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ORIGINAL ARTICLE

1. Introduction1

Chinese highway network planning theory are mainly 
based on traffic location method four-stage method “OD 
flow” basis and “non-OD flow” basis, the latter used “total 
control law”, the widest range of applications, this article 
seeks to objectively these two methods of comparative 
analysis and multi-angle preliminary summary, pointing 
out problems and difficulties, to provide a research “plat-
form” in order to further improve the future. Due to space 
limitations, this is no longer describes the specific content 
of the two methods can be found in the relevant literature.

2. Operation of comparison
Four-stage method originated in the road traffic volume 
forecasting urban transportation planning, traffic forecast-
ing it for not much discussed outside content. Domestic 
road network planning extensive use of this method, but 
the method itself many issues yet to be resolved highway 
network planning. In accordance with the operating pro-
cedure “of highway network planning approach” (data col-
lection, status assessment, development scale forecast, road 
network layout, road traffic volume forecasting, construc-
tion sequence schedule, evaluation) can be widely used in 
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the domestic four-stage road network planning model sys-
tem, with total control method for comparison.

2.1. Collecting data
Total control method requires the existing social and eco-
nomic development information, road network data traf-
fic and geometric characteristics, land planning, vehicle 
ownership, traffic information. Zaozhuang City, Shandong 
Province, the collected data shown in Table 1.

Table 1. Zaozhuang highway planning base data (data does 
not include OD).

Project Information Years Data

Social and economic development data 
(GNP, population, industrial and agricultural 
output, area)

1980‒1993 523

Data traffic (passenger, freight and turnover) 1980‒1993 52

Vehicle ownership 1980‒1994 25

Road traffic, hierarchical structure 1986‒1993 1260

In order to evaluate the accuracy of existing data and 
correction, please contact your local officer for errors 
that may exist in digital investigations, etc. have been de-
scribed, we made some additional survey data reliability. 
In order to grasp the development trend of local socio-eco-
nomic system, a collection of local economic development 
strategies in recent years have done research report set. 
Investigation time is approximately two weeks, the inves-
tigators from 3 to 5 people can be. Four-stage method in 
addition to the total amount of all kinds of survey method, 
the inquiry conducted by the roadside OD survey, in the 
territory of Zaozhuang set point 15, the use of labeling 12 
h 50% sampling rate method. To find out hours uniformity 
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coefficient of the vehicle, on some sections of the traffic 24 
h observation. Table 2 shows OD survey data situation.

Table 2. Zaozhuang OD survey data.

OD Number
Survey the 
number of 

vehicles
OD Number

Survey the 
number of 

vehicles

011 623 289 1388

293 105 286 625

287 536 408 54

291 182 285 528

290 314 056 207

297 107 283 936

407 1242 057 128

055 1791 Total 8766

Note: Ask projects include models, start, end, rated passenger 
(tonnes) bit, in fact, manned (t), the real cargo class.

OD survey need to spend a relatively large amount of 
manpower and financial resources, but also for careful 
preparation, organization. In Zaozhuang City, for example, 
according to the first comprehensive analysis of the current 
situation of traffic, design OD distribution scheme. To con-
sider regional traffic patterns characteristic lines and con-
nection features, terrain features when OD distribution. 
Distribution point too, the survey results will be heavily 
distorted; distribution too, will increase the staff resources 
consumption, but also to increase the difficulty of data 
processing. Grasp only national and provincial Zaozhuang 
City area traffic start and end point, we need up to 15 dis-
tribution points. Each point requires public security police 
cooperation, the number of 8 to 12 people. In order to en-
sure compliance with the requirements of the investiga-
tion, told investigators advance of the two-week intensive 
training to master the methods of investigation. Survey of 
large amounts of data, form the basis of the data entered 
into a computer file, which in turn requires the purchase of 
equipment, training and specialized equipment operators, 
formed after the underlying data, to be made by profes-
sionals troubleshoot programming, statistics.

2.2. Situation assessment
Total control law according to their own evaluation system, 
for the calendar year statistics analysis and calculation, 
can reveal the status of the road network of the principal 
contradiction, the status of the road network adaptability 
evaluated.

Four stages of planning domestic law, but also basically 
the evaluation system, such as total control, such as crowd-
ing roads and congested road (vƒc > 1.0) share and so on. 
The OD survey provides a wealth of data, so you can count 
out the OD cell composition of freight, passenger, vehicle 
configuration and loading rates, etc., reveal some more 
specific micro-phenomenon, distinguish the difference be-

tween the OD cell contacts.

2.3. Development scale forecast
Total control law after the adoption of amendments to 
the calendar data analysis, using a variety of mathemati-
cal methods to predict the future of road traffic and road 
network total mileage, the equivalent mileage may range, 
and then by subjective analysis, with the greatest possible 
value as a future a year of “status” to complete the conver-
sion of the static dynamic problems, and as a control, the 
use of linear programming for structural configuration. 
Since coming years to determine the upper and lower 
boundaries of each grade highway mileage is tentatively 
according to expert opinion, the output after reasonable or 
not is defined by subjective adjustment, the total control of 
the process is actually still not out of the traditional rule of 
thumb is An empirical model combining technology and 
art. The advantage is that you can choose different funds 
in operation in the forecast, so that experts on highway 
construction funding constraints situation may reach a dif-
ferent level configurations. In fact, the total road network 
construction there should be “flexible”, as long as a suitable 
return on investment, can adopt measures to adjust the to-
tal amount of construction, but the method of adjustment 
shall be further standardized in the future studies.

Content in this section is not inherent in the four-stage 
method. In urban planning, for the vision of total road 
mileage also used the model to determine the method of 
combining and experts. Domestic law planning report four 
stages, in order to answer the urgent need for decision-
making data, and generally the total mileage or highway 
network density predicted for grade configuration usually 
placed after road traffic forecast.

2.4. Road network layout
Total control law proposed importance layout method is 
a good way to use the effect. In planning practice, which 
not only make the most of the sections of the actual layout 
of the need to give instructions, but also to find some new 
line layout program to make up for lack of subjective expe-
rience of wiring. For the convergence line between urban 
Links, wiring required due to special industry, as well as 
transport, importance level layout of the process cannot be 
described by a comprehensive analysis of the current need 
for layout results with expert advice, which should be in 
future studies deepened. But it can be said that the method 
is a method to calculate the importance of results-based, 
relying on the expertise of relatively weak.

Four-phase layout method originated in the city. In ur-
ban planning, land often can be controlled within the city, 
forming distinctive cell or group. The links between cells, 
according to location theory Thüner and latecomers devel-
oped, can more easily identify the economic ties between 
the lines at different sites, contact wire position you can 
plan for the city road position. Thus, while the four-stage 
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method itself has no layout theory, but in urban planning 
Road network layout is not difficult to solve, limited the al-
ternative contact line determined. After the application of 
the four-stage method to the highway network planning, 
one of the greatest difficulties encountered by planners is 
the road network deployment. Because the development 
of the entire region is not as controllable as the city of the 
land; many transport distribution point too many op-
tions, theoretically optimal program operation are large, 
and cannot guarantee optimal [1]. Domestic road network 
planning practice, usually guesswork planners based on 
their experience and the development of planning area, 
laid several different network solutions. As an alternative, 
and then a different program sections traffic coming years, 
to evaluate the quality of the program to determine the 
best plan by forecasting.

2.5. Traffic forecast
Total control method for road traffic volume forecast 
has some difficulties. Because of the traffic volume of the 
“source” and “sinks” cannot be determined, only research 
in road traffic volume basis. Difficult to reflect the impact 
of the uneven development of regional road traffic, as well 
as for future network traffic is large morphological changes 
of each line is determined on a theoretical basis, methods 
of operation should continue further study. In the absence 
of data OD, OD though reverse thrust study abroad spent a 
lot of manpower, material resources, but did not reach the 
practical level. Generally realistic OD matrix some point 
traffic observations are not unique [2,3], although in small 
scale road network projections success [4,5], but how prac-
tical need further study in a large-scale road network.

Four-phase approach is essentially a traffic prediction 
method; it’s all the work around the road traffic volume 
forecast to expand. Although there is a deviation systems 
and a variety of other causes of error when OD survey, the 
accuracy of the method is still the best method at present 
can be found. Research has shown that the probability dis-
tribution model in four phases has relatively strong mod-
eling capabilities in a non-congested network. When the 
traffic volume is in 1000, this method is relatively accurate. 
When the model testing and calibration tolerances road 
traffic allocation and actual values, according to the size 
of the observed link flows value varies. Its tolerance for 
high and low flow section high flow section should be low. 
Foreign proposal on the road when the traffic is 8000 or 
greater than 8000 ƒh, the tolerance of 10%; when the road 
traffic is 2000 ƒh, its tolerance of 30% or higher for small 
flow section may [6]. When land use information is not 
sufficient, the target year forecast only on historical data or 
trends mimic diagrams, using interpolation or extrapola-
tion, the target year for travel by linear or non-linear meth-
od to obtain. This method is only for a short period of high 
prediction accuracy [7].

Due to lack of information on the area of ​​land use in 

China and the use of complex social, economic restructur-
ing resulting in land mode change, with existing long-term 
distribution prediction OD distribution data is too rough, 
as a basis for long-term transportation planning credibility 
is low, But for the four stages of the recent traffic forecast-
ing method is more accurate, it can reveal a deeper one 
than road traffic seated contradictions-exchange capacity 
between cells; and can simulate road network road traffic 
volume changes caused by the change.

Another difficulty lies in the four-stage method to ex-
pand the area of ​​travel. The traditional method is to use a 
gravity model based on land use along the travel needs of 
the region were assigned. However, due to the lack of sta-
tistical information at this stage, difficult to achieve a satis-
factory result.

Because of the four-stage method considers only certain 
land use patterns of traffic generated and failed to fully 
consider the impact on the promotion of the role of trans-
portation facilities for land-use, which is another reason 
for the long-term traffic forecasts are not allowed. Practi-
cal experience of foreign countries shows that improving 
transport facilities, will inevitably lead to adjustments in 
the area of ​​land use, in order to eliminate traffic jam is 
very difficult. Induced new transport users with improved 
transport facilities continue to emerge. The purpose should 
be to ensure transportation planning reachability between 
regions, in addition to the expansion of the road for traffic 
congestion, but more important is the control, reduce the 
amount of travel generated.

2.6. Project sequence arrangement
Total control law proposed the concept of the urgent con-
struction projects, according to the exigencies of the size 
of construction projects sorted better. I believe or not to 
build a road to be considered in addition to road traffic, 
but also with sections of importance, the relevant sections 
of the administrative hierarchy. Highway network plan-
ning in Zaozhuang City, the definition section of the road 
traffic volume urgent, important sections of the adminis-
trative hierarchy and sections of a linear combination of 
functions. Road traffic volume, the higher the skill level 
required; the larger sections of importance, indicating 
that the road connecting node level higher; sections of the 
administrative hierarchy tend to characterize the size of 
transit traffic (traffic channel) or has important strategic 
significance.

Four-stage model law itself does not consider how to 
arrange the construction sequence, but only provides a 
reference for construction projects scheduled traffic. Ar-
rangements for specific projects depending on the specific 
circumstances require planners camera processing. In 
planning practice at home and abroad, if the ratio is great-
er than 1 vƒc sections all alterations, due to the traffic con-
struction costs too big to handle [8‒10], therefore, Specific 
arrangements for construction projects, but also qualita-
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tively consider the special needs of the road administrative 
hierarchy and military [11], but this has not integrated into 
the concept of “urgent degree”.

2.7. Planned road network evaluation
Total control method using the evaluation target system 
has been established, the planning of the road network 
in each period related parameters can be calculated sepa-
rately. The so-called comparative evaluation became op-
erational quality of the road network at different times, 
by comparison, road traffic conditions each time to draw 
conclusions. Uniqueness of the road network due to the 
importance of the formation of the skeleton layout, so the 
impact of the evaluation of policy makers is to answer 
the future traffic quality possible scenarios, it reflects the 
adaptability of investment and transport development.

Four-stage evaluation method itself does not contain, 
and because of the layout of the theoretical aspects of the 
lack of planning in domestic road network, the more de-
veloped several possible scenarios simulate future scenar-
ios of different road network, and further analysis of the 
quality of way network, Suggest an ideal solution, and the 
indicators of the program was evaluated.

3. Theoretical characteristics
(1) Total control method is the traditional location theory 
of correction application, focusing on the macro causes 
of transport, the relationship between the size of Town 
of comprehensive economic and transportation needs, 
and subject to funding constraints, network optimization 
and sorting. The method to maximize the use of exist-
ing Chinese statistics, the use of system analysis methods, 
planning from whole to part, in line with people’s habits 
of mind, is a simple, low-cost system analysis method is 
suitable for conditions. Since there is no OD survey data, 
the links between nodes depends only needs to establish 
the degree of importance on the basis of the concept of 
economic volume, but it is difficult to fully take account of 
links between nodes due to differences in industrial struc-
ture caused by traffic forecasting is difficult to reflect this 
differentially, adapted to the development of a more bal-
anced industrial structure configuration differences are not 
a lot of areas.

(2) Four-phase method is a method to predict road traf-
fic simulation mode is the traditional location theory and 
modern decision theory combined with the product. It 
is from the micro to start by studying land use in certain 
people’s travel patterns psychological attempt to grasp the 
trip distribution in different periods, in order to predict 
the future of road traffic, making construction practices 
with adaptation. This method is the traditional Western 
methods (analysis) on the specific application in transport 
planning, implies people’s behavior in line with the prin-
ciple of competitive opportunities, and thus simulate the 
probability of travel choice. Due to long-term land-use pat-

terns, people’s travel psychology is difficult to grasp, so for 
long-term prediction error is also large. Highway network 
planning practice, because China is a drastic rise in the 
development phase, so that the few existing data on long-
term land use description forecasting more credible. Lack 
of information on land use model is too rough, so that the 
existing travel simulation unpersuasive; means for form-
ing a statistical base year OD matrix behind, system error, 
leading to the establishment on the basis of predicted great 
chance.

(3) The two approaches are not contradictory, are two 
sides of the same coin. A macro view, a departure from the 
microscopic, is standing on the same issue from different 
angles considerations. More comprehensive, should the 
macro and micro considered together, that is, to combine 
the two methods, a comprehensive analysis.

(4) Both methods pursue microeconomics “supply and 
demand balance” (equilibrium), the pursuit of transporta-
tion construction and land use unidirectional adaptation 
(fitness) rather than coordination (coordination), it is a 
static approach, without considering traffic conditions tre-
mendous impact on land use changes and consequent new 
traffic demands.

4. Comparison of different planning periods and scope
Chinese Highway Network Planning will generally be di-
vided into short planning period (10 years), medium term 
(20 years), long-term (30 years) three periods; planning 
is also due to the recent 10 years, in such a distant period, 
planning land use and transportation facilities are there 
will be a significant area of ​​change, 10 years ago predicted 
there will be a great error. Therefore, the four stages of pre-
diction error values ​​established on this basis will be obvi-
ous. Foreign research [12,13] showed that only four stages 
of prediction accurate prediction for a short period. Thus, 
for long-term planning, the traffic forecasting significance 
of the four-stage method is not great. Highway Network 
Planning is not purely technical, and forecasters predict 
the results of the relevant parameters selected has a lot of 
experience selected and planners, policy levels predict fu-
ture values ​​of these parameters is very relevant. In general, 
different people in the same way will not get the same con-
clusions; the same people in different ways may get similar 
results. So for long-term planning should be the charac-
teristics of different regions of departure, focus on solving 
distribution problems and ensure accessibility of transpor-
tation distribution points, meaning OD analysis relegated 
to secondary status, this time on total control method 
shows superiority. However, the recent road construction, 
four-stage application method is more advantageous. Espe-
cially when the road network built-up areas, in evaluating 
whether or not to build a road traffic metastasis, the four-
stage method will have an important role, which is why 
this method is widely used in highway feasibility study.

For nationwide highway network planning, even if only 
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consider larger-scale urban roads and ports have strategic 
significance, military site, integrated transport conver-
gence at the workload OD survey also staggering, loss of 
operability. Considering from the layout point of view, the 
layout of the theoretical importance of total control law is 
an ideal choice. Thus, for a nationwide highway network 
planning, you can probably control about construction of 
mileage based on the country’s investment, according to 
the layout and determine the total control method invest-
ment order [14].

For smaller county-wide planning of highway network 
planning, such as its low degree of urbanization, road 
construction focusing guarantee that the communication 
nodes, and can replace less route, then the total control 
method can meet the accuracy requirements. Four-stage 
method in this case is more convenient, but do not need a 
lot of work done by OD survey.

For the provincial, city and urbanized region of the 
county high highway network planning, both methods 
have applications now, there are not easy to solve. Traffic 
control method of predicting the presence of total lack of 
objectivity of the recent projects sort untold clear; the lay-
out of the four-stage method [15].

Theory, total construction scale control is difficult to 
achieve. Therefore, a more appropriate approach should be 
to combine the two, so that from the macro, from the mi-
croscopic to grasp the plan. Which is to ensure long-term 
layout is reasonable, but also shows the need for construc-
tion projects recently.

5. Cost comparison
Total control method is not performed OD survey, so cost 
savings. General provincial planning costs at the municipal 
level of 10 million. Four-stage method was extremely cost-
ly due to the traffic survey, only level OD survey provinces, 
municipalities and it requires a lot of manpower, material 
and general planning fees ranging from 50 to 100 million.

6. Conclusion
In this paper, the highway network planning to conduct a 
comprehensive comparison of the two schools, points out 
the characteristics of each theory, the operation character-
istics of adaptability and cost planning of regional circum-

stances in different sizes for easy selection of applications 
in the future depending on the purpose and conditions of 
the plan. Theory of ongoing research programs, such as 
those on road traffic forecast, Cheng Sousa, letters red hi, 
who in the original law on the basis of the total, for a new 
attempt. Therefore, this article is only a summary of the 
status of the application stage.
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