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Abstract

A new model system for short distance travel has recently been developed in Norway (RegMod). It includes sub-models for access to car, mode/destination choice for 5 travel purposes and trip generation. A novel approach to trip generation is used. It is based on a model estimated as a Hurdle-Poisson model for the total number of sojourns simultaneously with a multinomial logit model for the distribution of sojourns by purpose. A special procedure converts sojourns to home based tours with one or two destinations. In our view the method used in RegMod represents a reasonable trade-off between realistic representation of travel behavior and execution speed for large scale travel demand models.
Keywords: Travel demand , Trip generation, Poisson model, Logit – model   

Introduction

A new model system (RegMod) for short distance travel (trip lengths less than 100 km) has recently been developed in Norway. It is implemented as 5 (partly overlapping) regional models that - taken together - cover the whole country. The number of zones in the different regions ranges from 2300 to 6000. The system includes sub-models for access to car in the household, mode- and destination choice for 5 travel purposes, route choice and trip generation. RegMod is supplemented by model for long distance travel that was developed in 2001. Together these model systems encompass around 95 percent of all passenger trips in Norway. 
RegMod can be considered as a 4-step model supplemented with a model that segment the population with respect to car accessibility. The database for estimation of different sub-models is from a national travel survey conducted in 2001 and for the estimation of mode/destination choice models, the national survey was supplemented with data from a travel survey from the Oslo-region.   

The model has 5 travel purposes: “commuting”, “business”, “shopping/service”, “private visits” and “other purposes” and 5 modes of travel: “car driver”, “car passenger”, “public transport”, “bicycle” and “walking”.  School trips are excluded, but are for completeness included in the trip generation model and will later be added to the system as an additional travel purpose. 

For each travel purpose a combined mode/destination choice model of the logit-type, see for example  Ben-Akiva and Lerman (1998) and McFadden (1984), was estimated based on tours starting in the respondents’ home. The samples used to estimate these models contained a combination of strict one-destination tours and multi-destination tours where some simple rules could be used to define a main destination. Each record had a variable indicating whether the tour belonged to the last category and it turned out that tours with a secondary destination had a higher probability for “car driver” as the mode of travel then one-destination tours. However, the preparation of tours for estimation of mode/destination choice models implied that these tours contained less than 60 per cent of the total number of trips in the surveys. The trips not included in the tours used for estimation had a higher share of car drivers than trips included. This means that parameter estimated for this dummy variable will actually underestimate the use of car for more extensive trip chains.   

The implementation of the system is for a normal “workday”, which is reflected both in tour generation and in mode/destination choice. The system includes the age groups in the travel survey (13-89 years). 

Estimation and implementation were a joint project between the Institute of Transport Economics and Molde Research. The clients were the National Roads Authority, the National Railways Authority, the Civil Aviation Authority and the Coast Directorate. The Ministry of Transport and Communications provided supplementary funding. The intention is that these model systems shall replace existing models for travel demand in different regions and be the main tools for travel demand forecasting and for assessment of transport projects and policy measures in the future. This will need some further development work in order to adequately model demand in larger urban areas where road congestion is an important issue. A special adaptation of RegMod for the Oslo region is already on the way. 
While RegMod in most ways can be considered as a traditional model system for travel demand, it has a couple of novel features. One is the way that it treats seasonal passes for public transport (Larsen and Rekdal, 2006). The other, which is the topic of this paper, is the treatment of trip generation.      
Trips, tours or sojourns?

The main motivation for developing a new method for trip generation was the fact that the sub-models for mode/destination choice contained less than 60 per cent of the trips. A tour generation model based on these tours would thus grossly under​estimate the total number of trips. On the other hand, expanding the estimated number of tours in order to match the total number of trips in the travel survey, would produce biased OD-matrices with far too many trips going to and from home. The correct number of trips by purpose would neither be reproduced. We wanted a method that – to the extent possible – could reproduce the total number of trips by travel purpose in a consistent manner and at the same time be acceptable from a computational point of view. It should also be possible to combine this method with the estimated models for mode/destination choice.   

Table 1 shows the distribution of tours and trips in the travel survey by the number of sojourns in the tours. Incomplete tours are tours that do not return to home or do not start at home. Tours with one destination (sojourn) contains only 55 per cent of the total number of trips, while tours with one and two destinations includes together includes 71 per cent of the total number of trips reported and 76.6 per cent of the trips included in complete tours. 
Table 1: Distribution of tours and trips. Respondents with 

              trip diaries reported for normal workdays.
	 
	#Tours
	Per cent
	# Trips
	Per cent
	Trips accumulated

	1. sojourn tours
	11753
	73.2
	23506
	58.8
	58.8

	2. sojourn tours
	2365
	14.7
	7095
	17.8
	76.6

	3. sojourn tours
	1109
	6.9
	4436
	11.1
	87.7

	4. sojourn tours 
	434
	2.7
	2170
	5.4
	93.1

	5. sojourn tours
	211
	1.3
	1266
	3.2
	96.3

	6+ sojourn tours
	191
	1.2
	1495
	3.8
	100.0

	Sum
	16063
	100
	39968
	100
	

	Incomplete tours
	
	
	2889
	
	

	Total
	 
	 
	42857
	 
	 


Source: National Travel Survey 2001. N=13012
An additional concern was due to some initial work indicating that stochastic terms related to trips of different purposes might be correlated on the level of the individual (Larsen, 2003). There might be at least 2 reasons for such correlations.
1. When a person visits a certain location for a specific purpose, the time available for visiting other locations on the same day decreases. This may introduce negative correlation. 
2. Visiting one location may reduce the time and cost of visiting another location if the second visit can be included in the same home based tour.  This phenomenon may introduce positive correlation. 
These types of correlations are an argument for simultaneous estimation for all travel purposes when individual observations are used for the estimation.
Travel surveys concerned with peoples travel behavior during a day, usually records the trips undertaken by the respondents by mode, destination and purpose. Travel surveys are also an important source of data for estimation of travel demand models. The choice of mode of travel and destination for a trip or tour is very often modeled by structured multinomial logit-models. This formulation can be derived from the assumption that people choose the combination of mode and destination among the available alternatives that maximises ”utility” (Ben-Akiva.and Lerman 1985, McFadden 1884). The utility is assumed to consist of a systematic component that can be estimated as a function of explanatory variables, and an additive random term assumed to be iid Gumbel distributed over alternatives and individuals.  

At the level of trip generation, the choice of model formulation is less clear cut. The choice is not binary. People can choose to make more than one trip or tour (for a specific purpose) during a day and the observations have the character of count data, i.e. non-negative integers. Zero trips during a day also constitute a fairly high share of the observations. The natural extension of mode/destination models would be a binominal model (x trips out of n trials) with the probability of making a trip formulated as a logit probability. However, this leaves the number of “trials” undetermined and it is not obvious that trip generation should be modeled as the outcome of independent Bernoulli trials.  

A common approach is to use a structured logit model for trip generation, but with tours as the unit. This means that the first level of choice is between no tour and one or more tours. The next level of choice is between one tour and 2 or more tours etc. (Daly, 1997). This approach works, but it is not a natural extension of the logic behind mode and destination choice models. Still another approach is to use the geometric distribution, i.e. to model the number of tours as the number of “successes” before a failure occur (or vice verca). However, the geometric distribution does not refer to any specific time period and may in some cases give unreasonable predictions when applied to the number of events in a specific time interval.  
Table 2 shows distribution of the respondents in the national travel survey with respect to total number of trips, sojourns and tours.  
Table 2: The percentage distribution of respondents with respect 

to trips, sojourns and tours during a day – all purposes 1)
	 
	Trips
	Sojourns
	Tours

	0
	14.82
	17.61
	20.53

	1
	3.90
	29.96
	43.61

	2
	27.90
	24.27
	26.54

	3
	9.36
	12.92
	7.35

	4
	19.17
	7.36
	1.54

	5
	7.50
	3.45
	0.31

	6+
	17.35
	4.43
	0.12

	Total
	100.00
	100.00
	100.00

	Mean
	3.29
	2.34
	1.27


Source: National Travel Survey 2001, Trip Diary (N=13012) 

1) Respondents reporting on normal workdays, i.e. observations for  week-ends and holiday periods are excluded 

2) Poisson distribution with parameter equal to the mean 

Larsen (2003) reports on some exploratory work, based on a sub-sample of the national travel survey. It indicates that models for the number sojourns for different purposes could be estimated satisfactorily by a Hurdle-Poisson model that has a probability of 0 events that deviates from the probability given by a standard Poisson model. An alternative also investigated was to model the choice between zero and multiple sojourns as a logit model and the remaining choices as a truncated Poisson model. However, in this work all travel purposes was treated separately and no simultaneous model for all travel purposes was estimated.  
The sojourns model

Let the number of sojourns for different purposes undertaken by a person on a specific day be denoted by Xi  (i = 1,…,I).  If each Xi follows an independent Poisson distribution with parameter λi it can easily be shown, e.g. Hausman, Hall and Griliches (1984), Rao (1952), that:  
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That is: If we combine independent Poisson distributed variables we get the product of a Poisson distribution and a multinomial distribution. 

If we set 
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 in the formulae and interpret ui as the utility of a sojourn with purpose “i” we get the product of a Poisson model with parameter 
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and a multinomial logit model for multiple choices. LS is the logsum from the multinomial model. In this case the probability of zero sojourns is:
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We recognize (2) as the probability that n independent iid Gumbel variates shall all be less than 0, which is a natural interpretation of the probability of no sojourns undertaken. 
The Hurdle Poisson model estimated can be formulated as:
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θ may be called the grand logsum parameter because logsums for different travel purposes may be entered as variables in the respective utility functions. I can see no reason for applying the usual restriction for nested logit models ( 0<θ<1 ) to this parameter.  

For this model the expected number of sojourns is given by:
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Assuming LS > and θ>0 0 this implies:


[image: image7.wmf]1

)

(

1

)

(

1

)

(

<

<

=

=

>

>

q

q

q

if

e

X

E

if

e

X

E

if

e

X

E

i

i

i

U

i

U

i

U

i









(6)
Notice also that the multinomial part of this probability function allows for sub-nests like a standard logit formulation, i.e. it is possible to nest two or more travel purposes. 
Yen and Adamowicz (1994) use a largely similar approach for simultaneous modeling of trip frequency for recreational trips and site choice. Jang (2005) test different model specifications (negative binomial, zero inflated Poisson and zero inflated negative binomial) for non-home based trips aggregated over the members of the household, but does not differentiate between travel purposes. Targa and Clifton (2005) also use a Poisson model for trip generation, but focus exclusively on walking trips.  
The likelihood function for this model (Hurdle Poisson multiplied by multinomial logit) was written in the GAUSS language and the model estimated with Maxlik in GAUSS.  
Estimation results for the sojourn model
The distribution on trip purposes varied quite much with age. In order to avoid a large number of dummy-variables or several non-linear functions of age, we split the sample into 5 age groups and estimated a separate model for each age group. The age groups were:
· Age 13-24

· Age 25-34

· Age 35-54

· Age 55-66

· Age 67 +

The utility functions for different travel purposes contained mainly dummy variables for gender, family characteristics and age sub-groups. For all purposes except “school” we also used the logsum from the mode/destination models for the specific segments as a variable in the corresponding utility function.
Table 3; Parameters for model fq_3554
	Parameters
	Estimates
	Std. err.
	Est./std.err.

	work_const            (w)
	-0.7651
	0.0497
	-15.400

	business_const      (b)     
	-2.0440
	0.0603
	-33.901

	shop./serv,_const   (s)       
	-0.6621
	0.0418
	-15.854

	visit_const              (v)
	-2.0413
	0.0591
	-34.524

	other_const            (o)
	-1.5181
	0.0784
	-19.366

	School_const        
	-3.1095
	0.0939
	-33.124

	grand logsum (θ)      
	1.0603
	0.0287
	36.887

	Logsum_wbsv 1)    
	0.0326
	0.0069
	4.706

	Logsum_o        
	0.0790
	0.0134
	5.897

	w_male       
	0.3555
	0.0361
	9.855

	b_male        
	0.6960
	0.0674
	10.323

	s_male       
	-0.3624
	0.0413
	-8.781

	o_male_fam42)  
	0.6690
	0.0497
	13.456

	o_female_fam4   
	0.9041
	0.0487
	18.575

	school_age4554  
	-1.0679
	0.1827
	-5.846

	w&b_male_fam1    
	-0.2955
	0.0629
	-4.700

	s_fam2       
	0.2899
	0.0724
	4.003

	o_fam2       
	0.9411
	0.0728
	12.930

	o_reg53)    
	0.2733
	0.0423
	6.460

	v_male_fam4 
	-0.4137
	0.0937
	-4.413

	b_male_reg1  
	0.2377
	0.0757
	3.140

	w_fylk114)     
	-0.2395
	0.0725
	-3.306

	s_fam3       
	-0.1487
	0.0562
	-2.645

	Mean log-likelihood        Number of cases              
	-4.2843
4827
	
	


1) In all models we had problems with obstaining significant parameters for some of the logsums. However , for  w, b, s and v they were very similar in magnitude and a common parameter was therefore estimated for  these purposes.
2) famx refers to family of type “X”  
3) regy  refers to residents in region “Y”
4) fylkz refers to residents in county “Z”
As an example of a complete model the results for the age group 35-54 is shown in Table 3 (the letters w,b,s,v, and o indicates the utility function where the parameter enters).

The model was also tested with a nesting of work and business. The estimated logsum parameter for the nest was 0.4426 and significantly less than one. The likelihood ratio test also rejected the restricted model with logsumparameter = 1 against the nested model.  Thus it seems the some improvement in model specification is possible by nesting travel purposes. 

All models estimated models were checked for the prediction on the sample and Table 4 shows the results for model fq_3554 which is also quite typical also for the other models.  
Table 4: Number of sojourns predicted and in sample. 

	Model fq_3455
	Model
	Sample

	Total
	10618.9
	10620

	Work
	3254.9
	3256

	Business
	1145.8
	1146

	Shopping/service
	2503.6
	2504

	Visit
	714.7
	715

	Other
	2847.9
	2847

	School
	152.0
	152


Table 5 gives some summary results for the 5 estimated models with respect to parameters for the logsums. The grand logsum parameter is significantly different from 1 for the first four models, but not for Fq_67up. The parameters for the logsums from the mode/destination choice models are all significantly different from 0.     
Table 5: Key results for logsums

	                              Model:
	Fq_1324
	Fq_2534
	Fq_3554
	Fq_5566
	Fq_67up

	Number of cases. 
	2089
	2282
	4827
	1916
	1898

	mean logllh
	-4.30709
	-4.49630
	-4.28430
	-3.72567
	-2.11933

	grand logsumparameter (θ)
	0.8646
	1.1116
	1.0603
	1.1963
	0.9564

	”t-value”
	-3.8471)
	2.5891)
	2.1011)
	2.7041)
	-.2281)

	logsum_wbsv      
	0.0340
	0.0300
	0.0326
	0.0403
	0.1052

	”t-value”
	2.387
	3.008
	4.706
	3.414
	5.232

	logsum_o         
	0.0880
	0.0586
	0.0790
	0.1114
	0.1631

	”t-value”
	4.110
	2.906
	5.897
	4.358
	5.370


1) ”t-value” calculated relative to parameter value =1. 

To conclude: We estimated a simultaneous model for the total number of sojourns and the distribution of these sojourns by purpose. This model combines a Hurdle Poisson model and a multinomial logit model. The model allows us to estimate the expected number of sojourns by purpose for an individual in each population segment in the model.     
From sojourns to tours and trips

Converting estimated sojourns into a tour patterns like the one in Table 1 is not an attractive option in a large scale model like RegMod that may have several thousand zones and a large number of population segments. The method we have used for the conversion is based on some simplifying assumptions. 
1) Sojourns are either undertaken in home based tours with one sojourn (destination, excl. home) or in tours with 2 sojourns (or destinations, excl. home).
2) The same mode of travel is used for all legs in a tour and the mode is determined by the mode/destination model for the purpose of the first destination.
3) The choice of destination for leg 2 is only dependant on its location relative to home. Formally: If the probability of destination “i” for purpose “a” for an outbound trip is paj and the probability of destination “j” for purpose “b” is pbj  than the probability for the leg 2 trip is taken as pabij = pai·paj  .  
The first assumption means that all sojourns shall be included in tours with either one or two destinations and we need to determine the number tours for the two types. The second assumption means that we disregard the fact that, for example, some people make tours to a city centre by car or public transport. There they make some walking trips before they return to home by the original mode. The third assumption is for computational convenience. It allows us to treat one origin (i.e. home zone) at a time in a loop without considering the full matrix of origins and destinations for every origin.
In the following we consider a segment of the population with residence in a zone and all symbols refer to this segment.

S

= a vector (5x1) of sojourns by 5 purposes (from the sojourns model)

S* 

= a vector (5x1) of sojourns undertaken in 1. destination tours

S1 

= a vector (5x1) of sojourns undertaken in leg 1 of 2. destination tours

S2 

= a vector (5x1) of sojourns undertaken in leg 2 of 2. destination tours

M                     = a matrix (5x5) of trips between different purposes for leg 2. 

S 

= S*+S1+S2           (by definition if all sojourns shall be undertaken).
S**

= S*+S1                (sojourns for outbound trips from home)
P 

= a vector (5,1) of shares (or probabilities) such that

S* 

= B.∙ S**
Q         
= a matrix (5x5) of shares (or probabilities)  qij is probability that purpose of leg 2 is “j” if  the purpose of leg 1 was “i”. The each row of Q adds up 
Dm          
= a matrix (5xd) of probabilities over destinations for mode “m” with one column for each purpose. The element 
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   is the probability of going to destination “j” by mode “m” if the purpose is “i”.  This matrix is constructed by combining the probability distributions produced by the mode/destination choice models.            
If we know S* , it is straight forward to calculate OD – matrices for 1. destination tours by multiplication with Dm , looping over origins (home zones) and adding the transpose. This is the usual way to handle tours with one destination.
If we know  S1 ,the Leg 1 matrix is likewise found by multiplication with Dm.  If we know M the Leg 2  matrix is given by  (DmT  ·  M T·Dm) where T denotes transpose. For each origin (home zone) this will be a full matrix that accumulates as we loop over origins. However, by adding up the columns of  (DmT  ·  M T·Dm), for each origin, we find a vector that is the transpose of Leg 3.  Adding up the 3 matrices calculated in this way we get a complete matrix of trips for tours with two destinations which can be added to the matrix calculated for one destination tours. 

In RegMod we use two versions of Dm depending on whether it is tours with one or two destination because the latter has a higher share for mode “car driver”. In order to carry out this procedure we must first find S**.  This is done by solving a system of linear equations that in matrix notation can be written as:        
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 With the solution:


[image: image10.wmf][

]

S

P

Q

I

S

T

T

×

-

+

=

-

1

*

*

)

1

(

*

.









(8)
When S** has been found,  S*, S1 and S2 follows from the definitions above, i.e. S*=P.·S**,  S1 = S** - S* , M = S1 . · Q  and S2=S – S** .  Having found these vectors and the matrix M they can be multiplied by Dm in the proper way to get the OD-matrices. 
A complete matrix consisting of the sum trips of in 1. and 2. destinations tours can be constructed in this way by looping over “home” zones.  The sum of trips going from a zone will equal the sum of trips going to a zone in the total matrix, but it will not be symmetrical around the diagonal as the case is for a matrix based only on tours with one destination. 

The procedure outlined above has been implemented in RegMod. In the implementation we do some aggregation of segments after Leg 1 has been calculated in order to save on execution time. 
A numerical example
From the national travel survey we constructed Table 5 which gives us Q (the shaded area), P and S.  Solving the equation system with these values gives us the results in Table 6 and 7.  Here we disregard the distribution on mode and destination.
Table 6: Probabilities and soujorns in the national travel survey 2001. 

	Purpose
	W
	B
	S
	V
	O
	Sum
	P
	S(i)

	Work 
	0.0735
	0.2593
	0.4074
	0.0462
	0.2136
	1.0000
	0.7083
	7615

	Business 
	0.4293
	0.3496
	0.1249
	0.0202
	0.0761
	1.0001
	0.7731
	2687

	Shopping / service
	0.1203
	0.0172
	0.4909
	0.1473
	0.2243
	1.0000
	0.3398
	9597

	Visit 
	0.0518
	0.0030
	0.2959
	0.3003
	0.3491
	1.0001
	0.6739
	4849

	Other 
	0.1617
	0.0204
	0.2534
	0.0959
	0.4686
	1.0001
	0.6703
	14399


Table 7: Distribution of sojourns on tours and legs.

	Purpose of sojourn
	1. destination tours (S*)
	First dest. In tours with 2 destinations (S1)
	Second dest. in tours with 2 destinations 
(S2)
	Total sojourns
(S)

	Work 
	4387.6
	1807.1
	1420.3
	7615.0

	Business 
	1487.2
	436.4
	763.4
	2687.0

	Shopping 
	1936.6
	3762.5
	3897.9
	9597.0

	Visit 
	2365.6
	1144.5
	1338.9
	4849.0

	Other 
	7393.9
	3637.5
	3367.5
	14399.0

	Total
	17571.0
	10788.0
	10788.0
	39147.0


Table 8: Leg 2 trips  (M).
	From/To
	W
	B
	S
	V
	O
	Sum

	Work 
	132.9
	468.6
	736.1
	83.5
	386.0
	1807.1

	Business 
	187.3
	152.6
	54.5
	8.8
	33.2
	436.4

	Shopping / service
	452.5
	64.6
	1847.1
	554.1
	844.1
	3762.4

	Visit 
	59.3
	3.4
	338.6
	343.7
	399.6
	1144.6

	Other 
	588.3
	74.2
	921.6
	348.8
	1704.6
	3637.5

	Sum
	1420.3
	763.4
	3897.9
	1338.9
	3367.5
	10788.0


The distribution of the trips in the total matrix will then be as follows:

Table 9: Distribution of trips by type.

	Type of trips:
	Number of trips

	Outbound and homebound on 1. dest. tours 
	35142

	Outbound and homebound on 2. dest. Tours
	21576

	Between-purpose (Leg 2) trips
	10788

	Total
	67506


The total number of trips in the national travel survey, which has approximately 20000 respondents, is 64127, i.e. the total number of trips is overestimated by 5.3 per cent. The main reason for the overestimation is that we here have made no adjustment in the vector P for the fact that we simplify to tours with one or two destinations and thus get too many homebound trips for a given number of sojourns. An downward adjustment in the vector P will correct for this and this has been done in the calibration of the model for different regions.   

Conclusions
In the new Norwegian model system for trips shorter than 100 km (RegMod) we have used a new approach to trip generation. It is based on a simultaneous treatment of all travel purposes in a model based on sojourns followed by a procedure that converts sojourns into trips. This is done by distributing the sojourns in a consistent way on tours with one and two destinations. The system is now operational and uses commercial network models for route choice. In our opinion this approach represents a reasonable trade-off between realism with respect to modeling of actual travel behavior and execution speed for large scale models. 
A critical issue is of course the assumptions listed as 1)-3) above. These assumptions can be relaxed, but at the expense of increased execution speed for the model system. Relaxation of 1) will imply inclusion of longer trip chains. This can probably be implemented with a Markov-chain approach, but will imply that we also must keep track of OD-matrices for leg 3, 4 ....etc. Table 1 shows that approximately  ¼ of the trips are undertaken in tours with more than two destinations. The assignment these trips to two-destination tours is probably an acceptable simplification. For the great majority of tours, the same mode is used for all legs. The major consequence of assumption 2) is that the model may produce an too many short trips by car and public transport in city centers. Some preliminary evidence also indicates that this is actually the case, although the effect is relatively small, but it is still a topic for further tests. Assumption 3) is probably the most serious violation of individual behavior, i.e. pabij should not only depend on paj and pbj but also on the level of service between zone “i” and “j”. On the other hand, despite the implication that some individual leg 2 trips might get unreasonable combinations of origin and destination, this may not have any noticeable effect on aggregated OD-matrices and our tests have not detected any anomalities that can be attributed to this assumption.                   
The experience so far is that it is quite easy to calibrate RegMod to aggregate figures on trips by purpose and mode taken from expanded travel surveys although this calibration is somewhat more complicated than usual. It also seems that the distance distributions are reproduced quite well by the model, but some further testing remains on this issue. 

Further development work involves inclusion of school trips and the design of a special model version for the urban areas where road congestion is an important issue, notably the Oslo-region.      
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