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Abstract. This manuscript is a series of traffic flow analysis in India and it describes
traffic congestion model by using shockwave theory from fluid mechanism. This is
unique study for emerging country India traffic flow analysis during more than one
month in October 2020. In order to chaotic traffic flow analysis in India, author
observes one moth traffic flow data from the traffic monitoring cameras in 26
locations in a city where it is one of major city Ahmedabad in Gujarat states of India.
In terms of traffic congestion, it is sued occupancy parameter of traffic flow data
which indicates road occupancy percentage by vehicles. By using shock wave theory,
author defines two traffic congestion model which are “forwarding traffic
congestion” model and “stacking traffic congestion” model. These models explain
traffic congestion condition and it is able to provide hint for solving traffic
congestion problem in India.
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1. Introduction

The traffic congestion becomes issues especially in emerging countries such as India
these days, which causes CO2 emission under growing number of vehicles because of
economic growth. This issue is not only in India but also there is potential in any
emerging countries. However it is big challenge to understand its traffic congestion
because there is not enough traffic data and analyze traffic congestion mechanism. It is
only clear condition, just too much vehicles and not enough infrastructure improvement
such as road construction, traffic management system installation.

In general, traffic flow analysis has been started in 1933 when Greenshields B.D.
[1] introduced traffic flow theory from his observation at the 13th Annual Meeting of the
Highway Research Board. This theory is widely used for any traffic flow analysis and it
also established as traffic flow fundamental equation from fluid flow analysis [2].
Therefore fluid flow theory is valid for considering traffic flow at the fundamental
analysis. Therefore, we take shock wave theory for Indian traffic congestion analysis in
this study.

After Greenshields traffic flow theory has been introduced, many traffic flow
analysis has used and its theoretical validation has been confirmed. This is useful for
understanding traffic flow characteristics such as traffic density (k) to average vehicle
speed (v) characteristics, traffic density (k) to traffic volume (q) character etc. From these
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traffic flow analysis is valid to understand traffic flow condition but it is difficult to know
micro traffic characteristics such as traffic congestion. Therefore, in traffic flow analysis,
there are several challenges to use other flow mechanism about traffic congestion. One
of flow mechanism is shock wave theory from fluid flow theory. This shock wave theory
is also useful for explaining about traffic congestion in orderly traffic flow such as at
highway traffic because moving behavior of vehicles is almost liner relationship between
traffic speed and traffic volume. Therefore, it is challenge for make analysis at urban
traffic flow, especially under developing countries such as India. The traffic condition
in India as we know, is very chaotic and un-orderly driving behavior.

In the next section 2, it describes traffic flow observation location and environment.
And the shock wave theory and occupancy parameter in the section 3. In the section 4,
real traffic congestion analysis result is explained. In the section 5, this study summary
and conclusion are described.

2. Observation environment,

This study is joint research project between Japan and India as government funded for
five years since April 2017. This project focuses on Low Carbon Society development
for transportation in major cities of India.

2.1. Field

The field is Ahmedabad city in Gujarat states of India and it locates in the west part of
India. Its population is about 6 million at 2011. The current population is over 8 million
[3]in 2018 from 5 million in 2011 and the number of vehicles is about 4 million in 2017
[4]. More than 70% vehicle is two wheelers, which is typical percentage in developing
countries.

The official city profile of Ahmedabad is shown in Table 1.
Table 1. The city profile of Ahmedabad from local government “Ahmedabad Municipal Corporation or AMC.

Co-ordinates: 23.03°N 72.58°E

Area: 466 Sq.km. (year 2006)
Population: 55,77,940 (year 2011 Census)
Density: 11,948 /sq.km

Literacy Rate: 89.60 %

Average Annual Rainfall: 782 mm
Popularly known as: Amdavad

STD Code: 079
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2.2. Observation Environment

In this study, we have 31 traffic monitoring cameras in the city and its traffic data is
collected at every minutes 24 hours per day. The camera’s installation points are shown
in Figure 1.

The camera’s installation points are shown in Figure 1. The number shows each
traffic monitoring camera location. Two digit number cameras are located in west side
of block along with “132 Feet Ring Road” where there are many office, shops and market.
The four digit number cameras are located near the river “Sabarmti River” so called
River Front and new development area.

The River Front is control area by city government and it is not allowed to enter by
auto-rickshaw and city bus. This road is currently used for a way to airport from city
center. The main study location is on these both area because it is highly developing for
business and the traffic grows heavily year by year. And there is another aspect which is
metro development plan. The blue and red line in the map are Metro line which are under
development by 2023.
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Figure 1. Observation environment and location of traffic monitoring cameras.
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In traffic flow analysis, there are two types of research, one is micro traffic flow
analysis for example some major intersection traffic flow such as the area of camera
#2001 through camera #2004—Paldi junction [5]. The other one is to focus on over all
traffic condition analysis such as overall city traffic condition analysis [6]. In this study,
we focus on traffic congestion not only micro area but also macro view. Especially macro
view traffic congestion is important to know because traffic congestion is caused by
several geographical environmental reason.

3. Traffic Flow Theory

In this section, we explain two traffic theory. One is shock wave and the other ones is
occupancy parameter as traffic congestion condition parameter.

3.1. Shock Wave

The shock wave theory comes from fluid mechanism originally but it becomes common
for traffic flow analysis [7].

When there are two phases condition of a road which is illustrated in Figure 2, the
number of vehicle passing boundary S is same between cross section Al and cross
section A2. When its number of vehicle at boundary S is N, Equation (1) is established.
The road model in Figure 2 represents typical traffic congestion situation where driving
vehicles go from wide area A1 to narrow space A2. The narrow point A2 is no necessary
physically narrow because one traffic congestion occurs, front vehicles do not go
smoothly, which is equivalent with physically narrow road.

Figure 2. Traffic Flow Shock Wave model.

N = (v, — kst = (v, — )kt (1)
where (c) is moving speed at boundary S, (k) is traffic density at each area 1 and 2,

(¢) is time, and (v) is vehicle speed at each area.
From Equation (1), Equation (2) is established.

vy — ks = (v, — Ok, 2)

Therefore, Equation (3) is established.
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When ¢-qi=Aq and kr-ki=Ak, Equation (3) is shown as Equation (4) by small
changes of each parameters.

_4q _dq
T Ak dk @

When it takes the differentiation by (k) of both side, Equation (5) is established
because of g=kv.

—dq _ @
c-dk—v+kdk &)

From Greenshields equation, dv/dk < 0 is established. Then Equation (6) is
established.

c<v (6)

Therefore shockwave is transferred from the preceding vehicle in traffic flow to the
subsequent vehicle. From traffic flow theory, critical traffic density is k. and jam traffic
density is kj, Equation (7) is established and shock-wave is transferred forward direction
and backward direction.

c>0 where 0 < k < k.
c=0 where k =k, 7
c<0 where k. < k <k;

From Equation (7), positive value (¢ > 0) of shock wave means vehicle in front of
section S becomes bottleneck by its congestion because the vehicle before section S has
relative space between vehicles. On the other hand, negative value (¢ < 0) of shock wave
means vehicles before section S becomes bottleneck by congestion because the vehicle
after section S has relative space between vehicles. Figure 3 shows this condition as
illustration of traffic congestion model using the model of Figure 2.

When shock wave value equals to 0, there are two meanings—traffic has no
congestion and moves smooth or traffic has completely congested and no movement.
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Figure 3. Traffic Congestion model

Therefore, c>0 condition is defined “forward moving traffic congestion” and c<0
condition is “stacking traffic congestion”. From our experience, when traffic congestion
starts from “forward moving congestion” to “stacking traffic congestion”.
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3.2. Occupancy

In terms of traffic congestion parameter from traffic flow, occupancy parameter is used
in general. The occupancy (OC) is defined the percentage ratio between total
measurement time (7) of the vehicles to a certain block of road section under certain
moment. The formula is shown in Equation (6)

oc = %Ziti x 100 (%) (6)

where 7T is time of measurement, £ is detected time of vehicle 7 [8].
When number of existing vehicle a certain section is N, average length of vehicle is
1, Equation (7) is given.

0C = 10017 =100kl (7
v

Therefore occupancy (OC) is proportional to traffic density (k) and traffic volume
(g). From our previous study, occupancy shows actual traffic congestion condition [9].
And traffic congestion condition is normally 25% value.

3.3. Usage of traffic theory

From the previous traffic flow theory—shock wave and occupancy, the occupancy
parameter indicates traffic congestion condition in general. Therefore, occupancy is the
first choice parameter for judging traffic congestion condition from its traffic data. After
identifying traffic congestion point in time basis and location basis, the next step focuses
on traffic congestion patterns by using shock wave mechanism. In the previous section
2.1, there are two types of shock wave condition and they explain about traffic congestion
model—forward forming model and backward recovery model. The forward forming
shock wave shows the first stage of traffic congestion condition when its traffic
congestion starts at the road. And the backward recovery shock wave shows heavy traffic
congestion condition and vehicles which approach to the congestion area becomes stack
situation because the front vehicles are not able to move because of its traffic congestion.
This traffic congestion analysis process is main research contexts in this study.

4. Discussion
Based on traffic measurement of the traffic monitoring cameras in Figure 1, Table 2

shows all occupancy value which is equal and greater than 25% condition. From October
2020 measurement data, the congestion occurs from 18:00 to 20:00 time frame.

Table 2. The occupancy measurement data in October 2020 at each location

Time 18 19 20 21 22

Camera 2 | 33 59 47 37 26 |
3 12 18 15 12 9
4 19| 29| 24 20 15
5 16 18 14 11 9
6 3 4 4 5 5
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7 15 20 15 12 10

8 13 14 9 10 6

9 20 | 25 | 21 18 17

10 11 13 9 8 6

11 24| 35 25 | 19 15

13 15 21 16 12 9
1001 14 18 14 12 10
1002 12 15 11 9 8
1003 18 21 16 12 9
1004 6 8 6 6 5
1006 11 16 10 7 5
1007 9 10 7 5 5
1008 13 15 12 9 7
1009 8 11 8 7 5
1010 13 16 12 10 10
1011 11 13 10 8 8
1013 9 10 7 6 5
1014 7 9 6 5 5
1018 19 [ 27| 22 19 17
2003 14 22 19 16 14
2004 16 23 19 16 15

In Table 2, the highlighted occupancy value is equal and greater than 25%, which
means its traffic condition is congested. There are five location in Figure 1.In Table 2,
underline value is negative value of shockwave which is “stacking traffic condition”. In
most case of traffic congestion occurs at 19:00 time frame. Based on this results, Figure
4 shows overall traffic density geographical image by ArcGIS tools. The value of Traffic
density is vehicle/km-lane. We see the location camera #11, #2, #4 is most traffic
congested area at 19:00 and most of location is “forward traffic congestion” condition.
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Figure 4. Traffic Density (vehicles/km-lane) in Ahmedabad at 19:00
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5. Summary and Conclusion

In this study, we use shock wave analysis for Indian traffic congestion condition and it
enable to identify the traffic congested time frame. In October 2020 traffic, the most
traffic congested time is from 18:00 to 22:00 and particularly 19:00 is most crowed time.
And the traffic congestion model is “forwarding traffic congestion” which means traffic
congestion starts. On the other hand, “stacking traffic congestion” condition is very
dedicated which happened at Camera #11 at 19:00 and Camera #2 at 22:00.

From this study, it is able to define clear traffic congestion time frame and location.
It is necessary to study the reason why 18:00 to 22:00 is traffic congested time zone and
the congested location is almost same area in Ahmedabad where is Camera #2 location.
The area Camera #2 is commercial zone and there is big market in this area. The detail
investigation of traffic congestion is future work.

As for conclusion, we show traffic congestion analysis in India by using traffic
theory two parameters which is occupancy parameter for the indication about traffic
congestion condition and shock wave parameter for the modeling traffic congestion
condition. Those two parameter are useful to define traffic congestion condition for
analyzing chaotic Indian traffic congestion. This method brings Indian traffic congestion
mechanism how its traffic congestion occurs. It is necessary to analyze more area of
Indian traffic data such as other month time period of traffic data in the next study. And
it is also necessary to check the actual traffic congestion condition to visit on-site
observation especially most congested point and time frame which we have already had
some result of this study.
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