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Definitions

Trip or Journey This 15 a one-way movement from a point of origin to a point of destination. We are
usually interested in all vehicular trips. Walking trips less than a certain study-defined threshold (say 300
metres or three blocks) have often been 1gnored as well as trips made by infants of less than five years of
age. However, this emphasis 1s changing with greater attention being paid to non-motorised frips and, as
discussed 1n the previous chapter, due to the requirements of the recall activity framework recommended
for mobility surveys.

Home-based (HB) Trip This 1s one where the home of the trip maker 1s either the origin or the
destmation of the journey. Note that for visitors from another city their Hotel acts as a temporary home

11 most studies.

Non-home-based (NHB) Trip This, conversely, 1s one where neither end of the trip 1s the home of
the traveller.

Trip Production This 15 defined as the home end of an HB trip or as the origin of an NHB trip

Trip Aftraction This 15 defined as the non-home end of an HB trip or the destmation of an NHB trip



Definitions

Trip Generation This 15 often defined as the total number of trips generated by households i a zone,
be they HB or NHB. This 1s what most models would produce and the task then remains to allocate NHB
trips to other zones as trip productions.

Sojourn A short period of stay in a particular location. It usually has a purpose associated with this
stay: work, study, shopping, leisure, efc.

Activity An endeavour or interest often associated with a purpose as above but not necessarily linked
to a fixed location. One could choose fo go shopping or to the cinema 1n different locations.

Tour or Trip Chain A set of linked sojourns and trips. The last three concepts correspond better to the
1dea of travel as derved demand (1.e. it depends strongly on the demand for other activities) but initially
were used mainly by discrete choice modellers in practice (see Daly ef al. 1983). Contemporary models,
particularly of the trip frequency type, are more typically interested i tours.



Characterizations of journeys By Purpose

It has been found in practice that a better understanding of travel and trip generation models can be
obtained 1f journeys by different purposes are identified and modelled separately. In the case of HB trips.
a number of categories have been emploved:

travel to work;

travel to school or college (education trips);
shopping trips;

social and recreational journeys;

escort trips (to accompany or collect somebody else);
other journeys.

The first two are usually called compulsory (or mandatory) trips and all the others are called discre-
tionary (or optional) trips. The latter category encompasses all journeys made for less routine purposes,
such as health and personal business (need to obtain a passport or a certificate). Note that social and
cultural contexts may change the importance of different types of trips and therefore the most appropriate
classification. NHB trips are sometimes separated mfo ‘on business’ and ‘other” but are often kept as a
single category because they only amount to 15-20% of all total travel.



By Time of day : Why?

Trips are sometimes classified into peak and off-peak period trips; the proportion of journeys by different
purposes usually varies greatly with time of day. This type of classification, although important, gets
more complicated when tours rather than trips are of interest, as a complete tour may comprise trips
made at several times of the day.

Table 4.1 Example of trip classification

AM Peak Off Peak

Purpose No. %% No. %

Work 465 683 52.12 39 787 12.68
Education 313 275 35.06 15 567 4.96
Shopping 13 738 1.54 350611 11.35
Social 7004 0.79 16 938 5.40
Health 14 354 1.60 8 596 2.74
Bureauecracy 34 735 3.89 57 592 18.35
Accompanying 18 702 2.09 6716 2.14
Other 1736 0.19 2262 0.73
Return to home 24 392 2.72 130 689 41.65

_—



By person type
Application?

This 15 another important classification, as mdividual travel behaviour 1 heavily dependent on socioe-
conomic attributes. The following categories are usually employed:

¢ income level (e.g. three strata: low, middle and high income);
¢ car ownership (typically three strata: 0, 1 and 2 or more cars);
¢ household size and structure (.. ,

It 15 important to note that the total number of strata can mcrease very rapidly (e.g. 54 i the above
example) and this may have strong implications m terms of data requirements, model calibration and

| falsl



FACTORS AFFECTING TRIP GENERATION

The following factors have been proposed for consideration m many practical studies:

® Income;

® car ownership:

¢ family size;

® household structure:
¢ value of land:

¢ residential density:;
¢ accessibility.

Any other factors?



Trip Attraction rate
Application?

Generalized Land-use Categories

Residential 2744 6574 2.4
Commercial

Retail 6732 54833 8.1
Services 13506 70014 5.2
Wholesale 2599 3162 1.2
Manufacturing 1392 1335 1.0
Transportation 1394 5630 4.0
Public buildings 2977 11746 3.9
Total® 31344 153294

Average? 4.9



Procedure for Trip-Attraction Estimates:
Person-Trip Attraction?

Trips per employee

Trip purpose | Trips per Nonretail SHOP OTHER University | High other
household CENTER school

Home - 1.7 1.70

based Work

Home — 2.00 9.00 4.00

based shop

Home — 0.90 1.60 1.20

based school

Home — 0.70 0.60 1.10 4.00 2.30

based other

Non—-home 0.30 0.40 1.00 4.60 2.30

— based®



Trip production from
cross classification
tables/graphs

What is cross
classification
table?

Application?

Curve A. Percent dwelling units by income and
car ownership distribution.
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HHI Data contents

Demographic characteristics like gender, age and household
size,

Gl

Socio-economic characteristics like income, daily
expenditure, occupation and vehicle-ownership and

Trip characteristics like their origin, destination, trip time,
trip purpose and the mode of transport used for each of the

trips.

Select variables affecting trip generation



Multiple category analysis--excel

Household Interview data is collected at individual level

This is aggregated to household(HH) level and households with
all categories’ data is selected

Analysis is carried out separately for Slum households, non slum
households and Total city households combined together

Within these scenarios-separate analysis for Total Vehicle
ownership and Motorised vehicle ownership is done

HH size, HH Income, Vehicle ownership, Number of Males/HH ,
Number of Females/HH are the variables found significant

758 Slum and 3468 Non-slum households i.e. 4226 households
in total have the required data
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Multiple category Analysis(mca) tables




Slum Area- Number of Households (Total vehicle ownership Scenario)

HH Size | <=2 3 4 >=5
M <=2 <=2 >= <=2 >=3 <=2 >=3
Number of Grand
Households |F <=2 [ <=2 | >=3 | <=2 | <=2 [ >=3 | <=2 | >=3 | >=3 | <=2 >=3 Total
HH Income Vehciles
0 5 3 5 1 2 6 27
<1000 1 19 16 12 4 9 12 76
0 45| 35 1 1| 41 7 25 14| 38 13 220
1 36| 50 61 10| 27 14| 26 4 228
1000-3000 >=2 1 2 2 5
0 10 1 8 5[ 19 7] 31 6 90
1 11 15 6 1 9 18 2 64
3000-5000 >=2 1 1
0 1 2 1 1 12 1 18
1 1 1 2 2 2 9 3 20
5000-10000 >=2 1 1
0 2 3
>10000 1 1




Slum Area- Number of Trips (Total vehicle ownership Scenario)

HH
Size <=2 3 4 >=5
M <=2 <=2 >=3 <=2 >=3 <=2 >=3
Total Trips | F <=2 | <=2 | >=3 [ <=2 [ <=2 [ >=3 [ <=2 [ >=3 [ >=3 [ <=2 [ >=3  Su
Vehicl
HH Income es
0 5 7 13 4 5 24 10 77
<1000 1 19 33 38 12 27 5 34 6 174
0 49| 69 3 2| 123| 22| 58 56| 171 36| 589
1 42| 121 165| 33| 72 56| 69 11| 569
1000-3000 >=2 3 6 5 14
0 6| 20 3| 27| 19| 62 28| 144 29| 338
1 3] 20 42 20 4| 31| 77 8| 205
3000-5000 >=2 3 3
0 5| 43 6 66
1 3 7 38 18 81
5000-10000 | »>=2 3 4 7
0 3 3 11 17
>10000 1 2 2
Grand Total 124 | 280 3| 14| 421 93| 258 4| 198 | 612 135 | 2142




Non-Slum Area- trip rates (Motorised vehicle ownership

Scenario)
HH Size [<=2 3 4 >=5 Grand Total
M <=2 <=2 >=3 <=2 >=3 |<=2 >=3
Trip Rate |F <=2 |<=2 |>=3 2|<=2 [>=3 [<=2 [>=3 |<=2 >=3
HH Income M Veh
0] 1.29( 1.50 4.00] 3.33] 3.67 5.00 5.00 2.86
1| 1.00{ 2.00 3.00 5.00 2.43
1000 2 3.00 3.00
0| 1.18] 1.72 2.00] 2.84| 3.00] 3.03[ 3.42 3.53 4.43 2.49
3000 1| 1.17] 1.78 3.00] 2.50] 3.00f 2.56f 3.25 4.36 3.00 2.29
of 1.27f 2.16f 3.00 3.13] 2.82| 2.59| 3.64 3.78 4.14 2.56
5000 1| 1.24] 1.86 3.00f 2.52| 2.33| 2.68] 3.14 3.13 5.33 2.28
0| 124 2.14 2.75| 3.04] 3.35( 3.09| 3.97 4.12 4.86 2.91
1| 1.30] 2.13 2.33] 2.80] 3.28| 2.83| 3.92 4.13 5.10 2.77
10000 2 1.50 3.00 4.00] 4.00 3.00 2.89
0| 1.25( 2.40| 2.50] 2.70] 3.19] 3.28] 3.27| 4.14 4.26 5.07 3.45
1| 1.31] 2.23 2.78| 3.04] 3.40| 3.31] 4.00 4.38 5.00 3.44
>10000 2| 1.75] 2.50 3.00{ 3.00 3.55| 4.50 4.50 5.63 3.83
Grand Total 1.25( 2.14| 2.67| 2.71] 2.98] 3.17| 3.08] 3.92 4.16 4.93 3.02




Multiple category analysis--Transcad

HH Data is imported to TransCAD data format at
household level aggregation, separately for slums, non-
slums and total

Using “Planning->Utilities-> Build Cross-classification
table” Trip rate table, indicating the trip rate for various
cross-classification categories is selected

In the zonal dataview, mean value for the entire city is
added

Using “Planning->Trip Generation-> Cross-Classification”
the average trip rate for the city is obtained as output
using the above two data inputs

This is matched with the excel sheets to cross-check the



Multiple category analysis--Nomograms

Nomograms for trip production are charts which contain the trend lines of trip

U U - - > A A - N o - Oa'd’ - - A

followed to develop these nomograms:

The same variables selected for cross-classification are selected and the data is taken
separately for Slum, Non-Slum and Total city households to develop separate graphs for
each category.

Household income, Vehicle ownership, Number of males and number of females are
taken as independent variables and the trip rate is taken as the dependant variable.

Vehicle ownership is considered in two scenarios i.e. taking total vehicles owned in the
household in one scenario and only the motorised modes owned in the household in the
second scenario.

Trend lines are plotted for trip rates of household sizes of different sizes i.e. different
household size categories have different trip rate trend lines.

These trend lines can be used to determine the trip rate of any particular zone by
calculating the average values of different variables in that particular zone and plotting its
value on the Nomogram
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Trip production from nomograms

Average values of various attributes is calculated at the level required i.e. Zonal/ City
Level

The values are plotted on the graph and the trip rate for these values is obtained

A sample calculation for Zone 1 is as follows

HHI Sample size 484

Ward 1 Total Households 5249

From Household Interviews

Average Household Size 3.91
Average Income 9298
Average Vehicle Ownership 0.64
Average Males/HH 2.19
Average Females/ HH 1.72




Trip production from nomograms
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Based on the graph it is observed that the average trip rate for Zone 1=
3.2

From Table 5-1, Total No. of households in Zone 1= 5249
Therefore, Total trips produced in Zone 1 =5249 x 3.2 = 16,797



City level trip production graphs

For each category of households i.e. Slums, Non-Slums and

Total o fol I I otted for Tr

productions:

Percentage distribution of trips in different income ranges
for each trip purpose.

Percentage distribution of households in different income
ranges for different vehicle ownership ranges

Person trips per household in households of different
income ranges for each vehicle ownership category.



Slum trip production graphs

Slum-- % trips by income and trip purpose distribution Slum--% Households by income and Veh. Ownership distribution
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Non-Slum trip production graphs-total vehicle
ownership

Non Slum-- % trips by income and trip purpose distribution Non-Slum % Households by income and Veh. Ownership
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Non-Slum trip production graphs-motorised
vehicle ownership

Non Slum-- % trips by income and trip purpose distribution Non-Slum % Households by income and Veh. Ownership
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Total-city trip production graphs-
total vehicle ownership

Total-- % trips by income and trip purpose distribution Total city % Households by income and Veh. Ownership distribution
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Total- -City trip production graphs-

Total-- % trips by income and trip purpose distribution Total city % Households by income and Car. Ownership distribution
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For the Avg. HH Income in Table -5-15

Trip production from  |% an ehis category

(From Figure 5-17)

graphs Vool Cumann % HH

0 veh 25%
1 Veh 67%
2 Veh 8%
Number of Households
(For total HH in Table 5-15)
Vehicle Ownership HH
0 veh 81,951
1 Veh 2,19,629
2 Veh 26,224

Total Households in city 3,27,805 | | Person trips per Household
(From Figure 5-19)

Sample Considered 4226 (\)/ff;fle Ownership Tr‘psﬁg
1 Veh 2.78

% Sample Size 1.29% | |2 Veh 3.72
For the Avg. HH Income in Table -5-15

Average HH Income 9600 Trip purpose % (From Figure 5-16)
Trip Purpose % HH
Work 81%
Education 7%
Others 12%

Trips produced by purpose
(Number of HH*Trips/HH* % trip Purpose)

Trip Purpose Trips
Work 7,64.757
Education 66,090
Others 1,13,297
Total trips 9.,44,144

Individual Trip Rate (Total trips/(Total HH*HH



Regression analysis for trip production

1 0.595 | 0354 [ 0.350 1.0070
Unstandardiz Standardized t Sig.
ed Coefficients
Coefficients
Model B Std. Error Beta

1| (Constant 0.524 123 4274 .000)

VEH 0.165 073 070 2.255 024

M 0.451 044 330) 10.345 .000)

K 0.549 043 406 12.748 .000)

HHINCOME ~ 4.687E-05 .000) 075 2.368 018
Non-Slum Regression Roitl || B[R e | G S, Baor ol
. . R Square | the Estimate

Total Vehicle Ownership 1 0769 | 0591 | 0591 0.9258

Unstandardiz Standardized t Sig.
ed Coefficients
Coefficients
Model B Std. Error Beta

1| (Constant -.130 0.048 2.714 007
VEH|  8.670E-02 0.021 0.050) 4.170 .000]|
MALES 0.764 0.015 0.595 50.631 .000]|
FEMALES 0.659 0.017 0.414 37.955 .000]|
INCOME  5.336E-05 0.000) 0.073 6.129 .000]|




Regression analysis for trip production

Non-Slum Regression Model | R |R Square qusted Slfd'EEm of
. quare| the Estimate
Car+2W Ownership 1 0766 | 0.587 | 0.587 0.9191
Unstandardiz Standardized t Sig.
ed Coefficients
Coefficients
Model B Std. Error Beta
1| (Constant) -9.272E-02) 0.048 -1.923 055
MV|  1.281E-02 0.029 0.005 0.442) 659
M| 0.765 0.015 0.605 52.341 .000]|
H 0.644 0.017 0.411 37.079 .000]]
INCOME  5.740E-05 0.000 0.097 8.200) .000]|
Total C|ty Regression Model Rl R Squard Adjusted  Std. Error of
. . R Squarg the Estimate
Total Vehicle Ownership | 07490 0560 0561 0.9549
Unstandardized Standardized 1 Sig,
Coefficients Coefficients
Model B| Std. Errox Beta ||
1| (Constant -4.801E-02 044 -1.089 276
VEHICLES 6.710E-02 .020) .038 3.340) .001]|
MALES 748 014 .570) 52.603 .000]
FEMALES 652 016 412 40.243 .000]
HHINCOME 7.357E-05 .000) 074 6.592) .000]




Regression analysis for trip production

Total city Regression—Car+2W Ownership

Model R[R Squarg Adjusted R Square Std. Error of the Estimate
1 0.745  0.554 0.554 0.9411
Unstandardized Standardized t Sig,
Coefficients Coefficients|
Model B Std. Erro Beta
1| (Constant 1.688E-03 .045 .038 970
MV, 2.915E-02 .027 011 1.086 278
M 724 014 566 51.723 .000)
H 621 016 403 38.326 .000
HHING 7.989E-05 .000 112 10.159 .000




Comparision of results

Slum Non-Slum Total City
Total Motorised Total Motorised
Vehicles Vehicles Vehicles Vehicles
Cross-Classification in
2.82 3.85 3.97 3.75 3.82
Excel
Cross-Classification in
TransCAD 2.82 3.85 3.97 3.75 3.82
% Error Excel and TransCAD gave the same results
CiosgUesiighionm || -5 o 3.85 3.97 3.75 3.82
Excel
Regression 2.57 3.46 3.42 3.56 3.52
% Error 9% 10% 14% 5% 8%

Excel and TransCAD gave the same trip rate estimates
while the error observed between the Excel and Regression
methods in all scenarios is 15% and hence is within the
acceptable range.

This difference can be attributed to regression method taking
exact values of attributes, in decimals, while Cross-
classification. method takes the values rounded off to the




conclusions

The variables which affect the trip productions are identified. They are:

Household Size, Household Income, Vehicle ownership,
No. of Malesand No.of Females — — — — — —

Cross-classification carried out in Excel, TransCAD and Nomograms give
similar results

Trip production graphs can also be used to estimate trips produced (9%
Error observed)

Multiple Linear regression is used to estimate trips produced

Cross-Classification and regression results yield similar trip production
numbers




Mobility does not change — only the

mOd es (H.Knoflacher)
Trips per

Person per day

A
Trips per person per day remain constant

Reality ........................:r:,i.p.s.l:y.c.;r...."

the nonurban mode

The Urban modes
Pedestrian -, Cycle-
PT-trips

>

Motorisation



Higher speed — longer distances

(H.Knoflache 30
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