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The outline of a new modelling tool for integrated analysis of the long term interaction between the transport system and the land-use pattern is presented. The location pattern, of households and businesses, is important when dealing with long-term decisions like investment in transport infrastructure. A common problem when transport policies are analysed with sophisticated transport models is that they usually demand quite detailed land-use scenarios, and the cost of producing them often leads to a situation where land-use scenarios are used that are not consistent with the policies under study. The LandScapes model addresses that by integrating a dynamic time-stepping household and employment location model with a transport model. The level of detail, spatial and socio-economic, is the same in both models, which makes it possible to identify how costs and benefits are distributed in the system over time. 
The impact from transport on the land-use demand is via accessibility to amenities, which are computed directly in the transport model. The housing and employment demand models are estimated on land-use data, including e.g. prices of apartments and private homes. The housing market in the model clears the prices of available housing each year, and the transport market is modelled as a balance between transport demand and a network equilibrium. The time-stepping model framework comes at a fairly hich computational price. The trade-off chosen in LandScapes was to sacrifice some sophistication in the transport model, such as elaborate trip chaining, and fine-grained socio-economic groups, and instead focus on speed and consistency between the land-use and transport parts, in order to be more useful in practical planning settings.

Introduction
The transport sector is facing the great challenge of breaking its dependence on oil and at the same time providing the necessary services to support economic growth in a sustainable fashion. Transport is responsible for a large and more importantly growing part of the global emissions of greenhouse gases. The economic conditions affecting the people’s travel behaviour is a complex system of, among other things, taxes, fees and regulations. There are also geographical differences. In a country like Sweden, the congested streets of the largest cities and the long distances of remote rural areas present totally different conditions. In this paper we will focus on personal travel in urban areas, and often use the term transport to describe this subsystem, but an obvious extension is to use the same methodology to study regions with other geographical features. Goods transport and logistics are of course also an important factor in reaching a more sustainable transport system, but that is outside the scope of this paper. 

The problem of reshaping the transport sector is global, but the ways of tackling it differs from country to country, and from city to city. In a survey of European cities (May et al., 2003), they were asked to indicate whether their planning approach was vision led, plan led or consensus led. The planning approaches used have usually developed over time and are rarely formally prescribed, so they are often a mix of practices. What is clear is that most cities have some plan led element, what is often described as rational planning, in their approach. The appraisal framework and model described in this paper takes this fact as a starting point. However, we argue that planning approaches with more focus on visions or consensus also can benefit from the methods we outline here.
The plan led approach takes its starts out by formulating a clear view of what the objectives are. The objectives help to identify problems, in terms of objectives that are unreached today or in some future scenario. They also may point to possible solutions. Sustainable development constitutes a complex set of objectives, sometimes in conflict with each other, which means that no single policy instrument can be expected to be the solution. Instead it is likely that what is needed is a combination of instruments, a strategy, is necessary, where the instruments help reinforce positive effects and mitigate negative impacts of the others.
Two things are necessary when it comes to assessing whether a strategy fulfils the objectives. One is a model of what effects policy instruments have on the system. We will return to what the requirements are on the model later. The other thing we need is an appraisal framework to be able to compare the outcome between strategies. The least we can expect from an analysis intended as decision support is that it compares what the likely results are from a strategy with the likely effects of doing nothing. 
The questions LandScapes sets out to answer are variations on 'How will changes in the transport system change land use patterns and travel behaviour?' and 'How robust is this conclusion with respect to the assumptions regarding the surrounding world?'. There are two flavours of the first question. One interesting analysis is to see to what extent different transport policies lead to different location patterns. Another is to see how planning restrictions of future land use affect such things as prices and effects from transport. Analysing the robustness of conclusions is useful because there will inevitably be uncertainties in assumptions on such things as population growth and interest rates etcetera.
Policy appraisal
We will start by describing the policy appraisal framework and outline the planning process in which it is used, since they will put some fairly tight constraints on the model’s properties. The starting point is the set of objectives we set up to define what we mean by a sustainable development. The PROSPECTS project identified indicators to measure achievement against six sub-objectives:
· Economic efficiency

· Protection of the environment

· Liveable streets and neighbourhoods

· Safety
· Equity and social inclusion

· Contribution to economic growth

Since the six objectives above are all cross-sectional in the sense that they have no time component, there is a seventh objective, some kind of measure of fairness between generations. That is arguably the defining feature of sustainable development:. 

The appraisal framework tries to bring together two strands of development. The first is the approach from PROSPECTS (Minken et al., 2003). It builds on the concept of defining sustainability in terms of two axioms (Chichilnisky, 1996) that state that a sustainable development should be neither a dictatorship of the present, nor a dictatorship of the future. Traditional appraisal frameworks such as Cost-Benefit Analysis (CBA) tend to be the former. Chichilnisky (1996) proposes the formation of a weighted sum of the usual discounted present value of CBA with an undiscounted term representing the far future, which will satisfy both axioms. Heal (2000) incorporates the idea in a framework built on theory of Optimal Control. A similar approach is taken by Li & Löfgren (2001), where this sustainability concept is studied with models of economic growth as a starting point. Pfaffenbichler (2003), Vold (2005) and Jonsson (2007) were direct applications of the approach of Minken et al. (2003) to different cities, using different model systems for computing input to the appraisal framework. Taking advantage of the fact that the framework consists of an objective function, forming a complete ranking of strategies, it is possible to use formal optimisation methods as a way of coping with the fact that even a modest number of policy instruments give rise to a large number of strategies if all combinations are to be explored.
The second strand of development has its roots in backcasting methods where the point of departure is a vision of the system in the future where the objectives are met. Then the goal is to find a path to that situation working backwards from the successful state. Robèrt & Jonsson (2006) employ such a framework together with forecast models to investigate what policy measures will be necessary in order for Stockholm to meet targets set for future CO2 emissions. The ideas using forecast models in a backcasting framework is developed in e.g. Höjer & Mattsson (2001) and Robért (2005). The strength is that this kind of framework focuses attention on successful strategies, and produces an illustrative map of state descriptions well suited for discussions between decision makers and other stake holders.
It is worth pointing out that there are several interesting conceptual links between the two approaches. Minken et al. (2003) discusses the possibility of setting target levels for some indicators, leading to a constrained optimisation problem. The task could for instance become finding the best strategy that at the same time observes the CO2 emission target. Viewed this way backcasting bears more than a little resemblance with solving the Optimal Control problem of Heal (1998) using the backward induction method of Dynamic Programming.
A very strong conclusion coming out of the work done on applying the two appraisal frameworks to operational models is that the time consumption in the forecast stage is crucial. If the model takes too long to run or, equally damning, if it takes too much effort and time to set up each forecast there is simply no way of implementing an interesting appraisal framework. Here the strong tradition of transport planning to be an exercise in predict-and-provide shows clearly. If the purpose of the forecast is to study one-off policy instruments like a road investment, the level of detail may be warranted, and the extra effort of producing a forecast can be reasonable. If we instead want to explore a range of policy instruments, combined into strategies, the number of forecasts necessary quickly increases to dozens or hundreds. So for this reason the choice between level of detail and speed has consistently been favouring speed.
But the model cannot only be fast. It has to represent the most important features of the modelled system. Again we let the appraisal framework be the guide. From previous studies we concluded that the directions most interesting to focus on in our model would be dynamics, equity and long term land-use. In Robért & Jonsson (2006) we disregard the land use effects entirely, making it possible to study more policy instruments. Jonsson (2007) instead puts some of the effort into drawing some conclusions of land-use effects, and combinations of policy instruments. None of the approaches handles the long term dynamics very well, the second coming closest by modelling two future years with interpolation in-between. Introducing the time dimension of course increases the number of policy combinations drastically, since the order in which things are implemented may have an effect. Of the sustainability indicators above, the two most often overlooked in traditional transport appraisal are the liveable streets indicator and equity. Arguably, the liveable streets issue is perhaps too local in nature to be easily incorporated in a city or region wide analysis, but for equity effects that is not the case. Here we can draw upon work done in connection with the Stockholm trials testing a congestion tax (Eliasson & Mattsson, 2006; Franklin, 2005).
Model description
In this section we outline the modelling framework. The development has been guided by the appraisal framework in the sense that we have tried to do some things better than we have managed with the available models. But the real deal-breaker in terms of features is the time it takes to set up and run the model. This has some implications. Firstly, if a feature or added detail means long run times it has been dropped. A rougher model possible to use in a framework like the one described above is more useful than a better model that cannot be used in practice. Secondly, we have opted for an incremental approach, where most model parts are similar to earlier work.
There are of course other land-use and transport models in use or under development around the world. For an overview of the state of affairs in the field see e.g. Chang (2006), Hunt et al. (2005) and Timmermans (2003). But most of current development in both transport and land-use models naturally moves towards providing better models of the transport and land-use system, which means that they tend to be data intensive and also time consuming to run. Another consideration is that developing the model in-house, we get full access to the internal workings of the model which makes it easier to tailor it to the needs of appraisal framework.
LandScapes is dynamic in a time stepping sense. A natural choice for the time step length is to let each step be a year. A practical reason for this is that data on land use patterns exist on that time scale, but also from a modelling point of view, there is an advantage to be able to abstract from, and average over, seasonal variations. Furthermore, there is the inevitable trade-off between model detail and practicability. Increased detail may mean a truer representation of data, but can also lead to less control over how uncertainties in input data or functional relationships propagate through the system to the results. Another practical aspect of great importance is that increased detail also means more computational burden. A model designed for a detailed one-off forecast is less useful in the kind of planning framework that was outlined in the introduction. A faster modelling tool, where some detail have been sacrificed for speed, opens up for an analysis where a wider range of 'what-if's can be studied.

An important part of the systems analysis approach to modelling is to figure out a useful way of restricting what to include in the model and what to regard as outside the model scope. Exogenously given settings are among the basic driving forces in LandScapes. These could be regarded as part of a background scenario, which is outside the control of decision makers, or part of the set of strategies within their power to affect. Ultimately it comes down to the political and organisational setting, in which the model is used. But from a modelling point of view, strategy variables, and scenario variables have in common that they are under the direct control of the person running the model, as opposed to the output variables that are the result of the model's logic.

LandScapes owes a lot of its features to some of its predecessors, most prominently IMREL (Anderstig & Mattsson, 1991 and TILT (Eliasson & Mattsson, 2003) . The main differences are that time is explicitly included, and that it is integrated with a more sophisticated transport model. It is also an extension of earlier work where IMREL was used together with the full-scale transport model SAMPERS (Jonsson, 2004).
Household location choice model
The location choice is modelled such that the submarket is chosen that maximises the expected future utility of locating there. The utility can be expected to consist of accessibility to amenities, the composition of housing types, and some measure of accessibility to employment opportunities. The interpretation is that that the current work place(s) may be known at the time of relocation, but future changes are not. The trouble of keeping track of each agent's workplace is circumvented by this interpretation. Let us assume that some fraction of the households participate in the market at any given time. Similarly, only a fraction of the existing housing stock is available at any given time.

The housing choice is modelled using a random utility approach. A household's (of category k) utility vni of choosing a dwelling in submarket i, is a function
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where yk is income,  ri is rent, Xi is a vector of different properties of the submarket, and Ai are accessibility measures to different amenities, such as jobs, shops and services. Assuming idiosynctatic terms i.i.d Gumbel gives us the choice probabilities Pik.
Every period, t, hik,t households of category k choose to move from each submarket. Migration (from other regions) and demographics, here denoted dk,t may also add to the total number of households that want a new place. We sum up the number of moving people
hk,t = Σi hik,t
Similarly, we see that the number of vacated housing units is given by
hi,t = Σk hik,t
The location pattern for the next period will be
Hik,t = Hik,t-1 - hik,t + (hk,t + dk,t) Pik,t
The vacated housing units are supplemented with new construction, bi,t if necessary. We assume the presence of a construction sector that have perfect foresight of next year's demand (and prices), which means that no new housing units are built without there being a resident there next year. 

The first factor of the construction expression is the probability that any unrealized potential will be developed Qi is a supply function increasing in price, and decreasing in production cost. The second factor is the remaining building potential Si which is either a planning restriction or a purely spatial restriction.

bi,t = Qi (ri,t+1,ci,t) Si,t 
The households choose housing such that the submarkets clear

Σk (hik,t) t + dk,t) Pik,t  =  hi,t + bi,t 
where the left hand side is the demand in each submarket, and the right is supply. This equation is a system of I nonlinear equations in next year's prices, where $I$ is the number of housing submarkets. For the time being, we assume that the different submarkets do not compete for land, even if they may be located in the same area. That is, zoning not only determines if land is used for housing or commercial floorspace, but also the kind of housing. A further development to test is to let new development compete for land, which would mean that available land per zone would enter the system of equations too.

Obviously, if the location pattern changes, the accessibility measures in the equations above will also change. In this model we assume that the households have constant expectations with respect to the accessibilities. That is, in their location choice they will assume that the accessibility measures will stay the same as the ones they observe before relocation starts. It is reasonable to assume that an agent’s impressions of whatever aspects of the transport and location pattern make up their accessibility awareness is based on experience, and to a lesser degree on anticipation of other peoples behaviour. Secondly, the fraction of agents relocating each period is relatively small so the impacts on accessibility measures will be small also.

Employment location choice model
The employment location choice is modelled in a simpler fashion than the household choice. It essentially follows the specification of the employment model used in IMREL (Anderstig & Mattsson, 1991), which is a logit location choice where the main explanatory variable is accessibility to the labour force. In addition we use accessibility to other workplaces, and some zone specific properties. While the model is very simplistic, it still captures some of the Marshallian externalities of forward and backward linkages by the accessibilites. The accessibility to the workforce captures both the benefit of being close to labour input, but also to customers. Access to other companies can be a benefit both for spillover reasons and as customers and input factor access.
Transport model
The location choice models in the previous section rely crucially on the availability of a transport model. The accessibility measures used in the utility functions of the location choice have to be updated each time step. They are affected by changing location patterns in two ways, as they are functions of both the number of amenities (e.g. jobs, shops), and of the travel impedance. The amenities obviously change directly with changing location pattern. Travel impedance is a measure of the disutility of travelling including things like travel time and travel cost. Changing demand will affect travel time and cost through congestion effects.

We estimate a traditional transport model with trip generation, destination choice and mode choice as a nested logit model. The main explanatory variables in the location models are accessibility to different amenities. We will use the expected utility from the random utility transport model, the famous log-sum. For derivations of such accessibility measures for nested logit models see e.g. Anderstig & Mattsson (1991).
Conclusions

We conclude with some examples of where an analysis tool of this kind would be useful. First, it is worth remembering that making long-term forecasts is inherently riddled with uncertainties. A random utility model of this type is built on the assumption that peoples' preferences (with respect to the variables included in the model at least) will be unchanged far into the future. This may be a strong assumption, but allowing for changing preferences would introduce even more uncertainty. Assumptions must also be made on which scenarios, i.e. the variables outside the modelled system, to develop. The success of some particular policy may well hinge on these exogenous variables.

The idea behind LandScapes, is to handle these kinds of uncertainties by making the analysis tools fast and easy to use, in order to make it possible to do many forecasts with a wide range of policy measures, packaged into strategies, and in many different scenarios. The proper place for this tool is fairly early in a planning process, where it is still possible to try many different alternatives. Some are discarded, and others are selected for more comprehensive analysis.

The level of detail of the models is a balance between enough detail, enabling sensitivity to interesting policies on one hand, and speed and ease of use on the other. If the model requires that very detailed scenarios are specified it lessens the likelihood that a policy package will be tested against more than a few. In LandScapes for Stockholm we have used zones used at SCB, 1240 in the county, as the geographical basic level. It is a level of spatial resolution that allows for applying a range of transport related policies, from individual road or rail projects, to system wide price measures. The model can be used either to test the robustness in terms of costs and benefits of a strategy, under different scenario assumptions, or to find what combination of policies make up the best strategy under some specified scenario.
But it is far from uncontroversial what indicators to use, so from a research point of view it is also interesting to explore the ways the selection of indicators (and the way they are weighed together) affect the ranking of strategies. A variant of this would be to use optimisation and let users specify strategies and indicators/objectives, and then let the model work out what the best strategy would be for each assessment method. 

This tool allows us to experiment with different ways of assessing long-term sustainability issues. Sustainability not only has economic, ecological and social aspects which may be difficult or not to consider when evaluation the effects of a policy. It also incorporates the notion of fairness between generations, which also opens up the question of when things happen. It becomes interesting to know in what order things should be done. This exploration of ways of treating sustainability builds on earlier work. (Robért and Jonsson, 2006, Minken et. al., 2003)

Finally, the model package is in a development phase, where some sub-models have been estimated, but others are still only prototypes. The main data used for estimation is a large travel survey conducted as a part of the recent test implementation of congestion charges in Stockholm (Hugosson et al., 2006). In addition, we have access to data collected from realtors on prices of houses and apartments in the Stockholm region, and register data on the socio-economic mix of the population. The aim is to make the model as well as the programs used for estimation available in some open source form when a more finished version exists.
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