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Abstract
Average trip length estimation for intra-zonal trip is one of ongoing challenges in spatial modelling. The intra-zonal flows are usually
ignored in model calibration, but eliminating these flows can bias model estimates of the parameters obtained during calibration. The
existing methods for estimating the average trip length of intra-zonal flows are mostly based on various assumptions related to zone shape
and population distribution. The assumption-based models are then applicable only in certain circumstances and they might be highly
approximate. In this paper, we suggest a method for estimating the average trip lengths of intra-zonal flows by scattering the origins and
destinations of the flows within their zones. The distribution of the origins and destinations of the flows can be done randomly or based
on an available spatial density distribution. The average trip length is then calculated for all possible trip configurations. The suggested
randomly and density based scattering models are not based on any assumptions and can also provide a solution for the problems with
centroid-to-centroid flows in spatial models. The scattered-based models and some existing assumption-based models are applied on a
Swiss journey-to-work dataset and the results of the models compared. The comparison of the models reveals that the density-based
scattering models have a better model fit and less error.
Keywords: Spatial interaction, intra-zonal distance, average trip length

1

Introduction

Spatial interaction is one of the fundamental types of spatial analysis and usually involves estimating the flows between a set of
origin and destination regions in geographic space (see [9, 7, 4]).
Spatial interaction models are able to estimate a wide variety of
flows such as migration, shopping, commuting, airline passenger
traffic and even attendance at conferences, cultural exhibitions
and sport events [9]. In each case, the objects making the flows,
i.e. people, vehicles, goods or information, can freely start their
journey from any location within the origin zone and terminate
at any arbitrary location within the destination zone.
A general spatial interaction model can be formulated as:
Ti j = f (αPi , γPj , β di j )

(1)

where Ti j represents the flows between m origins and n destinations. Pi and Pj are origin attractiveness and destination propulsiveness variables, and di j measures the average spatial separation between the origin and destination regions. This is typically
the trip length, generally in terms of distance, time, or some other
cost. α, γ and β are parameters of the model to be estimated
through calibration.

Finding the average trip length between zones is not always
straightforward. Usually this distance is approximated through
the centroid-to-centroid travel cost between the origin and destination zones, which might be a gross simplification. In such a
case, the flows are assumed to have their origins and destinations
at one precise location, within both the origin and destination
zones. Considering only the centroids of the regions as origins
and destinations of the flows might cause poor estimation of the
separation variable in the model especially when the population
is not concentrated around the centroid of the zone. Additionally, the centroid-to-centroid distance model is problematic for
intra-zonal flows, as the spatial separation for these flows would
be zero. However, the average trip length for intra-zonal flows is
of course always positive in reality (see [7], page 9).
Several approaches for estimating intra-zonal distances exist
but estimating the average intra-zonal trip length is still an ongoing challenge in spatial models. A common approach to avoid
the intra-zonal distance problem is to simply exclude the internal flows from the analysis. Sometimes, a different formulation
is used to calculate the intra-zonal trip length or a modification
is applied on the model itself. In many cases, spatial interaction
models are applied to short-distance flows, such as journey-towork flows. In these cases, the intra-zonal flows can make up
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a significant percentage of all flows and omitting the intra-zonal
flows from the model might be not appropriate. For instance, in a
typical urban agglomeration, many people live and work within
the main city itself. If the data are only available at the level
of the main city, considering only inter-zonal flows will nearly
certainly bias the model calibration.
In this paper we suggest a methodology for estimating the average intra-zonal trip length based on scattering origins and destinations of the flows within the zones. The origin and destination of the flows can be scattered based on a random spatial
distribution or by considering a spatial density distribution, such
as population density. Our method has no limitations regarding
the shape of the geometry of origin and destination zones and
does not assume a particular population distribution around an
arbitrary point such as the centroid.
The remainder of this paper is structured as follows. Section 2 reviews existing approaches for estimating the average
trip length, especially for intra-zonal flows. Section 3 provides some details on relevant existing approaches and introduces our method for computing the average distance between
zones. Section 4 shows a case study for journey-to-work flows
in the agglomeration of Lausanne, in Switzerland. Computational and implementation issues are discussed. A comparison
of our method with existing approaches is made in order to assess the quality of the approach. Section 5 discusses the results
and concludes the paper.

2

Previous work

Bharat and Larsen [2] investigated whether ignoring intra-zonal
flows in a spatial interaction model represents a feasible solution. Their tests indicate that ignoring the intra-zonal flows biases the parameter estimates of the model since intra-zonal flows
are shorter in average and only the longer inter-zonal flows are
considered for the model calibration. Ignoring the intra-zonal
flows results therefore in a biased data sample.
There are some attempts in the existing literature for estimating the intra-zonal trip length. One of the earliest methods was
introduced by U.S. Department of Commerce [14] in which the
intra-zonal driving time of a particular zone A is estimated as
one-half of the average driving time between the centroid of zone
A and the centroids of all neighbouring zones. Venigalla suggested a similar method [15]. In a first step the nearest zone
centroid to the centroid of zone A was determined. The intrazonal trip length for zone A was then computed as half the travel
length to the nearest centroid.
A number of suggested models for estimating the average trip
length in literature are based on assumptions regarding the geometrical shape of the zone and the internal population distribution. Both Batty [1] and Fotheringham [6] suggested circularshape based models for deriving the average trip length for zones
that are approximately circular. These models are investigated in
more detail in section 3.2.

3

Methodology

In this section, we start with a reminder of the spatial interaction
model used in this paper and the calibration methodology for

estimating the model parameters (section 3.1). In section 3.2,
we explain the existing circular-shaped models for intra-zonal
distance estimation. Our suggested method for estimating the
intra-zonal trip length is described in section 3.3 followed with
two subsections explaining both the randomly scattered model
and the density-based scattered model.

3.1

Spatial interaction model

Different functional forms of the equation 1 have been formulated for spatial interaction models. In this paper we consider
a Poisson gravity model (see [5, 8]) for journey-to-work flows.
The probability of a nonnegative integer number of Ti j people
moving between i and j by our Poisson gravity model is given
as:
T

p(Ti j ) =

e−λi j · λi ji j

(2)

Ti j !

where λi j is the mean which is logarithmically linked to a linear
combination of the logged independent variables. The λi j can be
estimated through following formulation:
λi j = exp(k + α ln Pi + γ ln J j + β ln di j )

(3)

where Pi indicates the active population of the origin i; J j
represents number of jobs in each destination; di j measures the
average Euclidian distance between all possible origins in i and
all possible destinations in j; and k, α, γ and β are parameters of
the model to be estimated. The Poisson journey-to-work model
then is calibrated using maximum likelihood estimation (MLE).

3.2

Circular-shape distance estimates

The intra-zonal distance problem can be seen as a problem in
finding the mean trip length within any zone. [1, p. 249]. Batty
[1] suggested some models for calculating the mean trip length
where one of the simplest is based on the assumption that the
zone is roughly circular and the population is spread evenly at a
constant density. It is calculated by:
ri
dii = √
2

(4)

where ri is the radius of the zone in terms of trip length (travel
cost). He also suggested a further variation for this model when
the population density varies in a regular way in the zone that
can be modelled by a mathematical function, fitted to a particular
zone.
The other model based on the circular shape assumption is
suggested by Fotheringham [6] where the intra-zonal trip length
is estimated with the following formula:
d = 0.846 · (1.693)z/r · r

(5)

where z is the distance between the zone centroid and the destination point and ri is the radius of a circle whose area is equal to
that of the zone. The coefficients in this formulation are related
to the potential minimum and maximum distances in a circular
zone (see [3] for further details). In the special case of intrazonal flows, the origin and destination points are both located at
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Figure 1: Estimating the average trip length using a regular grid.

the zone centroid, with z being equal to zero. Equation 5 will in
this case simplify to:
d = 0.846 · r

(6)

where the coefficient of the equation is very close to one of the
equation 4.

3.3

Scattered intra-zonal distance estimates

The circular-shape based estimates in section 3.2 are only a
rough approximation and they are more of analytical interest
than practical [1, p. 249]. Also the assumptions of the models
are rarely respected in spatial models. The polygon representing
the origins and destinations often are not circular and population
is unevenly distributed within a zone.
3.3.1

Randomly scattered distance estimates

Ideally, the average intra-zonal trip length should be computed
using the trip information for all commuters. Generally, these
data are not available and the average separation (distance, time,
cost) needs to be approximated. To estimate the average trip
length di j between zone i and j, it is possible to scatter the origins
of the flows within zone i and destinations within zone j. In the
simplest case, the origins and destinations are scattered randomly
within the zones i respectively j. It is then straightforward to
compute the average length for all flows between the zones. If
i = j, we obtain the average trip length for the intra-zonal flows.
Finding a random location for both the origin and destination for each flow inside the respective zones is computationally
heavy and inefficient. Additionally, due to the random nature of
the scattering, each time the computation is done, the resulting
average distance estimate will slightly vary. We now present an
equivalent but more efficient way of estimating the average trip
length.
Scattering the origins and destinations randomly within a zone
assumes that the distribution of these points is homogeneous in
space. For this reason, we can approximate the average trip
length di j by using a regular grid. For both zone i and j we select
the set of grid points Gi and G j lying within zone i respectively
j. We can then estimate di j simply by computing the average
distance between all possible pairs of points from Gi and G j .
Figure 1 illustrates this approach. This method needs the regular
grid to be relatively fine. The grid in figure 1 is very coarse and
serves as illustration only.

3.3.2

Density-based scattering model

The assumption of a homogeneous distribution of the origin and
destination points in section 3.3.1 does not reflect reality in most
cases. In the case of journey-to-work flows, we would expect
the probability of a flow origin being at a given location i being
proportional to the density of active population at i, and similarly
for the destination point with the density of jobs.
Instead of selecting a random location for the flow end points
within each zone, it is possible to choose the location randomly
according to a given probability density. In the case of journeyto-work, this probability density surface can simply be approximated through a high resolution population density surface.
Sometimes, no high resolution population density is available.
In this case, it is possible to estimate a high resolution density
surface based on smaller scale data, using some kind of areal
interpolation (see e.g. [13, 10, 11, 12]).
Similarly to section 3.3.1, we can approximate the average trip
length using a fine regular grid. In order to take into account the
probability density surface, we need to compute a weighted average between all possible pairs of grid points. The considered
weight is wi j = wi · w j , where wi is the value of the density surface at origin i, and w j the density surface value at destination j.
The average trip length is then computed by:
∑ wi j · d(gi , g j )
dˆi j =
∑ wi j

(7)

where d(gi , g j ) is the distance between a grid point in zone i
and another grid point in zone j (with potentially i = j). The
sum is taken over all possible pairs of grid points inside zone i
respectively j.

4

Application & Results

In order to test our approach, we apply the method presented
in section 3 to a journey-to-work dataset for the agglomeration
of Lausanne, Switzerland. The dataset contains the number of
commuting flows between the 70 communes of the agglomeration, which is the smallest administrative level. Additionally,
both the active population and the number of jobs is known for
all communes. The data are available for year 2000 and have
been acquired by the Swiss Federal Statistical Office through the
population census. The number of jobs has been acquired during
the 2001 corporate census. All data are available online1 . Additionally, for the density-based scattering model (section 3.3.2),
the population data are available as a regular grid with a spatial
resolution of 100 metres (hectare-level population data)2 .
We have calibrated the Poisson journey-to-work spatial interaction model presented in equation 3, using maximum likelihood
estimators (MLE). We have computed different variants for treating the intra-zonal flows and the distance measures:
1. Calibration of the model by excluding the intra-zonal flows,
and taking the traditional centroid-to-centroid distance between the zones for the inter-zonal flows.
1
Journey-to-work flows: http://www.pendlerstatistik.admin.ch, active population and number of jobs: http://www.pxweb.bfs.admin.ch
2
See http://www.geostat.admin.ch for more information
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2. Calibration using all the flows, where the inter-zonal distances are still computed using the centroids, and the intrazonal distances have been estimated using the circularshape based model (equation 4).
3. Calibration using all the flows, where both the intra- and
inter-zonal distances are computed using the randomly scattering model (section 3.3.1).
4. Calibration using all the flows, where both the intra- and
inter-zonal distances are computed using the density-based
scattering model (section 3.3.2) with the hectare-level population data as additional density surface.
The parameters of the calibrated model with different average
trip lengths are shown in table 1, along with some measures of
goodness-of-fit. Parameter α is related to the active population
variable and shows a positive influence on the interaction; by increasing the number of active populations, the total trip number
or interaction will increase. Parameter γ is associated to the destination propulsiveness variable (in our case the number of jobs
in each commune) and has also a positive effect on the interaction; increasing the number of available jobs in a region has a
positive effect on the number of incoming flows. Parameter β is
the distance-decay parameter and has a negative influence on the
number of interactions.
A comparison of these model parameters between the four variants shows that parameters α and γ are similar for all models.
The distance-decay parameter β shows a larger variation especially between the centroid-to-centroid model to the other models. The distance-decay parameter in centroid-to-centroid model
is −0.668 while in the other three models it is smaller than −1.
This shows that ignoring the intra-zonal flows results in a model
that is less sensitive to the distance-decay effect, so the model
indicates that although the distance-decay parameter has a negative effect on the interaction, people’s disutility of distance is
underestimated. The circular-shape based model and especially
our suggested scattered models, all considering the intra-zonal
flows, show a stronger distance-decay effect. This is a clear indication that people see distance as an important criterion for their
daily travel to work, and they might prefer to work within their
residence region or nearby.
Other comparisons between the different models can be done
based on some measurements for goodness-of-fit. We calculated
the standard error of estimate (SEE) to measure accuracy of each
model with following formulation:
s
∑ni=1 ε̂i2
SEE =
(8)
n−k−1
where ε̂ indicate the estimation error, n is the number of data
points and k is the number of independent variables, excluding
the intercept. The calculated SEE and coefficient of determination R2 are listed in the table 1 for all distance measure variants.
The R2 values show a very good model fit in all cases. The reason can be the variable choice and the model type. The variables
we have used in this spatial interaction model, i.e. active population and number of jobs, are very precise for a journey-to-work
model, and Poisson model gives a better fit in compare with a
Gaussian model.
In our journey-to-work model over 45% of the flows are intrazonal flows. Hence, ignoring these data, the centroid-to-centroid

model considers only half the flows compared with the other
models. The resulting model is suitable for inter-zonal flows
only, while the other models are more general interaction models. A direct comparison of the goodness-of-fit between the
centroid-to-centroid model and the other models is not really
possible, as the data are not the same. Additionally, the calculation of the SEE is sensitive to total number of flows.
The comparison of the R2 values of different models considering intra-zonal flows in the table 1 shows that goodness-of-fit
in the density-based scattering model is slightly better than the
others. Estimating the average trip distance using the population
density seems to enhance the spatial interaction model. Between
the models taking into account intra-zonal flows, the standard
error of estimation is higher for the randomly scattering model
compared to the circular-shape based model but it is considerably smaller for the density-based scattering model.
Figure 2 shows the predicted flows versus observed flows for
all different model variants. The best fit among the models considering the intra-zonal flows is given by the density-based scattering model.
Considering all the different results and comparison of the
models it can be concluded that the density-based scattering
model can be a good method for calculating the average trip
length and for considering the intra-zonal flows in the model.

5

Discussion & Conclusion

Calculating the average trip length for intra-zonal flows in interaction models is still one of the challenges in spatial modelling.
Some of the recent research questioned the procedure of ignoring of the intra-zonal flows in the model as it can bias the model
results, especially when a significant amount of flows are intrazonal. In spatial interaction models where the interaction of objects is modelled in regions, the number of flows within the region can be considerable especially in short-distance flow models, e.g. journey-to-work models. In our Swiss journey-to-work
dataset, more than 45% of the flows are intra-zonal showing that
a significant number of people work within their commune of
residence.
However, although the consideration of intra-zonal flows in
the model seems to be necessary, calculating the average trip
length for intra-zonal flows can be a problem. There are some
attempts in literature to estimate the intra-zonal trip length based
on algebraic methods. These models are mostly based on various assumptions, they are mainly highly approximate and more
of analytical interest. In this paper, we show a methodology for
estimating the average distance for intra-zonal flows. The origins
and destination of the flows are distributed randomly or based
on an available density surface within the origin and destination
zones. This method is not based on any pre-defined assumptions
or conditions and it considers most information possible in the
model by potentially using the available density such as population density.
The scattered methods based on random distribution or a density surface suggested in this paper are named randomly scattering and density-based scattering method respectively. Application of the methods on the Swiss journey-to-work data and
comparison between the models with existing circular-shape
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Table 1: Comparison of different models of calculating average trip length (distance).
SEE

R2

α

γ

β

k(intercept)

Centroids-to-centroid model

19.352

0.965

0.846

1.011

-0.668

-5.700

Circular-shape distance estimates

138.754

0.959

0.862

0.969

-1.017

-2.274

Randomly scattered distance estimates

144.081

0.965

0.945

1.044

-1.317

-0.881

Density-based scattering model

87.688

0.985

0.791

0.949

-1.297

0.818

Distance measure model

Figure 2: Predicted flows vs. observed flows for different distance measures.
A. Centroid-based distance
(without internal flows)

B. Centroid-based distance
with circle-based distance
for intrazonal flows

C. Distance based on
randomly scattered points

D. Distance based on scattered points
distributed according to
population distribution

based methods shows that notably the density-based scattering
methods gives a better fit in compare with circular-shape based
method. It is interesting to see what proportion of the intra-zonal
flows are ”real interaction“, and how many people work at their
home. While in our model the proportion of intra-zonal flows
including home workers is 45% of all flows, 18% of all ”flows“
are from people working at home. It is interesting to note that
the latter proportion varies highly across the 70 communes. The
city of Lausanne and the other population-rich communes show
small proportions of below 10% of home workers, while small
villages have typically a relatively high proportion from 30% up
to 80% in some cases. The analysis of reasons for this variation
can be interesting but exceeds the purpose of this paper. However
considering the zero-distance intra-zonal flows in the model and
comparing the results with other models might be an interesting
topic for future research.
The scattered methods suggested in this paper can also be
used for calculating inter-zonal distances, where traditionally

centroid-based distances have been considered. Depending on
the geometry of the origin and destination regions, and the population distribution within the zones, the resulting inter-zonal
distance can be considerably different compared to centroid-tocentroid distance. This is especially true for adjacent zones,
for example in agglomerations where the built-up zone stretches
over several administrative units. Obstacles, such as rivers, lakes
or hills also affect the distance between zones. Currently, the
method suggested in this paper does not address this problem directly. However, it could be easily modified to consider travel
distance or time instead of Euclidean distance between the set
of points of the origin an destination zones. This issue will be
considered in future work.
Several other variants for computing the average trip length
could also be studied in future work. Sometimes, typically in
routing datasets, we might have address points rather than the
population density. The distance between zones could then be
calculated as the average length of all possible pairs of address
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points lying within two zones. Another approach would be to
scatter the origins and destinations around the centroid according to some kernel surface, instead of the random scattering approach. Further, the effect of not having a high resolution density
surface and taking into account a surface computed using areal
interpolation should also be studied. It would be interesting to
evaluate to what extent remote sensed imagery and volunteered
geographic information, such as OpenStreetMap data could be
used for estimating a high resolution density surface.
Further, it is interesting to note that the model considering
only inter-zonal flows shows a notably different distance-decay
parameter value than the ones taking into account all flows. This
might be an indication that the distance-decay parameter might
vary in space, or at least among different population groups, and
will be studied in future research. The spatial interaction model
used in this paper shows a very good fit for our journey-to-work
dataset. In future research, it will be needed to consider other
datasets commonly used in spatial interaction models to validate
our approach in different circumstances.
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