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Abstract — The paper focuses on transportation trip generation
models based on mixed-use and transport infrastructure near the
site. Transport trip generation models are considered with an
aim to improve the accuracy of transport generated trips.
Information systems are reviewed, and “smart growth” criteria
that could affect the accuracy of trip generation models are also
identified. Experimental results of transport generated trips
based on linear regression equations and “smart growth” tools
are demonstrated.
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I. INTRODUCTION

Trip generation model is the first step of the classic four-
step transport model [10] — trip generation, distribution, mode
choice and trip assignment. Trip generation models are
divided into three levels: strategic, tactical and operational
ones. Cross-classification models or category analysis [10] —
[11] are used for trip generation calculations at the strategic
and tactical levels. Linear regression models [4] and Rate
methods with linear regression equations or with average rates
are used to calculate transport generated trips at tactical and
operational levels [5], [18], [19].

The aims of the paper are to review Rate methods for trip
generation models and to evaluate “smart growth” tools to
increase the accuracy of generated trip calculations with
mixed-land use and transport infrastructure availability (public
transport, pedestrians). All calculations are performed at the
operational level and for trip attraction models.

II. TRANSPORTATION TRIP GENERATION METHODS

Transport trip generation is the process of estimating daily
or hourly person trips for an average weekday generated by
households. Transport generated trips include two types of
trips: trip production and trip attraction (Fig. 1).

Trip production =

Trip attraction

Fig. 1. Types of transport generated trips. Trip production models estimate the
number of person trips generated by each household for each of the trip
purposes and trip attraction models estimate the number of person trips
attracted to each location

For each type of generated trips, there are various
calculation methods (Fig. 2), but, as a result, the number of
trip attraction should be the same as the number of trip
production.
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Fig. 2. Calculation process of generated transport trips

Rate methods with linear regression equations (1) are the
most frequently used methods to evaluate the number of
generated trips based on historical data. Transport generated
trips are expressed as the number of trips per unit X, where
X — the factor that describes the activity of land use, for
example, for retail — the gross leasable area, for residential
buildings — the number of apartments.

Linear regression equations evaluate the number of
generated trips that attract research area (dependent variable)
from independent variables

Y=a+bx, +b,x,+...+b x, ., (1)

where Y — the dependent variable (trips/household), x;, X,
... — independent variables (population, number of apartments,
gross leasable area), by, b,..b, — regression coefficients that
show to what extent Y changes, if x,, variable increases.

The current paper considers various information systems for
trip generation calculation based on regression equations
and/or average rates.
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A. TRICS Information System

TRICS Information system [15] evaluates the transport
capacity of a site on a street network based on the site
functional data (retail, residential, office spaces), location (in
the city centre or outside the city), analysed time period (peak
hour, working day, weekend) and multimodal transport
accessibility to an adjacent site. The main disadvantage of
TRICS is the insufficient number of studies for specific land
use categories that leads to low accuracy of generated trip
calculations.

B. NZTPD and RTA Information Systems

NZTPD (New Zealand Trip Rate and Parking Database)
[16] and RTA (Roads and Traffic Authority of New South
Wales) [17] are widely used to estimate site impacts on
transport infrastructure in New Zealand and the surrounding
area. In [9] several types of land use — retail, residential,
offices, medical buildings with TRICS information system —
were compared and it was concluded that most land use
characteristics are similar in both systems, especially for retail,
and both systems could be used to calculate the number of
generated trips.

C. ITE Trip Generation Information System

Trip generation information system is developed by the
Institute of Transportation Engineers [18] and provides
regression equations and average transport rates to estimate
transport generated trips. The main disadvantage of ITE trip
generation manual is the necessity of additional trip generation
result corrections for adjacent sites and public transport
availability near the site.

ITE trip generation manual regression equations for
shopping centre are shown in Table I.

TABLE 1

ITE TRIP GENERATION MANUAL REGRESSION EQUATIONS FOR SHOPPING
CENTRE

Weekday morning peak hour % 0.6LN(X) +2.29
e .

trips
Weekday evening peak hour V= 0.66LN(X) +3.40
trips =¢C

_ . 0.65¥LN(X)+5.83
Daily trips Y=¢ )

_ . 0.65¥LN(X)+3.78
Weekend peak hour trips Y=e 0

Y = g O6FINGO+623

Average weekend trips

where x — the shopping centre leasable area

Despite the fact that some information systems take into
account the availability of transport infrastructure near the site
and are used in different countries [2], it is necessary to take
into consideration:

« different transport trip rates between cities, regions,
countries;
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 different demographic factors,
economic factors;

« different driving behaviours on roads (travel speed,
interval between cars).

In this study, the automobilization level was used as an

additional correction for local conditions.

living conditions,

III. ITE TRIP GENERATION INFORMATION SYSTEM AND
“SMART GROWTH” TOOLS

Smart growth principles are strategies of transit-oriented
and pedestrian-friendly mixed use lands for generated trips by
reducing the number of cars in communities. ITE trip
generation manual shows average daily and peak hours rates
for transport generated trips (Fig.3). All data are mostly
provided for isolated areas without public transport and
pedestrian infrastructure. In mixed-use conditions, the
following steps are necessary to carry out for generated trip
calculations:

1. calculate generated trips based on linear regression
equations or average rates according to the ITE trip generation
manual;

2. calculate the number of internal trips in the research area;

3. calculate the number of public transport trips;

4. calculate the number of hiking and cycling trips.
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Fig. 3. Trip generation for shopping centre data

A. ““Smart Growth™ Tools for ITE Trip Generation Information
System

“Smart growth” tools need to perform steps 2—4 mentioned
above:

a) Mixed-use manual developed by ITE — it reduces the
number of generated transport trips by reducing the number of
internal trips between different types of land use.

b) Urbemis (urban emissions) program [7] — it estimates the
influence of sites on the environment (air quality, the
calculation of emissions) and evaluates the number of
transport generated trips for different land use types (3) and
takes into account information about public transport (4) and
pedestrian activity (5).
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Trip Reduction =

where h = housing units, e = the number of employed
people in the research area.

Trip Reduction= 0.075t+0.075-p-t , (4

where t = the index of public transport services.

, +s +
Trip Reduction = 009, 3 5. *b.) ) (5)

where: d; — the number of legs at intersections 2.5km?, s, —
pedestrian way availability near the site, b, — bicycle way
availability near the site.
¢) Mix-used trip generation model ERA MXD - it reduces the
number of generated trips taking into account the mixed land
use, number of employed people at the site and surrounding
area (6).

Trip Reduction=T (1-p;) (1-p, -p,), (6

where T — the number of trips calculated by ITE trip
generation information system, p; — the probability of internal
trips in the research area, p, — the probability of external
hiking or cycling trips, p; — the probability of external public
transport trips.

d) NCHRP 8-51 tool [8] — it estimates the number of
internal transport trips between different types of land use and
reduces the external transport generated trips by internal trip
value (7).

d,(b)+d,(b,)
- ,

Trip Reduction = @)

where b, — the space in building 1 of land use A, b, — the
space in building 2 of land use A, ¢ — the space in building 1
and 2 of land use A.

IV. EXPERIMENTAL RESULTS

A. Initial Data

Four sites with mixed land use and with gross leasable area
from 29 to 60 thousand m* were used in this study (Table II).
The number of employed people outside the sites was
calculated according to Riga City Development Plan for
2006-2018. Number of intersections, as well as percent of
streets with sidewalks was determined using publicly available
maps of the city. Number of public transport vehicles was
calculated according to local municipality data; all
calculations were made for evening peak hours.

2013/16
TABLE 11
INITIAL DATA FOR TRIP GENERATION
Gross .
leasable Actu_al generated trips, Remarks
2 | evening peak hours

area, M

Mixed use 1 32 000 1087
Improvements in transport
) accessibility near the site
Mixed use la | 32000 1462 (additional left turn, Fig.
3)
Mixed use 2 22 000 1190
Mixed use 3 40 000 1593
) The increase in gross
Mixed use 3a | 60 000 2025 leasable area
site site
Jh i
A
a) b)

Fig. 4. Transport accessibility: a) traffic organization scheme for mixed use 1;
b) traffic organization scheme for mixed use la

B. Results

Transport generated trips were calculated according to
TRICS, NZTPD and ITE trip generation information systems
(Table 3). Additional corrections for “smart growth” based on
Urmebis, ERA MXD and NCHRP 8-51 tools were considered
for ITE trip generation information system. Per cent error as a
difference between observed and actual values for each
information system was determined.

observed - actual
Error = .

100 (8)
actual

Percent errors between observed and actual transport
generated trips for evening peak hours for four mixed-use sites
are shown in Table III.

TABLE III

PERCENT ERROR BETWEEN OBSERVED AND ACTUAL TRANSPORT GENERATED
TRIPS FOR EVENING PEAK HOURS

Observed ITE with correction, A/pm
Mixed trips, ITE . ERA | NcHRP | TRICS | NZTPD
use | Apm urmebis | y\ixp |51
1 1087 34% 31% 17% 30% 10% 22%
la 1462 0% 3% 38% 3% 18% 9%
2 1190 5% 9% 28% 6% 31% 6%
3 1593 6% 0% 13% 1% 6% 4%
3a 2025 10% 3% 13% 7% 10% 23%

where A/pm — the number of transport generated trips for
evening peak hours.

The most accurate results were shown by TRICS
information system (Fig. 5, a) with 10% error and the ITE trip
generation information system with additional correction by
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ERA MXD “smart growth” tools with 17% error for mixed
use 1. Increasing the transport accessibility (Fig. 5, b) near the
site, changing traffic organization at adjacent intersection from
mixed use 1, the best result was shown by the ITE trip
generation information system without any correction for
public transport and pedestrians — trip generation result
accuracy was 99.6%. High calculation accuracy without any
additional corrections of the ITE trip generation information
system are related to the fact that mixed-use lands 1 are
located near the freeway and till recently transport
accessibility from the site to the freeway was restricted
(Fig. 4, a). After allowing the additional left turn from the site
to the freeway (Fig. 4, b), percent error significantly decreased
for the ITE trip generation information system without
corrections and for the ITE system with such “smart growth”
tools as Urbemis and NCHRP 8-51 was in the range of 0%—
3%. If we take into account the accessibility of transport
infrastructure near the site (pedestrians, public transport, other
sites near the mixed use 1), percent error for generated trips
grew and for such “smart tools” as Urbemis and NCHRP 8-51
was 30%.
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Fig. 5. Transport generated trips: a) mixed use 1; b) mixed use 1a
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Fig. 6. Transport generated trips. Mixed use 2

For mixed land use 2, the ITE trip generation information
system without additional corrections, ITE with NCHRP 8-51
“smart growth” tool and NZTPD information system showed
the best results with percent error of 6% for generated trips
(Fig. 6).

Mixed land use 3 and 3a provide an increase in the gross
leasable area without changing transport accessibility near the
site. Accuracy of generated trip calculations for mixed land
use 3 (Fig.7,a) with the ITE trip generation information
system and such “smart growth” tool as Urbemis was 99.9%.
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Fig. 7. Transport generated trips: a) mixed use 3; b) mixed use 3a.
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High accuracy of calculations is related to mixed land
location — outside the city centre with a good public transport
network and pedestrian walkways. Percent error for mixed
land use 3a increased in the range of 3%-20% (Fig.7,b)
following an increase in the gross leasable area.

According to transport trip generation calculations, it could
be seen that the presence or absence of public transport
network and walkways near the site influenced accuracy in the
range of 3%—10%.

Trip generation results with the ITE trip generation
information system without additional corrections, TRICS and
NZTPD information systems did not show the one best
method or tool for local conditions. For transport trip
generation under local conditions, the most acceptable tool can
be considered the ITE trip generation information system with
additional corrections by Urbemis “smart growth” tool.

V. CONCLUSION

Transportation trip generation models were evaluated taking
into account the mixed land use and transport infrastructure
availability in the research area. The number of transport
generated trips was calculated based on linear regression
equations. Accuracy of generated trips per hour was
maximized by the evaluation of “smart growth” criteria.
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NadeZda Zenina, Arkadijs Borisovs. Regresijas analize transporta braucienu skaita novértésanai

Transporta attistibas parvadajuma modeli — pirmais solis klasiskaja Cetrsolu transporta modeli: generéto transporta braucienu aprékins, transporta sadalfjums,
transportlidzeklu tipa izvéle (piem., privatais un sabiedriskais transports) un transporta norikojums saskana ar izvél&to transporta tipu. Raksta ir izp&titi transporta
attistibas parvadajumu modeli, lai uzlabotu generétas transporta plismas aprékina precizitati, pemot véra jaukto apblivi un transporta infrastruktiiras
(sabiedriskais transports, gaj€ji) pieejamibu. Veikts informacijas sistému apskats (Trics, ITE, NZTPD) un izskatiti «smart growth» (Urmebis, ERA MXD,
NCHRP 8-514) instrumenti, kuri lauj uzlabot generétas transporta pliismas apléses apjomus tuvak novérojamiem. Strat€gijas «smart growth» mérkis mazinat
transporta braucienu skaitu p&c principa — augstie apbuves blivumi kopa ar jauktas zemes izmanto$anu. Analize veikta taktiskaja [imeni. Nodemonstréti generétas
transporta pliismas eksperimentu rezultati uz linearas regresijas vienadojumu un «smart growth» instrumentu pamata. Analizes rezultati uzradija, ka nav viena
vieniga labaka risinajuma no izskatitajiem gener&tas transporta plismas novért€jumam. Rezultatu precizitati ietekmgja ne tikai dati par iedzivotaju nodarbinatibu,
sabiedriska transporta esamibu, bet arl ierobezojumi transporta infrastruktira un infrastruktiiras pieejamibas paaugstinasana (jauni atlauti kreisie manevri
transportlidzeklu kustibai). Informacijas sistémas TRICS un NZTPD uzradija zemu generétas transporta pliismas precizitati, kltida starp aprékina un novérojumo
transporta plismu sastadija 6% - 30%. Viens no iemesliem zemajai precizitatei ir neliels datu izlases apjoms. Analizes rezultati uzradija, ka slikti attistits
sabiedriska transporta un gajéju tikls izpétes objekta tuvuma var samazinat generétas transporta plismas precizitati par 3% -10%. Pielietojot ITE metodi kopa ar
Urbemis instrumentu, transporta generéto braucienu skaita aprékina precizitate sastadija 99.9% (atseviskam buvém). Augsta precizitate ir saistita ar izp&tes
objekta izvietojumu pilséta — pils€tas mala ar labi attistitu sabiedriska transporta un gaj&ju tiklu.

Hapnexna 3enuna, Apkaanii bopucos. PerpeccnoHHbIi aHA/IN3 B OlleHKe KOJMYeCTBA TPAHCIIOPTHBIX M0€310K

Mopenu pa3BUTHsS TPAHCHOPTHBIX MEPEBO3OK - IEPBBIH IIAar KIACCHYECKOH YeTHIPEXCTYIEHYAaTOH TPAaHCHOPTHOI MOJENH: pacueT IeHepUpPyeMBIX IOe3ZIO0K,
pacrpeielieHHe TPAHCIIOPTHEIX IOTOKOB, BEIOOP BHA TPAHCIIOPTHOTO IIEPEIBIKEHNS ¥ pacIipe/ielieHHe TOTOKOB ¢ YU4ETOM BEIOPAaHHOTO BUJa NIepe/BIDKEHMs. B
paboTe HcCIeIOBaHbl MOAENU Pa3BUTUS TPAHCHOPTHBIX MEPEBO30K HA MpPeAMET MOBBIIECHUS TOYHOCTH Pacuéra TeHepHPOBAHHOTO TPAHCIOPTHOTO MOTOKA B
YCIOBHUSIX CMEIIAHHOH 3aCTPONKH U HaIMYUs TPAHCIIOPTHOH HHPPACTPYKTYpHI (00IECTBEHHBIH TPaHCHIOPT, Hemexoast). IIponssenéH 0630p nHMOPMAITHOHHEIX
cucteM (Trics, ITE, NZTPD) u paccmoTtpens! HHCTpyMeHTHI «smart growth» (Urmebis, ERA MXD, NCHRP  8-514),  mnosBomstomme — CKOPPEKTHPOBAaTh
pacyétHbie 00BEMBI TEHEPUPOBAHHOTO TPAHCIIOPTHOTO MOTOKA Omke K HaOmoaaeMbiM. Ctpaterus «smart growthy BKiIOYaeT B ce0sl COKpAILlEHUE KOJINYECTBa
TPaHCIIOPTHBIX 030K Ha aBTOMOOHIIE II0 IPHHIUITY - BBICOKHE INIOTHOCTH 3aCTPOEK CO CMEMIAaHHBIM 3eMJICTIONB30BaHUEM. AHAIN3 IPOBEIEH HA TAKTHIECKOM
ypoBHe. IlpencraBieHbl SKCIICPHMEHTAIBHBIC pe3yJbTaThl I'€HEPUPOBAHHOIO TPAHCIOPTHOTO IIOTOKA HA OCHOBE YPaBHEHWH IMHEIHOH perpeccHu u
HHCTPYMEHTOB «smart growthy. PesympTaThl aHanmsa Moka3anu, 4TO HET OJHOTO JIy4IIET0 METOJa M3 PACCMOTPEHHBIX U pacueTa I'eHEPUPOBAHHOIO
TPaHCIIOPTHOTO NOTOKA. Ha TOYHOCTH pacyeToB reHepHpyeMOro HOTOKa MOBIHSUIM HE TOIBKO CBEJCHHS O 3aHATOCTH HACENICHHS, IeIIeX0JaX H OOIeCTBCHHOM
TpaHCIIOpTe BOJIM3H OT OOBEKTAa, HO M OrpaHMYCHHMs/YBEINUCHUE TPAHCIOPTHOU poctymHocTH. MH(opMannonnsie cuctembl TRICS u NZTPD mokazanu
HEBBICOKYIO TOYHOCTb pacyeTa FeHepUPyeMOro TPAHCIOPTHOTO MOTOKA, OMHMOKa MEXAY OKHIAeMBbIM H Ha0I0JaeMbIM HOTOKOM cocTaBuia 6% - 30%. Oxguoit
U3 MPUYMH HEBBICOKOH TOYHOCTU SBISETCS HEOONBINOH 00BEM BBIOOPKHM HMH(DOPMAIMOHHBIX CHCTEM JUIL PACCMOTPEHHBIX YCIOBUH (TOPrOBBIE OOBEKTHI
HEJBI)KHMOCTH, ¢ 00meii miomansio 20-40teic M2). AHaIH3 pe3yabTaToB [I0KA3ajl, YTO HAIUYHE WIM OTCYTCTBHE BOIM3U CMEIIAHHON 3aCTPONHKY Pa3BHTOH CeTH
OOIIECTBEHHOTO TPAHCIOPTA BIHAET Ha TOYHOCTh pacuera TeHEPUPYeMOro TPaHCIOPTHOTO HoToka B mpexenax 3% - 10%. Ilpumenenme UTE metonma c
uacTpyMeHTOM Urmebis mms TpéX CMENIaHHBIX 3acTPOeK OO0ECIeUHIo IPHEMIIEMYI0 TOYHOCTh PAacueTOB TIE€HEPHUPYEMOro TPaHCIOPTHOTO IMOTOKA (Mt
OTJICJIHBIX CMEIIAHHBIX 3aCTPOEK TOYHOCTh pacuéToB coctaBuia 99,9%).
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