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ABSTRACT

Established analyses of labour market commuting are based on random-choice models and
gravity type modds. In these modes generalised transport costs are formulated as exponential
or log linear distance-dependent functions. This paper presents empirica observations which
imply thet time- distances influence the commuting behaviour in a non-linear way, such that the
time sengtivity is much lower for very short and long distances, whereas intermediate distance
display ahigh time sengtivity. Thisisexplained in amodd which is parameterised and
estimated. The results are important for understanding and predicting commuter behaviour. It
aso helps to ddineate space, asin classicd traditions, into locd, intra-regiona and extra

regional space.
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1. INTRODUCTION

This paper adheresto the tradition of discrete-choice analyss. This tradition comprises
modedls of travel demand behaviour (e.g. Domenchich and McFadden, 1975; Ben-Akivaand
Lerman), labour market commuting (e.g. White, 1977 and 1986) and location behaviour of
firms and households (e.g. Mattsson, 1984; Turner and Niemeir, 1997). Many moddsin this
tradition have the ambition to explain but aso more explicitly predict behaviour on the basis of
utility-maximising agents. Another issue in this context is time budgets and the value of time
(e.g. Eliasson, 2000 and Gonzales, 1997).

1.1 Context and hypotheses

The focusin this paper is on labour market commuters and their behaviour. The study has
been triggered by observation indicating thet athough the willingness of an individud to
commute depends on the time distance between origin and detination, this time dependency
isgrikingly different for short, medium and longer distances. In view of these obsarvations the
paper introduces a preference function for an individual commuter, where the preferences
includes variables such as wage level and commuting time. In this function there is an explicit
Separation of short time distances (intra- municipdity), medium time distances (intra- regiond
commuting), and long time distances (extra-regiona commuting). This separation has theform
of three different time-sengitivity parameters. In addition, each commuter has an explicit
preference for having ajob in the “home municipaity” and the “home region”.

The preference function is assumed to have a random-choice form of thelogit type. The
parameters of this function are estimated by means of a multiple-congraint optimisation mode.
The estimated parameters are assessed againgt a set of hypotheses. These include the
following properties. Firg, the time sengtivity isdiginctly highest for intra-regiond commuting
and lowest for intra-municipa commuting. Second, the preference for where to work is
highest for the “home municipdity” and lowest for jobs outside the own region.

The empirica andyss separates mae and femae commuters. Moreover, for each of these
categories separate estimations are made separately for three different education levels. Inthis
context the paper formulates three hypotheses based on observations in Johansson, Klaesson
and Olsson (2002). Firg, the time sengtivity decreases with the level of education . Second,
for each education dass the time sengtivity islower for mde than for femae commuters.
Third, femae commuters are more sendtive than male commuters to the sze of both the own
municipdity’ s and the own region’s labour market.

1.2 Outline of the Paper

Section 2 presents the characteristics of Sweden’s structure of municipalities and labour
markets and introduces the concept of LA-region (locd labour-market region), referred to as
region. Section 3 introduces the random-choice preference function of an individud and
formulates the optimisation modd that is used to estimate parameters of the the preference
function. Section 4 presents and evauates the empirical results. The paper ends with section
5, which presents a set of conclusions.



2. SPATIAL STRUCTURE OF THE LABOUR MARKETS

2.1 Time Distances

I nteraction between economic agents can have many forms. In this paper the focusison
contacts that involve the displacement of persons. This excludes mediated contacts such that
persons or organisations interact by sending messages. Typical examples of digplacement
contacts are face-to face meetings, a consumer’s commuting to a shopping areaand an
individud’s commuting to work. In the empirical andys's data about labour market commuting
are usd, but theintention isto reflect all forms of displacement interaction.

The study assumes that time has a strongly non-linear influence of the behaviour of interacting
individuds (interactors). The intuition behind the assumption is that an interactor has different
time sengitivity for locd, regiona and interregiond interaction. In this context local interaction
refers to contacts for which the displacement consumes smal amounts of time, whichimplies
that such contacts require very little planning and hence can take place on short notice. Asan
everyday reference we may think of 10-15 minutes as an upper boundary for such loca or
short time distances. The second time interva would then have this as alower boundary, with
50-60 minutes as an upper boundary. This upper boundary corresponds to the conventiona
ideathat 60 minutes travel time defines a daily commuting region. Time distances beyond an
hour are classfied aslong.

2.2 LA-regionsand Municipalities

In the subsequent andlys's space is arranged in three categories: (i) municipdlity, (ii) functiona

region called LA-region, and (iii) extra-regiona space, which consists of locations outside the
LA-region. The available data make it possble to decompose each municipdity into a set of
zones. The loca labour market region (LA region) is composed of a set of municipdities
between which the commuting intengty is high. The concept of an LA region can be
associated with the concept of a functiond urban region (FUR), as defined by Cheshire and
Gordon (1995, 1998). The current paper identifies a functional labour market from the
perspective of each individual municipality. The method to do thisis straightforward. For each
individual municipality one can specify the accesshility to jobs and the accesshility to labour
supply. Such accessibility measures depict the sze of a municipdity-centred loca abour
market, as reveded by the behaviour of households and firms in the municipdity. These and
related accessbility measures do not only explain existing patterns of commuting, they can so
be usad in predicting changes in municipdity growth with regard to population sze and

number of jobs. The later statement redly means that when time distances change, the
accessihility pattern will change and these changes affect the extension of each region. In this
way, changed time distances will affect growth and relocation of households and jobs.

How do municipaities and regions compare with regard to time distances? First, we measure
the commuting time distance by travel time by car, without adding any time for the initiation
and termination of a trip. In other words, “feeder time is excluded’. For a large share of
municipdities the commuting distance between zones ingde each municipality amounts to an
average around 10 minutes. The corresponding average for commuting between municipdities
in the same region can be gpproximated by 25-30 minutes. The average commuting time from
a munidpdity to dedtinations outsde the pertinent region is more than 45 minutes. An



ovewhdmingly large share of the commuting takes place indde each LA-region, which
judtifies that they are classfied as labour-market regions.

The empirical analyses are based on observations from the two years 1990 and 1998. In the
first of these years there were 284 municipdities and in the second 289 ones. For both years
these municipdities are arranged into 81 LA-regions.

2.3 Willingnessto Commute

Each commuter in our analysis has a place of resdence in azone of amunicipaity. The labour
market opportunities of thisindividuad consggts of jobs (i) indgde the municipdity, (i) in other
municipditiesin the region to which the municipality belongs, and (jii) jobsin municipdities
outside the region. Everything else equd, the attraction of the labour market in a specific
municipdity can be thought of as the 9ze (number of jobs) of that market.

To make our arguments precise, let A, denote the number of jobsin municipdity s, and let
m,, denote the commuter flow from municipality k to municipdity s. With these two varigbles
the willingness to commute is defined as

bks = rnk's./ As (21)

This means that the flow of commutersis rdated to the sze of the labour market in the
degtination municipdity. By first calculaing the different b, -vauesfor municipdity k and then

matching each such value with the corresponding time distance, t,, we can plot awillingness
to commute curve asilludtrated in Figure 2.1. This meansthat b, is described as afunction

tths)'

The commuting ingde municipdity k takes place on another geographica scae. Let there ben
zonesin k and let m,, be the total commuting insde k. Then the willingness to commute insde

the municipdity can be gpproximated by the following formula
by =[m, /n(n- DI/[A /n] =m, /A (n-1) (22

where n denotes the number of zonesin the municipaity, which implies that the number of
links (and flows) isn(n-1). Moreover, A /n describesthe average Sze of acommuting

destination insde the municipality. Formula (2.2) describes the average willingness to
commute ingde the municipdlity.



Outsde the municipality

Figure 3.1: Willingness to commute to other municipalities as observed for a medium-
sized Swedish LA-region

The b-curveis described in Figure 2.1. The curve start with and amost flat part fort short time
distances, then it gartsto fal rapidly with an inflexion point around 45 minutes. Further to the
right the curve flattens out again. The authors have observed this pattern for alarge number of
Swedish municipdities (Johansson, Klaesson and Olsson, 2002). These observations have
generated the following hypothesis.

H1: The time sengtivity islower for intra-municipdity than for intra- regiond commuting.
Moreover, the time sengtivity is lower for extra-regiond than for intra-regional commuting.

When examining H1 and the subsequent hypotheses we assume that intra-municipdlity
commuting corresponds to short time-distances, intra-regiona commuting to medium time-
distances and extra-regiona commuting to long time-distances. There are more than 70 000
potentid commuter links in the data set and for asmal number of links these time distance
conditions are violated, but these deviations disappear in the large-number mass.

Letl,, |, and | , denote the time sengtivity of intra-municipdity, intra-regiona and extra-
regional commuting, repectively. With these notations we aso want to examine the following
more digtinct hypothess:

H2: Thefollowing patternisassumedtohold: 1, >1, >l .



Let d,, d, and d, denote the specific preference of individuas for job opportunitiesin the

own municipdity, the own region, and other regions, repectively. With these notations we
want to examine the following hypothess:

H3: The following pattern isassumed to hold: d, >d, >d,, whichimpliesahierarchica
preference ordering of jobs ingde the municipdity and inside the region, respectively.

Hypotheses H1-H3 relate to perceptions that short time distances dlow an
individua to make contactsin aless planned and less redtrictive way than do long
time distances. With short time distances an individua can have many contacts
and can adjust hig’her behaviour at low costs. The knowledge about
opportunitiesin the loca (home) territory isaso in generd better than in other

parts of the geographica space.

In addition to hypotheses H1 — H3, observations in Johansson, Klaesson and Olsson (2002)
have aso generated the following hypotheses:

H4: The time sengitivity decreases with the level education and this gpplies to both male and
femae commuters,

H5: The time sensitivity islower for male than for femae commuters.

H6: Fema e commuters are more sendtive than mae commuters to the Sze of each
potentia |abour market (the number of jobs in each destination).

The three hypotheses above may be interpreted as follows. An individua with higher education
hasin generd amore speciadised labour-market matching problem to solve. Matching jobs are
more dispersed across space than they are for an individua with lower education. This remark
relaes to H4. With regard to the difference between male and female commuters, the latter
may be assumed to have a stronger commitment to carry out family related activities, and these
tend to be locd in nature. This makes female time budgets more strict and binding. Hence,

fema e commuters should be expected to have a higher time sengtivity than mae commuters.
Moreover, femae commuters have a stronger preference for jobs located close to the place of
residence.

Hypotheses H1 — H3 are compatible with the willingness-to-commute curve that isillustrated
in Figure 2.1. Moreover, hypotheses H4 — H6 imply that different |abour categories have
different willingness-to- commute patterns. Before making these hypotheses more precise we
need to formulate a theoretical model of commuting and then formulate models for testing the
hypotheses.

3. A SPATIAL INTERACTION MODEL

3.1 Discrete Choice and Time Sengitivity

Discrete choice isadecison processin which the individud can sdect from a set of mutudly
exclusve dterndives. In this anayss we assume thet the individua has a preference function
that assigns a vaue to each of the dternatives. The context is an individud with resdencein



municipdity k who hasto sdect ajob in municipditiess=1,..., k, ..., Kinduding k itsdf. In
thissetting R, denotes the set of municipalitiesin the sameregion ask, and E, denotes the set
of municipdities outsde this region. The preference vaue of living in k and working in sis
denoted by U, . Asafirst step we assume that individuas are characterised by random

choice preferences, which meansthat U, =V, + €, wherethelast term isarandom term
with agiven digtribution. As areference the following preference function is specified:

Ve =h +D, - 14t
D, =d,ifl=k; D, =d, if I * k and 1 R ;and D, =0if Il E,
Iy =1 ifI=k; 1, =1if It k and IT R.,and |, :lziflT E. (3.2)

where h, isan attractiveness factor associated with the labour market in |, and where d, and
d, refer to preferences for the intra- municipality and intra-regiona labour market respectively.
Moreover, | ,, |, and | , represent the time sengtivity for intra-municipdity, intra-regiond
and extrarregional commuting, respectively. We may aso observethat D, =0 if IT E,
meansthat d, and d, are defined with extra-region locations as a reference.

The attractiveness factor h, isassumed to depend on the wage level in municipdity | such that
h = a +b(w, - w), where w, isthewagelevd in | and w isthe average wage leve in the

system of municipdities. We may dso observe that (3.1) implicitly assumes that other
commuting costs than time costs are proportiond to time and henceinduded inthe | -values.

We assume that each individua decides where to work by sdlecting the dternative that has the
largest U, -value. Moreover, the g -terms are assumed to be extreme-value distributed,

which yidds amultinomid logit modd (Train, 19xx). This has the followoing consequence. For
aresdent in k, the probability of sdecting ajob in municipdity in | can be calculated as

P = e(p{vkl}/ a, e(p{vkl} (32

Now, let M, denote the number of persons with ajob insde and outside
municipdity k. Then (3.2) implies that the expected number of commuters, m,,
canbecaculated as m_ = M, P, fordls.

3.2 Time Sensitivity and Willingnessto Commute

In Section 2 we introduce and discuss a measure of the willingness to commute. The context is
aperson living in municipdity k and contemplating to sdlect ajob in asat of municipdities 1,
ey |y .., K The number of jobsin municipdity | isdenoted by A , and the willingnessto
commuteiscalculatedas b, =m, / A .

The willingness to commute can now be derived from the choice modd introduced in the
preceding sub section. Firgt we specify the redlised number of commuters from k as



M, =&, m, . Asasecond step we observethat M, P, represents the expected va ue of
m,, . In view of this we can write

b, =M, ep{V, }/A &, expfv,} (33

where 6k| denotes the expected willingness to commute. Formula (3.3) implies that Bkk /6kI =
P.A /P A = Aexp{V,} A ep{v,}. From (3.2) we can state that for 1 ¢ k

Pkk > R(I when EXp{hk +do - Otkk} > e>(p{h| + Dkl - Otkl} (3-4)

Observe that in (3.4) we compare only the nominators in the expressonsfor P, and B, ,
because they have the same denominator. According to our hypotheses H2 and H3 above we
havethat (()I, >1,, (i) 1, >1,,and (i) d, >d,. Itisdso evident thet t, > t,, . Wecan
then see that Bkk > 6k| aslong as h, /In A isnot too muchsmdlerthan h, /In A .In
Johansson, Klaesson and Olsson (2002) amodd is presented for which h, /In A =

h, /In A . Inthat caseit dways true that Bkk > Bkl , given our hypotheses.

We can aso provide smilar conditions, though more complex, to show that
b, >b, for IT R and s E,. Inthat way we have established that our
hypotheses are competible with the curve in Figure 2.1.

Remark: The modd structure developed in sub section 3.2 can be applied for
tota commuter flows (average commuter), and for male and femae
commuters subdivided with regard to different education levels (dl, low,
medium and high).

3.3 A Multiple-Congraints Commuting Model

Congder the random choice modd (of logit type) introduced in the previous sub section and
summarised in (3.1)-(3.2). Our task in this subsection isto formulate an gpplied mode that
can be used to estimate the parameters for the model introduced. Following Leonardi (1981)
and Mattsson (1984) we can estimate the model by means of a spatid-interaction modd with
an objective of entropy type. Such amodd is equivaent to the logit mode formulation.

Our fird task isto distinguish flows ingde a municipdity, between municipdities in the same
LA-region, and between municipditiesin different regions. The total number of person with a
jobinmunicipdlity k isdenoted by M, . These commuters are subdivided into intra-

municipality commuters, M, , intra-region commuters, M, ,, and extra-region commuters,
M., suchthat M\, = (M, +M,, + M, ).

Our next step is to introduce three dummy variables ¢, d,, and e, such that

C., =1if s=k,and O otherwise



d. =1if sl R ads? k,and Ootherwise
e. =1if sl E,,ax Ootherwise

With the help of this new notation the following optimisation modd can be
introduced:

o

Max- a , m.(nmy- 1), subject to constraints (i) — (vii):

(I) é s mks = M k? (“) é‘ k rnks = Ak ’ (“I) TO = é‘ ks Cksmkstks’ (IV) Tl = é ks dksmkstks’
V) T, =& ,.e.md., V) & cm, =M, (Vi) &, dm, =M, (3.9)

Condgraints (i) and (ii) ascertain that supply of and demand for commuters equilibrate,
congrants (iii)- (v) ascertain that the modd solution reproduces the correct time consumption
for intra-municipdity, intra-region and extra:region flows. Congraints (vi) and (vii) require that
the model solution reproducesthe flows M, , and M, ,. We can observe that including a

condrant M,, =4 . e, m,. would be redundant.

The optimisation modd in (3.5) corresponds to the following Lagrange function:

L =- é‘k,s mks(ln My - 1)+ékak(ésmks - Mk)+é' bs(ésmks_ As)+
I O[TO - é'ks Cksmkstks] +1 l[Tl - a ks dksmkstks] +1 2|.—r2 - a ks Sks mkstks] + (36)
do[é ks Cks/Mks = M ko] + dl[éks dksmks -M k].]

The solution to 3.6 can be derived for the three types of flows in the following
form:

(i) Pkk = My /é's Mys =e(p{bk +d0 - | Otkk}/é'se(p{bs + Dks - | kstks}

(ii) Pkl =my /é's My = e(p{bl +d0 - Ilkl}/ése(p{bs + Dks - kstks}’

for Il R and1? k

(i) By =my /és M = e(p{b| +d, - | Otkk}/é'se(p{bs +Dy - | kstks}

for IT E, (3.7)

By direct observation we can see that (3.7) describes the same solution asthe onein (3.1) and
(3.2 for b, = a, +b(w, - w).

The modd described in (3.6) is used in Section 4 to estimate parameters for the following 9
types of flows: (i) average commuter, average (ii) mae and (iii) femade commuiter, (iv)-(vi)

ma e commuters with three different education levels, and (vii-ix) femae commuters with three
different education levels. Going back to (3.6) we can dso seethat d, reflectsthe value of
increasing the Size of the labour market in the “home” municipality, and that d, reflectsthe
vaue of increasing the Size of the labour market in the “home’ region.

From formula (3.6) we can seethat only d, and d, are estimated explicitly, whereas d, is

defined implicitly. Since we have formulated a hypothesis about these three parameters, we
have aso sdlected a variant of the modd (3.5)-(3.6). This latter modd excludes the condtraints



10

(i) and (ii) in (3.5) and adds the condraint & .. e . m,, = M, ,, which yiddsthe Lagrange
function

L = é k,s rnks(lrI mks - 1) + I O[TO - é ks Cksmkstks] + I 1[Tl - é ks dksrnkstks] +
I 2[T2 - a ks Q@mkstks] +CIo[é- ks CisMhs = M ko] +q1[é' ks dksmks -M k]] + (3-8)
CIz[é ks SksMhs ~ M k2]

The solution to (3.8) implies that
Pkl = e(p{Dkl -1 kltkl}/é'l eXp{Dld - kltkl}

Suppose that we want this result to be compatible with (3.1)-(3.2). Then we have to require
that D, = q, = a, +b(w, - w) +d,, where theleft-hand side conssts of a parameter
which isthe same for intra-municipdity flowsin dl municipdities The equdity Sgn then implies
that a, +b(w, - w) =0. From thiswe can understand that the modd in (3.8) isasmplified
verson of the onein (3.1)-(3.2). Smilar conclusons can be drawn with regard to D,, for

11 k.

4. RESULTSFROM MODEL ESTIMATIONS

Sub section 4.1 and 4.2 are used to assess hypotheses H1- H4. Subsection 4.3 isfocused on
hypotheses H5 and H6. Asaway of evaduating the qudity and reliability of the estimated
parameters, section 4.4 examines the robustness of estimations.

4.1 Total Commuter Flows
For tota commuter flows we have formulated hypotheses H1 — H3, which are being
empirically assessed in this sub section. H2 impliesH1 and satesthat |, >1 , >1 ;. The

resultsin Table 4.1 shows that this pattern is reproduced for total commuting in dl three model
solutions.

Hypothesis H3 sates that d, > d, > d,. The hypothessimpliesthat alarge labour market in

the home municipdity is vaued higher than alarge market in the home region, which inturnis
valued higher than alarge externd market. Table 4.1 tells us that adl three modd-estimations
reproduce the required parameter order.

Thereis aso another information in Table 4.1. Our base modé, (3.6), is estimated for both
1990 and 1998. The results indicate thet the time-sengitivity parameters are gpproximately
invariant over this ten years period. This may indicate thet the parameters reflect robust
preference patterns of the labour market participants.

Table 4.1: Parameters estimated for total commuting

Time sensitivity Model (36), | Moded (3.6), Model (3.7),
1990 1998 1998
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|, (ingde muncipdity) 0.023 0.025 0.029
I, (indderegion) 0.096 0.096 0.103
| , (outsde region) 0.053 0.052 0.049
Proximity preference

d, (ingde muncipdlity) 3.22 2.98 9.63
d, (ingderegion) 1.97 1.94 8.53
d, (outsde region) 0 0 6.18

Remark: Estimations based on commuting between a set of more than 280 municipalities

4.2 Flowsfor Different Categories of Commuters

For different flows have been estimated for male as well as female commuters. EStimations
have been for 1990 and 1998. The former can be found in the Appendix but will be used as
comparisons when the 1998 estimations are presented here. All estimations follow the same
conditions asin the preceding section.

The education categories used in the subsequent andyss is made with the following criteria
Low education means the pre-univerdty college is missing, and corresponds to 9 years of
study. Medium education includes 12 years of study and usudly qudlifies the student for
university entrance. The criterion for high education is at least 3 years of completed university
education.

Table 4.2 contains the four estimations of male commuter flows. They are dl in accordance
with hypotheses H1-H2. Table 4.2 also shows results in accordance with hypothesis H3,
which requiresthat d, >d, >d,, wherewerecdl that in model (3.6) d, =0 by
congtruction. In addition we can see that the preference for municipa and regiond commuting
becomes smaller the longer the education is. Turning to hypothess H4, it is clear that the
edimated time-sengtivity parameters satisfy the condition that their values are fdling asthe
education leve is shifted from low to medium and to high.

Table 4.2: Parameters estimated for male commuters based on model (3.6) 1998

I 0 I 1 I 2 dO dl
Average male 0023 | 0090 | 0050 | 2844 | 1.850
Low education, male 0032 | 0092 | 0056 | 3.090 | 1728
Medium education, male 0030 | 0092 | 0052 | 2951 | 1.89%
High education, male 0014 | 0083 | 0045 | 2334 | 1673
Average, all commuters 0025 | 0096 | 0052 | 2.985 | 1.936

Table 4.3 contains the four estimations of male commuter flows. Hypotheses H1-H2 predict
the results correctly. The sameistrue for hypothesis H3. However, H4 makes incorrect
predictions with regard to intra-municipal commuting. Results are not in accordance with the
hypothes's, because the table shows higher time sengttivity for femaes with medium and high
education than with low educeation. However, the hypothesis is not contradicted with regard to
intra-regiona and extra-regional commuting. Just like men, women reved stronger preference
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for intra-municipdity and intra-regional commuting the lower the education leve is. N other
words, d, >d, >d, aso for women.

Table 4.3: Parameters estimated for female commuters based on mode! (3.6) 1998

I 0 I 1 I 2 dO d2
Average female 0026 | 0105 | 0057 | 3.07 | 2010
Low education, female 0028 | 0110 | 0060 | 3.638 | 2.175
Medium education, female | 0,028 | 0.109 | 0.060 | 3.232 | 2.081
High education, female 0031 | 0100 | 0056 | 2632 | 1.774
Average, all commuters 0025 | 0096 | 0052 | 2.985 | 1.936

4.3 Comparing Male and Female Commuters
In the preceding sub section estimations for male and femae are presented. In this sub section

the estimated parameters for male commuters are compared with the corresponding
parameters for female commuters. In this way we can assess hypotheses H5 and H6.

Thefirgt hypothess Sates that the time sengitivity islower for male than for female commuters.
Table 4.4 shows that this condition is not violated for the 12 parameter-vaues referring to
1990. With regard to intra-municipdity commuting 1 it isviolated twice in 1998 . In this year
male commuters with low and medium education had a higher | , -vaue than the
corresponding female commuters. The major reason is a clear increase in these parameter
vaues for male commuters between 1990 and 1998.

What are the conclusions? H5 is not rejected by the 1990 observations. For 1998 H5 is not

rgjected as an overdl characterisation of tota mae and femae flows. For the disaggregate
flowsit dso remains valid, except for intra-municipdity flows.

Table 4.4: The ratio between parameters estimated for male and female commuters, %

I I I, d, d,

Total commuting 87.6(67.0) | 856(895) | 866(89.3) | 925(859) | 929(87.1)
Low education 1131(97.8) | 83.7(835) | 94.8(95.0) | 84.9(825) | 794 (786)
M edium education 1016(780) | 84.3(839) | 86.7(86.2) | 913(87.0)| 911 (89.6)
High education 461 (346) | 829(825) | 799(843) | 88.7(832)| 94.3(906)

Remark: Parameters for 1998 without and for 1990 within parenthesis.

The next task isto examine the twod - parametersin table 4.4. According to the hypothesis
we should observe that male commuters have awesker preference for intra- municipdity
commuting than femaes. Thisis not violated by the observations. In addition we should

observe that male commuters have weeker preference aso for intra-regiond commuting.

Again thereis no violation of the statement. According to our arandomutility mode these are
preference vaues. In the multiple-constraint model they appear as shadow prices, showing
how vauable it would be to expand the number of jobsin the municipaity and the region,
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respectively. It is of course possible to interpret these parameters as reflections of not
observed micro-level condraints.

4.4 Robustness of Parameter Valuesover Time

Why should we examine the robustness of the time-sengtivity parametersand the d -
parameters? One reason is to find out how reliable estimated parameters are for predicting
future behaviour. Another isto find out if there is an systematic change over time and how fast
such changes are.

Table 4.5: Theratio between time parameters 1998 and 1990, %

Average
I 0(98)“ 0(90) I 1(98)“ 1(90) I 2(98)“ 2(90) devia?}gon,%
Total commuting 108.0 99.6 98.5 3.3
Total male commuting 1226 99.7 97.7 84
Total femae commuting 93.8 99.2 100.0 23
Male, low education 120.7 97.9 98.7 8.0
Male, medium education 1128 100.2 100.7 46
Male, high education 1318 100.6 96.7 119
Female, low educ. 1044 97.7 98.9 26
Female, medium educ. 86.6 99.7 100.1 13
Female, high educ. 99.0 100.0 102.0 10

Table 4.5 indicates that there is a moderate change for total commuting, where the only
dgnificant changeisfor intracmunicipa flows. A second obsarvationisthat dl categories of
femde flows remain close to invariant, whereas male flows change in a clear way for intra-
municipdity flows. The intra-municipdity mae flows increase sysematicdly, and the most
remarkable growth is observed for male commuters with high education. Asregardsintra-
regiona and extra-regiond flows change very little across dl flows.

Table 4.6; The ratio betweend -values 1998 and 1990, %

Average
d,@8/ dy @8 | d®/d0 | e

Total commuting 92.8 98.5 44
Total male commuting 95.3 99.7 25
Total female commuting 834 93.9 8.9
Male, low education 96.2 99.2 23
Male, medium education 96.2 93.9 25
Male, high education 95.3 97.7 35
Female, low educ. 93.6 9.1 44
Female, medium educ. 916 97.3 5.6
Female, high educ. 89.5 93.9 8.8
Average deviation for 9 6.8 25

observations, %

Table4.5 informs usthat d -vaues are condstently faling between 1990 and 1998. This
should be interpreted as a geographica extension of labour markets during the covered
period. Thereis especiadly amarked decline in the preference for intra- municipa commuting.
The stronger decline for these trips may reflect that the difference between intra-municipd and
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intra-regionad commuting is declining. It may aso, in an indirect way, indicate that the intra:
municipd time distances do not fully reflect time delays due to congestion phenomena. We
may get some information about this by ingpecting table 4.7, which shows the ratio between
I, and I, in 1990 and 1998. Unfortunately the information in the table is somewhet
ambiguous. Theratio tendsto fdl for femae commuters and rise for male ones. At the same
time, the changes during the period of eight years, with clear changes in the commuting flows,
are smdl rather than large. The main impression is that the difference between intra- municipal
and intra- regiond commuting remains strong and systematic.

Table 4.7: Theratio betweenl , and | ; in 1998 and 1990, %

1990 1998 Average

deviation, %
Total commuting 0.242 0.263 +8.6
Total male commuting 0.206 0.253 +22.6
Total female commuting 0.255 0.247 -31
Male, low education 0.283 0.348 +23.0
Male, medium education 0.281 0.316 +12.5
Male, high education 0.132 0.174 +31.8
Female, low education 0.242 0.258 +6.6
Female, medium education 0.302 0.262 -132
Female, high education 0.315 0.312 -1.0

5. CONCLUSIONS

Theissuesraised in this paper can be summarised by two statements. First, thereis clear
digtinction between loca (intra-municipd), regiond (intra-regional) and distant (extra:regiona
commuting. Thisis emphasised by the fact that on the average for 1998 one can observe that
74 percent of al flows arelocal, 18 percent are regiona and less than 5 percent are extra-
regional. Second, the difference between these three categories of cannot be described
accurately by one single exponentid function showing how the willingness to commute decays
asthetime-distance increases. Thereis aneed for a separate representation of time sengtivity
for each of the three geographical scales. The observations we have made indicate that the
willingness to commute is non-linear. This observation has implication both for modd's of
commuting, but aso for the formulation of accessibility indices that are gpplied in location
models and the like.

In the empiricd analysis we have maid one systematic observation of changes. Between 1990
and 1998 we can observefdling d -vauesfor intra-municipal commuting. This observation
sgnasastronger integration of labour markets over extended geographic aress.
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APPENDIX

Table Al: Parameters estimated for male commuters based on model (3.6) 1990

I 0 I 1 I 2 dO d2
Averege male 0.019 0.090 0.051 2.985 1.856
Low educ. male 0.027 0.094 0.057 3.210 1.742
Medium educ. male 0.026 0.091 0.051 3.069 1.917
High educ. male 0.011 0.082 0.046 2.449 1.712
Averge, all commuters 0.023 0.096 0.053 3.217 1.966

Table A2: Parameters estimated for female commuters based on model (3.6) 1990

I 0 I 1 I 2 dO d2
Average femdle 0028 | 0106 | 0057 | 3476 | 2132
Low educ. female 0027 | 0113 | 0060 | 3.889 | 2217
Medium educ. female 0033 | 0109 | 0060 | 3527 | 2.139
High educ. female 0031 | 0100 | 0055 | 2.942 | 1.889
Averge, all commuters 0023 | 0096 | 0053 | 3217 | 1.966
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