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Abstract

The need for forecasting the direct and indirect effects of land use and transport policies, on the
society, environment and local economy, has led to the development of many different Integrated
Land-Use and Transport Models (LUTI) around the globe. In this paper, the Land-Use Model
UrbanSim is applied integrated with the agent-based traffic simulation model MATSim, on the
suburban area Limmattal of Zurich, for the purposes of the Sustainable Urban Patterns (SUPat)
project of NRP65. UrbanSim applies sequentially, agent (households or jobs) location/relocation
choice and transition models, building development and real estate price models, and forecasts
their distributions in different time and space dimensions. The agent-based nature of the
integrated model, broadens the scope of the analysis. We are interested in taking full advantage
of the strengths of agent based microsimulation in the context of policy evaluation.

Currently, the evaluation of transport and land use policies (e.g. cordon charging, public
transport investment, land use regulation) is based on economic indicators usually computed at
an aggregate level (e.g. the Social Welfare). In this paper, a methodology based on the strength
of microsimulation in three dimensions (space, time, and agents) is presented. By multiple runs
of the simulation, we analyze the variance in the indicators in space and time. Moreover, we
generate the distribution of these indicators by various types of agents. This methodology is
applied to the base-case scenario (where the current trend is going on) of Limmattal region at
the year 2030. Proposed policy scenarios are then simulated and the distribution of indicators
are computed. The policies are then compared based on these distributions rather than the mean
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values of the indicators. The proposed methodology differs from the current policy evaluation
framework, regarding the level of aggregation that is applied, and will support the decision
making in the future.

Keywords

Integrated land-use and transport models, Limmattal, policy evaluation
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1 Introduction

The need for forecasting the direct and latent effects of urban planning policies, on the society,
the environment and the economy, in order to evaluate their sustainability, has led to the
development of the agent-based Integrated Land-Use and Transport Models (Land-Use Transport
Interaction - LUTI). Among the last few years, more than 20 LUTI models have been developed.
Their characteristics differ in terms of the level of aggregation, required data and equilibrium

approach.

UrbanSim is one of the most applied LUTI models. It was first developed at the Department of

UrbanSim differs from the other models as it adopts an approach of dynamic disequilibrium, it

makes predictions in different time scales, and requires extremely disaggregate spatial informa-

access, interfere and adjust it according to their needs, but also contribute to its further devel-
opment. It takes as input household, employment, building and real estate data, georeferenced
in different spatial levels, such as zones, parcels or grids. Location choice, transition and price
models can be estimated in UrbanSim; more specifically: 1) Economic Transition Model; 2)
Demographic Transition Model; 3) Employment Relocation Model; 4) Household Relocation
Model; 5) Employment Location Choice Model; 6) Household Location Choice Model; 7) Real
Estate Development Model; 8) Land Price Model; 9) Workplace Location Choice Model, and

been applied in many cities, such as: Honolulu (Hawaii), Springfield (Oregon), Houston (Texas),
Salt Lake City (Yutah), Paris (France), Zurich (Switzerland), Seattle (Washington) and San Fran-
cisco (California) (www.urbansim.org). The European FP7 funded project named SustainCity,
aims to improve UrbanSim by integrating the agent-based traffic simulation model MATSim,
developing a new Sustainability sub-model, and generally adjust it in order to correspond to the

local characteristics of three European capitals: Paris, Brussels and Zurich.

The general improvement of the methodological component of the LUTI models, but also the
efforts to render them more easily applicable and their results more understandable, increases
the perspectives of being used more actively in sustainable planning and policy evaluation. This

paper aims to contribute to the literature of microsimulation and distribution analysis, which is

The objective of this research is to develop a methodology that, by exploiting the strengths of the
microsimulation in three dimensions (space, time and agents), analyzes the actual distributions

rather than point estimates of the policy evaluation indicators. This methodology is applied to
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the base-case scenario (where the current trend is going on) and a public transport investment
scenario of Limmattal region (in Zurich) at the year 2030. The policies are then compared
based on time and space distributions rather than the mean values of the indicators. The rest
of the paper is structured as follows: following the introduction, the indicators for policy
evaluation, such as the social welfare function, the accessibilities and the inequality indexes,
are presented. Chapter 3 begins with the definition of the examined scenarios and continuous
with the presentation of the methodology and the results of the analysis. Chapter 4 outlines the

conclusions and makes suggestions for further research.

2 Indicators for policy evaluation

The Integrated Land-Use and Transport Models are employed for the evaluation of transport
and land-use policies (e.g. road pricing, parking charging, hard shoulder running, land-use
regulation, housing subsidy) by forecasting different scenarios. Until now, this is being achieved

by using single indicator measurements belonging to one of the following four categories:

2.1 Sustainability indicators

The general interest around sustainability and livability in transport developmnet is growing. A

refers to the objectives of sustainability that affect the members of the community, in a small
scale (e.g. local pollution), while sustainability refers to a larger scale, such as climate change

emmisions.

The role of transport development in this aspect is of major importance, because of the size
of transportation infrustructure and investments and their effects on economic, social and
environmental development of both small and large scale environments. The cooperation of
different scientific groups and sectors is needed in order to achieve the social, economic and

environmental goals of sustainable transport.

1) Transport system diversity, 2) System integration, 3) affordability, 4) Resource (energy

and land) efficiency, 5) efficient pricing and prioritization, 6) land use accessibility (smart
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growth), 7) operational efficiency and 8) comprehensive and inclusive planning. In more detail,
the goals are: 1) economic productivity, 2) economic development, 3) energy efficiency, 4)
affordability, 5) operational efficiency, 6) equity/Fairness, 7) safety, security and health, 8)
community development, 9) heritage protection, 10) noise prevention, 11) water pollution, 12)

openspace preservation, 13) good planning and 14) efficient pricing.

Indicators are quantitative tools / variables, used to evaluate the different transport policies. They
are used to show whether these policies fulfil the objectives of sustainability and achieve their
goals. However, while the use of a particular set of indicators can enlighten the latent effects
of a policy, proving them positive for sustainable development, another set (or even the same,

computed after different simulation runs) could show it harmful.

The multidimensional differentiation of the policy packages available at the policy maker,
increase the difficulty of proper decision on urban planing. As a result, the selection of suitable

indicators for urban transport policy evaluation becomes very significant.

2.2 Economic indicators

Two widely used sustainability, economic indicators are the Ecological Footprint (EF) and

the Social Welfare. The second overpasses the weaknesses of the first in failing to consider

This measurement is used to rank the alternative policies suggested by policy makers, in order to
select the optimal. The SWF has be developed, analyzed and critisized by a number of concrete

research papers, such as: (Arrow, 1953, Samuelson, 1954, Coleman, 1966).

While the SW refers to the societal preference at an aggregated level, the term ’cardinal social
welfare’ is an individual level measurement, computed by the agent’s utility, which is usually

the income.

Other indicators in the same context are the Gross Domestic Product (GDP) and the monetary
income. Economic indicators of this kind have been criticized and they should be used carefully.
Comparing the amount of the wealth, without considering the way followed to be created
(the level of environmental harm, the inefficiently spent of the wealth etc), could lead to

miscalculations and miscosiderations.
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2.3 Inequality measurements

The term equity’ refers to the fairness of the policy impacts distribution, over the population.
The impacts are indicated by the benefits and costs generated by a policy, and are usually
measured by the change of the population’s wealth. The inequality measurements are equity
indicators that quantify the difference of the fairness within the population. They are employed to
evaluate policy scenarios, simulated by the Integrated Land Use and Transport Models. However,
the literature related with their use in the context of the agent-based LUTI models is limited, if

not absent.

categories: 1) statistical, which measure the distribution of a characteristic in the population;
these are the range, variance, the measure of variation, the log variance, the Gini coefficient and
the Theil’s index; 2) welfare, which are based on the welfare economics and functions; these are
the Kolm and Atkinson messurements; and 3) axiomatic. Ramjerdi used these measurements to

assess the effects of transport policies in Oslo. She concluded that the results can be interpreted

objectives into accessibility maximization function for a road network design model.

The most applied inequality measurement is probably the Gini coefficient, which measures
the statistic dispersion. It takes values between zero, where the characteristic that is measured
(income or wealth) is equal everywhere, and one. A value higher than one may imply the negative
income. The Gini coeflicient is derived from the Lorenz curve, which plots the cumulative share
of income of a population (y axis) over the share of people from lowest to highest income at the
(x axis). The Gini is the ratio of the difference between the line of equality and the Lorenz curve,
over the total area shaped by the line of equality. Moreover, it can be computed by the following

formula:
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where 7 is the number of groups that belong to N and X is the characteristic that is being

measured.

Although Gini is the most popular and widely cited inequality measurement, in this study we
focus on the Theil index. In its general form it is equal with the difference between the maximum
possible entropy of the data, and the observed. It takes values from zero (perfect equality)
to In(x). The Theil index importance, lies in the fact that it can be decomposed in different
subgroups, for instance spatial units. This means that it can be applied separately to each zone

of an area, measuring the inequality at a disegregate level, and then cumulate the resulted values

for people in California, suggesting that this method should be used for fairer allocation of

transportation investments in the area.
The decomposable formulation of the Theil index is:

T:Z)?,,,-Tg+ZYg-ln(%) ()

geG 8<g

where,

_ S (X (K
Tg‘Nj;(i) l”(i) ©

G is the number of groups

X\g is the weighted characteristic of group g over all the G

X is the average value of the measured characteristic to all groups
)_(g is the average value of the measured characteristic of each group

T, is the Theil index of each group
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N are the centers of region g

In this study, we compute the Theil index in three different decompositions respective to three

"track’ level and resulting to the whole California. Our case is different in the fact that for the
preliminary level of decomposition (within the parcel), we compute the inequality between the

individual agents (households) and not groups.

Parcel level (decomposition of each parcel by each agent/household within the parcel):

ai
ak Aparcel j
TParcelj = Z : log( Pnk . ) 4)

Household k of Parcel j Parcel j Nparcel k

Zone level (decomposition of each zone by each parcel within the zone):

aj AZone i aj

T7onei = * Tparcel j (5)

aj
a, -log [ " ] + A
Parcel j of Zone i one i Nzone i Parcel j of Zone i one 1

Limmattal level (decomposition of whole Limmattal by each zone within the area):

Lim a ai a
i ALim ]
TLim = Z A : lOg (n_,) + A : TZonei (6)
=1 <'Lim Neim =1 <'Lim

All the components together:

Lim
Tiim = Z 1 (AL"" )+Z Ac:jm

Z aj log[Az:;,el]Jr Z Aaj [Z ag .log[Ap%eu m

A
Parcel j Zone1 Nzone i Parcel j Zonei Hh k Parcel j Nparcel k

(7)
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2.4 Accessibility

The accessibility indicators are gaining an increasing interest in policy evaluation, because they

measure the ease with which the activities can be reached. The accessibility affects the household

identify four types of components: 1) land-use (e.g. the supply and demand of the opportunities
distributed spatially); 2) transportation (e.g. travel time); 3) temporal (e.g. availability of the
opportunities in day); 4) individual (e.g. personal characteristics). Moreover, they identify four
basic perspectives on measuring the accessibility: 1) infrastructure-based; 2) location-based; 3)
person-based; 4) utility-based. According to the same research, accessibility is being used as a
way of measuring the operationalization, the interpretability and communicability, as a social or

economic indicator.

In its simplest form, the accessibility is measured by the ease that each land-use unit can be

accessed by each transport mode.

1
Al‘ = 8
Z flcij) ®

Where A; is the accessibility at location i, ¢;; is the cost of travel from location 1 to location j.

The most applied accessibility measurement is the gravity model. In this form, accessibility
is measured by considering the number of opportunities that are available to travelers, by the

equation:

W;
Al' = ! 9
]ZE; f(cij, B) ©)

Where W; is the number of opportunities at the location j, and 3 is the coefficient of the cost.

Moreover, there is another way to measure the accessibility based on the utility. Currently
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suggested the logsum, which uses the denominator of the multi-nomial logic model in order

to measure the accessibility of the complete choice set. The second, is based on the doubly

accessibility is the engine behind the economic growth of an area after the implementation

of a policy, because it leads to increase of the employment and productivity. More recently,

rule-of-the-half and the consumer surplus, which is computed by the difference between the

logsums of different scenarios. The benefits of using the rule of the half as a policy evaluation

variation by resampling, the logsum and the rule-of-a-half, and found that the results are biased

when compared with the correct values, resulted by a simulation of disaggregate compensating

variation.

estimated accurately even after 1 million simulations. They also suggest that the confidence
intervals of the welfare measures should be computed, since they are necessary for policy

analysis.

The compensating variation is computed by the formula:

Vn j

+C (10)

J
CV, = (1/,un)ln[ e
j=1

J

Where u, is equal to dU,;/dY,, Y, is the income of person n and U, is the overall utility, and C

is the constant that represents the unknown factors.
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The difference of the logsums between a policy (J=1) and the base case (where J=0):

J! JO
ACS, = (1/u,) |In [Z eV,i,-] —In [Z ev'?f)] (1)

J=1 J=1

J
An(Y Wy - exp(=Bscate - €i))) (12)

ﬁS cale =1

where, A; 1s the workplace accessibility at location i, i € [ the origins, j € J the destinations,
Bscaie 18 a scale factor related to the scale of a logic model, W; is a weight giving the number
of jobs at location j, exp(—fscq - €ij) 15 a deterrence function, ¢;; is the generalized travel cost

from location i to location j.

The generalized travel cost ¢;; is:

cij = (a-ttime) + (B - ttime?) + (y - In(ttime)) + (0 - tdistance) + (€ - tdistance®)+

(¢ - In(tdistance)) + (n - tcost) + (8 - tcost®) + (¢ - In(tcost)) (13)

where ttime is the travel time in minutes, tdistance is the distance in meters, fcost is the monetary

travel cost, a to ¢ are the marginal utilities

In this study, the default values of MATSim were used: Bs... = 1 and @« = —12. The other

values were set to zero.

Home and work locations are distributed within a given radius from the centroid of each zone,
in order to avoid that all the household and workplace locations are attached at the same link of
the road network. Because of the uneven sizes of zones in our case, a radius of 500 meters was

selected, representative of an average situation.
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Figure 1: Limmattal area

‘o Dietikon ..

sDietikon

3 Methodology

3.1 Case Study Setup

The Municipality of Limmattal comprises from 15 communities, including a part of the city
of Zurich. It takes its name from the river 'Limmat’ which extends from Zurich city center
to Baden, in a valley called ’Plateau’ or ’Mittelland’ in Switzerland. The transit planing of
Limmattal is nationally significant, as it serves the gateway to Zurich. Moreover, it offers a
relief function for the agglomeration of Zurich, as it is a popular leisure destination. From an
urban development perspective, Limmattal is characterized by high migration rates, not only in

the ethnic-cultural mix, but also in the in -and out-commuters. The base year data used in this

10
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3.2 Definition of the Scenarios

For the purpose of this research, we examined two scenarios of development for the region, with
time horizon the year 2030: A base-case, where the current trends are going on, and a ’Charming
Valley’ scenario, where the region is characterized by a robust and cross-linked system of green
spaces. The Charming Valley scenario assumes that the development of massive high blocks of
buildings leads to settlement densification. The flexible open spaces and urban squares allow
for temporary uses. The river Limmat is been highlighted and becomes an attraction, while
the waterfront area becomes more recreational, and is integrated into a walk and bike network,
as well as parks and squares. The main differences comparing with the base-case scenario, is
the construction of the light train ’Limmattalbahn’ in 2019, which runs underground through
the region, and the higher rate of immigration in the area. The private transport is expected to
decline, due to higher densification at infrastructure intersections and optimized provision of
cross-linked walkways. The reduction of private transport and the set of energy standards on
buildings implies high energy efficiency. This scenario assumes that the increase of housing
settlement facilitates people of all the social classes to live and work locally. Limmattal becomes

very attractive to businesses and employees, because of the increase of the accessibility. The

3.3 Results

The pre-step of the three dimensional analysis (space, time and agents), was to simulate the
current situation in the next 30 years, using the Integrated Land-Use and Transport model
UrbanSim. In order to generate the distribution of the spatial indicators in time, we run more
than 10 simulations for each of the scenarios (base-case and Charming Valley), using different

seeds.

The inequality in the parcels with only one household is zero, and for that reason they were

the base-year (2000) and in 2030. The variance is increasing in time, reaching values up to 1%,
which is normal, because of the cumulative yearly changes of the distribution. We observed that

the resulted distribution of parcels’ Theil index can be approximated by a gamma distribution

scenario decrease in time. However, the shape parameter decreases with lower rate between
2009 and 2015, something that needs to be investigated further. On the other hand, those of

11
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the Charming Valley scenario seem to be stabilizing after the year 2020, which is the year of
implementation for the new metro line. Since a demographic model is still absent from the
current LUTI model for Limmattal, a repetition of the analysis when it will be available, will

shed more light on the effect of the new metro line on the inequality.

public transport accessibilities of the whole area per year. The accessibilities increase linearly
in time. What is interesting in the accessibility analysis, is the sudden increase of the public
transport accessibility after the year of implementing the new metro line, which is caused by the

decrease of the public transport travel time, because of the new line.

As before, we observed that the distribution of the car accessibilities can be approximated

by beta, in this case, which we fitted. The computed parameters (shapel and shape2) are

about the trust that one should have to the results of long-term simulated scenarios.

12
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Figure 2: Spatial distribution of Theil index - Basecase

(b) Distribution of Theil in 2030

(a) Distribution of Theil in 2000
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Figure 3: Spatial distribution of Theil index - Charming Valley

(b) Distribution of Theil in 2030

(a) Distribution of Theil in 2000
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Figure 4: Spatial distribution of accessibilities

(a) Distribution of Car accessibility in 2001
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Figure 5: Spatial distribution of accessibilities

(a) Distribution of Car accessibility in 2030
Black points: Basecase scenario
Blue points: Charming Valley scenario
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Figure 6: Parameters of beta distribution for Car Accessibilities

(b) Shape 1 in time - Charming Valley

(a) Shape 1 in time - Basecase
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Figure 7: Parameters of beta distribution for PT Accessibilities

(b) Shape 1 in time - Charming Valley

(a) Shape 1 in time - Basecase
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3.4 Inter-simulation analysis

In the previous paragraph we made a first step by measuring the inter-simulation variance of
the indicators. Here we are attempting to measure the variance of the indicators between the
base-case and the Charming Valley scenarios, comparing their spatial distributions. Since the
indicators follow non-normal distributions, we employed non-parametric tests for their compari-
son. These tests, which examine whether the samples originate from the same distribution, are
the:

8 ni(7 —7)?
K=(N-1) gz"ln,( ) -
izlzj’:l(rij_r)

where n; is the number of observations per group i, r;; is the rank of j from group i, N is

n;

. _ XL _ .
the total number of observations, 7; = n;’l and 7; = 1/2(N + 1) is the average

A*=-n-S (15)

where A is the test statistic, S = 1_, Z=[In(F(Y})) + In(1 — F(Y,,1-1))], where F is the cumu-

n

lative distribution.

_ -1 B G =2
(k - 1) Zf:l Z?LI(ZU - Z_t)2

where z; = > z;;/n; and . = X X zij/ X,

where n1 is the sample size for samplel, R; is the sum of the ranks in sample 1.
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assumes that is the null hypothesis is true then the W (the test statistic, number of pairs for
vi —x; > 0y where y and x the observation for each population respectively) follows a binomial

distribution.

We applied these tests assuming different Euclidean distances (<100, 250, 500 meters and
the whole area) from the new metro stations, which is planned to be constructed in 2020. The
results indicate that the null hypothesis that the distributions of the Theil index and car acces-
sibility are same is not rejected, in all tests and for every distance from the stations. On the
other hand, the null hypothesis that the public transport accessibility distributions are similar, is
rejected. The Mann-Whitney test measured the distance between the means of the distributions
from 0.30, for the purples up to 100 meters form the stations, to 0.13 when the parcels of the

whole area are considered.
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4 Conclusions

The evaluation of transport and land use policies is based on various sustainability (e.g. Carbon
Footprint), econometric (e.g. Social Welfare Function), inequality (e.g. Theil, Gini) and
accessibility (e.g. Gravity model, logsum) indicators, which are computed at an aggregate spatial
level (usually city of country). Moreover, the evaluation is based on the results of an individual
simulation run, without utilizing the full potential of microsimulation. In this paper, we exploit
the strengths of microsimulation in three dimensions, space, time and agents, and analyze the
variances of policy evaluation indicators within them. For the purpose of this research, we use
the Integrated Land-Use and Transport Model UrbanSim with the agent-based traffic simulation

model MATSim in Limmattal area, in Switzerland.

The analysis is performed in three steps. First of all, we simulate the area in the future via two
scenarios: a base-case, where the current trends are going on, and a ’Charming Valley’ scenario,
which assumes the implementation of a new metro line in the year 2020. The second step is
the inter-simulation analysis of variance using 10 runs starting from different seeds. The results
show that the variance increases in time, but this is normal because of the accumulated variance
per year of simulation. We observed that the distribution of the Theil index in space can be
approximated by a gamma distribution, and the car and public transport accessibility by beta.
Moreover, we measured the impact of a new metro line on the public transport accessibility.
The third and last step of the three dimensional analysis, is the comparison of the indicators’
distribution between the scenarios, for the year 2030 (last year of the simulation). Since the
distributions are non-normal, we applied non-parametric test, the: Kruskal Wallis, Anderson-
Darling, Levene’s, Mann-Whitney and Sign-test assuming different distances from the new
metro stations. These tests examine the null hypothesis that the observations from the two
samples (scenarios) belong to the same population (their variance is 0). The results show that
the null hypothesis is not rejected when examining the Theil index and the car-accessibility
distributions, but is rejected for the public transport accessibility. The difference between the
means of the public transport accessibility distributions is 0.30, when assuming distance less or
equal to 100 meters from the stations, and goes up to 0.13, when we examine the whole area. In

the future we plan to extend this analysis to more indicators and scenarios.
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