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Traffic Flow Characteristics and Approach Delay Models
of Unsignalized Intersections Based on the Travel Speed
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ABSTRACT

The purposes of this study are to identify Traffic Flow characteristics and to develop apprpach delay model of
unsignalized intersection based on the travel speed in the conflicting area.

The results of this study are as following;
1. The cumulative frequency distributions of Left—turning speed show a few differences among approaches
and they are distributed to lower range of speeds. On the other hand, those of through speed show obvious dif-
ferences among bounds. The similar results also show in the analysis of Percentile speed.

2. The effectiveness of conflicting movements to travel speed in the conflicting area are analyzed using regres-
sion analysis. Left—turning speed model shows that Left— and Right—Conflicting speed. Through—speed
model is also developed, when approaching through volume is less than 420vph.

3. Since the lost time due to the acceleration stop, and decelerlation is occured in the conflicting area, approach

delay model is delivered using the travel speed models under the condition of small queuing dealy.
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2. Literature Review

Even though a few researchers have at-
tempted to combine regional input—output
models with other urban models (Moses
(1960), Wilson (1970), Hewings (1985),
and Kim et al (1983)), there have been
very limited attempts to develop a metropoli-
tan input—output model. Here, I will re-
view several researches on combining the re-
gional input—output model with the spatial

allocation model.

2.1 A. G. Wilson

Wilson (1970) derived four types of link-
age between input—output and commodity
flow models: 1) the unconstrained gravity
input—output model, 2) the production con-
strained gravity input—output model, 3) the
attraction constrained gravity input—output
model, and 4) the production—atiraction
constrained gravity input—output model.
This review explores the unconstrained grav-
ity input—output model because the other
three models have the same functional
forms except the equation(s) added into con-
straints such as demand or (and) supply
constraints. Basically his model is a modifi-
cation of the Leontief —Strout model (1963)
by integrating gravity and input-—output
models using entropy —maximizing principles.
Wilson’s unconstrained gravity input—output
model has the following objective function
and constraints.

Max § = -> Xy"InXy" (2.1)

ijm

, 55

st.
ijjlm = Zn(ami ijijn)+Yim
(2.2)
(2.3)

ZCI’j mXijm - Cm
i

where X ™; =the flow of commodity m be-
tween zone i and j; a ', =input—output co-
efficients defining the requirements of sector
m’s output per unit output of sector n in
zone i, Y™ =the exogenously pre—speci-
fied demand for m in zone i; ¢™; =the
average cost of movement of m between
zone i and j; and C™ =total transportation
cost for the commodity m.

Wilson’s contribution is the integration of
a gravity model and an input—output model
with the entropy maximization principle. In
his non—linear programming model, interre-
gional (zonal) commodity flows are deter-
mined, given interindustrial linkages and in-
terregional transportation costs, while mini-
mizing transportation cost or maximizing en-
tropy. While his model can explain
interindustrial linkages over space, it still
falls short of providing an urban context.
Since his model ignores commuting and
shopping trips, his model cannot explain con-
sumption patterns over space. Consumption
patterns are one of the important factors in
economic impact analysis not only because
the allocation of induced impacts should be
made based on money flows for the con-
sumption activities but because the largest
part of the exogenous sector is household
consumption in the wurban area (Artle,
1961)
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2.2 S. M. Macgill

Macgill (1977) presénts the Lowry model
(1964) as an input—output model. Since
the Lowry model is regarded as a metropoli-
tan economic model which is a combination
of the economic base model and the spatial
interaction model, Macgill's formal presenta-
tion of the Lowry model as input—output
model can be stated as the first attempt to

build a metropolitan input—output model.

By extending the spatially aggregated
model into the spatially disaggregated input
—output Lowry model, Macgill fully incorpo-
rates trip matrices (work and nonwork trip
flows) into the input—output Lowry model
representation.  This section presents an
input—output transaction matrix by assum-
ing two sectors and two zones, even though
she assumed two nonbasic sectors and three

zones.

(Table 2.1) Macgill's Spatially Disaggregated Model

HH1 HH2 NB11 NB21 NB22 BAS TOT
HH1 0 0 NBIT111 | NBIT112 | NB2T211 | NB2T212 | BTBi* XH1
HH2 0 0 NBIT121 | NBIT122 | NB2T221 | NB2T222 | BTB2* XH2
. NBI1 Si1 S112 0 0 0 0 XR11
NB12 S121 S122 0 0 0 0 XR12
NB21 S211 5212 0 0 .0 0 XR21
NB22 S221 S222 0 0 0 0 XR21

Table 2.1 shows the transaction matrix of
the spatially disaggregated input—output
Lovw;ry model representation. HH, NB, and
BAS in the table mean the household,
nonbasic, and basic sectors. The first and
second subscripts are sector and zone,
respectively. Of initial interest are 1) the en-
dogenous transactions in the table, and 2)
the exogenously pre—specified basic employ-
ment. The first two rows present labor
input from the household to nonbasic and
basic industries by zone. NBy and B present
the wage rate for nonbasic industry k and
basic industry, respectively. T1l; T2; and
TB; are the work trip flow matrix which

can be presented as the singly constrained

model (destination constrained model) as fol-

lows:

E" f ()

Ti =
Zf (i)

(2.8)

where EY% means the number of employed
by type k (basic or nonbasic) in zone j, and
the other part of equation is the probability
matrix of commuting.

The third to last rows in the table show
the shopping trips household in each zone
make to purchase nonbasic industries 1 and
2. Like Romanoff’'s (1974) presentation of
the economic base model in a matrix form,
between

all  intermediate  transactions
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nonbasic and basic and among nonbasic in-
dustries are zero because no interdependence
among nonbasic and between nonbasic and
basic are assumed in the Lowry model.
Moreover, the vector of basic sectors in the
Table 2.1 is consistent with Romanoff’s pre-
sentation. Since none of nonbasic industries
output is consumed as final demand within
the region or as exports to outside the re-
gion, all the cells representing the basic in-
dustries’ purchase from nonbasic sectors are
Zero.

A significant modification to the overall
model mechanism was made in order to
overcome these limitations. A full set of In-
teractions both within and between the basic
and nonbasic sectors is accommodated into
the input—output representation of the
Lowry model, and all the cells with zero co-
efficients in the Table 2.1 are filled with
non—zero coefficients. ' _

Macgill presents the full extension of the
Lowry model as an input—output model in
a different way by incorporating the entro-
py maximizing concept. Unlike the endoge-
nous variable of the previous matrix presen-
tation of the model, X™ (total output in
sector m in zone j), the maximum entropy
representation of the extended model esti-
mates the flow of commodity m between
zone 1 and j, X% . From Wilson's (1970)
entropy maximizing methods, the maximum
entropy formulation of the Lowry model ex-
tensions depends on the expression of the
underlying assumptions of that model in the
form of constraining equations (Macgill, op.

cit.). The entropy maximization of the ex-
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tensions of the Lowry model has the same
equational forms as Wilson's model has.

In summary, the multipliers of Macgill's
Lowry input—outf)ut model accommodating
all sectoral interactions are not very differ-
ent conceptually from the so—called Type Il
multipliers in the input—output model, be-
cause both models have endogenous house-
hold consumption sector. One argument
against Macgill’s model, however, is that the
multipliers from Macgill's model is not the
same as those from the closed input—output
model. Coefficients of the household sector
in Macgill's model (shopping and labor
Input) are computed by using the wage rate
and expenditure pattern, while coefficients
of the household sector in the closed input—
output model are computed directly from
the ‘transaction matrix. Therefore, Macgill's
model cannot take account of the Type II
multiplier effects as in the closed input-—out-
put model.

Another problem of Macgill's model is its
applicability to the real world. In her
model, zone— and sector —specific commut-
ing and shopping flow information is ideal
in Isard’s sense but unrealistic, in particular,
if zone and sector are highly detailed.

An alternative to overcome Macgill's limi-
tations will be suggested in the following

section.

3. An Integrated Urban Model

The characteristics of an urban economy,
compared with a regional economy, are 1)

high dependence of urban economic growth



58 Journal of Korea Transportation Research Society Vol. 12 No. 4, 1994

on . indigenods demand (household consump-
tion), 2) a high degree of industrial linkage
(agglomeration economy), and 3) free flows
for commuting and shopping.

This section introduces a new urban
model which includes the three above char-
acteristics for urban economic models. The
Integrated Urban Model (hereafter the IUM)
is an extension of the combination of the re-
gional input—output model and the gravity
type model with the entropy maximization
principle, modeled by Wilson. The IUM in-
corporates the Lowry type models within an
input—output framework relieving several
unrealistic assumptions in Macgill’s vinput—
output representation of Lowry model. The
major difference of the IUM from Wilson's
model is that the IUM has three types of
flow matrices (work trips, non—work trips,
and commodity flows) within' the model,
while Wilson's model has focused on estimat-
ing Leontief —Strout type commodity flows.

The IUM will be presented in two ways: 1)
a matrix inverse multiplier model, and 2) a non

—linear mathematical programming model.

3.1 The Integrated Urban Model as
a Matrix Inverse Multiplier Model

The IUM is presented as a matrix inverse
multiplier model in this section with three en-
tropy maximization models as submodels. This
section mainly consists of two parts: 1) esti-

mating net indirect multipliers, and 2) estimat-
‘ing net induced multipliers. For calculating net

indirect multipliers, interzonal trade flows will
be estimated via an entropy maximization
model. Given the trade flows, a multizonal
input—output model will be introduced. For
caleculating the net induced multipliers,
interzonal trip flows (commuting and shopping
trips) will be estimated via two submodels with
the entropy maximization principle and the
multizonal input—output model will be adjusted
via the irip matrices.

The TUM has a Leontief —Strout—type
multiregional input—output model as its
basic component. The multiregional input—

output model can be written as follow:

X=(I-TA)' *TF (3.1)

where X=total output; T=trade flow coeffi-
cientsl; and F=final demand. The inverse
matrix represents output multipliers. If we
assume two zones and three sectors in- each
zone, the T and A matrices will be pre-

sented as follow:

(Figure 3.1) The Structure of Matrices of Trade Flow and Technical Coefficients
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SATV=80 (n=32) SATV=%0 (n=36) SATV=100 (n=38)
Parameter Prob Parameter Prob Parameter Prob
Estimate >|T] Estimate >|TH Estimate >|1TH
INTERCEP 0.678991 0.0030 1177340 0.0001 1.230335 0.0001
SATV 0.008348 00131 0.009006 0.0217 0.008288 0.0287
SALV 0.019043 0.0002 0.013309 0.0112 00.12492 00135
OALV 0.012314 0.0047 0.001699 0.6085 0.001087 0.7272
OATV 0.006055 0.0059 —0.000363 0.8083 —0.000472 0.7484
LALTV —0.002319 0.0028 —0.00153% 0.0675 -0.001579 0.0549
RALTRV —0.002327 0.0052 —0.002990 0.0022 ~0.002957 0.0020
Prob > F 0.0001 0.0001 0.0001
R —square 0.8534 0.8114 0.8224
SATV<80 (n=32) SATV=<00 (n=36) SATV=100 (n=38)
Parameter Prob Parameter Prob Parameter " Prob
Estimate >|T| Estimate >|T] Estimate > [T}
INTERCEP 1.397315 0.0001 1.369632 0.0001 1408281 0.0001
SATV 0.004240 0.2014 0.007511 0.0011 0.006359 0.0007
SALV 0.007977 0.0594 0.009710 0.0120 0.008504 0.0178
OALV —0.000788 0.7628 —0.001601 05322 —0.001579 0.5370
OATV 0.000525 . 0.7089 —0.000873 0.3917 —0.000453 0.6169
LALTV -0.001921 0.0208 —0.001557 0.0452 —0.001743 0.0208
RALTRV —0.002374 0.0079 —0.002902 0.0004 —0.002703 0.0005
Prob > F 0.0001 0.0001 0.0001
R—square 0.8063 0.8176 0.8210
SATV<80 (n=32) SATV=90 (n=36) SATV=100 (n=38)
Parameter Prob Parameter Prob Parameter Prob
Estimate >|T| Estimate >|T| Estimate >|T|
INTERCEP 1.447585 0.0001 1.605532 0.0001 1.617630 0.0001
SATV 0.005482 0.0004 0.003217 0.0013 0.003033 0.0002
SALV 0.007805 0.0245 0.003241 0.2188 0.002963 0.2319
OALV —0.001350 0.5945 —0.003163 0.1996 —0.003207 0.1798
OATV -0.000218 0.8009 0.000733 0.3330 0.000799 0.2700
LALTV —0.001939 0.0075 —0.002271 0.0020 —0.002306 0.0012
RALTRV —0.002593 0.0006 —0.002210 0.0027 —0.002190 0.0023
Prob > F 0.0001 0.0001 0.0001
R—square 0.8249 0.8145 0.8253
SATV<80 (n=32) SATV=90 (n=36) SATV<100 (n=38)
Parameter Prob Parameter Prob Parameter Prob
Esumate >|T| Estimate > 1T Estmate >|T]
INTERCEP 1.640528 0.0001 1.646462 0.0001 1.647349 0.0001
SATV 0.002678 0.0001 0.002585 0.0001 0.002426 0.0001
SALV 0.002777 0.2385 0.002825 0.2260 0.002979 0.1992
OALV —0.003134 0.1769 —0.003182 0.1664 —0.003094 0.1762
OATV 0.000878 0.2105 0.000914 0.1862 0.000965 0.1598
LALTV —0.002384 0.0006 ~0.002370 0.0005 —0.002399 0.0004
RALTRV —0.002193 0.0017 —0.002230 0.0012 -0.002218 0.0012
Prob > F 0.0001 0.0001 0.0001
R—square 0.8320 0.8332 0.8327




