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Traffic Forecasting in the Helsinki 
Metropolitan Area Transportation 
Study 1988 

MATTI PuRSULA AND HEIKKI KANNER 

The models developed for traffic forecasting in the Helsinki Met­
ropolitan Area, Fioland are presented . The basic traffic survey 
f r the Helsinki Metropolitan Area Transportation tudy 1988 
wer done during 1987 and L988. The main field tudies were an 
origin-destination (OD) urvey of automobile traffic, an OD sur­
vey of public u·ansport , and a per onal trip diary interview. Mod­
eling of only internal trips made by inhabitant or the metropol­
itan area is described. The modeling was based on rhe trip diary 
interview. The model structure wa. basically a four-step model 
with feedback between the last three steps. Trip generation was 
calculated u~ing production and attraction rates. Mode and des­
tination choice were mostly modeled using nested logit models. 
[n network loading, a standard multipath equilibrium as ignment 
model (EMME/2 ·ystem) was u. ed. Trips were divided into four 
ca1·egoric according to trip purpose (home-based work trip , home­
ba ed school trip other home-based trips , and non-home-based 
trips). Four alternative modes were included in the mode choice 
models. The popu lation was divided into categories according to 
the different ·teps of the modeling. The most important cate­
gorization was the divi ion according to a per on' access to a 
car. Destination choice model. included 117 alternative de ti­
nations. The coefficients of mode choice model were logical and 
rhe variables predictable. The first destination choice models had 
some theoretical deficiencies, which were panly abolished using 
c nsrrained estimation. The model system with unconstraiJ1ed 
m del produced satisfactory forecasts. New m de.ls will be e -
tima1cd and new forecast will be made during L992. 

Tbe study area, the Helsinki metropolitan area, con ists of 
four cities: Helsinki (485 ,000 inhabitant) E p o (165 ,000 
inhabitants) , Vantaa (150,000 inhabitants), and Kauniainen 
(8 000 inhabitants). The city center of Helsinki is located on 
a peninsula in the Gulf of Finland , and the metropolitan area 
forms a half circle around it witb a radiu of 25 to 30 km (total 
area 1031 km2 land area 742 km2). In the city center there 
are about 118,000 workplaces and 59,000 inhabitants. The 
number of jobs in tbe whole metropolitan area i about 442,000. 

The car density in the a.rea is about 320 cars per 1,000 
inhabitants, and 60 percent of all households have at lea t 
one car. The public tran ·port sy tem of the area consists of 
bus and tram traffic, commuter and ordinary trains and one 
. ubway line cast of the city center. Of the 2 million internal 
daily trips of the inhabitants of the area, 46 percent are made 
by car 32 percent by public transport and 22 percent by 
bicycle or on foot. 
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versity of Technology, Rakentajanaukio 4 A , S -02150, El p o, Fin­
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Bu es dominat in public transport. Tbree-fourth of all 
public tran port trip are made by bus. The share of public 
transport has been falling continuou ly during the la t 20 years 
as a result of growing car den ity. 

BASIC TRAFFIC SURVEYS 

The basic traffic surveys for the Hel inki Metropolitan Area 
Tran portation tudy l9 8 (LITU 88) w re done during 1987 
and 1988. The main field swdie were an origin-destination 
(OD) . urvey of automobile traffic (1), an OD urvey of public 
transport (2) and a personal trip diary interview (3). 

The OD urvey of automobile traffic wa done at 122 sites 
on 10 cordon line that divided the study area into 15 ubareas. 
At each site a mail-back questionnaire was given to 10 to 20 
percent of the driver of the passing au! mobiles (except buses) 
between 6 a.111 . and 8 p.m. The information a ked included 
OD data trip purpose , and number of pa senger in the car. 
The driver were also asked to draw the route of their trip 
on a map included in the questionnaire. The number of re­
turned and approved questionnaires was about 86,000 (37 
percent). 

The OD survey ofpublic tran port wa done by interviewing 
every fourth boarding pa enger in very fourth bus tram 
and train (i.e., 6.25 percent of passengers). The questionnaire 
was hort, and most of the passenger completed it during 
their trip and returned it directly to the interviewer. Only a 
mall number were returned by post. The most important 

information in the que. tionnaire was OD data and informa­
tion about the numb r of transfers needed during the trip in 
question. The number of accepted returned questionnaires 
was about 56 000, which is 5.6 percent of tbe 1 million board­
ings per day in the metropolitan area. 

The trip diary interview was person based. The main rea­
on, for the use of thi technique were the easines in ample 

formation and expan ·ion and the g od experience in some 
recent travel urvey in FiJ1Jand (4). 

The objective of the interview wa to gather daily travel 
data plus socioeconomic and other background information 
from 7 ,000 inhabitants of the metropolitan area. Only per on 
7 year of age or older were included in the original random 
ample which was about 2.5 percent (18 000 per on ) of the 

corre ponding population. About 66 percent of these had a 
telephone. 

The data were gathered by an informed telephone inter· 
view. This means that the questionnaire plus travel diary were 
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sent in advance to people with a telephone (11,900), and after 
the survey date the person in question wa phoned and the 
data were typed directly into computer memory. The number 
of accepted telephone interviews was about 6 100 and about 
600 accepted answer were collected by mail to represent 
those per ons who had no telephone or could not be reached 
by telephone. 

The trip diary interview study formed the basis for the 
traffic modeling. In this work the other studies were used 
mainly for comparison and validation. 

In all these surveys three basic zone systems were used. 
The data were gathered in a very detailed zone division with 
282 zones. The models and forecasts were made in a division 
with 117 zones. For aggregation purposes a division with 19 
zones was mainly used. 

TRAFFIC MODEL SYSTEM 

ln this paper only the modeling of the internal trips of the 
inhabitants of the metropolitan area is described (5). These 
trips are about 90 percent of all person trip in the area and 
the modeling i ba ed on the trip diary interview. The mod· 
eling of external trips and commercial traffic was done with 
simple methods and is not discussed here. 

The model structure is basically a four-step model with 
feedback between the last three steps. Trip generation is cal· 
cu lated using production and attraction rates. Mode and des· 
tination choice are mostly modeled using nested logit models. 
In network loading a standard multipath equilibrium assign· 
ment model (EMME/2) is u ed. 

Trips are divided into four categories according to their 
purpose: home-based work trips (33 percent), home-based chool 
trip (11 percent) other home-based trips (42 percent) , and 
non-home-based trip (14 percent) . In mode choice modeling 
there are four alternative mode : walk (and bicycle), car (driver 
or passenger), bus (and street car) and rail (train and sub­
way) . The access trip to rail are made on foot or by bu . 
Less than 2 percent of rail passengers use park-and-ride, and 
this mode is not included in the model. 

The share of non-home-based trips in the data is low. There 
are two main reasons for this. The first is that, in the trip 
diary survey, short (less than 5 min travel time) non-home­
based pede trian and bicycle trip were purposely left out. 
The econd i tha non-home-based pedestrian and bicycle 
trip are not included in the models. The original share of 
non-home-based trips in the data is 19 percent This is the 
same as in the corresponding survey in 1976 with no exclusion 
of short trip (6). In the latest nationwide study, the share of 
non-home-based trips is about 25 percent ( 4), and in a recent 
study in Oulu, a middle-sized Finnish city, it is about 33 per­
cent (7). 

The population i divided into different categories in dif­
ferent steps of modeling. The most important categorization 
i the division according to a person's acces to a car. Persons 
with a driving Li.cense who, according to their own tatements, 
practically always hav acces to a car for traveling belong to 
the category HAP (a Finnish acronym for persons who mainly 
use cars for traveling). Other people belong to the category 
EHAP (person who usually cannot u e car for traveling). 
About 46 percent of people aged 18 years or more belong to 
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the category HAP. This is clearly more than one person per 
car registered in the area. 

Table 1 gives the main structure of the modeling system. 
The HAP/EHAP grouping is used in two trip-purpose cate­
gories: other home-based trips and non-home-based trips. 
Some minor categorizations of the population that are used 
during the modeling are not given in the table. The mo t 
important of these are the age grouping and the groupi.ng of 
the people as working or nonworking (see, for example, 
Table 2). 

TRIP GENERATION MODELS 

The production and attraction rates are based on cross­
classification analysis of the survey data. The division of the 
population into detailed categories is hard to foreca t, so the 
trip production rates used in the traffic forecasts and given in 
Table 2 are based on very few categories. 

The generation-attraction principle cannot be applied to 
non-home-based trips. The production rates given for this trip 
category in Table 2 were used only to check the total number 
of non-home-based trips in the metropolitan area. The actual 
trip location for non-home-based trips were based on the 
number of inhabitants and jobs in the zones. The same prin­
ciple was used for all the attraction rates calculated in the 
study. 

The home-based school trips of persons aged 18 years or 
more are included in other home-based trips, and they are 
about 8.5 percent of all trips in this category. In this way the 
school trip category becomes homogeneous. For example, 
more than 75 percent of these trips are made on foot or by 
bicycle. 

No trip matrix balancing was done in the study. The at­
traction rates were used mainly for validation and evaluation 
for the forecasts in a later phase of the process. They were 
also used in the calculation of the size variable in some of the 
destination choice models. 

LOGIT MODELS FOR MODE AND 
DESTINATION CHOICE 

Estimation of the Models 

Nested logit models were used for mode and destination choice 
estimation for other home-based and non-home-based trips. 
The mode choice of home-based work trips was estimated 
with a logit model as well as the destination choice of the 
home-based school trips. 

The destination choice of home-based work trips was mod­
eled using a housing and workplace matrix from the popu­
lation censuses. This matrix gives the location of the home 
and workplace of every working person in the area . The work 
trips of the present situation were simply distributed using 
this matrix. The matrix was transformed for future situations 
with growth factors based on a gravity model analogy. The 
approximation method is rough and is not discussed further 
here. 

The mode choice of home-based school trips was based on 
the length of the trip. This could be done because walking 
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TABLE 1 Structure of the Modeling System of Internal Trips in LITU 88 

Trip purpose 

Home-based work 

trips 

Home-based school 

trip s 

Other home-based 

trips. 

HAP-persons" 

Other home-based 

trips. 

EHAP-persons" 

Non-home-based 

trips"", 

HAP-persons 

Non-home-based 

trips''. 

EHAP-persons 

Trip generation rates 

Production 

Trips/working 

person/day 

Trips/school-

aged person/day 

Trips/HAP-person/ 

day 

Trips/EHAP-person/ 

day 

Trips/HAP-person/ 

day 

Trips/EHAP-person/ 

day 

Attraction 

Trips/em­

ployee/day 

Trips/in­

habitant/day 

Trips/in­

habitant/day 

Trips/em-

ployee/day 

Trips/in­

habitant/day, 

Tripe/em-

ployee/day 

Trips/inha­

bitant/day, 

Trips/em-

ployee/day 

Trips/inha­

bitant/day, 

Trips/em-

ployee/day 

Mode choice 

Logit model 

Distance matri" 

Logit model 

Logit model 

Logit model 

Logit model 

Destination choice 

Housing and working 

place matrix 

Logit model 

Nested logit model 

Nested logit model 

Nested logit model 

Nested logit model 

HAP-person is a person that practically always has access to car for personal trips. 

Other persons are EHAP-persons. 

Walk (and bicycle) trips are excluded from this trip category. 
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and bicycling are so dominant in this trip category without 
direct access to a car. The mode and de tination choice of 
chool trips is not discussed furt her in tbe paper. 

In other home-based and non-home-based tri p categories, 
the nested logit models were estimated separately for H AP 
and E HAP person . A stepwise estimation procedure was 
used (i. e., th.e mode choice model was estimated fi rst, and 
the logsum term of that model was u ed as a variable in the 
estimation of the destination choice model). Simultaneous 
estimation was not possible in the original model work be­
cause of computer program restrictions. 

At first, estimation u ing amples with 31 zone per alternative 
was tried ju las in the corresponding study in 1976 (6) . The 
resul ts were poor, o the fu ll choice set wa used. The reason 
for the poor results with destination sampling was probably 
a bias in the methodology. The models were estimated ac­
cording to the rules of random sampling even though the 

The estimation of the destination choice models was done 
using all 117 zones of the metropolitan area as alternatives. 

trategy used wa ba ·ically a strati fied importance sampling 
described for example , by Ben-Akiva and Lerman (8). Ran­
dom ampling strategy and the stability of the coefficients will 
be studied during 1992. 

For each trip category where logit models were used for 
mode choice, two sets of models were estimated. The base 
models are detailed and include a larger number of variables 
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TABLE 2 Trip Production Rates (Trips/Person/Day) Used in Traffic 
Forecasts in LITU 88 

Trip purpose Population Trip production 

group rate 

Home-based work Working persons, 

trips age 18-64 years 1.43 

Other population 0.03 

Home-based school Age 7-17 years 

Other population 

1. 77 

trips• o.oo 

Other home-based Age 7-17 years 

EHAP-persons, age 18-

1.20 

1.10 

1.46 

trips'' 

HAP-persons 

Nonhome-based Age 7-17 years 0.12 

0.27 

0.67 

trips• .. EHAP-persons, age 18-

HAP-persons 

The school trips of persons aged 18 years or more 

belong to the trip category other home-based 

trips. 

HAP-person is a person that practically always 

has access to a car for personal trips. Others 

are EHAP-persons. 

Walk (end bicycle) trips ere excluded from this 

trip category. 

than the forecasting models that need Jess data and are used 
in the aggregate travel forecast . The focus of this paper is in 
the foreca ting models. Only one example of the base models 
is given here (Table 3). 

Travel cost for public Iran port are based on the ticket 
type of the passenger. Travel co ts for car (0 .46 FfM/km) are 
out-of-pocket cost (9). For home-based work trip the travel 
costs of a car do not include parking costs. They are calculated 
in the parkfog index, which is a linear combination of parking 
costs and the logarithmic ratio of parking demand to parking 
capacity. Variables and Coefficients of Mode Choice Models 

Table 3 give the variables and coefficientS of the mode choice 
models for home-based work trips. These models were esti­
mated without categorization by access to a car (HAP/EHAP 
grouping). 

The distance for walk trips is given in kilometers. This 
distance is for a one-way trip between home and work. The 
travel times, travel costs, and number of transfers in motor­
ized traffic are calculated for a round-trip. Travel times are 
given in minutes, costs in FIM ($1 U.S. is about 4.3 FIM), 
and household income in thousands of FIM per month. 

The total travel time includes walking, waiting, and in­
vehicle times. These are calculated from the traffic networks 
with the EMME/2 program. For rail users a special procedure 
is used to give all these components. 

The base model in Table 3 has more variables than the 
forecasting model. For example the possibility of a personally 
addressed parking place at the workplace and the po ibility 
of a company car are included in the model. A ·pedal variable 
to d cribe the length of the acces to rail tations is al o used. 

The model coefficients are logical, and the variable in the 
forecasting model are predictable. If an as umption of con­
stant cost/income relationship is made then no forecast is 
needed for these variables. 

The value of travel time calculated from the forecasting 
model in Table 3 with a mean household income of 12,000 
FIM/month is about 6.90 FIM/hr. This is about half of the 
price that was used in cost-benefit analyses by the Finnish 
National Road Administration in 1988 (9). From the base 
model the value of travel time for components of the work 
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TABLE 3 Variables and Coefficients of the Logit Models for Mode Choice of Home-Based Work Trips in 
LITU 88 

Forecasting model Base model 

Variable Coefficient t Coefficient t Modes 

Ln(distance) 3.601 36.3 Walk 

Total travel time -0.02154 -9.0 Bus, car. rail 

Trip cost/income -2.236 -29.9 Bus, car. rail 

Number of transfers -0.5170 -14.7 Bus. rail 

Cars/household 0.7896 5.1 -1.101 -5.6 Car/Bus.rail" 

Parking index -1.010 -4.9 -1. 000 -5.7 Car 

Walk-dummy 1. 873 13 . 8 -0.7411 -3.9 Walk 

Rail-dummy 0 . 3200 4.9 0.7837 4.7 Rail 

Car-dummy -1. 420 -9 . 6 -3.300 -18.5 Car 

Distance 0-10 km -0.8838 -28.2 Walk 

Distance 10- km -0.1639 -4.8 Walk 

Access walk time -0.03476 -7.7 Bus, car, rail 

In-vehicle time -0.01338 -3.9 Bus, car, rail 

Cost -0.2468 -29 . 4 Bus, car, rail 

Number of transfers bus -0.6980 -12 . 9 Bus 

Number of transfers rail -0.4229 -9.9 Rail 

Sex (female=O, male=l) 1.615 18 . 8 Car 

Waiting time -0.04733 -6 . 2 Bus, rail 

Access time/road distance -0.2781 -5 . 7 Rail 

Reserved parking 0 . 9888 8 . 3 Car 

Company car 1.293 11. 4 Car 

Number of observations = 4780 p2 = 0.360 n = 4780 p2 = 0.471 

Percent of correct predictions 66.6 72.8 

The variable cars/household is used for car mode in the forecasting model and 

for bus and rail modes in the base model. 

If the distance <• 10 km then 'Distance 0-10' equals the distance and 

'Distance 10 -· equals zero , If the distance > io km then 'Distance 0-10' equals 10 

and 'Distance 10-' equals (distance-10). 

trip can also be calculated : walk time 8.45 FIM/hr, waiting 
time 11.50 FIM/hr, and in-vehicle time 3.25 HM/hr. The ra tio 
of the component value. is approximately 2.5:3.5:1. This is 
in reasonably good accordance wi lh the international findings 
of traffic model studies (I O). 

Table 4 gives the models estimated for the HAP and EHAP 
populations for other home-based trips . In this trip category 

the model structure and most of the variables are the same 
as in the model for home-based work trips. The values of the 
variables are for round-trip except walking distance which 
is given as a sum of one or t.wo one-way distance variables in 
the same way as in the base model fo r home-based work trip . 
The parking costs are this time included in the cost/income 
variable . The parking conditions of the destination zone are 
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TABLE 4 Variables and Coefficients of the Logit Models for Mode Choice of Other Home-Based Trips in 
LITU 88 

HAP-population • EHAP-population 

Variable Coefficient t Coefficient t Modes 

···=·==·=====··=·==··=··==·==···········==·=··==•==•==·==·==·=====·==··=·•==··=··=· ·=··=· 
Diatance, 0-5 km ·- -0.7838 -13.0 Walk 

Diatance. 5-10 km 
.. 

-0.5489 -7.6 Walk 

Diatance, 0-10 km -0.7599 -29.6 Walk 

Total travel time -0.01943 -4.0 -0.01643 -6.2 Bus, car, rail 

Coat/income -0.7593 -8.4 Bua, car, rail 

Number of transfers -0.1875 -2.4 -0.4205 -10.0 Bus, rail 

Ln(parking ratio-5) -0.4376 -9.5 -0.3885 -9.2 car 

Acc. time/road dist. -0.4418 -3.8 Rail 

Walk-dummy 1.961 8.1 1.950 17.7 Walk 

Rail-dummy 0. 7967 2.8 -0.01898 -0.2 Rail 

Car-dummy 1.660 9.8 -1. 253 -12.7 Car 

Number of observations • 2542 p2 = 0.515 n = 4050 p2 = 0.267 

Percent of correct predictions 77.0 60.8 

HAP-person is a person that practically always has access to a car for personal 

trips . Others are EHAP-persons. 

If the distance <= 5 km then 'Distance 0-5' equals the distance and 

'Distance 5-10' equals zero . If the distance > 5 km and <=10 km then 

'Distance 0-5' equals 5 and 'Distance 5-10' equals (distance-5). 

If the distance > 10 km 'Distance 0-5' equals 5 and 'Distance 5-10' equals 5. 

If the distance <= 10 km then 'Distance 0-10' equals the distance. If the 

distance > 10 km then ' Distance 0-10' equals 10 . 

described with the logarithmic parking ratio variable (demand/ 
capacity). 

The access time per road distance variable is calculated as 
the um of the access times to and fr m rail stations divided 
by the direct mad distance between origin and destination of 
the trip . The variab l.e is a measure of di ffic ul ty in the use of 
a low-density rail network. 

The value of travel time can be calculated only for main 
u ·er · ()f cars (the HA P population) because travel cost is not 
included in the EHAP models. The value of the time for 
12,000 FIM/month income is 18.40 FlM/hr. This is clearly 
higher than the value for the whole population for home­
bascd work trips. 

Table 5 gives the coefficients of the mode choice models 
for non-home-based trip ·. Walk and bicycle trips are not in­
cluded in this trip category, and one-way trips are used in the 
models. The parking demand variable , though, is a sum of 

the corresponding variables of both ends of the trip. In this 
way, parking costs and constraints of both ends of the trip 
affect the mode choice. 

The value of travel time for non-home-based trips cari be 
calculated for both population categories. The value for the 
HAP population (11.90 F lM/hr) i lower than that for the 
EHAP population (26.10 FIM/hr) . The reason for this sur­
prising result might be the exclusion of tbe walk trip from 
l'he e ·timation sample . Another reason might be in the dif­
ferences of the purpose distribution of the non-home-based 
trips of the HAP and E HAP population . HAP people clearly 
make more non-home-ba ed trips than EHAP people , o it 
is possi ble that a bigger hare of their trip are leisure trips 
(with a lower time value) than i the case for EHAP people. 

The use of rail as a separate mode cau ed some problem 
in model estimation. In most models the share of correctly 
predicted choices was lowest for rail. The problem was that 
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TABLE 5 Variables and Coefficients of the Logit Model for Mode Choice of Non-Home-Based Trips in 
LITU 88 

0 = ;;i; - •• =-·I: II DJ:: - :a: IC :t&"CI au-~- c ••• = ::iia.u-..-- Ill! •••.•• ·= =t :-=::: 111 • • =-= = =•w.a ••#GI :II D.S IC s; 111.llll.llll ·==a i:I • :II •• = ••s •::11 ::::I= ;g ., •• 0 

HAP-population • EHAP-population 

Variable Coefficient t Coefficient t Modes 

Total travel time -0.05479 -3.2 -0.06058 -4.4 Bue, car, rail 

Cost/income -3.307 -8.0 -1. 668 -5.1 Bus, car. rail 

Number of transfers -0.5439 -2.0 -0.2826 -1.4 Bus, rail 

I:Ln(parking ratio-5) -0.2102 -3.1 -0.2113 -3.3 Car 

Rail-dummy -0.3284 -1.4 -o. 4938 -3.2 Rail 

Car-dummy 1. 767 5.1 -1. 072 -4.0 Car 

Number of observations = 1284 p2 ~ 0.671 n = 652 p2 = 0.199 

Percent correct predictions 89.1 40.9 

_.a a a a---•••• 1111: .,_a•••••• · - a• ••·--•• a a a-r• •a•• a an• a • .._•••• a••• aaaa • • • ---•• tll a-.aa •••••a••••••••• a 

HAP-person is a person that practically always has access to a car for personal 

trips. Others are EHAP-persone. 

there were no good variables to differentiate between bus and 
rail. Some attempts were made with nested mode choice models, 
but the re ults were not any better. Because of the important 
role of ome new rail construction proposals in the future , 
rail was kept as a separate mode in the models. 

The p2 values of the models are ometimes very high. Tllis 
is especially the case in models for the HAP population. The 
reason for this is tbat the modal split in this population gr up 
i very one-sided: three-fourths or more of trips are made y 
car. A better indicator for the goodness-of-fit of the models 
would be a revised p2 value that indicates the result in com­
parison with a model with alternative specific constants only. 
Unfortunately , the estimation program did not give these val­
ues, and they were not calculated afterward . 

Some estimates of model accuracy were done by sample 
enumeration. The results indicated that the estimates of car 
and bus hares are mo Uy quite good (average error mostly 
only a few percent). The result for rail are clearly worse 
especially for HAP persons. Thi may be an implication of 
an IlA violation in the rn del tructure for this population 
category. lu practice the difference is not so erious, because 
HAP persons seldom use rail or any public transport alter­
native. 

Variables and Coefficients of Destination 
Choice Models 

Destination choice models for other home-based and non­
home-ba ·ed trips were estimated separately for HAP and 
EHAP population ·. T he models are nested logit models with 
feedback to mode choice models via the logsum variable. 
According to theory the coefficient of the logsum variable 
should be greater than or equal to zero and le s than or equal 

to one (8). If the coefficient i greater than one, om of the 
cros elasticities in the model can be illogical (JO). 

[n ome e timating programs it i po ·sible to r Lrict the 
coefficient of the log um variable to 1, but this wa not in the 
program that was originally u ed during this work . Unfor­
tunately, thi led to c efficients that were clearly more than 
1 as can be seen from the following table where the model 
coefficien ts are given. After this occurred, a new program 
with the ability to restrict estimated parameter was used (J l). 
In the following, results of wire. tricted and restricted e ti­
mation are given, but so far no forecasts with the restricted 
models have been made. 

In destination choice models, the attraction is described 
with a scale variable. Usually this variable contains a linear 
combination of the amount of different activities in the zone. 
Th scale variable should be in logarithmic form , and it coef­
ficient should be equal to 1 to give a model that is indep ndent 
of the zone divi ion 8, 10) . 

The original estimation of the models of LITU 88 was done 
without restriction the coefficient of the ·ca le variable to equal 
l . Most coefficient · turned out to be reasonable (i .e. they 
did not differ too much from one and were all le than 1) . 
Trials of restricted estimation indicated only minor changes 
in other coefficients of the models, o these re ult are not 
given here . 

The weighting of different activities inside the scale variable 
can al o be problematic. The original estimation program that 
was used in thi work could n t estimate these weights si­
multaneously wjth other model coefficients. For this reason 
the weights were found partly by tri al-and-error and partly 
by the u e of usual attraction rates . With the new e timation 
program, these weights can be directly e timated. Some of 
the results are given here . The results indkate Urnt the other 
coefficients of the model are not very sensitive to the weights. 
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With the new estimation program it is also possible to es­
timate the nested logit model for mode and destination choice 
simultaneously. This estimation makes better use of the data, 
and a new estimation of the models is going on. In this paper 
all models are based on sequential estimation of mode and 
destination choice. 

Table 6 gives the results of model estimation for other 
home-based trips. The corresponding results for non-home­
based trips are given in Table 7. 

All the destination choice models given above have one to 
three alternative specific dummy variables. The city dummy 
is used if the destination of the trip is inside the city center 
area . Subcenters 1 and 2 refer to the main centers of Espoo 
and Vantaa. Subcenter 3 is the biggest subcenter inside the 
borders of Helsinki. 

The models estimated with the new program without re­
strictions included the estimation of the weights in the scale 
variable, too. The exact results are not given here, but the 
values of the weights did not differ much from the corre­
sponding values of the restricted estimation given in Tables 
6 and 7. The model coefficients were also very near the coef­
ficients of the free estimation of the models. This is natural 
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because the coefficient of the scale variable in free estimation 
did not differ so much from 1. 

The weighted values of the scale variable are clearly of 
different magnitude in the free trial-and-error estimation and 
in the new restricted e ·timation even th ugh the coefficients 
of the logscale variables are very near each other. The ex­
planation for this i in the nature of logarithmic variable . Lf 
a logarithmic variable in a logit model is common to all al­
ternative · a multiplication or divi ion by constant in ide the 
logarithm has no effect on the coefficient of thi or any other 
variable in the model. 

As was mentioned before, all the destination choice models 
were estimated using all 117 zones as possible choice ·. The 
great amount of possible choices result in tow p2 value . The 
basic te t used for the goodness-of-fi t of the destination choice 
models was their ability to replicate the trip length distribu­
tions of the travel data . An example is given in Figure 1. 

The fit of the computed trip length distribution in Figure 
1 is far from excellent (ob ·erved mean 7. 78 km; forecast mean 
6.24 km) and the model ha to be developed further. lt i 
possible that the simult<'lneous restricted estimation proce 
that is going on at present will give better result 

TABLE 6 Variables and Coefficients of the Logit Model for Destination Choice of Other Home-Based Trips in 
LITU 88 

HAP-population EKAP-population • 

Variable Coefficient t Coefficient t Coefficient t Coefficient t 

(free) -- (restricted) (free) (restricted) 

Log sum 1. 770 56. 5 1.000 o.o 1.830 99.6 1.000 0.0 

Logscale 0.7416 24.3 0.7992 21. 7 0.9554 29.7 0.9158 34.3 

Employment density 0.2629 8.3 0.1787 5.4 0.3022 22.3 0.1058 4.5 

City-dummy 0.5908 6.5 0.2805 3.2 

Subcentersl&2-dummy 0.7699 9.0 0.9622 11. 2 

Subcenter3-dummy 1. 457 12.6 1.501 11. 9 1. 945 21. 4 1.435 15.5 

p1 
2 0.189 p2 = 0.180 p1 = 0. 338 p1 = 0.288 

Variables in the logscale-variable 

Inhabitants 1. 75 1.000 0.0 0.55 1.000 o.o 

Retail employment 52.75 2.306 9.7 0.40 2.248 19.0 

Service employment 24.00 0.8768 4.2 0.55 

Industrial employment 1.00 0.10 

Other jobs 15.50 0.2773 0.6 0.10 

KAP-person is a person that practically always has access to a car for personal tripe. 

Others are EKAP-persona. 

Free : free estimation of the coefficient of the logsum variable 

Restricted : the coefficient of the logsum variable was restricted equal 1.0 
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TABLE 7 Variables and Coefficients of the Logit Model for Destination Choice of Non-Home-Based Trips in LITU 88 

HAP-population • EHAP-population 

Variable Coefficient t Coefficient t Coefficient t Coefficient t 

(free) •• (restricted) (free) (restricted) 

Logs um 1.380 36.2 1.000 o.o 1.656 23.3 1.000 o.o 

Logscale 0.7578 21. 2 0.8593 16.3 0.7289 13.9 1.007 12.4 

City-dummy 0.7717 8.8 0.5144 5.8 0.2716 2.5 0.1670 1.4 

Subcenterl&2-dummy 0.4343 3.3 0.5144 3.8 0.7803 4.2 0.7307 3.9 

Subcenter3-dummy 1.104 6.4 0.9700 5.4 1. 328 5.4 1. 374 5.2 

p2 = 0.216 p2 = 0.208 p2 = 0.256 p2 • 0.246 

Variables in the logscale-variable 

Inhabitants 1.00 1.000 o.o 1.00 1.000 0.0 

Retail employment 57.00 3.356 8.2 43.00 2. 554 6.4 

Service employment 32.00 1.495 4.2 24.00 1.156 3.5 

Industrial emp,loyment 8.50 1. 630 5.3 5.00 

Other jobs 20.50 1. 317 2.5 18.00 0.5949 1. 0 

HAP-person is a person that practically always has access to a car for personal 

trips. Others are EHAP-persons. 

Free : free estimation of the coefficient of the logsum variable 

Restricted : the coefficient of the logsum variable was restricted equal 1.0 

Fortunately, the case given in Figure 1 is the worst one. 
F or example, the mean value of the observed trip lengths for 
home-based work trips is 9.96 km, and the forecast value is 
9.62 km. For other home-ba ·ed trip the values are 7.02 km 
(observed) and 7.28 km (forecast). For non-home-based trips 
the values are 7. 78 and 6.24 km. Thi indicate that the models 
for non-home-based trips have to be developed further. 

OTHER MODELS 

The forecasting process used in LITU 88 needs some addi­
tional traffic models. The most interesting of these are the 
car ownership models and the model for HAP/EHAP division 
of the population. For both purposes logit models were used. 

Table 8 give an example of car ownersJ1ip models. These 
models are, unlike the other logit models of the study , house­
hold based. According to the model , the size of the household 
has a strong impact on car ownership as well as the type of 
housing. 

In Table 9 there is an example of the HAP/EHAP model. 
A better model can be e timated if the sex of the person is 
included. However, the model in Table 9 was used for fore-

casting because it was assumed that the difference in access 
to cars between males and females will diminish in the future. 

DISCUSSION OF RESULTS 

The model system was used to produce basic traffic forecasts 
for the present situation (as a part of the model validation) 
and for two future situations. The basic forecasts give the 
daily trip matrixes divided by trip purpose and mode. The 
forecasting was done separately for morning and evening peak 
periods and for the rest of the day. This way, the differences 
in trip purpose and destination choice during different times 
of day were taken into account. 

The forecasting was based on aggregate data. The zonal 
means of the variables included in the models were used for 
all individuals of the zone. This of course is a source of ag­
gregation error, and this must be kept in mind when total 
results are referred to in the following discussion. 

Comparison of the forecast for the present situation with 
the results of the traffic studies is the final test of the modeling 
system. The model estimation cannot be based solely on the 
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FIGURE 1 Observed and estimated trip length distributions for non-home-based trips in LITU 88. 

TABLE 8 Logit Model for Household Car Ownership in LITU 88 

Variable Coefficient Alternative 

Income 0.2014 Car(s) in household 

Household size 0.5881 Car( a) in household 

Flat-dummy . 1.216 No car in household 

City-dummy 1.418 No car in household 

No car -dummy 2.302 No car in household 

p' ~ o. 468 

*Flat-dummy equals one if the household lives in an 

apartment house outside the city center and zero 

otherwise. 

statistical indicators like p2 • One must also consider the perfor­
mance of the models in forecasting. 

During these comparisons, the alternative specific dummy 
variables of the original mode choice model were corrected 
by an iterative method, presented by Talvitie (12), to give a 
better replication of the present ituation . 

Some practical problems of the modeling work are also 
wonh mentioning here . Fir t , the travel time for buses were 
estimated with the EMME/2 system. The assignment proce­
dure of the program tries to minimize the sum of the travel 

TABLE 9 Logit Model for the Division of the Population into 
HAP/EHAP* Categories in LITU 88 

Variable Coefficient t Alternative 

Car in household (0/1) 3.093 27.9 HAP 

Household income 0.06382 6.4 HAP 

Number of workers in 

household 

HAP-dummy 

p' - 0.347 

0.6438 10.5 

-2. 658 -21. 9 

EHAP 

HAP 

HAP-person is e person that practically always has ac-

cess to a car for personal trips. Others are EHAP-

persons. 

time of all passengers between each origin and destination 
pair (8) . The procedure gives fairly stable total travel time 
but its component (waiting, walking and in-vehicle time) are 
very sensitive to the way the lines and network are coded. 
The assignment procedure also tend to give more transfers 
than are actually made during the trips. 

The travel times for trains were calculated with a separate 
procedure where EMME/2 and some tailor-made programs 



\ 
l 

\ 

I 

Pursula and Kanner 

were used. Here too the way the EMME/2 network was coded 
caused some problems in the estimation in talion choice. 

Second , the correct way of estimating the intrazonal dis­
tances and travel time , both in private and public transport, 
turned out to be problematic. The estimation was done in 
advance in network coding without direct connection to mod­
eling, and this was probably one rea: on for the difficultie in 
replicating the correct trip length distribution . The intrazonal 
distances and travel times were originally coded in the 282-
zone system. The aggregation of the zones to a 117-zone 
system has perhaps even strengthened the deficiencies of the 
values. 

In spite of these difficulties, the forecasts of the model 
sy tern de cribed here turned out to be satis(actory in most 
cases. The forecasts so far were made with models with some 
theoretical deficiencies (for example in the coefficient of the 
logsum variable), and many problems till exi t. T he esti­
mation of new models is going on, and new forecasts will be 
made during spring 1992. 

The final method of forecasting is still under discussion, 
too . There are three possible alternative . The fir. t i · to use 
disaggregate models with zonal mean as described here. 'l'he 
econd is to make the forecasts using sample enumeration . 

This method bas not been used in Finland earlier, and many 
practical problems have to be olved before full-scale appli­
cations. Sample enumeration will anyway be used to make 
further checks on model performance, especially in destina­
tion choice. 

The third way to make the forecast is to use either the first 
or the second method to calculate growth factors that can be 
u ed to modify the pre ent car and public transport trip 1na­
trixes. The basic idea of thi method is to make better use of 
tbe trip matrixes that were explored with the big OD field 
surveys mentioned in this paper. 
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