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Trip Table Synthesis for CBD Networks: 

Evaluation of the LINKOD Model 
ANTHONY F. HAN and EDWARD C. SULLIVAN 

Origin-destination (O·DI synthesis methods deal with the problem of deriving 
trip O·D patterns from traffic counts. A reliable O·D synthesis model for 
small area (e.g., central business district (CBDll applications has great potan· · 
tial to help evaluate alternative transportation system rnanagamant measures. 
Among various models reviewed, LINKOD was selected for in-depth evaluation 
because of its apparent suitability for CBD applications. A 1975 San Jose, 
California, CBD 0-D data set with traffic counts estimated by the microassign
rnant model was used to test the performan<:e of LINKOD. Significant differ
ences were found between the synthesized trip table and the base trip table; 
naverthale11, when assigned to the network by the microassignment modal, 
both trip tables predicted similar flow patterns. Based on these tests, LINKOD 
was judged to be an acceptable tool for pragmatic applications in CBDs. An 
extensive sensitivity analysis of the performance of LINKOD was also made 
to investigate the affects of different Initial target trip tables and incomplete 
link volume counts. Although LINKOD performed best with data on 100 per
cent of the turning movements, it was found that with 25 percent coverage 
(plus all cordon-station volume countsl there existed only a 10 to 20 percent 
loss in synthetic 0-D table accuracy. It was also determined that the geo
graphic pattern of the traffic count "data affected the outcome considerably. 
Because a better CBD data set is indlspansable for conducting a more com
plete validation of 0-D synthesis models as well as other traffic models, a 
compr!"'ensive CBD travel datao(lollection effort appears warranted. 

In the past the standard technique to obtain origin
destination (O-D) information was to conduct an 0-D 
field survey. These 0-D surveys were expensive and 
sometimes disruptive •. Such difficulties caused many 
different investigators to seek techniques for 
deriving 0-D information from routinely collected 
field data such as traffic counts. These substitute 
approaches, which do not require an 0-D field sur
vey, are generally called 0-D synthesis techniques. 

Potential applications of 0-D synthesis tech
niques can be divided into three categories l.!l 1 

single-path, corridor, and multipath applications. 
This categorization is based on the relative com
plexity of the route-choice problem. For a single-. 
path network, such as a section of urban freeway, 
there is only one path between each 0-D pair; thus 
these 0-D synthesis techniques do not have to con
sider route choice. 1\ multipath network, such as 
the street system of a central business district 
(CBD), contains a large number of paths for each 0-D 
pair and thus requires an 0-D synthesis technique 
with a carefully selected route-choice assumption. 
Corridor applications are between these two ex
tremes, and solution techniques are often hybrids of 
the single-path and multipath approaches. 

1\mong multipath applications, the CBD is among 
the most complex of operating environments for ap
plying an 0-D synthesis technique. It is a small, 
heterogeneous study area with a potential for sig
nificant congestion, numerous route and modal-choice 
options, and a high percentage of external trips 
among the total trips observed within the study area. 

The recent emphasis of planners and traffic en
gineers on improving the performance of the CBD 
transportation system has caused a great demand for 
improved analytical tools. High-impact transporta
tion system management (TSM) measures, such as bus 
malls and automobile-free zones, must be evaluated 
with respect to their impacts on local circulation 
and ultimately in terms of the •economic health of 
the CBD. However, available tools for analyzing the 
performance of the CBD street system [such as micro
assignment <l-_2l 1 require a great deal of detailed 
0-D information. This requirement has inhibited the 

wide use of such analytical tools. Thus an 0-D syn
thesis technique appropriate for CBD applications 
has great potential to help improve decision making 
for TSM measures. 

.l\mong the many ex.isting ~D synthesis models that 
were reviewed (9-13), a model called LINKOD, which 
was developed fOr--:the · PHWA, _ wa·s ·sell;!cted for · in
depth evaluation, principally. because· it was 
designed specifically for small and congested area 
analysis (7). The objective of this ·study was to 
evaluate the performance · of LINKOD · for CBD applica
tions. The study considered only the abiiity of 
LINKOD to synthesize an 0-D table of vehicle trips 
from available trip-generation estimates and to link 
vehicular traffic counts. 

The remainder of this paper is organized as fol
lows. First, the structure of the LINKOD model is 
briefly reviewed. Second, the validation of LINKOD 
by usinq a 1975 San Jose, California, CBD 0-D data 
set together with traffic counts estimated by the 
microassignment model is described. Third, a sensi
tivity analysis of the performance of LINKOD is pre
sented. Finally, conclusions and suggestions for 
further research are given. 

LINKOD MODEL STRUCTURE 

The overall structure of the LINKOD computer pro
grams is shown in Figure 1. As input data, the user 

Figure 1. LINKOD model structure. 

LIN!!QI> rp!J'I 

NOCE DATA 

must provide a coded network, contained in a load
node file and a link file. The load-node file gives 
the node types (e.g., boundary or internal) and as
sociated trip productions and attractions. The link 
file includes the length, type, number of lanes, and 
observed traffic volume for each link. Although the 
theory underlying LINKOD calls for traffic volume 
information on 100 percent of the links, the model 
has the ability to insert artificial counts for 
those links where actual counts are unavailable. 
(The impact of using incomplete link count data will 
be discussed in a later section.) 
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Three principal steps are involved in using 
LINKOD to develop a trip table from available data. 

l. Prepare a network representation of the 
area transportation system. Optionally, 
involves coding turning movements as network 
(program PREP). 

study 
this 

links 

2. Create a target trip table that subsequently 
will be adjusted to conform to the observed traffic 
counts. This step is performed by using a special
ized small area gravity model that incorporates 
numerous adjustment factors to deal with high pro
portions of external and through travel (programs 
TREE and SMALD). 

3. Through an iterative procedure, use available 
link counts to adjust the target trip table such 
that observed link counts are reproduced when the 
adjusted trip table is assigned to the transporta
tion network by using an equilibrium traffic assign
ment procedure (program ODLINK). 

LINKOD also contains two utility programs 
(CONVERT and ODEVAL), which are used for managing 
data files and generating printed reports, respec
tively. PHWA documents (_§,j) should be consulted 
for details of the LINKOD algorithms and their theo
retical bases. 

INITIAL VALIDATION 

A 1975 San Jose, California, CBD data base was used 
to evaluate the performance of LINKOD. Because of a 
lack of full coverage of actual traffic counts and 
turning movements, a well-validated set of traffic 
counts estimated by the microassignment model (3,4) 
was used to create the input link file. A 1975 trip 
table that contained da~a updated from a 1964 0-D 

f i!J119 2. San Jose CBD network. 
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survey was used as input to the microassignment 
model. Because this was considered to be the best 
available estimate of the true trip table, it was 
used as the base table against which the synthetic 
trip table ,was compared. 

The San Jose CBD network is shown in Figure 2. It 
includes about 69 city blocks and covers about 1 
mile 2 • To convert the data from the microassign
ment format to the LINKOD format consistently and 
correctly, turning movements were defined as sepa
rate links. These are indicated by the dotted links 
in tigure 2. The coded network includes 857 one-way 
links, 233 network nodes, and 156 load nodes. Among 
them, 113 are internal load nOdes, each of which 
represents a block face. The network includes both 
arterials and local streets, many of which are one
way streets. For the initial validation, 100 percent 
of link counts and turning movements were provided 
as input. Trip productions and attractions used to 
estimate the target trip table were obtained by sum
ming the rows and columns of the base trip table, 
respectively. 

Several goodness-of-fit statistics were used to 
measure the cell-to-cell differences between the 
synthetic LINKOD table and the base table. Specifi
cally, four cell-by-cell comparison statistics used 
are defined as follows. For the mean absolute error 
per cell (MABSE/cell), 

MABSE/cell = ~ ~ (IT;i - TZ 1/N) (!) 
i j 

For the mean absolute error per trip (MABSE/trip), 

MABSE/trip = ~ ~ (ITii - T~l/T) (2) 
i j 
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For the root mean square error (RMSE;, 

(3) 

And for the RMSE as a ratio of average cell value 
( RMSE/AVGT) , 

RMSE/AVGT = (RMSE/T) x N 

where 

Tij a value (number of trips in the ijth cell 
in the base table), 

Tij • corresponding cell value in the pro
duced table, 

(4) 

N • total number of cells in both tables, and 
AVGT • average number per cell for the base table. 

In addition, a chi-square statistic was used to mea
sure the difference between two trip length distri
butions. This statistic is defined as follows: 

11 
x2 = ~ [(01 - T P1)2 /T Pd (5) 

i=I 

where 

Oi = number of trips in the comparison trip 
table with length in the ith group (the full 
range of trip length is divided into 11 
groups) , 

T m total number of trips in the comparison 
table, and 

Pi • percentage of trips in length group i for 
the base trip table. 

To detect any systematic distortions in the 
model, comparisons were made separately for differ
ent O-D groupings based on whether one or both load 
nodes were internal or on the study area boundary. 
The results, which are given in Table 1, were not 
satisfactory. Significant differences existed be
tween the two trip tables. However, without knowing 
the true 0-D table, a definite conclusion cannot be 
reached. 

As a second basis for comparison, both the syn
thesized O-D table and the base 0-D table were input 
to the microassignment model and the differences in 
the assigned traffic flows were meas~red. The data 
given in Table 2 indicate that the assigned traffic 
flows from the two 0-D tables were close to each 
other. From this viewpoint, the LINKOD software 
package is considered to be an acceptable tool for 
pragmatic applications. Detailed descriptions of the 
data and results of this case study can be found in 
Han et al. (..!!,). 

Table 1. Goodnen·of.flt statistics: synthetic venus base trip tabla. 

No. of Trips 
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SENSITIVITY ANALYSIS 

Sensitivity analysis was performed to determine 
which features of the model are most critical to 
successful application and to assess how the model 
reacts to variations in input. The San Jose data 
set was used to investigate the sensitivity of 
LINKOD to different model parameter values, to 
changes in the initial target trip table, and to the 
extent and coverage pattern of available traffic 
counts. 

Sensit ivity to Cont rol Paramete rs and 
Adjustment Factors 

Four runs were made to find appropriate values for 
the control parameters that determine the number of 
program iterations. Little improvement, in terms of 
synthetic trip table accuracy compared with the base 
0-D table, resulted from allowing the program to ex~ 
ceed 3 eqtiilibrium assignment iterations and 10 link 
flow correction iterations. These parameter settings 
can save appreciable computer time relative to the 
values proposed in the published documentation <1>· 

Six runs were made to test model sensitivity to 
adjustment factors of the small area gravity model 
(SMALD) used to create the target trip table. Vary
ing fixed penalties and directional change factors 
were found to have little impact on the final trip 
table. However, the default values for these adjust
ment factors appeared to be slightly better than 
other values tested. 

Sens.itivity to Different Target Trip Tables 

The accuracy impact of different target trip tables 
was also investigated. The modular structure of 
LINKOD (Figure 1) makes it an easy matter to run the 
program with other than the built-in gravity model. 
For convenience, TS and T7 are used to denote the 
target trip table and the final trip table, respec
tively [these notations are adopted from the LINKOD 
user's manual (7)). Besides the internally generated 
TS, denoted bySMALD TS, two alternative target trip 
tables, GRAV TS and AVG TS, were used and evaluated. 
GRAV TS denotes an 0-D table generated by a simple 
origin-constrained gravity model that uses the input 
trip production and attraction data as internally 
calculated node-to-node travel times. AVG TS denotes 
a trip table in which all cell values are equal to 
the average number of trips per cell. 

Let SMALD T7, GRAV T7, and AVG T7 denote the 
final trip tables created from the target trip 
tables SMALD TS, GRAV TS, and AVG TS, respectively. 
The performance of these final trip tables, in terms 
of the four error measures defined earlier, is shown 
in Figure 3. As seen in the figure, SMALD T7, the 
final trip table that results from the internally 

Mean Absolute Error Root Mean Square Error 
Base Ratio" Chi-square 

Trip Table ODL510 (%) (df = 10) Per Cell Per Trip RMSE RMSE/AVGT 

Internal-to-boundary 3,977 3,544 89.1 122.2 1.6441 1.0096 4.0019 2.4634 
Internal-to-internal 141 1,039 736.9 196.9 0.0982 8.0426 0.4475 36.6398 
Boundary-to-boundary 10,309 10,234 99.3 516.8 15.2835 0.6849 34.8227 1.5606 
Boundary-to-internal 1,753 1,599 91.2 309.8 1.0302 1.2835 4.9478 6.1643 
Total trips 16,180 16,416 101.5 480.4 0.8694 0.8937 6.2770 6.4524 

8 Ratlo = (ODLSIO/base table) x 100 percent. 
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T.able 2. Synthetic link flows versus gound counts: the Second Street screen 
line. 

Difference 
Direc- Base 0-D LINK OD 

Street tion8 Table 0-D Tableb No. Percent 

Reed EB 275 282 +7 2 
WB 261 285 +24 9 

William EB 24 14 -10 42 
WB 20 19 -1 5 

San Salvador EB 92 68 -24 26 
WB 200 213 -13 6 

San Carlos EB 633 521 -112 18 
WB 358 353 -5 1 

San Fernando WB 410 368 -42 10 
Santa Clara EB 785 816 +31 4 

WB 492 494 +2 0 
St. Johns WB 304 285 -19 6 
St. James EB 1,019 1,076 +57 6 
Julian WB 522 473 -49 9 
Subtotal EB 2,828 2,777 -51 2 

WB 2,567 2.490 ...=J.1.. 3 
Total 5,395 5,267 -128 2 

3[lfl'c C'tlon is divided into easlbound (ED) and \Wl t bii u111'J (WB). 
b L-.IN KOO 0-0 lRble wlth 100 pn.:ent turn ing ntO\'Omt"sns. 

Figure 3. Accuracy impaet of target trip tables on final trip tables. 

MASS[ /cell MABS£/lr_, RMSE: 

Legend 
l'ZI AVC T7 

• GRA T7 
CS! SMALD T7 

generated target trip table, is consistently and 
significantly closer to the base 0-D table than the 
others. The trip length distributions of the final 
trip tables were also compared with that of the base 
trip table. Results again showe.d that SMALD T7 
yielded the closest comparison. 

Therefore, it was concluded that the internal 
SMALD performs better than alternatives such as the 
simpler gravity model and the maximum entropy model 
used in this study. Until a more cost-effective al
ternative is found, the user is advised to use the 
internal model. 

sensitivity to Incomplete Link Data 

The accuracy impact of incomplete link data has been 
analyzed for the single-path network case (!!) and 
for small multipath networks <1>· However, practical 
guidelines for real-world application have not been 
developed. Thus a systematic investigation of the 
sensitivity of LINKOD to incomplete link volume data 
was made in this study to provide guidelines to help 
users collect and prepare efficient data sets that, 

------------
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although incomplete, can generate satisfactory solu
tions. 

Note that in a micronized network, such a:s that 
shown in Figure 1, each link represents a single 
through or turning movement. For simplicity, the. 
terms turning movements (which also include through 
movements) and links are used interchangeably in the 
following discussion. 

To define a strategy for collecting link-count 
data from a network, two factors must be included: 
location (where the surveyed links are) and coverage 
(the percentage of links counted). Relative to loca
tion, three sampling strategies were considered: 
random sampling (R), major link selection (M), and 
geographic pattern schemes (GP). R means that the 
counted links are randomly selected from all links 
of the network. When the M scheme is used, only 
links that carry the highest traffic flows are 
selected. Links selected by a GP scheme form a par
ticular geographic pattern, e.g., a cordon or screen 
line(s), or a combination of these two. 

These three link selection schemes, together with 
different coverage levels, were used to define the 
16 experiments summarized in Table 3. Here the num
ber associated with each experiment specifies the 
percentage of links for which link volumes were in
put. For example, R30 is the experiment that used a 
link file that contained turning movement volumes 
for a randomly selected 30 percent of the links of 
the network. Brief descriptions of the geographic 
patterns associated with the six GP experiments are 
given in Table 4. 

Accuracy measured by RMSE and by MABSE/trip for 
the final trip tables produced in the 16 experiments 
are plotted in Figures 4 and 5. As shown in these 
figures, the GP scheme is the preferred sampling 
strategy because it yields the closest match to the 
base 0-D table for almost all lin.k coverage levels. 

Table 3. Experiments with different sampling strategies. 

Percentage of 
Observed Turning Random Major Link Gcogrnphic Pattern 
Movements" Sampling Selection Schemeb 

0-15 - c - c GP13 
16-29 - c M25 GP25 
30-39 R30 M30 GP37 
40-59 R50 M50 GP50 
60-{;9 R60 M60 GP60 
70-79 R75 M75 GP75 
80-89 - c M85 - c 

8Turnlng movemen1 s Inc.Jude: cl1rough mo·vo rnoms. 
bSee Table 4 for a moTO d eudlDd descrlp1 lo·n o f -o ech GP experiment. 
cNot tested. 

Table 4. Descriptions of the six GP test runs. 

Experiment 

GPl3 
GP25 8 

GP37 

GP50 

GP60 

GP75 

Description of Geographic Pattern 

A broken cordon including some turning links 
A complete cordon with about half of the turning links con
necting to the cordon 

GP25 plus the through movements on three screenlines 
(Market, San Carlos, and Santa Clara) 

GP37 plus one more screenline (San Fernando), all the 
turning movements between the four screenlines, and the 
other half of turning links at the cordon 

GP60 plus three more screenlines (Vine, Almaden, and 
Notre Dame) and all turning movements between these 
three streets and all other screenlines 

GP60 plus three more screenlines (St. James, William, and 
Third) with their turning links 

8 See Figure 8 for locations of the links selected. 
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Fieure 4. RMSE of experiments with different sampling strategies. 
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Figure 5. MABSE of experiments with different sampling strategies. 
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It was also found that when the link file con
tains turning counts for more than 60 percent of the 
links, the final table T7 produced by the GP experi
ment is closer to the base table in both RMSE and 
MABSE/trip than the target trip table SMALD TS, 
However, when the .link file contains less than 60 
percent of the total turning counts, the results are 
ambiguous. In such cases the final table has a bet
ter RMSE and yet a worse MABSE/trip than the SMALD 
TS. This is shown in Figures 4 and S. It implies 
that a target trip table generated from a complete 
load-node file may be even better than a final trip 
table adjusted to correspond to a scanty link file. 

When comparing the final trip table (T7) against 
the target trip table (SMALD TS) within the range of 
40 to 60 percent available turning counts, the gain 
in the RMSE measure is much larger than the loss in 
the MABSE/trip measure. It implies that, in this 
range, the correction procedure tends to correct the 
bad cells in the trip table while sacrificing some 
overall goodness of fit. 

Because both error measures are meaningful, the 
alternative data-collection schemes based on a 
single measure cannot be evaluated. Although the 
trade-off between these two error measures is still 
unclear, a combined measure of effectiveness (MOE) 
was defined based on the following assumptions: 

1. The users are more concerned with the rela
tive (percentage) improvement rather than the abso
lute improvement in the error measures, and 

2. Both error measures are of equal importance. 
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On this basis, the MOE is defined as follows: 

MOE1 =(percentage improvement in RMSE) +(percentage 

improvement in MABSE/trip) 

= { [(RMSE0 - RMSEi)/RMSE0 ] + [(MABSE0 

-MABSE1)/MABSE0 ]} x 100% 

where 

MOEi • combined MOE for experiment i, 
RMSEi • RMSE of the final trip table produced 

by experiment i, 
RMSEo = 9.S438 - RMSE of SMALD TS, 

MABSEi • MABSE/trip of the final trip table 
produced by experiment i, and 

MABSEo • 0.9S27 • MABSE/trip of SMALD TS. 

(6) 

The combined MOEs for the various experiments are 
plotted in Figure 6, It is clear that the geographic 
pattern scheme is the most effective data-collection 
scheme among the three tested. It can also be ob
served that, when using this link selection scheme, 
a minimum of lS percent turning count data is re
quired to produce a better final trip table than the 
init1al SMALD TS. 

Suppose that the data-collection cost is propor
tional to the number of links for which counts are 
available. The horizontal axis of Figure 6 then 
serves as a proxy for cost. The effectiveness/cost 
(E/C) ratio can thus be illustrated for each experi
ment, as shown in Figure 7. Again the six GP experi
ments are more cost effective than the others. Among 
these experiments, GP13 has a negative E/C ratio, 
presumably because less information is contained in 
the link file than is provided in the complete load-

Figure 6. Overall effectiveneu of different alternatives. 
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Figure 7. E/C ratio for alternative data·collection schemes. 
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node file. Finally, the alternative GP25, in which 
the selected links located along the cordon of the 
study area are emphasized by black lines in Figure 
8, is found to be the most cost-effective data-col
lection scheme. 

The complete results of each experiment and a de
tailed description of this sensitivity analysis .can 
be found in Han et al. (_!!,Chapter 7). 

SUMMARY AND CONCLUSIONS 

0-D synthesis techniques deal with the problem of 
deriving trip 0-D patterns from traffic counts. 
Among the many applications considered for 0-D syn
thesis, the CB.D is among the most complex because of 
the potential for congestion and its varied choice 
alternatives (including routes, modes, and vehicle 
occupancy). In this study the performance of a 
leading 0-D synthesis technique was examined when it 
was applied to the estimation of vehicle trips in a 
l "mile 2 portion of a major California CBD. 

Among various models reviewed, the LINKOD model 
that was designed primarily for small and congested 
area analysis was selected for in-depth evaluation. 
A 1975 San Jose CBD 0-D data set with traffic counts 
estimated by the microassignment model was used in 
the evaluation. Significant differences were found 
between the synthetic LINKOD trip table and the base 
trip table. However, when assigned to the network 
that used the microassignment model, both 0-D tables 
produced similar flow patterns. LINKOD is thus con
sidered as an acceptable tool for pragmatic applica
tions in CBDs. 

An extensive sensitivity analysis was also made. 
Among three alternative target trip tables, the in
ternal SMALD performed much better than a simpler 

Figure 8. Links selected in test run GP25. 
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gravity model and a naive maximum entropy distribu
tion. It was concluded that the trip-distribution 
model internal to LINKOD should be used whenever 
possible. The sensitivity of the model to incom
plete link volume sampling strategies was tested to 
find the most effective way to collect this type of 
data. The alternative that used traffic counts 
solely along the study area cordon was found to be 
the most cost-effective data-collection scheme of 
those tested. 

In the realm of future research, there are sev
eral topics that merit further investigation. 

1. A comprehensive data-collection effort should 
be launched for a CBD study area. The data collec
tion should include a field survey of vehicular 0-D 
patterns and simultaneous collection of travel time 
and traffic volume information. Such a data set 
would be vastly superior to the San Jose data set 
used in this study, which was model derived. With 
this improved data set, the following topics can be 
investigated in greater detail. 

2. Further research should be undertaken regard
ing 0-D patterns of external vehicle trips traveling 
through a CBD. Techniques for estimating the exter
nal trip 0-D based on minimal external network data 
should be investigated, as well as techniques for 
forecasting the changes in external trip 0-D pat
terns that res11lt from TSM measures in the internal 
network. 

3. A cost-effective combination of manual turn
ing movement counts and machine volume counts needs 
to be determined. The current research focused on 
turning counts only. Initial attempts to investigate 
the trade-off between turning counts and machine 
counts were inconclusive and require further inves
tigation. 
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4 . The effect of inaccurate traffic counts on 
the accuracy of the synthetic 0-D table needs to be 
examined. The current research dealt with consis
tent, accurate count information only. 

5. Finally, research is needed to expand the 
equilibrium framework to permit estimation of multi
modal trip tables and the analysis of shifts in 
vehicle occupancy. 
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