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To make LUTI models operational tools for
planning.

Mathieu Saujot, Matthieu de Lapparent, Elise Arnaud, Emmanuel Prados

Abstract

Land Use and Transport Integrated models (LUTIs) are promising tools
for urban planning. Although a large literature is dedicated to these mod-
els, little attention has been paid to them as operational tool for planners
and few efforts have been made by academics to fill the gap between lab
application and operational use for planning practice. We shed light on
what would make them accepted and more used by planners to evaluate
urban and transport policies. In addition to a literature review and reflec-
tion on our own experience, we carried out a survey of end users in France
to identify their motivations and barriers to using LUTI models. Our anal-
ysis shows a need for a far more bottom-up oriented approach. Only a
closer collaboration between modelers and end users, and more efforts to
integrate modeling into urban planning will make LUTIs considered as
relevant approaches.
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1. Introduction

1.1 Research background

A large literature is dedicated to Land Use and Transport Integrated
models (LUTIs). This family of urban models and their applications to ter-
ritories have been described, reviewed and discussed in many articles
(Simmonds et al. 1999; Wegener 1994; Wegener 2004; lacono et al. 2008;
Hunt et al. 2005; Lautso et al. 2004; Jin and Wegener 2013). This literature
has been useful in developing and improving modeling principles and il-
lustrates what we can theoretically expect from the models to inform poli-
cymakers. However it says little about their daily use, their maturity for
operational use and their potential impacts for planning and decision mak-
ing. The discussion is generally oriented towards technical and theoretical
features, and the question of whether the model can support an actual
planning decision is poorly considered. Hunt et al. (2005) for example aim
at providing a practical evaluation of the current modeling framework as a
guide to practitioners. Yet, they mainly focus on the formal characteristics
of the modeling frameworks and the way they represent the different di-
mensions of urban systems. A concrete discussion on how these models
were used and on the practical difficulties of modeling is missing and the
suggested improvements are not taken from practice but from an ideal
model. As observed by Vonk et al. (2005) and Wegener (2011), the Plan-
ning Support System (PSS) and LUTI modeling community is often fo-
cused on academic issues, with a “strong emphasis on the supply side”
(Vonk et al. 2005) and a lesser concern to investigate the practical and dai-
ly use of models by practitioners.

Whether these models can be operational and under which conditions
they can improve planning methodologies and policy design are important
issues that must be more discussed. Originally the objectives of LUTIs
were twofold (Batty 1979; Batty 2009; Klosterman 2012; Lee 1994):

1. improve, develop and test a theory for urban systems;

2. improve policy design and planning methodologies

We still lack research on the latter. Even if some elements are available
based on the experience of planners, researchers (Lee 1973; Lee 1994;
Klosterman 1994a, 1994b, 2012), or modelers (Waddell 2011; Timmer-
mans and Arentze 2011), this discussion is rarely the main purpose of the
article and rarely based on a dedicated methodology. Lee (1973, 1994) was
one of the first to discuss LUTIs from an operational planning view, point-
ing out the inherent difficulty of using complex modeling tools to feed a
decision making process. Wegener (2011) discussed the disaggregation
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trend in modeling and the technical difficulties of using micro-simulation
modeling in planning. Waddell (2011) described the many challenges —
technical and non-technical — of transferring modeling tools from academ-
ic research to planning agencies. Noteworthy contributions also come from
the PSS literature, even though they are not focused primarily on LUTIs.
Vonk et al. (2005) investigate the bottlenecks blocking a wide usage of
PSS, including LUTIs and other tools, with a survey of people involved in
PSS (mainly academics and researchers). Brommelstroet and Bertolini
(2008) shed light on obstacles that explain low levels of use by exploring
the planning process. They clearly show the necessity to connect end users
(State transport services, local transport authorities, planning agencies,
consultancies) and modelers through specific procedures and tools.

As highlighted by Klosterman (2012), modeling “reflects more funda-
mental assumptions about the limits of science, the role of the public, and
the nature of planning”, and requires thinking in terms of policy making
and not only in terms of technical issues. Although LUTIs greatly im-
proved during the last two decades, they are not yet widely disseminated.
End users still seem indecisive about using them. As a result, they are pri-
marily considered as research objects. The gap between lab application and
operational use for planning practice is still to be filled (Wegener 2011;
Silva and Wu 2012; Brommelstroet and Bertolini 2008; Aashto 2007).
Thus we still need to better understand how LUTIs are currently used, the
barriers to their practical use and how they could better inform planning
decisions and transport policies in practice. Doing so should help us identi-
fy the priorities for a LUTI agenda.

1.2 Structure of the paper

This article aims at improving the understanding of conditions under
which LUTIs would be accepted and used by planners and practitioners.
Toward this goal, we conducted a qualitative survey among French practi-
tioners about their experience and expectations regarding LUTI modeling.
20 questions about urban modeling practice and demand for LUTI models
were prepared. Hardy’s survey (Hardy 2011) was used as a basis for sever-
al questions. The survey was sent to 30 French modeling practitioners
(mainly in the transport field) between summer and autumn 2013. We re-
ceived answers from 15 of them. They constitute a representative panel of
the types of relevant stakeholders (consultancies, State departments, local
authorities and planning agencies). To improve the response rate, the sam-
ple was targeted to a sample with: 1) a good level of modeling and the pos-
sible presence of innovation; 2) a diversity of actors; 3) when possible, ex-
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isting contacts with researchers of the CITIES project consortium!. Of
course, this strategy? may introduce a bias, for example, toward an overes-
timation of the interest that LUTIs represent for the whole stakeholder
community. In any case, the results of the survey should be at least repre-
sentative of the group of stakeholders who are real potential users in the
medium term.

In order to complete the results of the survey, we also conducted 8
qualitative interviews with key transportation actors at the French national
and local level: a high-level expert from the ministry of sustainable devel-
opment, a modeler from French national railway network (RFF), the chief
economist of the Société du Grand Paris (SGP), modelers from ile-de-
France urban transport authority (STIF), modelers from Greater Lyon area
and three consultancies. These interviews helped us understand the maturi-
ty level of LUTI modeling and the conditions for LUTI diffusion.

By combining the experience of the project consortium, the survey and
the interviews, we assume that we have a representative view of the French
context. This study is completed by a review of the scientific literature that
extends to work outside France.

The rest of the paper is organized as follows. In the second section, we
specify the different purposes of using a LUTI and the type of the expected
value added. In the third section, we describe the current level of LUTI’s
practical use in France as well as in Europe and in the United states. The
fourth section addresses the obstacles facing practical LUTI use and sug-
gests some ways to overcome these difficulties. We draw our conclusions
in the last section.

2. LUTIs for policy design

When a LUTI is used in a policy design project, its real purpose is not
always clear. For example, as observed by Lee (1994), there is often an

! The CITIES project’s ambition is to foster the use of LUTI, by developing
methodologies and tools to facilitate their use (numerical methods to help calibra-
tion and validation). The consortium includes mathematicians and computer scien-
tists, most of French LUTI modeling teams and end users (planning agencies).
Different LUTI are used (Urbansim, TRANUS, Pirandello). The project is fi-
nanced by the French research agency (ANR).

2 Via the choice of the interviewees (of whom a large part have connections
with the researchers) but also because of the survey principle itself (where people
who feel more concerned by the object of interest are more willing to answer).

312-4
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ambiguity between tactical and strategic use. To help policy design, we
need to better understand how a LUTI can be used, i.e. which outputs can
be provided, and in which step of the decision making can be useful.

2.1 Policy design: which outputs?

Our survey shows that, for French stakeholders, it is important to take
into account transport and land use in an integrated way, and modeling
tools are an interesting way to do so. Alongside other methods and types of
analysis, modeling tools are considered important to evaluate or design
land use and transport policies. Another key lesson from our survey and in-
terviews is that end users have very heterogencous expectations about
LUTIs. Several objectives for LUTI modeling can be found among the dif-
ferent projects and actors:

e To make the spatial distribution of jobs and population/households
endogenous (potential use by transport authority);

e To simulate effects of transport on land use;

e To evaluate effects of transport on land and housing prices (when data
and models will be integrated enough to provide such outputs at a very
detailed geographical scale);

e To assess environmental, social and economic impacts of urban
dynamics and urban development scenarios;

e To test and recommend land use and transport policies to mitigate urban
sprawl or improve sustainability;

e To perform an overall cost-benefit analysis of a transport project
(accounting for wider economic benefits);

e To present projects and discuss them with stakeholders, LUTIs being
used as a support for the debate and participatory process.

Such a large spectrum of objectives has the following implications.
First, users’ requirements seem more diversified for LUTI modeling than
for traffic modeling. This clearly makes the development of a commercial
offer more complex since the demand is not precisely defined. Second,
when presenting and judging a LUTI and its application, one should al-
ways refer to the specific outcome(s) that are expected from the model and
show consistency between the objectives of the application objectives and
the structure of the model. Third, it has implications for calibration and
validation goals and procedures.
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2.2 Policy design: which step of the decision making process?

It is not enough to define the expected outputs. We also need to specify
the step of planning targeted by the use of a LUTI, and the way its outputs
could be used by end users in the decision making process. The fundamen-
tal goal is to adjust the models to their role in the policy making process.
Indeed, both PSS literature (Brommelstroet and Bertolini 2008; Kloster-
man 2001) and science-policy interface literature (Sager and Ravlum 2005;
Vechionne 2012) reveal the complexity of the link between modeling tools
and decision-making process. As stated by Nilsson et al. (2008), “more
than three decades of policy analytic research remind us that the inter-
relationship between assessment tools, the evidence they reveal, and their
use by policy makers is unlikely to be straightforward”.

As in Hardy (2011), in our survey, we proposed different steps of policy
design where LUTIs could be used: 1) Exploration of planning possibili-
ties and different strategies 2) Debate around scenarios and consultation
with stakeholders 3) Strategic analysis of different scenarios and policies
4) Tactical assessment (design of projects). This 4-step representation is a
strong simplification of the real planning process but remains useful to un-
derstand the role of LUTIs.

As shown in Fig. 1, respondents of the survey consider LUTIs useful
tools to explore possibilities and strategies (1. and 3.) for the next 20-30
years, at an aggregated level (urban area). Tactical assessment and support
for debate appear to be less important. Moreover, the survey reveals that
the use of a LUTI would be most helpful in the process of defining the
strategic urban planning document at the level of an urban area, which is
coherent with the precedent answers. This is illustrated in Fig. 1.

Fig. 1: Survey results: for which step of policy and planning document would
LUTIs be the most useful?

312-6
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Even among identical end users, we observe very heterogeneous results
concerning the impact assessment® of transport infrastructure (a document
which refers to a tactical use of the model), reflecting indecision between
tactical use and strategic use.

Now that we have clarified the different expectations about LUTIs, we
must evaluate to what extent they are used in practice to inform planning
strategies.

3 A formal/ administrative document for setting up a new transport infrastruc-
ture, including a cost benefit analysis
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3. Useful LUTIs but are they used?

3.1 United States and Europe

As stated earlier, a gap between research and practice exists both in Eu-
rope and in the US. New generations of models were created to contribute
to policy design, but they are not mature enough to succeed in this field
(Iacono et al. 2008). In a recent survey in the US, Lee (2009) and Hardy
(2011) observe that very few Metropolitan Planning Organizations use
LUTI models. Moreover, the role of modeling tools in planning in the US
is not clear (Hardy 2011). Apart from in the UK, which seems to be the
place where LUTIs are the most commonly used for planning (May et al.
2008), LUTI modeling is not that much developed in Europe. We do how-
ever highlight the recent Sustaincity project* that contributed to the devel-
opment of LUTI models and helped increase their popularity in Europe.
Wegener (1994, 2004, 2014) reviews implementation of such models.

3.2 The French context

Daily use of LUTIs for the simulation of regional planning policies is
still an exception in France, despite important research investments and re-
cent interest of planning agencies. LUTIs have only been developed for
research projects since the mid 2000’s: Urbansim (Nicolas et al. 2009;
Nguyen-Luong 2008); TRANUS (Saujot 2013); and Pirandello (Delons et
al. 2008). To date, no French local authority for planning or transport has
appropriated the LUTI developed by academics specifically on its own ter-
ritory, or developed its own LUTL

In fact, the only example of an operational use of a LUTI is the Grand
Paris project’, undertaken by the “Société du Grand Paris” (SGP). The
Grand Paris project is the most important urban project in France, with a
30 billion € investment in the next 20 years, mainly for new transport in-
frastructures. The SGP is in charge of the socio-economic impact assess-
ment and they have constructed an ambitious program around LUTIs. A
scientific committee has been set up to assess the modeling work done in
parallel by three teams, each with a different tool (Relu-Tran, Urbansim,
Pirandello). After of four years, work is in process, but preliminary results
show that using LUTIs for an operational project is much more difficult
and time-consuming than expected. Moreover, the data collection task was
under-estimated and the question of the relevant scale of zoning was a

4 FP7 project funded by European Union: http://www.sustaincity.org
5 http://www.societedugrandparis.fr/english
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permanent debate. It is difficult for the experts of SGP to obtain satisfying
answers about the results and behavior of the models, and reciprocally it is
difficult for modelers to explain precisely the differences between the re-
spective models’ results for a given scenario. This example shows clearly
that even with an important budget and a high level of expertise, using
LUTIs to help decision making for a project like the Grand Paris is very
difficult. Although this kind of project helps LUTI modelling gain in ma-
turity, LUTI modeling is not mature enough for practical use at least in
France. Nevertheless, despite the difficulties and the non-legal obligation
to evaluate spatial effects, the SGP considers that it is essential to continue
to develop LUTIs for broader socio-economic evaluation in planning and
sustains its efforts.

Another meaningful example can be drawn from the experience of the
Greater Lyon®. A consortium of 5 local actors was created to set up a new
common transport model (region, department, State at the regional level,
Greater Lyon, local transport authority), with an important budget. They
considered the possibility of using a LUTI instead of a classical 4-steps
transport model but concluded that it was not the right choice for three rea-
sons: a lack of appropriate guidelines for LUTI implementation; insuffi-
cient expertise both inside and outside the consortium to ensure a good
choice of a model, and high risk relative to a long and uncertain process of
building the model.

As far as the consulting firms specialized in transport modeling in
France are concerned, no ready -to-use LUTI package is available at this
point. The market situation (low visibility in terms of demand, financial
constraints and short implementation periods) makes it difficult for consul-
tancies to develop their own models. This pushes some firms to think that
LUTIs are not well adapted to current public demand. For others, it rein-
forces the need to find a strict trade-off between quality and simplicity of
the LUTIs. Beyond the model, the general diffusion of LUTIs would re-
quire the development of national guidelines. Such guidelines exist for
conventional transport modeling but not for LUTIs, and the scientific liter-
ature is generally of little assistance for end users.

4. A need for more bottom-up approaches

What prevents LUTIs from being widely used by local authorities? Are
current LUTIs suitable with respect to their constraints and limitations?

¢ Greater Lyon is the second-largest urban agglomeration in France.
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The main obstacles associated with these issues are threefold. First, it is
difficult to match rather generic models with very specific and varied end
user questions. Secondly, it is costly and challenging to implement and use
a LUTI (capacity obstacles). Finally, there is no guarantee that the results
of a dedicated LUTI will have any impact on the policy design (decision
making obstacles).

4.1 Matching with end user expectations

A key idea is that one can only ask a numerical model questions it was
created for. Even with the progress in computer science (language, algo-
rithm) and technology (computational power), the numerical problems de-
rived from urban systems are very complex, and we are forced to simplify
reality in order to be able to solve them. Without precise questions, it is not
possible to reduce the model in the right direction. However, our experi-
ence shows that end users usually do not know how to precisely formulate
the questions they want to answer with the model. Indeed, they are not
LUTIs experts and planning questions are very vast. Nevertheless, model-
ers need these questions in order to develop a relevant model. It is difficult
to solve this knot not only because it is costly for end users to become fa-
miliar with LUTIs and to understand the questions they can address, but
also because it is costly for researchers or consultants to develop different
model versions in an iterative co-building process.

The interviews reveal that it is very difficult for non-specialists of
LUTIs to follow the progress of science and to judge the value of a model.
Workshops organized at the national level in France are not sufficient to
really understand to what extent these models are operational, and to iden-
tify the pros and cons of each model (the black box effect, the complexity
of these tools, a research dynamic that “adds complexity to complexity”,
and the difficulty for researchers or developers to underline the weakness-
es and limitations of their model). To overcome these difficulties, work-
shops should go further in practical details and reveal the actual level of
maturity of LUT]Is; they should also help gather end users expectations.

4.2 Local resource limitation vs. growing complexity

Capacity limitations are strong binding constraints because of the grow-
ing complexity of LUTIs. This gives rise to the simple/complex model de-
bate. The scientific community tends towards more and more complexity
(Timmermans and Arentze 2011) and this is favored by an increasing
computational power (lacono et al. 2008), see Fig. 2. Academic logic seeks
innovation and sophistication in modeling tools, and usability is probably
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not the main objective of researchers. Moreover Wegener (2011) observes
with Lee (1973) that the “urban modeling community largely retreated to
academia”. This approach focusing on tool development can be identified
as “top-down”. As illustrated in Fig. 2, adding complexity has its limits,
and simpler and easier modeling is still necessary (Hardy 2011; Kloster-
man 2012; Brommelstroet and Bertolini 2008; May et al. 2008).
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Fig. 2: A move towards more complexity - drivers and limits of complexity; Illus-
tration based on (Klosterman 2012; Hardy 2011; Wagner and Wegener 2007)

Model complexity is a combination of the theoretical complexity of a
tool and implementation design. The theoretical structure defines the num-
ber of equations to satisfy, the number of input-ouput loops, and the quan-
tity of required data. In the same time the implementation design define the
number of modeled phenomenon in the model and the spatial meshing.
The sum of this determines the time, the money and the level of expertise
needed for the modelling process, which eventually must be compared to
the capacity of the planning agency. It will determine the success of the
modelling project. Thus, it is essential to better understand the level of re-
quired complexity and to adapt a model according to its final objectives.
Complexity should therefore be understood as the confrontation between
modeling and local capacity. In this context, it makes sense to oppose the
“top-down” approach, focused on tool development (by itself), to the “bot-
tom-up” approach which focuses on operational planning needs and limita-
tions, as illustrated by Hardy (2011), Klosterman (2012), May et al. (2008)
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and Brommelstroet and Bertolini (2008), and where more attention is paid
to simplifying models. Bottom-up approaches have been neglected; how-
ever, it seems that such approaches are the only way to ensure operational
LUTIs.

In France, we observe that one of the main obstacles to LUTI imple-
mentation comes from the resource limitation of local agencies in terms of
time, money and expertise. LUTIs are very demanding in data collection,
harmonization and preparation, and require modeling and econometric ca-
pabilities. Appropriated methodologies and quantitative modeling skills
are not very standardized or widely disseminated. Any implementation of a
LUTI requires a very time consuming step of calibration. This process can
take several months, as our experience with TRANUS in Grenoble has
shown. Clearly the time required to calibrate is neither compatible with the
current constraints of consulting firms nor with the resource restriction of
local agencies.

4.3 Decision making obstacles

Even assuming that capacity obstacles can be overcome and that a LUTI
can be built to serve in a decision making process, there is no guarantee
that its outcome will be of any use. In this section, we analyze the difficul-
ty of understanding the model outputs before using them for decision mak-
ing.

Black box effect

The “black box” problem, based on the literature and on our own expe-
rience, implies the difficulty to promote results of LUTI models among
practitioners who have no direct control over the implementation of these
models, because they do not trust what they can’t understand. As Tim-
mermans (2003) stated, there is a paradox between the search for more
modeling complexity, in order to represent the complexity of urban sys-
tems, and the black box effect; a paradox from which it is difficult to es-
cape. Waddell (2011) observes a conflict between transparency (which
needs simplicity) and validity (which needs complexity).

We can distinguish two dimensions of understanding in a model: the
global understanding of the model rationale, its architecture and function-
ing, and the ability to identify causal links between inputs and outputs.
Some models can be easy to understand in the first dimension and more
complex in the second one. To have an impact on practical planning, a tool
needs to be understood in both dimensions: because various people with
different profiles and responsibilities are involved (decision maker inter-
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ested in the philosophy, technician interested in causal effects) and because
these two dimensions play a role at different steps of the process (first try
with the model, scenario analysis, etc.).

The survey reveals that the black box effect issue is considerable. Sev-
eral lessons can be learned from the answers to the question on how to
solve this problem:

e To clearly distinguish input data, calibration data, parameters and
outputs.

¢ To identify and explain the key inputs for the model results.

e To share and validate every step of the development with all partners.

e To use these models only for very prospective and strategic analyses,
mainly for pedagogy.

Furthermore, the fact that modeling tools are not used in the planning
process is explained very differently by planners and modelers. Modelers
would often consider that models are not complex enough to represent re-
ality whereas planners may not see the interest of having details and preci-
sions through a numerical tool and would underline the need for stake-
holder involvement (Brommelstroet and Bertolini 2008; Mostashari and
Sussman 2005; Timmermans and Arentze 2011).

It is not the purpose of this paper to conclude on the pros and cons of
complexity in urban modeling. What we can say from our analysis is that
in a theoretical world, complex models are promising and interesting, but
in our very constrained world, planning agency capacities are limited. Our
study sheds light on the needs for transparent procedures and co-
construction methods. The latter also asks for resources. A complex model
will draw most of the resources for its implementation, limiting the capaci-
ty to set up these collaborative procedures. Trade-offs must be made. For a
broader diffusion of LUTIs in planning processes, academics should em-
phasize more bottom-up approaches.

How reliable are LUTI models?

The low level of use and impact on decision making of LUTIs can also
come from a lack of confidence in their results, partly related to the ab-
sence of a clear and consensual definition of calibration and validation in
the literature (Bonnel et al. 2014). We define calibration and validation as
follows (Bonnel et al. 2014):

e Calibration refers to “the determination of parameter values.”
e Validation refers to “testing the predictive power” of the method using
out-of-sample data.
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o A calibration ensures that the model is acceptable; a validation is always
partial since a test can only invalidate a model.

LUTIs, like any numerical model, are inherently uncertain as they rely
on both theoretical assumptions and data quality. There is no physical law
ensuring reliability of models. Consequently, there are neither neutral
models (Klosterman 2012) nor objective rules to state that one specifica-
tion is better than another (Sterman 2000; Pfaffenbichler et al. 2008). Thus
there is no absolute calibration or validation, both for simple and complex
models. Moreover, new models cannot “meet all basic scientific criteria”
and be used for theory testing, but they can provide “robust but contingent
knowledge” (Batty, 2009). Calibration and validation should be seen in
this respect.

Calibration and validation procedures lead to theoretical, methodologi-
cal, and practical difficulties (time, resource, data). They need to be under-
standable by end users in order to produce confidence in the model. Model
testing should be specific to the type of expected use, see figure 3.

Value added of LUTIMain require-  Requirement for cali-
modeling ment for the bration/ validation
model
Exploration Interactive support for Easy and flexible Aggregated sensitivity
prospective studies  to use in prospec- tests to show the reliabil-

tive studies ity of prospective studies
Debate Neutral/ unbiased Understandable by Test to ensure trust of the
support stakeholders different stakeholders
Strategic Support for policy Representation of More precise tests to en-
analysis analysis and ranking key mechanisms sure that the selected in-
of measures dicators are reliable
Tactical as- A lot of indicators Comprehensive  Tests at smaller scale to
sessment with precise results representation verify the precision of the
model

Fig. 3: Calibration and validation requirements depending on the type of use.

Historical validation is considered a key step for validation. To be able
to simulate a past development is a clue that the model is working correct-
ly, but it is not a guarantee for prospective modeling. Compared to “hard
science” modeling, socio-economic models face difficulties in collecting
(sufficient) data and replicating results. In a context of low resources, de-
veloping a sensitivity analysis is particularly interesting (Wenban-Smith et
al. 2009; Franklin et al. 2002; Duthie et al. 2010). It is likely that sensitivi-
ty tests using scenarios increase both the scientific value of the modeling



To make LUTI models operational tools for planning
CUPUM 2015 312-15

process and the understanding of the modeling process by the end user/

practitioner. In our survey, sensitivity tests appear to be decisive to vali-

date the model and increase transparency. Sensitivity analysis has several
benefits:

e To improve the model. As a way to validate the model, it improves the
quality of modeling. Back and forth work between the calibration stage
and sensitivity tests can be possible.

e To increase involvement of stakeholders. Via the sensitivity analysis,
the end users can easily participate by proposing tests and scenarios and
expressing expectations about the test outputs. By taking part in the
design and validation phase of the model one can guarantee better
ownership of the model by the stakeholders.

e To overcome the black-box effect by increasing confidence. It
increases the ability of the end users to understand the processes. Tests
should be chosen to help end users understand the most complex links
and interactions in the model.

5. Conclusion

In conclusion, top-down approaches have been historically useful to
provide different structures of LUTIs. But today, the main challenge is not
to develop more sophisticated model. We need more bottom-up approach-
es if we are to make LUT]Is a relevant operational planning tool. This will
require a closer collaboration between modelers and end users to make
modeling tools that support daily urban planning problems. Further study
should try to develop methodologies to support this collaboration (what el-
ement of the modelling could be discussed with end users or directly cho-
sen by the modeler; which approach to discuss modelling issues with end
users...) and to better report their own experience with end users.
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