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Abstract

Models are the basic tool of analysis for planners working in the fields of transportation and land
use forecasting. Integrated land use and transportation interaction models enable policy makers
to foresee and evaluate the effects of transport and urban plans hence enabling the solution of
common planning problems. In seeking to model travel demand and predict the effect of
transportation system changes on the transportation network, transport planners have relied on
the Four Step Model (FSM). However, weaknesses have been identified in the FSM mainly
because it does not really capture the interaction between land use and transport. Another
concern is that the sequential approach of the FSM creates a situation where no feedback is
provided from one step to the other leading to inaccurate outputs. This research focused on
evaluating the (FSM) in order to assess the factors that influence its accuracy. The City of
Istanbul in Turkey is used as the case study. The methodology involves comparing the FSM
daily traffic against the actual observed daily traffic derived from RTMS records. A total of six
FSM runs are then undertaken using different inputs. The results from these six model runs are
assessed for accuracy by using the %RMSE statistic. F-test and omega squared (¢°) are used to
measure the effect size of using each different input. Results show that the population and
employment forecasts are overestimated while those for students are underestimated. The
planned road network significantly differs from the actual road network. The %RMSE accuracy
assessment results for the FSM under different inputs is as follows; projected data (204.43%);
actual data (195.02%); disaggregated TAZs (181.81%); actual highway (138.78%); new
parameters (100.92%); and feedback (170.75%). In terms of effect size, the use of new
parameters has the most significant effect (¢?=.549) followed by application of a feedback
mechanism (%?=.501). The land use and socio economic projections account for the greatest
inaccuracy in the FSM while the use of new parameters and feedback improves the accuracy of
the FSM significantly. The study recommends improving the quality of input data, application of
feedback and estimation of the trip generation parameters at different time steps in the
forecasting horizon based on anticipated changes in travel behavior.
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1 Introduction

Urban land use and transportation are known to interact and influence each other. However, it is
common practice for urban planners to prepare plans without regard for transportation, while
transportation planners design and implement transportation strategies without consideration of
urban plans for land use (Henscher et al., 2004). As a result, the interventions from these separate
plans and strategies are often sub optimal or conflicting. For example, the findings from a study
by Lefevre (2009) on integrated land use and transport planning indicate that the savings
obtained from the integration of transport and land use policies are much more important than
the savings obtained from a transport investment alone. It was observed that energy consumption
and emissions of green house gases would only increase by 9% if the land use and transport
policies were integrated, whereas they would increase by between 50-70% if integration was not
implemented. Furthermore, the chances of conflicting land use and transport plans and projects
are significantly reduced where shared land use-transport (LUT) visions and concepts are in
place (Te Brommelstroet and Bertolini, 2008).

One of the key barriers to integration of land-use and transportation planning is the lack of a
“common language” in the form of tools, instruments and indicators that can support planners
from both domains in developing integrated land-use and transportation strategies (Te
Brommelstroet and Bertolini, 2008). Despite this barrier, there have been efforts by urban
researchers to formalize the relationship between land use and transport using mathematical,
statistical and logical models capable of predicting changes to transportation and land use
systems as the result of policy measures in both fields (lacono et al., 2008). The traditional Four
Step Transport Model (FSM) is an example of such models developed through research and
practice (Hensher and Button, 2000).

However, the FSM has been identified as weak point in achieving a “common language” in the
respective domains because it does not explicitly consider land use effects. It instead depends
upon land use methods and models to make demographic and socio-economic projections which
are treated exogenously. Land use data with base year figures for population, employment,
facilities and location choices are used in the model to estimate the total number of trips
originating from and attracted to a zone of the study area (trip generation). The problem arises
because these data are used as exogenous input and are not changed during the modelling
process. Another concern is that the sequential approach of the FSM creates a situation where no
feedback is provided from one step to another. This means that results of the final step
(assignment) of the FSM do not have an influence on the previous steps (trip generation,
distribution and modal split). This leads to inconsistency between the inputs and the outputs of
the model and hence inaccuracy in representation of reality. It is noted therefore that the FSM in
its traditional form does not really capture the interaction between land use and transport (Bates,
2000; McNally, 2000; Tillema, 2004).

This paper evaluates the application of the traditional FSM and assesses factors that influence its
accuracy in forecasting travel demand using the case of Istanbul, Turkey. The purpose is to
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demonstrate the weakness of the FSM and make suggestions for its improvement based on
evidence and emerging technology. The importance lies in highlighting the factors that need to
be considered when using the FSM and how improved results can be obtained in land use and
transportation modelling.

1.1 Models in Transport Planning

The fundamentals of transport modelling can be traced back to the Detroit and Chicago
transportation studies in USA in the 1950s (Bates, 2000). The last 40 years has seen the
development and application of a large number of statistical and mathematical procedures
directed towards improving the understanding of the behaviour of agents who make decisions
that impact the transport system (Hensher and Button, 2000). Bates (2000), notes that transport
models have evolved from many disciplines, most notably: economics, psychology, geography,
sociology, and statistics. He notes that the initial focus was on estimating peak demand for
transport services and predicting what provision should be made for this peak. The FSM was
originally designed for the analysis of urban highway investment although substantial
improvements have now made it usable in the public transport field (1bid).

In practice, travel demand forecasting models are used to help in planning transport
infrastructure and in anticipating exogenous changes in travel demand patterns (Fox et.al., 2003).
Within the transportation domain, modelling focuses on the ways in which one can simplify and
abstract important relationships underlying the provision and use of transport, focusing mostly
on the behaviour of individuals (Hensher and Button, 2000). The models have been applied in
establishing the determinants of transportation demand and supply. The focus of the supply
relationship in transport has been on the non-monetary items and on time in particular because
many of the issues of demand with which transport analysts are concerned with affect
performance of the transport system. Supply functions in these models have reflected the
response of the transport system to given level of demand (Bates, 2000). Congestion is an
important indicator that the models also try to capture. Ortiizar and Willumsen (2001) note that
congestion is one of the most important features of transport supply which arises when demand
levels approach the capacity supplied by a facility.

1.2 The Four Step Transport Model

In seeking to model travel demand and predict the effect of transportation system changes on the
transportation network, transport planners continue to rely on the FSM (Hensher and Button,
2000). This model sequentially comprises four sub-steps namely: trip generation; trip
distribution; mode choice; and traffic assignment. The model predicts future travel demand and
its implications on the transportation system. Through a sequence of computations, the model is
able to predict the future volume of traffic on each transport network link, it also provides other
indicators such as total number of trips, vehicle speeds, travel times and congestion per link
among others (Hensher and Button, 2000; Bates, 2000; McNally, 2000). Transportation planners
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use these indicators to evaluate the impact of proposed policies, plans or projects on the transport
system performance. On this basis, the FSM is seen as an important planning and decision
support system.
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Figure 1-2: The Four Step Transport Model (FSM)

The initial step of the FSM, trip generation, makes use of land use and socioeconomic data such
as population, household size, and household income to determine the number of trips produced
by and attracted to analysis zones. The second step referred to as trip distribution determines the
spatial distributions of trips that are generated from the first step. The third step, modal split,
shares the trips into different modes of transport such as private car, bus, train and walking. The
fourth and final step, traffic assignment, allocates the trips in different modes to the
transportation network (Levinson and Kumar, 1994; Tillema, 2004).

1.3 Weaknesses in the FSM

While the FSM is seen as an important planning and decision support system for travel demand
modelling and transport planning, concerns about its accuracy have been raised by various
scholars (Bates, 2000; McNally, 2000; Tillema, 2004). For instance in the trip generation step,
interdependency in trip making is not considered yet decisions of one household member are
dependent on others. Another concern is that there are limited trip purposes used in the trip
generation model and combinations of trips are ignored. Furthermore, there are feedback as well
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as cause and effect problems relating to how the FSM calculates trips as a function of factors that
in turn could depend on how many trips there are (Beimborn, 1995). Errors emanating from this
step are propagated through to the other stages of the FSM and contribute to its overall
inaccuracy.

The main methodological concerns of the trip distribution step of the FSM according to
Beimborn (1995) include the use of constant trip times; the use of automobile travel times to
represent ‘distance’; the limited effect of social-economic-cultural factors and the lack of
feedback due to the sequential nature of the FSM . Bates (2000) adds that the deterrence function
used at this step of the FSM poses a problem because it attempts to explain a large amount of
variation using a very small number of parameters, which means that the matrix produced, is not
sufficiently realistic to carry forward to the remaining stages of the model. He proposes the
formulation of the trip distribution problem in terms of destination choice, use of additional
parameters, use of observed matrices or the introduction of a number of constants as solutions to
the problem. He also adds that the distribution model is a major weakness in the FSM.

Within the modal choice model, weaknesses arise out of the fact that choice is only affected by
time and cost characteristics. More so, other factors such as crime, safety and security are
omitted. Personal factors affecting modal choice are not generally taken into account and there is
usually no treatment of walk or cycle modes. Another concern is that access times are simplified,
and the model applies constant weights where the importance of time, cost and convenience is
assumed to remain constant for a given trip purpose, Yyet in reality this may not necessarily be
the case (Beimborn, 1995).

In the assignment stage, the methods generally focus on link travel times ignoring or placing less
emphasis on intersection delays. Capacities are often over simplified neglecting to allow for such
things as heavy vehicle movements or highway geometry. Intra-zonal travel is ignored and the
zone-network system is a simplification of reality where some links may not be included in the
network. Times of day variations are not modelled while the models are unable to represent how
travellers often cope with congestion by changing the time they make their trips. Emphasis is on
peak hour travel meaning the duration of congestion beyond the peak hour is not determined.
Finally variations in travel by time of year or day of the week are usually not considered
(Beimborn, 1995). These weaknesses together with the errors from the previous steps are
compounded to contribute to the overall inaccuracy of the FSM outputs.

2 Empirical Studies Evaluating the Accuracy of the FSM

Various scholars have undertaken empirical studies to assess the accuracy of the FSM. A report
by Zhao et.al., (2005) investigated the performance of the four step model by measuring the
effect of input data on the accuracy of traffic volumes projected for Florida in the USA. Different

Page 5 of 14



THE 2014 SYMPOSIUM OF THE FRENCH SCIENTIFIC NETWORK

“TOWARD INTEGRATED MODELLING OF URBAN SYSTEMS”
input data, namely, updated zonal data; the actual highway network and two digit coding system
were used to run the model. The modelled traffic volumes were compared with the field
collected traffic volumes using the percent Root Mean Square Error statistic (%YRMSE). The
study found that the zonal data had been underestimated and that the use of updated zonal data
improved the accuracy of the model. It was also found that not all the committed highway
improvement projects had been undertaken, noting that the use of an updated traffic network had
a more significant effect on model accuracy. The use of the two-digit coding system improved
model performance and was identified to be the key factor in achieving model accuracy. The
study found that the three factors, zonal data, the traffic network and the two-digit zoning
system, were not independent meaning that the presence of one factor enhanced the effect of the
other.

A similar study by Parthasarathi and Levinson (2008) tested for the presence of inaccuracy in
roadway traffic forecasts and identified the reasons for this. The analysis involved looking at the
input assumptions (roadway network, socio-economic forecasts and trip rates) that went into
creating the forecasts. The study found that errors in the socio-economic inputs that feed into the
model, the inability to incorporate shifts in trip generation/travel behaviour and differences
between the assumed highway network and the actual in-place network were reasons for forecast
inaccuracy. It was also found that the inability of the travel demand models to incorporate
fundamental shifts in travel behaviour such as changes in trip length, trips per capita, trips per
household, auto occupancy and persons per household could be an important reason for
inaccuracy in traffic forecasts. Other factors seen to affect model accuracy included the number
of years between the report year and forecast year, the highway type, highway functional
classification and roadway direction. The researchers also note that the long-term nature of the
forecasting process makes it difficult to anticipate changes and control for errors.

The stability of transport demand model outputs was investigated by Zhao and Kockelman
(2002) by quantifying the variability in model inputs. They used inputs such as zonal
socioeconomic data and trip generation rates and simulated the propagation of their variation
through demand models based on a 25-zone network. Their study found that uncertainty
compounds itself over a series of models. Errors in prediction from the earlier stages of the multi
stage models such as trip generation were found to amplify across later stages. The simulation
results from the study suggest that the trip assignment equilibrium technique may reduce the
overall uncertainty. The study also involved a sensitivity analysis to identify which model inputs
are key contributors to uncertainty in model output. It was found that the parameter that had the
strongest correlation with link flows is the trip generation rate. The overall outputs were seen to
be sensitive to the demographic inputs which in this study were the number of households and
employments. The study also made use of regression analysis to identify the most important
contributors to overall uncertainty. From this it was found that the major contributors to variation
in flow estimates are the parameters from trip generation step and total employment input levels
per Traffic Analysis Zone (TAZ).
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According to Niles and Nelson (2001) major differences can be observed when actual model
outcomes are compared with past forecasts. In their paper titled ‘Identifying uncertainties in
forecasts of travel demand’, they review different transport forecast studies and conclude that
there are many forces at work shaping the urban system and increasing its complexity and the
uncertainty of travel forecasts. They found that the aggregate uncertainty attributed to the
planning horizon of 20 or more years may lead to highly problematic estimates of travel demand
and that it is important to build an accounting of uncertainty and risk needs into the planning
process. The paper identified the following sources of uncertainty in travel demand modelling:
uncertainty in model design and structure; transportation network uncertainty; demographic and
behavioural uncertainty and uncertainty resulting from social-political bias.

Krishnamurthy and Kockelman (2003) investigated the propagation of uncertainty in outputs of a
standard integrated model of transportation and land use. Model predictions of residence and
work locations were used as inputs to a travel demand model and the resulting travel times were
fed forward into the future period’s land use models. Monte Carlo sampling of 200 scenarios
were used to accommodate covariance in inputs. The study analysed the variances in land use
and travel predictions over time and as a function of input values. The results found that output
variations were most sensitive to the exponent of the link performance function, the split of trips
between peak and off-peak, and several trip generation and attraction rates. The study also found
that central point estimates of key model outputs were likely to fall 38% to 50% below or above
the mean value. It was concluded that such substantial variation was due solely to standard
model parameter and input uncertainties, it was also noted that uncertainty about the future and
human behaviour also exists and will add further variation.

Wegmann and Everett (2008) in their report titled “Minimum Travel Demand Model Calibration
and Validation Guidelines for State of Tennessee”, mention that calibration and validation of
travel demand models is essential to accurately model current and future travel for metropolitan
areas. They add that there are a number of evaluations and reasonableness checks that can be
performed to enhance the travel demand model’s forecasting ability and that these should be
performed after each step of the four-step modelling process. They recommend that evaluation
and reasonableness checks should be applied during the process of calibrating each individual
step of the FSM and this should be followed by overall model validation.

In summary, literature reveals that there are four main factors that account for most of the
inaccuracy of the FSM outputs. The first fast factor is prediction or forecast errors of the land use
and socio economic variables used as inputs to the preliminary stages of the FSM; the second is
the difference between the planned road networks and the actual road network; third is errors in
estimating the parameters and rates used in the different steps of the FSM; and the fourth is the
model design/set up and techniques used for running the model.
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3 METHODOLOGY

A case study methodology was employed where the City of Istanbul in Turkey was used.
Istanbul city was chosen because of its dynamic nature in land use and transportation. The city
has witnessed growth driven largely by socio economic, political, physical and environmental
factors. There have been transportation master plan studies conducted in 1985, 1987, 1997 and
the most recent being the 2007-2023 transport master plan. This provided the research with
ample historical and current data to meet the objectives. The forecast period for this research
was between 1996 and 2006.

A comparison between the actual and forecast land-use and socio economic data in the TAZs
was undertaken to determine the differences that could explain FSM accuracy. A similar
approach is used in the work by Wegmann and Everett (2008) and Zhao et.al., (2005). The
actual data was based on the TAZs for the 2007-2023 Istanbul Transport Master Plan study
conducted by Istanbul Metropolitan Municipality (IMM) and Japanese International Cooperation
Agency (JICA), in which surveys were carried out within Istanbul to establish base line
information for the study (JICA and IMM, 2007). The forecast data was based on TAZs used in
the 1997-2010 Istanbul Transport Master Plan. The TAZ data from the 1997-2010 Transport
Master Plan was forecast to 2006 to allow for comparison with actual data. The statistical
comparison entailed computing the absolute error (AE), percentage error (PE), mean absolute
error (MAE), mean percentage error (MPE), root mean square error (RMSE) and percent root
mean square error (%RMSE) between forecast and actual data.

In comparing the 1996 and 2006 highway networks, data analysis involved comparing the
planned highway networks based on the 1997-2010 Istanbul Transport Master Plan with the
transport network for the year 2006. The rationale was to determine whether the transport
networks were developed as planned and to establish the effects on accuracy of applying planned
and actual networks. A similar approach is used in the work by Zhao et.al., (2005). Using
ArcGIS 9.3 software, both highway road networks were compared in terms of the total lengths
and total number of links by summarising the attribute data. A visual inspection of the highway
networks was also undertaken to establish differences. Finally road density maps for both
highway networks were prepared in ArcGIS in order to make comparisons.

The analysis also involved the simulation of factors that affect the accuracy of the FSM. The
factors simulated in different model set ups were: land use and socio economic data; highway
network; model parameters; disaggregation of TAZs; and use of feedback mechanisms to capture
the effect of congestion. The FSM was executed using a combination of Flow Map 7.3
(Professional version), ArcGIS 9.3, OmniTRANS version 5.1, SPSS and MS Excel. A total of
six simulations were executed based on variation of input variables perceived to have an effect
on accuracy. The traffic and the volumes from the six simulations were then analysed to establish
the variation from actual traffic volumes to establish accuracy using %RMSE.
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Actual traffic data was obtained from the Istanbul Traffic Control Center (TCC) database. The
TCC data is collected using a network of Remote Traffic Microwave Sensors located along the
major roads in Istanbul. The RTMS data containing actual traffic volumes was processed and
converted from Key hole mark-up language (KML) format and visualized using Google earth
and ESRI ArcGIS 9.3. The point data did not have a spatial reference and thus could not be
directly related spatially with the highway network. Hence, a new point feature shapefile was
created in ArcGIS and the X and Y coordinate values from the KML file were used to capture
the RTMS points. Attributes of RTMS_ID were added and a visual check done to confirm
position accuracy.

Finally, in order to determine the effect size of the various FSM variables analysed in this
research, one way repeated measures ANOVA was computed in SPSS to determine the F-ratio
and effect size. This statistic compared the size of the variation due to the experimental
manipulations with the size of the variation due to random factors (Field, 2005). The percent
error on the 31 case study links based on FSM traffic assignment results under actual data input
were used as the control against which the percent error of the other 5 model runs were
measured. The rationale for this was based on the fact that actual data had been used to set up the
FSM for 5 out of the total 6 model runs in this study

4 RESULTS AND DISCUSSION

The results from various analyses undertaken in this study indicate that the FSM has a %RMSE
of between 100-200% depending on the inputs used. Various inaccuracies of the FSM model
were observed as expounded below.

4.1 Land use and socioeconomic data

The comparison between the projected and the actual land use and socio economic variables for
the year 2006 indicates that population and employment were overestimated while the student
projections were under estimated. The percent error for employment is the greatest with a value
of 20 % while that of students was -14% and population 6%. The averages for the TAZs give a
%RMSE for population as 134%; for Employment at 135% and for students at 125%. The
outcome of the error assessment suggests high inaccuracy between the forecast and actual figures
for population, employment and students.

One of the reasons explaining the error between forecast and actual values could be the fact that

the land use development did not take place as planned between 1995 and 2005. It should also be
noted that errors in land use and socio- economic projections are unavoidable (Hanson and
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Giuliano, 2004). These results tally with the findings in the work by Zhao et.al., (2005) and
Parthasarathi and Levinson (2008).

Results indicate that when using projected data for inputs, the FSM overestimates the Average
Daily Traffic (ADT) by 68.43% PE with a %RMSE of 204.43% indicating high level of
inaccuracy. However, when actual data is used, the FSM overestimates the ADT by 68.45% PE
with a %RMSE of 195.02% which still indicates a high level of inaccuracy. For the projected
data, inaccuracy could be explained by projection errors as observed. The results from this
analysis also indicate that the FSM underestimates the ADT even when actual data for 2006 is
used in the model. This could mean that the actual land use and socio economic data used was
not accurate or that there are other factors explaining the model inaccuracy, such as, the
highway network, the model parameters, the model set up and errors arising from approach used
in this study in associating RTMS data to the case study links. Studies by Zhao and Kockelman,
(2002), Horowitz and Emslie, (1978), Parthasarathi and Levinson, (2008), Bonsall et al., (1977)
mention these factors. The FSM performed slightly better when run using actual data than when
using projected data which means that emphasis should be placed on achieving accurate
forecasts. These results differ from the observation made in the work by Zhao et.al., (2005)
because the application of actual data did not improve the %RMSE by a large magnitude.

4.2 Planned versus actual highway network

The planned highway network in 1996 was compared with the 2006 highway network in order to
establish whether the network was developed as planned. The results indicate that there is a
difference between the planned and the actual highway network. The main reason explaining this
is the manner in which the networks were modelled and prepared for use in the FSM. The
planned highway network is greatly simplified and the geometry does not reflect the network on
the ground. Key informants in this study revealed that simplification and generalisation of the
network was done in order to make it easier to implement with the software used to run the FSM.
The actual network for 2006 was modelled differently and resembles the real network on the
ground; a visual inspection with Google earth images showed a good match. The abstract nature
of the planned highway network could account largely for the differences witnessed.

Model simulation results indicate that the FSM overestimates the ADT by 49.63% PE when
using the highway network for year 2006 with a %RMSE of 138.78%, this indicates a high level
of inaccuracy. Model results from this analysis suggest that the FSM reports high inaccuracy
when using the actual high way network, but the results are better than when using the planned
highway network which records a %RMSE of 195.02%., all other variables held constant,
marking a difference of 56.245. This highlights the importance of the highway network used in
the FSM, and its magnitude of effect on accuracy. The error reported in this analysis could
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largely be explained by the fact that the networks were prepared differently and also by the fact
the perhaps the planned network consisting of committed and proposed projects was not
developed as planned between 1997 and 2010. A similar observation can be found in the work
by Giuliano (1984), Zhao et.al., (2005) and Parthasarathi and Levinson (2008).

4.3 Model Parameters

The general observation was that the FSM underestimates the ADT by -38.40% PE using model
parameters for year 2006. The RMSE was 55,757 and the %RMSE was 100.92%. The results
indicate that the parameters used have a positive effect on the FSM accuracy when compared to
results from the other simulations. This analysis made use of trip generation parameters for the
year 2006 and implemented regression analysis. It is observed that the trip rate changed between
1996 (1.54) and 2006 (1.74) and this could be a major factor affecting the accuracy of the model,
the error could have arisen because it is difficult to predict the trip rate accurately as this depends
on the socio economic and land use situation at the specific point in time. A similar observation
can be found in the work by Niles and Nelson (2001), Krishnamurthy and Kockelman (2003).

4.4 Disaggregated TAZs

The TAZs were disaggregated from 250 to 451 and results indicate that the FSM overestimates
the ADT by 92.16% PE using model parameters for year 2006. The RMSE was 100,451 and the
%RMSE was 181.81%. The % RMSE when using 250 TAZs was 138.78% marking a difference
of 43.03% due to disaggregation. While it was expected that disaggregation would lead to better
accuracy of the FSM, the results indicate that it lead to less accuracy. This outcome could be
explained by the number (31) of RTMSs used, it is suggested that further analysis based on more
RTMS data points that cover the entire highway network could provide better results that explain
the effect of disaggregated TAZs.

4.5 Feedback Analysis

The results of implementing a feedback mechanism between traffic assignment and trip
distribution indicate that the FSM overestimates the ADT by 53.18% PE. The RMSE was 94,340
and the %RMSE was 170.75%. When compared with the results from the previous model runs, it
is observed that the use of a feedback mechanism between the assignment step and the trip
distribution step by means of applying the (Bureau of Public Roads) BPR congestion function on
travel time improves the performance of the model. The %RMSE for the FSM with feedback
was 170.75% while that for a similar model set up without feedback was 195.02% indicating an
improvement of 24.27%. These results can be interpreted to mean that the use a feedback
mechanism in the trip distribution step of the FSM is more logical and represents reality better.
This is because in the traditional form of the model, trip distribution relies on free flow travel

Page 11 of 14



THE 2014 SYMPOSIUM OF THE FRENCH SCIENTIFIC NETWORK
“TOWARD INTEGRATED MODELLING OF URBAN SYSTEMS”
time which fails to capture the realistic traffic situation on the ground, in which travel time on
links is affected by the volume of traffic in relation to the capacity of the links. The estimates of
actual travel time are not available until after completion of traffic assignment hence the need for
iterations as noted in Deakin et al(1993).

4.6 Effect Size of Manipulating FSM Using Different Inputs

The F-ratio was used to determine the effect size of using different FSM inputs. The results
show that using new parameters and applying feedback to the FSM has the greatest effect on
model performance, the within-subject contrasts revealed an F-ratio of 12.962 and 10.073
respectively with p<.05 indicating that there was significant difference between FSM results
when these variables were used, they also give large effects of .549 and .501 respectively.
Manipulation of the FSM by using disaggregated TAZs, actual highway network and projected
data also leads to differences in the model results but these differences are not significant with
values of p>.05 and effect sizes of .142, .062 and .142 respectively. These results differ with the
observations made in the work by Zhao.et.al., (2005) where the effect of using the actual
highway network was the most significant but are similar to the observations by Zhao and
Kockelman (2002) where the trip generation parameters were seen to have the most significant
effect.

5 CONCLUSION

The focus of this paper was integrated land use and transport modelling, with emphasis on
investigating the sources of error in travel demand forecasting models. The paper undertook an
evaluation of accuracy in the FSM.  According to literature it was shown that there were
different inputs and modelling techniques used in the FSM that acted as factors affecting the
accuracy of model outputs. Conceptually these factors can be categorised into three groups
namely: basic physical, land use and socio economic factors (such as road networks, population,
employment and students); behavioural factors (model parameters for trip rates); and model
structure factors (feedback mechanism).

It can be concluded that the land use and socio economic projections were inaccurate because
they did not match with the actual data. They account for the greatest source of inaccuracy
within the FSM when measured in terms of %RMSE because when other inputs are used in the
model, the %RMSE improves significantly. Despite the inaccuracy reported by the FSM, it is
still applicable for use because based on the F-test; the results obtained were on account of model
manipulation above and beyond the effect of extraneous factors. The behavioural factors were
seen to be the most important factors to be considered in the FSM followed by the model
structure and finally the physical, land use and socio economic factors. There were a number of
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limitations observed in this research which should be considered when interpreting the findings
and appreciating the conclusions.

It is recommended that estimation of the trip generation parameters in the FSM should be
improved by making the process dynamic in order to capture the anticipated changes in trip
making behaviour over the planning horizon. The FSM structure should include components of
feedback between the different steps of the model where the congestion effect is applied on
travel time and speed. A dynamic model of land use should be developed to compute the
changing land use variables over the planning horizon with the outputs from this model being
applied in the FSM in an iterative process. With the advancement in Information and
Communication Technology (ICT) and road based traffic sensors such as RTMS, new data
sources are emerging that could revolutionise the modelling approaches. Application of the FSM
could be improved or augmented by use of historical and real time data from the monitored links
to plan for land use and transport system interventions.
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