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training staff and MDPW. It has allowed trainers to
combine their training and facilitation expertise
with the technical expertise within the organiza-
tion. Thus training staff and the organization are
working cooperatively to help MDPW develop its capa-
bilities and achieve its potential.

IMPLICATIONS

The systems model and operational approach described
in this paper helped the Institute for Governmental
Services training team provide appropriate training
and education programming to MDPW while the organi-
zation was undergoing major changes. The models of-
fered frameworks for assessing MDPW and planning how
best to serve and work with the organization.

Given the complexity and instability of MDPW's
environment, how training staff delivered training
became as important as what they delivered. It was
critical that staff stop action and reassess not
only MDPW but also their own team organization and
roles vis-a-vis MDPW. The constant reassessment en-
gaged in by the training staff helped maintain their
flexibility and responsiveness to MDPW's needs. To
use both Kotter and organization states model termi-
nology, the training team needed to maintain the
adaptability of its own elements and to engage in
problem-solving processes to continually realign it-
self with MDPW's changing status. This reassessment
and realignment must continue as MDPW emerges from
crisis and restabilizes.

As part of their responsibility to MDPW, training
staff are attempting to help that organization de-
velop and maintain adaptability and strengthen sur-
vival skills. To do this, staff employ a form of ac-
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tion research that involves groups of organization
members in all phases of training from needs assess-
ment through program delivery. Using this approach,
which stresses problem identification and resolu-
tion, staff are helping strengthen the organiza-
tion's ability to solve problems and take control of
its own future. In times of rapid change and organi-
zational transition, this may be the most important
survival skill a training unit can develop in an
organization.
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Inexpensive Travel Demand Model for
Small and Medium-Sized Cities

C. J. KHISTY and ABDULRAHEM AL-ZAHRANI

ABSTRACT

A simplified travel demand model that uses
routinely collected traffic ground counts to
forecast traffic volumes on a street system
is described. It is an internal volume fore-
casting (IVF) model based on a model first
proposed by Low in 1972, and incorporates
improvements suggested by Smith and McFar-

lane in 1978. The model is applied to the
city of Spokane, Washington. Results from
this application indicate that routinely

collected traffic counts in a base year can
be used to estimate traffic volumes in a
horizon year with reasonable accuracy. By
eliminating the need for a home-interview
survey, the model provides an inexpensive,
quick, and transparent technique for fore-
casting travel in small and medium-sized
cities. The model is also suggested for use

in cities of less developed and developing
countries because of its simplicity and 1low
cost. The output from this model is essen-
tially trips for all purposes. Home-based,
non-home-based, and other trip categories
could also be obtained with additional data.

The main objective of transportation planning is to
provide the information necessary for making deci-
sions on when and where improvements should be made
in the transportation system and for controlling
travel and land development patterns that are in
keeping with community goals and objectives (1,pp.
8-9). One of the most important pieces of informa-
tion, which is crucial for such decision making, is
horizon-year traffic volumes on the major links of a
city's transportation network.
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Conventional urban travel demand models, which
are currently used to forecast horizon-year traffic
volumes, have been the subject of much criticism be-
cause of their enormous costs, a significant pro-
portion of which is spent on the collection and
analysis of large amounts of data by means of a
home-interview survey, for example. These data-
hungry models also require extensive computer use
for analysis, which further adds to their cost
{2-4). Small and medium~sized cities usually lack
the financial resources and expertise that are
needed to use these models. In 1972 Low proposed an
inexpensive travel demand model that used routinely
collected traffic counts as a substitute for the
conventional home-interview survey (2). Low's model
has since been modified, improved, and tested by
several researchers (3-6).

An evaluation of the effectiveness of a modified
form of Low's model in a medium-sized urban area is
presented. Socioeconomic variables needed for the
model are derived from census data. A brief discus-
sion of the development of the model, its structure,
and its theoretical limitations is presented. The
model is then applied to the city of Spokane (1980
population = 171,300) for the base year 1970, and a
forecast of the traffic volumes on the street net-
work is obtained for the horizon year 1980. The re-
sults are compared with actual ground counts for
1980. Conclusions about the prediction capability of
the model and its suitability for general use are
presented in the last section of this paper.

BACKGROUND

A travel demand forecasting model, which used rou-
tinely collected traffic ground counts, was origi-
nally proposed by Low (2) in 1972. Traffic volumes
in the base year were used to calibrate the model.
The horizon year's socioceconomic variables and the
base year-calibrated model were then used to predict
the future traffic volume in selected links of the
network in the horizon year. Low's model is essen-
tially an internal volume forecasting (IVF) proce-
dure that estimates trips for all purposes.

Low tested the model in a small urban area in
West Virginia and compared the results with fore-
casts obtained from conventional travel demand mod-
eling techniques, and the results obtained were rea-
sonably good--model root-mean-square (rms) was 24
percent.

In 1976 a similar approach was proposed and
tested on a hypothetical 22-link network by Hogberg
(3). He confirmed the validity of Low's approach in
this hypothetical situation. An evaluation of Low's
model was conducted by Smith and McFarlane (4) in
1978. Their findings indicated that the model pro-
duced reasonable estimates of both base year and fu-
ture year traffic volumes. The estimation error in
corridor volumes ranged between 1 and 7 percent.
However, this study called attention to some theo-
retical limitations of the model that will be dis-
cussed later.

In 1981 Willumsen (5) compared Low's model with
three similar models and asserted that, by resolving
the model's theoretical limitations, it could be
recommended for use in small and medium-sized cities
because it offers three attractive features: (a)
simplicity of use, (b) computational efficiency, and
(c) low cost.

LOW'S MODEL

This model was developed on the assumption that the
traffic volume on each link in a transportation net-
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work is proportional to what Low referred to as "the
interzonal trip probability factor.®™ The value of
the trip probability factor provides a measure of
the number of vehicular trips between the different
zones in the urban area. The mathematical form of
the interzonal trip probability factor is given by
the following expression:

=P.A.t, . (1)

fij = interzonal trip probability factor between
zones i and j,

P; = a socioeconomic characteristic of zone i
that is related to trip production (Low used
population),

Ay = a socioeconomic characteristic of zone j

that is related to trip attraction (Low used

employment),

travel time between zones i and j, and

some exponent to be determined by calibra-

tion (Low assumed n = 2).

The model mechanism is explained as follows:

1. Socioeconomic variables (Pji's and Aj's) for
the zones are determined for the base year, and the
interzonal trip probability factors (fij's) are
calculated between all the zones in the study area.

2. Trip probability factors are assigned to the
transportation network using one of the traffic as-
signment techniques. The all-or-nothing assignment,
via the shortest routes, is probably the simplest
and easiest technique appropriate for this model.

3. The total trip probability factors for se-
lected 1links on the major streets are obtained by
adding the fij's assigned to each link.

4. The corresponding traffic volumes (in the
base year) on each link are obtained from routinely
collected traffic counts, and a linear reclaticnship
between the traffic volumes and fj4's is estab-
lished using the following linear regression equa-
tion:

Vg = a+ bP]lf}i_;.%;fij (2)

sz = traffic volume on the link kg,
fij = interzonal trip probability factor between
zones i and j, and
b parameters to be determined by calibration.

o

-
>
[}

Pij is the ©probability that the trip between
zEEes i and j will use 1link kg. The value of
Pij' using the all-or-nothing assignment technique,

is
0 if the link kg is not used by the trip maker
between zones i and j
pke
ij

1 if the link kg is used by the trip maker
between zones i and j.

5. The least-squares method is used to calibrate
the model for the base year for which the two param-
eters (a and b) can be determined. Finally, to esti-
mate the traffic volume for the horizon year, it is
necessary to establish the projected interzonal trip
probability factors using the socioeconomic vari-
ables of the horizon year.
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MODEL DEFICIENCIES AND POTENTIAL IMPROVEMENTS

Smith and McFarlane (4) identified two misspecifica-
tions in Low's model: first, in representing trip
productions and attractions by production and at-
traction "characteristics,® and second, in the omis-
sion of origin-zone accessibility in the denominator
of the probability factors.

To eliminate these two errors, Smith and McFar-
lane recommended "replacement of the zonal produc-
tion and attraction characteristics by direct esti-
mates of trip productions and attractions, and
inclusion of origin-zone accessibility in the denom-—
inator of the probability factor®™ (4,p.39). This im-
provement resulted in a formulation that is identi-
cal to a simplified gravity model.

When Low applied his model, P; was assumed to
be the population of zone i, A; was assumed to be
employment in zone j, and the travel time exponent
(n) was assumed to be two. The suggested production
and attraction variables, as well as the friction
factors that are used in the present study, are as
follows:

1. Because work trips are the least flexible of
all trips, the production zone variable (Pj) that
is used here is the number of employees who reside
in zone i (ERj).

2. Similarly,

the attraction zone variable (Aj)

is the number of employees who work in zone j (ij) .

3. Because the trip interchange index is of the
it 1is appropriate to
values in

calculate
a manner

gravity model type,

the friction factor [F(Cjj)]

Base Year
Socio-econamic
Yariables

Base Year
Traffic Yolume
in Selecled
Links
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similar to that used in trip distribution models.

F(Cij) is an indirect indicator of the cost of
travel between zones. Based on the work of Zaryouni
and Kannel (7), the friction factor is

F(Cjj) = exp (=0.10t;4) (3)
The second theoretical limitation can be avoided

simply by dividing the attraction term (EWj) at the
destination by the total attractions (;.:ij) of the

study area. Also, the term interzonal trip probabil-
ity factor can be replaced by another term that
could be called the interzonal trip interchange in-
dex (Iij). This simple modification does not com-
promise "the simplicity and the computational effi-

ciency of the model (5). Therefore, Equation 1 can
be rewritten as

Iij a (ER)i[(EW)j/j(EW)j]F(Cij) (4)
and the link traffic volume can be calculated as

Vg = a + bP']‘_&)i):ifij (5)

MODEL APPLICATION

The modified model was applied to the city of Spo-
kane as a case study area. The sequential steps of
the model application are shown in Figure 1. The

Horizon Year
Socio-economic
Yoriables

Base Year Transportation
Network

Horizon Year Transpor-
tation Network

1

Constructing Trave! Time
Matrices and Friction
Factors F(Ci;)

—1

lij Matrices

lij Assignment To
Transportation Network

l

Tota) li‘]‘- in Selected
inks

1.____

Model Calibration

L

Final Mode!

Travel Time Matrices and
Friction Factors F(Cij)

l_—

1ij Motrices

L

lij Assignment to
Transportation Network

B!

Total ljj in Selected
Links

L L e

|

Forecast Traffic Yolume
in Selected Links

(Regression Cquation)

BASE YEAR

HORIZON YEAR

FIGURE 1 Sequence of model application.
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city of Spokane was divided into 26 planning areas
for the purposes of this model.

MODEL CALIBRATION

To calibrate the model for the base year 1970 the
following input data were gathered:

l. A base map showing the major transportation
network (Figure 2). The network configuration and
the 1ink speeds were Investiydled Lo set up travel
time matrices.

2. Traffic volumes for selected links of the
surface network with ground counts throughout the
network. These traffic volumes are a combination of
internal-internal (Vig), internal-external (Vig),
external-internal (Vgy), and external-external (Vgg)
trips. Vig, Vg1, and Vgg trips were subtracted from
the total traffic count (Vp). Because cordon counts
were not readily available for Vgg, Vgr, and Vig, an
approximate method of obtaining these volumes was
used as suggested in NCHRP Report 187 (8). This pro-
cedure is necessary because the trip interchange in-
dices are computed between zones within the study

FANNAN \\\\\Q
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area and the traffic volume used must be the inter-
nal traffic volume on the link.

3. Socioeconomic characteristics, related to
each production and attraction planning area. The
production zone characteristics (number of employvees
residing in zone i) were obtained from 1970 Census
data, and the attraction zone characteristics (num-
ber of employees working in zone j) were obtained
from data provided by the Spokane Regional Confer=-
ence.

Using the input data in steps 2 and 3, a matrix
of the trip interchange indices was calculated for
the base year. The resulting matrix of Ij4's was
then assigned to the transportation networa using
the all-or-nothing assignment technique.

The estimate of the two parameters a and b in
Equation 5 was performed by selecting 37 links on
the city's street network. This selection covered
the entire set of links on the major street system
(Figure 2). When the traffic volume values for these
37 links were plotted against the corresponding Iij's
(Figure 3) it was observed that it would be appro-
priate to use two equations: the first for those
links with a traffic volume of fewer than 4,500
(Figure 4) and the second for those links with a
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FIGURE 2 Selected links on major streets network.
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FIGURE 4 Regression line for links with traffic volume less than
4,500.

traffic volume equal to or more than 4,500 (Figure
5). Accordingly, two linear regression equations
were obtained by means of the least-squares method:

vgg = -400 + 11.69P§§§§Iij

R2 = 0.91ty = 9.142 > t _ggg5 = 3.355
for traffic volume < 4,500 (6)

vi9 = -1,650 + 5.40P§&€§Iij

R2 = 0.89ty = 14.49 > t_gg5 = 2.779
for traffic volume > 4,500 (7)

MODEL FORECASTING

The calibrated model for the base year 1970 was used
to forecast the traffic volume on the same links of
the major street system for the horizon year 1980.
It was assumed that the major street network would
not change significantly between the base year and
the horizon year. The only information that was nec-
essary for the application of the modified model was
the two wvariables (ER; and EW5 for 1980) that
were obtained exogenously. These values as well as
the friction factor matrix were used to obtain the
horizon year trip interchange indices (Iij's) ma-
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FIGURE 5 Regression line for links with traffic volume greater
than 4,500.

trix. The next step was to assign the Ii~'s to the
transportation network. The total Ii-'s in each
link were added, and then the internal-internal traf-
fic volume (Vyy) in the links was obtained from Equa-
tions 6 and 7. The external trips (Vgg + Vg1 *+ Vig)
were added to the Vy; trips to obtain the total link

volumes (Vp) in 1980. These external trips were fore-
cast from base year data.

PREDICTING TRAFFIC VOLUME ON OTHER LINKS FOR
THE HORIZON YEAR

It is evident from the model structure that the
traffic volume on those links that lie on the mini-
mum-path route are obtained by applying Equations
6 and 7. The following procedure was used for those
links on the major street network that did not lie
on the minimum-path route: The predicted traf-

fic volume (obtained from the model) and the base
year traffic volume on these links were used to con-
struct a simple regression line. The predicted traf-
fic volume was taken as the dependent variable

(sz)' the actual base year traffic volume was taken
70 .
as the independent variable (ng), and the following

equations were obtained:

v80 - 600 + 1.58v/°
kg kg
R? = 0.84; ty = 3.654 > t_gg5 = 3.499

for links with traffic volumes < 4,500 in
the base year (8)

80 _ _ 70
ka = =1,100 + 1'38ng
R? = 0.89; tg = 14.837 > t_go5 = 2.779

for links with traffic volumes > 4,500

in the base year (9)

where
VEO = estimated traffic volume on link k in
the horizon year and
VEO = actual traffic volume on link k in the

base year.

This is a straightforward procedure, whereby base
year volumes on non-minimum-path routes are used to
obtain an estimate of design year volume.
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RESULTS AND MODEL ACCURACY

The output of the modified model in terms of link
volumes on the major street network is given in
Tables 1 and 2. For low-volume links, the ratio of
actual-to-estimated traffic volumes for the horizon
year ranged from 0.63 to 1.40, and the rms error was
32. For the high-volume 1l1links the corresponding
range was from 0.70 to 1.52, and the rms error was
i8. However, most link volume estimates were within
15 percent of the actual volumes.

A comparison of the modified model with Low's
original model indicates that the modified model
osutput gives somewhat hetter results. This compari-
son is given in Table 3. Also, a comparison of ob-
served and estimated horizon year link volumes by
volume range is given in Table 4. Although the ac-
tual-to-estimated volumes for the horizon year
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ranged from 0.93 to 1.27, most volume groups were
within 10 percent of the actual volumes.

CONCLUSIONS

The primary objective of applying a modified form of
Low's model to the city of Spokane was to evaluate
its utility in estimating street link volumes in the
horizon year using routinely cocllecte traffic
counts. The model produces reasonably reliable re-
sults. Because network configuration and census data
are generally available, the effort required to work
the model for a small or medium-sized city might in-
volve 10-15 man-days. This effort represents a small
fraction of the time and the money that are needed
to run the conventional models. The model combines
several conventional submodels into one process and

TABLE 1 Comparison of Actual and Estimated Traffic Volume (< 4,500)

Base Year 1970

Horizon Year 1980

Actual Estimated
Traffic Traffic
Link Volume Volume

Actual Estimated
Traffic Traffic
Volume Volume

No. (V) (Vo) Vo!Ve V, V, VolVe
1 600 800 0.75 2,200 3,500 0.63
2 4,750 4,000 1.19 9.400 7,000 1.34
3 5000 4,900 1.02 8,700 8,000 1.09
4 1,550 1,600 0.97 1,750 2,200 0.80
5 1,750 2,200 0.80 3,600 4,000 0.90
6 1,750 1,950 0.90 2,200 3,050 0.72
7 2,950 3,200 0.92 4900 6,850 0.72
8 4,000 3,400 1.18 6,000 4,300 1.40
9 4300 4,500 0.96 7300 5,700 1.28
Total 26,650 46,050

Note: For base year, VE =2961;(Vy —Ve)2 =1,320,000; RMS error = 434.32;and % rms error =

14.66 =~ 5.

TABLE 2 Comparison of Actual and Estimated Traffic Volume (> 4,500)

Base Year 1970

Horizon Year 1980

Actual Estimated
Traffic Traffic
Link Volume Volume

Actual Estimated
Traffic Traffic
Volume Volume

No. (Vo) (Ve) Vo/Ve V, v, Vo/Ve
10 4,500 3,700 1.22 5,050 4,700 1.07
11 6,000 5,200 115 8,500 5,850 1.45
12 6,200 5,600 111 6,650 5,400 1.23
13 6,200 6,300 0.98 7,150 6,450 1.11
14 6,600 8,600 0.77 9,050 7,500 1.21
15 7,750 6,100 1.27 8,200 5,400 1,59
16 8,150 8,300 0.98 9,000 12,650 0.71
17 9,000 10,200 0.88 17,600 14,400 1.22
18 9,250 12,100 0.76 14900 17,300 0.86
19 9,500 9,100 1.04 9,500 9,350 1.02
20 9,700 10,600 0.92 11,500 12,200 0.94
21 10,350 11,000 0.94 20,850 13,600 1.61
22 11,350 9,400 1.21 11,650 13,200 0.88
23 11,500 13,800 0.83 14,700 17,800 0.83
24 12,350 9,500 1.30 12,400 13,200 0.94
25 12,600 13,200 0.95 14,250 14,800 0.96
26 13,250 16,400 0.81 16,400 23,400 0.70
27 14,450 16,400 0.88 18,250 23,400 0.78
28 17,600 19,700 0.89 21,500 26,350 0.82
29 23,750 22,200 1.07 28,500 26,700 1.07
30 25,100 22,000 1.13 31,000 26,700 1.16
31 26,600 22,000 1.20 30,400 26,700 1.14
32 27,300 27,700 0.99 28,700 34,100 0.84
33 28,200 30,100 0.94 30,800 36,100 0.85
34 29,800 27,700 1.08 32,500 34,100 0.95

100 27,800 26,800 1.04 37,900 38,400 0.95

101 34,100 33,300 1.02 50,400 53,300 095

102 31,700 33,300 0.95 48300 53,300 091

Note: For base year, V5 =15,737; (Vo 7V¢)2 =97,612,500; rms error = 1,937,60;2and % rms
error = 12,31, For horizon year, V5 = 19,880 (V, - Ve)2 = 359,055,000;rms error = 3,580; and

% rms error = 18.01,
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TABLE 3 Summary of Results

Traffic Volume Traffic Volume

<4,500 24,500
RMS % RMS RMS % RMS
Year Model Error Error Error Error
1970 Low 710 24 2,302 17
Modified 434 1§ 1,938 12
1980 Low 2,234 44 3,310 19
Modified 1,616 32 3,716 18

TABLE 4 Comparison of Actual and Estimated Traffic Volume
for All Link Groups (modified model)

Estimated Actual
Avg, Avg. Error
Group Volume Range Volume (E) Volume (A) A/E %
1 1,500-3,000 2,600 2,050 1.27 +26.8
2 3,001-5,000 4,100 4,250 0.96 ~3.5
3 5,001-7,000 6,100 5,900 1.03 +3.4
4 7,001-10,000 8,300 8,500 0.98 -2.4
5 10,001-15,000 13,400 13,200 1.02 +1.5
6 15,001-20,000 17,550 17,400 1.01 +0.9
7 20,001-25,000 23,400 21,700 1.08 +7.8
8 25,001-30,000 26,600 28,600 0.93 =70
9 30,001-35,000 34,100 31,200 1,09 +9.3
10 >35,000 45,300 45,500 1.00 -0.4

the output in terms of traffic volumes can be sta-
tistically described and tested. In summary, the
model is quick, reliable, and transparent for fore-
casting travel in small and medium-sized cities.
Caution, however, needs to be exercised regarding

l. The choice of socioeconomic variables--more
experience needs to be gained from further applica-
tions in cities of varying sizes;

2. The application of this model to cities hav-
ing a comparatively high percentage of mass-transit
patronage;

3. The fact that the output from the model is in
terms of trips for all purposes; home-based, non-
home based, and other trip categories could possibly
be worked out with additional data;

4., External-external, external-internal, and in-
ternal-external trips--Count stations located on the
cordon line would be most helpful in dealing with
the forecast of such trips;

5. Using this type of model for crucial policy
options--The model 1is sensitive only to network
changes; and

6. The high potential for correlation between
adjacent 1links on the network in the regression
analysis--This problem could possibly be alleviated
or at least reduced by randomly selecting links on
the network rather than using two adjacent links. In
a large network it may be necessary to use a Monte
Carlo technique for the selection of links.

The model appears to be of particular use in the
following cases:

l. Modeling small and medium-sized cities, es-
pecially freestanding cities in rural regions and
extensions of metropolitan areas;

2. Modeling cities in less developed and devel-
oping countries where urbanization is taking place
at a fast rate, where qualified transport planners
are not available, in situations in which a country
budget does not allow conventional transport models
to be used, and in situations in which long-range
planning has little meaning in view of the uncertain
changes in urbanization; and

3. Analysis connected with the transportation
system management element.
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