIM-4D, it hasManage-
mentstrategic levelNeighborhoodpatial level, and
Basic-indicatoraggregation level
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e Education rate This indicator gives a numerical
value for each commune to compare historical val-
ues. Its position on the RIM-4D iBolicy strategic
level, Communespatial level, andBasic-indicator
aggregation level.

e Literacy rate This indicator presents a numerical
value for each commune to compare with historic
values. Its position is the same as for Bgucation
rate.

e Education IndexThis indicator gives a numerical
value for the urban area in comparison to compare
with historical values and other cities. Its position on
the RIM-4D isPolicy strategic levelConurbation
spatial level, andector-indexaggregation level.

4.1.3. Discussion

On the RIM-4D graph, we observe that the
distribution of the indicatorset in the cells fits the
RIM-objectives. In this case, the distribution is nearly
the same between the two strategic levéaijage-
ment and Policy). There are indicators on all the
spatial levels lfpfrastructure/Block Neighborhood
Commung and Conurbatior). At the aggregation
levels, the indicators are mainBasic-indicator but
there are also seven sector-indexiesal population
education indexhealth indexwaste indexinfrastruc-
ture index product index andtotal public spending
and one overall-index Gity Development Indgx
Six of the eight indexes are adopted from the work
of UN-Habitat (2001) to allow comparisons at the
international level. There are indicators for all the nine
proposed themes.

The RIM graph then displays the distribution of the
indicators, showing the relative placement of each in-
dicator in the set. The graph highlights the match be-

tween the goal associated with the indicatorset and the

A. Repetti, G. Desthieux / Landscape and Urban Planning xxx (2005) XXX—XXX

source for numerous useful decisions on urban man-
agement.

4.2. Indicatorset for a neighborhood participatory
evaluation of the urban conditions in Geneva

4.2.1. Context

Saint-Jean is a neighborhood of 20,000 inhabitants
of the city of Geneva, Switzerland. The Ecole Poly-
technique Ederale de Lausanne and the University of
Genevainitiated a participatory evaluation of the urban
conditions with the collaboration of civil associations
(Nembrini etal., 200b This study is briefly introduced
in this section to give the general context of the indica-
torset structuring.

The objective of the study, calletiagnosiswas to
audit the neighborhood conditions and dynamics as a
basis for formulating policy actions, and finally im-
proving theenvironmental qualityThis term has been
largely defined by many authoiBgnaiuto et al., 2003;
Pacione, 2003; van Kamp et al., 2008 refers in our
case to the general satisfaction from the point of view
of the inhabitants on natural and built environment, ser-
vices and facilities, and social interactiori®ofaiuto
et al., 2003. Therefore, the diagnosis was not con-
ducted through external expertise, but as a participa-
tory survey, involving inhabitants in the discussion of
problems and in sharing information (problem identi-
fication). From September to December 2002, several
participatory workshops, data acquisition campaigns,
and other fieldwork were conducted. A core group of
12 inhabitants constituted the “Diagnosis Group” and
took part in all the activities, heading the workshops,
providing constant liaison with the other inhabitants,
and synthesizing the fieldwork.

The participatory evaluation of the urban condi-

users’ purpose objectives. It makes possible an itera- tions is structured into a pyramidal process where in-

tive design of the set of indicators, to reach the defined
objectives.

The resulting indicatorset then is more than a simple
collection of relevant indicators: it is a whole made of

formation is progressively synthesizeBiq. 6). The
190 concerns about improving environmental qual-
ity expressed by the approximately 60 participants

(e.g. “too much traffic and noise”, “not enough green

complementary indicators. It has been available to the spaces”) are synthesized intod®und-goalsand then

stakeholders in Thies since 2002.

The indicatorset is now part of a broader monitoring
system installed in Thies, in the offices of the central
administration and of the two involved communes, of-

grouped together into 4 theme®able 3. A similar
study has been done Bpnaiuto et al. (2003 differ-

ent neighborhoods of Rome, where hundreds of res-
idents formulated hundreds of ‘items’ on perceived

fering a relevant observatory of urban land use. For the residential environment quality and neighborhood
last two years, the information produced has been a attachment.
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DIAGNOSIS 4=m «—— Indicators

4 Priority-goals

16 Ground-goals

Fig. 6. Pyramidal process for Saint-Jean.

From the collection of ground-goals, experts then priority-goalsthat constitute the evaluation of the urban
designed an indicatorset, which shows the spatial vari- conditions. These priority-goals are the following: (i)
ability of the phenomena within the neighborhood. For to develop social infrastructures, (i) to regulate parking
instance, the map presentedig. 7shows the indica-  lots (public and private), (iii) to reduce car speed and
tornoise level at nighfor various parts of the city. Each  noise, and (iv) to stabilize or increase low-rent housing.
gray scaled pixel corresponds to the number of inhab-  This synthesis from the concerns toward the choice
itants exposed to a traffic noise higher than 55dB at of ground-goals, and then priority-goals, is the most
night. By consulting such maps, inhabitants can com- fundamental contribution of the involvement of the
pare the situation in their neighborhood with other inhabitants. By using such an evaluation method,
neighborhoods of Geneva, and with the entire city. They public authorities can take into account the real
could thus observe and gauge the importance of eachexpectations of the population, and decide which
ground-goal on their neighborhood and determine the actions will be undertaken.

to noise at night

lnhab\lanls expcss;‘

150
| =15%0t'°110500 |
SRR |
O1to 20

Fig. 7. Inhabitants exposed to noise at night in neighborhoods and in the whole city.
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Table 3
Structure of the indicatorset for Saint-Jean

Themes Ground-goals

Basic-indicators Indexes

Ecomobility To better distribute space designated for the
movement of pedestrians and cyclists

To increase and diversify public transport

To improve attractiveness (safety and
pleasure) of pedestrian movement

Traffic To improve pedestrian safety
To reduce car speed and noise
To regulate parking lots (public and private)
To decrease traffic movement

Social life To develop social infrastructures

To extend social activities to other sectors of
the neighborhood

To promote small trades

To stabilize — or even increase — low-cost
housing

To improve social diversity

To make the neighborhood safer

Public space To improve respect for facilities and safety in
public spaces
To improve development and attractiveness
of public spaces

To create places of information exchange

Sidewalk widtR Public space distribution

Bike installations (cycle paths

and parking)

Public transport (PT) path width
PT frequency

PT path width

Public bench density Public space attractiveness

Lighting densit§

Traffic density (vehicles/mir)

Sidewalk widtR

Small shops attractivenéss

Sidewalk witith
School safety
Noise level at night
Inhabitant density
Parking per capita
Traffic density (vehicles/fin)
Road width

Inhabitants exposed to noise

Childcare centers availability
Meeting place density
Social activity density

Small shops attractiveéhess
Low-rent proportion

Social diversity
Delinquent act defsity

Delinquent act density
Proximity to parks

Public bench density
Lighting density

Places of information exchange
density

2 Inter-thematic indicator.

4.2.2. Design of the indicatorset

terrelationships. To go beyond this first level of or-

The use of an indicatorset in Saint-Jean aimed to ganization, we used the proposed systemic approach
give an overview of the neighborhood with regard to to restructure the indicators into a more coherent
the identified ground-goals. In this case, the emphasis set.
was placed on measurement of relative trends (qualita- The representation of the indicators in the RIM
tive controlling) and on comparison with other neigh- graph was carried out using the RIM approach. It re-
borhoods (benchmarking). At the time of the field- sulted in a RIM-4D graph with twetrategiclevels
work, indicators were identified, organized, and struc- (ManagemerandPolicy), with threespatiallevels (n-
tured in themes and ground-goals, but without con- frastructure/BlockNeighborhoodandCity), with two
sidering explicitly their aggregation and causal in- aggregationlevels Basic-indicatorand Inde®, and
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fourthemegEcomobility Traffic, Social neighborhood
life, andPublic spacg All the indicators are spatial, as
space is central in the process and in the identification
of the priority-goals.

On theaggregation dimensiqr3 of the 24 indicators
are aggregated indexes:

Public space distribution for ecomobilityrhis in-
dex is evaluated for public roadways based on the
proportion of space attributed to ecomobility (walk-

ways, bike paths, bus lanes) compared to the space

attributed to cars (parking and roads).

Public space attractivenes$his index aggregates
two concerns and three indicators. It evaluates the
factors that make a public space pleasant to walk in:
Shops densitywith window$, Limitation of traffic

to improve quietness and safetyighting density
Public bench densityandSidewalks width
Inhabitants exposed to noise at nigfthis index
connects the density of inhabitants (which is not
strictly an indicator in our case since it is not as-
sociated to a ground-goal) and thmise level at
night

Among these indexes, the two first are trans-
thematic, in particulaAttractiveness of public space
which groups basic-indicators coming from the four
themesEcomobility Traffic, Social neighborhood life
andPublic spacé

15

ships between the indicators. An expert could create
such a model by measuring statistical correlations for
instance. But we assume that every urban stakeholder
— such as an inhabitant, institutional manager, or sci-
entist — has an intuitive perception of the functioning
of the urban system as a day-to-day empirical observer
of urban phenomena. This assumption is based on the
second-order cybernetics principle that says that the
observer is a part of a system’s construction and conse-
guently a system is the subject of understanding of one
or several peopleBell and Morse, 2000 Therefore,

six members of th®iagnosis groupook part in the
elaboration of the RIM-IR schema for the indicatorset.
Each one identified a set of interrelationships between
the indicators.

The six models, corresponding to each member of
the Diagnostic group were gathered into a synthetic
model, including only the interrelationships that were
expressed by one third of the participants (empirical
choice that corresponds to a minimum of two of the
six participants in our case). In the end, these interrela-
tionships gave a convergent view of the most relevant
elements and relationships to represent the urban sys-
tem (Fig. 8). It opens up to an overview of the potential
evolution of the system through the expression of the
causal interrelationships expressed by Biagnosis
group.

The indicators are located within the four themes

The resulting indicatorset is designed based on the or between them for the inter-thematic indicators. The
list of ground-goals. But, some ground-goals are mea- aggregation interrelationships are not represented ex-
sured by one basic-indicator and some by several (up plicitly, because the indexes are linked to all their basic
to four). Then again, some indicators (€leaffic den- indicators (which are grouped into the dark-gray boxes
sity, Sidewalk widthand Small shops attractivengss  onthefigure). Furthermore, tb@éagnosis grougdenti-
are inter-thematic as they are associated with more thanfied some causal interrelationships between the indexes
one ground-goal and theme, which produces some re-and the basic-indicators, for instance betw&eblic
dundancy of information. space attractivenesmndMeeting place densitgr So-

To go further in structuring the indicatorset, the cial activity density
project partners wanted to express the interrelation-
ships between the indicators, and thus indirectly be- 4.2.4. Analysis of the RIM-IR schema

tween the ground-goals, to better comprehend the ur-
ban conditions, to identify contradictory tendencies,
and to assess the potential evolution.

4.2.3. Application of the RIM-IR schema

The diagnosis is enriched by analyzing, not only
the state of the neighborhood, but also its functioning
in order to improve the relevance of further actions.
This is done by creating a model of the interrelation-

Globally the RIM-IR schema confirms the priority-
goals formulated during the participatory diagnosis.
We observe one maiaction pointlinked to Traffic
densitywhere a few easily recognizable concrete ac-
tions might quickly improve the quality of life. The in-
habitants are requesting lebsffic densitysince they
consider it a source of nuisance (insecurity, noise, traf-
fic jam). At the same time, they ask for an increase in
Public spaces’ attractivene$sy increasing ecomobile
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Low rents proportionT
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Social life Public space
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=
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Proximity to parks T «—» Feedback

Sidewalk widthl  1st level of aggregation

Places of information

: | |exchange density T 2nd level

Ecomobility  3th or thematic level

Explanation of the interrelationships:

1. Public transport frequency will be better if the public roadway contains corridors reserved for this means of
transport.

2. An increase in traffic may compete with public transport and disturb the frequency (cause delays). This
phenomenon can be amplified through a positive feedback.

(78]

An increase in traffic may decrease safety around schools.

An increase in traffic may require a widening of the road, which in turn can lead to a further increase in traffic.
An increase in traffic may cause an increase in noise level and consequently in disturbances for inhabitants.
More parking availability may encourage people to use their vehicles.

Broader sidewalks improve safety around schools.

Improvement of living conditions in the neighborhood through greater proximity and accessibility may involve an
increase in the rents, and can therefore decrease low-rent housing.

s MR A LI

9. More low rents would attract people with low incomes, which would improve social diversity .

10. As small shops are generally more accessible by ecomobile modes of transportation (foot, bicycle, bus), a decrease
in traffic makes them more attractive.

11. Better public transport frequency and more bike installations close to small shops makes the latter more attractive.
12. An attractive public space contributes to attract new activities, which increases the density of meeting places.
13. An increase in road width logically decreases the proportion of space given to ecomobility.

Fig. 8. RIM-IR schema for Saint-Jean.

transport, making public spaces more attractive, and act Traffic densityby acting on public transportation
improving therefore neighborhood social life. Public frequency.

authorities should prioritize intervening in thastion Following these considerations, some details of the
pointso as to make the system evolve toward its goal. RIM-IR schema can be analyzed to reveal the useful-
The RIM-IR schema proposes one solution to counter- ness of the RIM methodology:
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e First, the model reveals some feedbacks resulting of brainstorming stage that helps stakeholders to build
from direct or indirect mechanisms. The interrela- their own representation of the city. By elaborating a
tionship betweeiiraffic densityandPublic transport relational indicators system, the urban complexity is
frequencyconstitutes a good example of a positive more easily perceived, and the goals and priorities are
feedback. Yet it involves other intermediate inter- better identified.

relationships, which concern the space allocated to  Butin Geneva, the relational system of the set of in-
the various modes of transport: an increasgraffic dicators was produced a posteriori, after the participa-
densityinduces more space availabRdad width) tory diagnosis was achieved. Consequently, the initial
to the detriment ofPublic transport path width indicatorset was not defined using the RIM or with a
(through its interrelationship witRublic space dis-  systemic model in mind. Indeed, the RIM graph reveals
tribution for ecomobility, which results in worsen-  thatthe three indexes do not reflect all the ground-goals
ing Public transport frequencyConsequently, in-  and all basic-indicators; they only give a partial view of
habitants will be more encouraged to use private ve- the situation that must be completed. Moreover, some
hicles. Beyond a critical point, such a positive feed- indicators appear to be redundant and others marginal
back can be inversed and become negative or regu-(no interrelationship). Subsequently, the RIM approach
lating. Indeed, extending the analysis to the spatial provides a guide for selecting and aggregating indica-
dimensions, the increase of private vehicle use leadstors that result in a synthetic view of the urban con-
to traffic jams. Therefore, the authorities may decide ditions, better targeting data collecting to measure the
to improve public transport services by building new indicators, and designing in the end a more relevant
bus paths, and thus encourage people to use their carsndicatorset.

less. The indicatorset can become an operational tool
Second, the RIM-IR schema reveals some contra- to describe and to understand the functional character
dictory ground-goals. For instance, the stakeholders of an urban system at a particular moment. This will
wish simultaneously to maximiZearking per capita help to anticipate possible harmful consequences on
and minimize théraffic densityBut an increase in  the whole urban system of certain decisions and help
Parking per capitanay encourage people to use their to identify possible action points. In a later stage, if the
vehicles more. This illustrates that it might appear indicators are regularly updated, the system could be
judicious to optimize a situation from the point of used as an urban observatory.

view of one indicator, but the consequences for other

aspects of the system could be harmful.

Third, interrelationships are not always linear. The 5. Conclusion

case of the interrelationship betweleow-rent pro-

portion and Social diversitycan illustrate this fact. Urban planning and management is turning more
In a rather well-off neighborhood, the building of and more frequently to indicators to monitor and con-
new subsidized housing would attract low-income trol land-use development. Such instruments need to
people and contribute to better social diversity. How- be particularly adapted to complex and dynamic man-
ever, this trend is not linear: if too much subsidized agement problems. They allow a continuous audit of
housing is built, the global income of the population the development and its sustainability, for a better un-
becomes too low and the social diversity decreases derstanding of the urban realities. The ideal set of in-
again and reverses the process. Consequently, the redicators will vary from one city to the other, in re-
lationship changes from a concordant to a discordant gard of the development conditions, traditions, and

trend, according to a parabolic function. policies.
Indicators give an indirect evaluation of urban land
4.2.5. Discussion use through displaying an image of the city. The quality

In the early evaluation stage of a decision process, of this image is thus vital: it depends on the accuracy

the modeling of the systemic interrelationships be- of each indicator modeling, but also on the ability of
tween indicators by stakeholders does not aim to ex- the whole set of indicators to coherently and relevantly
press an exhaustive and objective truth. Itis more a kind highlight the different facets of urban development.
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While current approaches to information structuring interrelationships between the indicators of a set, but
propose very complete relational models for designing also the targeted synthetic levels, spatial levels, aggre-
databases (Conceptual Data Models), the design of setgyation levels, themes and ground-goals. In other words,
of indicators remains generally limited to the technical the RIM establishes an intersector-based and multidis-

requirements of data processing (formulas, form, rel- ciplinary view of urban complexity; such models are

evance, utility of each indicator). They little consider

necessary requested when the goal of information sys-

the structure and the functionalities of the resulting set tems is to support planning and decision-making for
taken as a whole. Indicators are therefore usually com- the sustainable development of cities.

piled within statistical catalogues and without repre-
sentation of the causal interrelationships.

To improve information management, the RIM
modeling proposes a methodological approach to de-
sign sets of indicators. It has potential to support the
complex processes of land-use monitoring, particularly
in urban planning and management. The proposed ap-
proach starts from the hypothesis that the relevance of
an indicator is not only linked to its intrinsic qualities,
but also to its placement and relationships to the other
indicators of the set. It emphasizes the links between
the set of indicators, its users’ purpose, and the goal of
the urban system.

The RIM approach consists of a graph and its two
complementary projections (RIM-4D and RIM-IR).
First, the indicators are positioned on a RIM-4D graph
defined by four dimensions related to the goal and
users’ purpose: the strategic, spatial, and aggregation
dimensions and thethemes. Second, the RIM-IR isused
to display the causal and aggregation interrelationships
between the indicators of the set. The analysis of the
distribution of the indicators in the RIM graph high-
lights the adequacy of the indicatorset with its goals
and the users’ purpose; by revealing the interrelation-
ships, the RIM supports decision making by providing
an overview of the land-use dynamics and a clarifica-
tion of intersector concerns.

The two case studies highlight different facets of the
use of the RIM. The Thies example focuses mainly on
the distribution of the indicators, when the Geneva ex-

The RIM methodology remains a prototype, demon-
strating original conceptual principle; but faces with
limitations in practice:

e The two case studies present an evaluation of the
urban conditions at a given time with the help of in-
dicators. But monitoring is a continuous evaluation,
so tracking the objectives over time is necessary to
permit a dynamic analysis of the evolution of the
land development. This can be done by periodically
updating the indicators, allowing trends to be identi-
fied. More ambitiously, the causal interrelationships
presented in the relational indicators system can be
simulated, implying the need for mathematical equa-
tions to model them.

e Another question is whether the independence of the
dimensions constituting the axes of the RIM graph
is independent one from the other. Indeed, an ag-
gregated index is generally located at high strategic
level; and one generally makes the opposite assump-
tion of a correlation between the operational level
and local scale. The RIM approach does, however,
not establish the validity of such correlations, but of-
fers a basis for analysis that highlights the links to
and coherency with the goals of the users.

By analyzing a posteriori existing sets of indicators,
the use of the RIM approach offers very interesting pos-
sibilities for the monitoring and modeling of complex
situations. This RIM approach can easily be extended
to other land-use planning and management contexts,

ample adds a complete analysis of interrelationships. such as rural community development, environmen-
The global approach supports urban land-use planningtal management, or risk management. The suggested
and management, by providing a common understand- methodology also offers opportunities to reinforce the
ing not only of the indicators (components of the sys- effectiveness of local Agenda 21 tools and their mon-
tem), but also of their dynamics, interrelationships, and itoring, in particular in the identification of problems
links with the goal of the whole system. Similarly, the and their causes.

case studies emphasize the need for defining early in  Finally, the RIM approach supports the elaboration
the process a coherent set of ground-goals and indica-of policies and possible actions from a set of indica-
tors with a systemic approach. They also show that the tors. It allows the identification of the sensitive areas in
design of the RIM graph helps to identify not only the which compromises and negotiations should be under-
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taken, the potentially conflicting goals and the potential
action points. Therefore, it offers a solution to go from
collective values expressed through indicators to con-
crete actions.
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The CITYCOOP-Geneva project was headed by the
Geographic Information Systems Laboratory and
the Hydrology and Land Improvement Laboratory
of the Ecole Polytechnique&eerale de Lausanne
(EPFL) and by the Center for Human Ecology and
Environmental Sciences ofthe University of Geneva.
The project was funded by the European Network
COST C9 “Processes to reach urban quality”.

References

Allen, E., 2001. INDEX: software for community indicators. In:
Brail, R.K., Klosterman, R.E. (Eds.), Planning Support Systems.
ESRI Press, Redlands, pp. 229-261.

Ambiante Italia, 2003. European Common Indicators. Ambiante
Italia Publication, Milano.

Bell, S., Morse, S., 2000. Sustainability Indicators: Measuring the
Immeasurable. Earthscan, London.

Bolay, J.-C., Pedrazzini, Y., Rabinovich, A., 2000. Quel sens au
développement durable dans I'urbanisation du tiers monde. Les
Annales de la Recherche Urbaine 86, 77-84.

Bonaiuto, M., Fornara, F., Bonnes, M., 2003. Indexes of perceived
residential environment quality and neighbourhood attachmentin
urban environments: a confirmation study on the city of Rome.
Landscape Urban Plan. 65, 41-52.

Borja, J., Castells, M., 1997. Local and Global: Management of Cities
in the Information Age. Earthscan, London.

Carmona, M., Burgess, R., 2001. Strategic Planning and Urban
Projects. Delft University Press, Delft.

19

de Montmollin, A., Altwegg, D., 2000. Sustainable Development in
Switzerland. Swiss Federal Statistical Office, Neateh

Gallopin, G.C., 1997. Indicators and their use: information for
decision-making. In: Moldan, B., Billharz, S. (Eds.), Sustain-
ability Indicators. Wiley, Chichester, pp. 13-27.

Geertman, S., Stillwell, J., 2003a. Planning support systems: an intro-
duction. In: Geertman, S., Stillwell, J. (Eds.), Planning Support
Systems in Practice. Springer, Berlin, pp. 3-22.

Geertman, S., Stillwell, J., 2003b. Interactive support systems for
participatory planning. In: Geertman, S., Stillwell, J. (Eds.),
Planning Support Systems in Practice. Springer, Berlin, pp.
25-44.

GHK Group, 2000. City Development Strategies: Taking Stock and
Signposting the Way Forward. DFID and World Bank Publica-
tions, London.

Hammond, A., Adriaanse, A., Rodemburg, E., Bryant, D., Wood-
ward, R., 1995. Environmental Indicators: A Systematic Ap-
proach to Measuring and Reporting on Environmental Policy
Performance in the Context of Sustainable Development. World
Resources Institute Publications, Washington.

Harris, B., Batty, M., 2001. Locational models, geographic informa-
tion, and planning support systems. In: Brail, R.K., Klosterman,
R.E. (Eds.), Planning Support Systems. ESRI Press, Redlands,
pp. 25-57.

Harts, J.J., Maat, K., Ottens, H., 2003. Planning support systems:
an introduction. In: Geertman, S., Stillwell, J. (Eds.), Planning
Support Systems in Practice. Springer, Berlin, pp. 315-329.

Huang, S.-L., Wong, J.-H., Chen, T.-C., 1998. A framework of indica-
tor system for measuring Taipai's urban sustainability. Landscape
Urban Plan. 42, 15-27.

IFEN, 1998. Test des Indicateurs d&\&loppement Durable des
Nations Unies: Rapport de la France. Institut Feascde
I'Environnement, Oans.

Ingallina, P., 2001. Le Projet Urbain. Presses Universitaires de
France, Paris.

Joerin, F., Rey, M.C., Nembrini, A., Desthieux, G., 2001. Information
et participation pour I'arenagement du territoire. Revue Inter-
nationale de @omatique 11 (3/4), 309-332.

Lautso, K., 2003. The SPARTACUS system for defining and analyz-
ing sustainable urban land use and transport policies. In: Geert-
man, S., Stillwell, J. (Eds.), Planning Support Systems in Prac-
tice. Springer, Berlin, pp. 453-463.

le Gaks, P., 1998. Regulation, territory and governance. Int. J. Urban
Regional Res. 22 (3), 482-506.

Luz, F., 2000. Participatory landscape ecology—a basis for accep-
tance and implementation. Landscape Urban Plan. 50, 157-166.

Malkina-Pykh, I., 2002. Intergrated assessment models and response
function models: pros and cons for sustainable development in-
dices design. Ecol. Indicators 2, 93-108.

Merkle, A., Kaupenjohann, M., 2000. Derivation of ecosystemic ef-
fect indicators—method. Ecol. Model. 130, 39-46.

Naveh, Y., 2000. What is holistic landscape ecology? A conceptual
introduction. Landscape Urban Plan. 50, 7-26.

Naveh, Y., 2001. Ten major premises for a holistic conception of
multifunctional landscapes. Landscape Urban Plan. 57, 269-284.

Nembrini, A., Billeau, S., Desthieux, G., Joerin, F., 2005. GIS and
participatory diagnosis in urban planning: a case study in Geneva.



DTD 5

20

In: Campagna, M. (Ed.), GIS for Sustainable Development. Tay-
lor & Francis, London, pp. 451-465.

Newman, P.W.G., 1999. Sustainability and cities: extending the
metabolism model. Landscape Urban Plan. 44, 219-226.

OECD, 1988. Towards Sustainable Development: Environmental In-
dicators. OECD Publications, Paris.

OECD, 1993. OECD Core Set of Indicators for Environmental Per-
formance Reviews. OECD Publication, Paris.

OECD, 1997a. Better Understanding our Cities: The Role of Urban
Indicators. OECD Publication, Paris.

OECD, 1997b. Toward Sustainable Development: Environmental In-
dicators. OECD Publication, Paris.

OECD, 2001. Society at a Glance: OECD Social Indicators. OECD
Publication, Paris.

Pacione, M., 2003. Urban environmental quality and human
wellbeing—a social geographical perspective. Landscape Urban
Plan. 65, 19-30.

Palang, H., Mander, U., Naveh, Z., 2000. Holistic landscape ecology
in action. Landscape Urban Plan. 50, 1-6.

Prescott-Allen, R., 1995. Barometer of Sustainability: A Method of
Assessing Progress Toward Sustainable Societies. IUCN Publi-
cation, Cambridge.

Rechatin, C., Theys, J., Lavoux, T., Piveteau, V., 1997. Indicators
of Sustainable Development: A Synopsis of Work Abroad and
Key Points for Discussion. Publication of Institut Frare de
I'Environnement, Oans.

Repetti, A., Pelaz-Droux, R., 2003. An urban monitor as support for
a participative management of developing cities. Habitat Int. 27,
653-667.

Repetti, A., Soutter, M., Musy, A., Radke, J., 2004. System for Mon-
itoring Urban Functionalities (SMURF): instrument, method and
application. In: Proceedings of the 42nd URISA Annual Confer-
ence, Reno, pp. 408—-420.

Schwarz, E., 1994. A metamodel to interpret the emergence, evolu-
tion and functioning of viable natural systems. In: Cybernetics
and Systems. Trappl, Vienna, pp. 1579-1586.

Shafer, C.S., Lee, B.K., Turner, S., 2000. A tale of three greenway
trails: user perceptions related to quality of life. Landscape Urban
Plan. 49, 163-178.

Spangenberg, J.H., Pfah, S., Deller, K., 2002. Toward indicators for
institutional sustainability: lessons from an analysis of Agenda
21. Ecol. Indicators 2, 61-77.

A. Repetti, G. Desthieux / Landscape and Urban Planning xxx (2005) XXX—XXX

Sustainable Seattle, 1998. Indicators of Sustainable Community. Sus-
tainable Seattle Publication, Seattle.

Tjallingii, S.P., 1993. Ecopolis: Strategies for Ecologically Sound
Urban Development. Backhuys, Leiden.

UNDP, 1997. Participatory Local Governance. United Nations De-
velopment Programme Publications, New York.

UN-Habitat, 2001. The State of the World’s Cities. UN-HABITAT
Publications, Nairobi.

UN-Habitat, 2002. Monitoring Urban Conditions and Trends. UN-
Habitat Publications, Nairobi.

United Nations, 1996. Indicators of Sustainable Development:
Framework and Methodologies. United Nations Publications,
New York.

van Kamp, |, Leidelmeijer, K., Marsman, G., de Hollander, A., 2003.
Urban environmental quality and human well-being; towards a
conceptual framework and demarcation of concepts; a literature
study. Landscape Urban Plan. 65, 5-18.

von Bertalanffy, L., 1968. General System Theory. George Braziller,
New York.

von Stokar, T., Frick, R., Schultz, B., Keiner, M., Rey, M., Mettan,
N., 2001. Planification Directrice Cantonale e&\2loppement
Durable. Publications de I'Office du@eloppement Territorial,
Berne.

World Bank, 2002. Local Economic Development. World Bank Pub-
lications, Washington.

Alexandre Repetti(1973) is aresearcher in the Hydrology and Land
Improvement Laboratory of the Ecole Polytechniquaitale de
Lausanne (EPFL). He is an environmental engineer specialist on
regional and environmental planning, involving collaborative GIS
and decision support systems. He gives lectures on land-use and
environmental management for developing countries and is a fellow
ofthe Swiss National Center of Competence in Research Partnerships
for Mitigating Syndromes of Global Change. Working on the theme
of improving urban governance, Thies, Senegal, has been a relevant
field for testing his theoretical propositions and for his Ph.D. that
received the 2004 Lausanne Research and Innovation Award.

Gilles Desthieux(1976) is a researcher in the Geographical Infor-
mation Systems Laboratory of the Ecole PolytechniggeeFale de
Lausanne (EPFL). He received his degree in environmental engi-
neering in 2000. He accomplished in 2005 a Ph.D. on indicator set
structuring by a systemic and participatory approach in the urban

Srinivas, H., 1999. Urban environmental management: a partnership management context. This work came within the scopes of a project

continuum. In: Inoguchi, T., Newman, E., Paoletto, G. (Eds.),
Cities and the Environment. United Nations University Press,
Tokyo, pp. 30-46.

on participative diagnosis in land-use planning in Geneva, and a sur-
vey of urban spreading issue in Quebec city, in partnership with the
University Laval.



	A Relational Indicatorset Model for urban land-use planning and management: Methodological approach and application in two case studies
	Introduction
	The development of indicator-based instruments to meet new challenges in urban management
	Urban management
	The new challenges of urban management
	Indicators for urban management
	Designing a set of indicators
	Designing sets of indicators: toward a systemic structure

	Methodological proposal: the Relational Indicatorset Model (RIM)
	RIM relational graph for modeling the indicatorset
	RIM-4D
	RIM-IR

	Case studies
	Indicatorset for strategic urban planning in Thies
	Context
	Design of the indicatorset
	Discussion

	Indicatorset for a neighborhood participatory evaluation of the urban conditions in Geneva
	Context
	Design of the indicatorset
	Application of the RIM-IR schema
	Analysis of the RIM-IR schema
	Discussion


	Conclusion
	Acknowledgments
	References


