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1. Introduction
The development of transport infrastructures of a city are traditionally guided by a group of decision makers or a
team of advisors that serve an elected politician. For Chiang Mai city it is the members of Chiang Mai Province
Land Transport System Management Subcommittee (CM-LTSS) who are responsible for the land transport related
policies and improvement activities that are taking place within Chiang Mai Province. In recent years, the severity
of Chiang Mai city’s transport problems has increased despite various efforts of the CM-LTSS and other
government bodies to alleviate the problems. This situation provides sufficient grounds to review our understanding
on transport problems and examine the decision makers’ perceptions of the problems faced.
Table 1 Roles of Chiang Mai Province Land Transport System Management Subcommittee (CM-LTSS)
Chiang Mai Province Land Transport System Management Subcommittee (CM-LTSS)
The CM-LTSS is a subsidiary body of the National Land Transport System Management Committee (LTSC). The LTSC is chaired by
the prime minister and is endorsed by the LTSC Royal Decree Revision 2, 1992 national law. The CM-LTSS is responsible for the land
transport related policies and activities with in Chiang Mai Province area. The duties of CM-LTSS can be summarized as:
•

form land transport related policy,

•

consider the feasibility of transport and traffic projects in the area,

•

stipulate the land transport management and traffic mitigation standards, and

•

propose laws, regulations, and any amendments to manage and mitigate transport and traffic problems

The CM-LTSS is also responsible for the implementation of transport and traffic related measures in accordance with the National
Cabinet's policies (Kodmhai.com, 2012).

The literature review of past studies on Chiang Mai city’s transport system indicates Chiang Mai city has
experienced transport problems from its early days. Historical records show that the founder of the city, King
Mangrai, established codes and regulations soon after the city was founded to address traffic accidents and transport
related conflicts of interest between ordinary citizens and merchants (na Chiangmai, 1995). The review also shows
that the city’s transport problems in more modern times are complex, yet attempts to find solutions have been
confined to the reductionist approach. The city’s transport problems interact with a wide range of stakeholders
coming from different perspectives; such as social, technical, economic, environmental and political
(Charoenmuang, 2007, 2009; HSRI, 2003; Kongboontiam, 2010; Watthanakul, 2008). However, most past studies,
especially the official ones, focused exclusively on solving particular transport problems, such as congestion. These
studies employed the reductionist approach, which severed connections between the transport system and other
entities. Recommendations to ‘improve’ the transport problems focus mainly on the construction of additional
roads suggested in OCMLT (2002). It is thought that the implementation of such recommendations will at best,
provide a temporary improvement, and, at worst, accelerate the deterioration of other areas in the overall mix of the
system (for example social separation and intensified use of fuel).
A number of studies are found to comprehend this complexity, such as Knoflacher (2007) and Sterman (2000).
Sterman, in particular, depicted the connectivity within the transport system using a Causal Loop Diagram. Causal
Loop Diagram (CLD) is a comprehensive thinking tool which, when applied in a systematic manner, aids decision
making. It helps providing a deeper understanding of complex cause-effect relationships, hence enabling more
effective problem solving. It should be emphasised that CLD is always reflecting the view of its constructor and the
theories that forms its basis. Sterman’s CLD illustrates that attempts to improve a complex system in a particular
area, such as decreasing traffic congestion, may worsen the overall system in the long run. A similar approach was
taken by Morichi & Acharya (2012).
In this paper, an analysis is carried out to review the perceptions of the city’s transport decision makers. The
review employs a qualitative model in the Causal Loop Diagram. This study builds on previous knowledge of
transport system CLD models and goes further by using it to assess the perceptions of decision makers. The
objective of this exercise was to gain an insight into their views of the city’s transport problems and their ideas about
what sustainable solutions would provide the best answers. The information gathered by this exercise helps to
provide a more complete understanding of the transport system. It also contributes toward devising effective future
development measures to solve the transport problems and lead the city towards a sustainable state.
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The background and the motivation of the study are introduced in this section. Section 2 describes the
methodology employed in this study. In Section 3, the analysis of the interview accounts of the decision makers are
made. The interview accounts are categorized, itemized and checked for consistencies. A number of transport
policies are extracted from the interview accounts. These policies are assessed by the qualitative transport model, the
analysis of which is described in Section 4. In Section 5, a conclusion to the paper is provided.
2. Methodology
Representatives from the decision makers were interviewed using a questionnaire containing three parts. In part
one, the questions posed related to sustainability in the context of transport and Thailand’s King Bhumibol
Adulyadej’s development principle of ‘Sufficiency Economy’. Part two presented the respondents with questions
related to the transportation problems of the city. In the final part, the respondents were asked for their fields of
responsibility and the impact of their work. Most of the questions in the questionnaire are open-ended; only three are
closed “Yes/No” type questions.
Each respondent was systematically asked all questions contained in the questionnaire. Their responses were
recorded in short note format; no audio recording apparatus was used. The short notes were transcribed and
translated into English narrative data and the information presented in the form of interview summaries. Efforts
were made during the interviews to minimize any possible influence interviewer may impose on the respondents’
view. The narrative data from the interviews was catalogued and analyzed to identify the frequency, pattern, and
relative importance of the respondents’ replies. The consistency of the interviews’ theme is checked against the
interview transcribes. The suggested policies are ranked to define the priority. Policy measures are grouped together
and assessed as to whether they will yield the intended goal of alleviating the city’s transport problems. The
transport policy assessment here employs the qualitative model in CLD of transport system, which is based on a
literature review’s findings. The review looks at the conventional definition of transport problems and the
connectivity between entities concerned. It should be noted that the analysis of the CM-LTSS members’ responses
are treated as a whole, rather than individually, to reflect the assumed consensus-based operation of the group.
The interview requests were sent to a targeted 19 members of CM-LTSS out of a total 23 members. Each request
contained a formal cover letter and the interview questionnaire. Follow-up phone calls were made one week after the
letters were submitted. In total, 14 CM-LTSS members were available for interviews. Other committee members
were contacted but were not available or declined the request to take part because of other commitments.
Nonetheless, those who agreed to participate represent a broad cross-section of the CM-LTSS. The interviews were
carried out between 21st and 29th May 2012. Table 2 lists the members of the CM-LTSS and the types of
organizations to which each member belongs. The job titles of those members of CM-LTSS who were interviewed
are highlighted in Italic letters.
The interview accounts are processed and analyzed in the following manner: content categorization, theme
consistency, priority, and causal analysis. In the causal analysis, measures to mitigate the city’s transport problems
are extracted and grouped. The measures provided input into the qualitative analysis in the next part. Next, the
Causal Loop Diagram for Chiang Mai city transport system is constructed reflecting the accounts of Rodrigue,
(2012); Zavitsas, Kaparias, Bell, & Tomassini, (2010), Morichi & Acharya (2012). This CLD model is then used to
assess the measures formulated from the interviews qualitatively.
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Table 2. Members of Chiang Mai Province Land Transport System Management Subcommittee (CM-LTSS)
Type of Organization
Position / Organization
Local Administrative body
Chief executive of Chiang Mai Provincial Administrative organization
Chief executive of Chiang Mai municipality
(0 Interview)
Central Government within Chiang Mai Province
Governor and Vices (Chair of CM-LTSS)
(13 Interviews – 2 Representatives from Office of Transport
Representative from Office of Transport and Traffic Policy and Planning
Director of Land Transport Department
and Traffic Policy and Planning)
Department of Public Works and Town & Country Planning
Director of Department of Rural Road
Director of Department of Highway 1st Region
Director of Department of Highway 1st District
Director of Department of Highway 2nd District
Chief of Government’s Public Relation
Chief of Government’s Office
Chief of Strategy for Development Group
Director of Natural Resources and Environment
Chief of Department of Disaster Prevention and Mitigation
Chief of Traffic Police
Chief of Police Division
Non-governmental bodies
Chair of Chamber of Commerce
(1 Interview)
Chair of Federation of Industries
Chief of Chiang Mai Tourism Business Association
Academic and Research institution
Director of natural resources, Infrastructures, and Disasters Management Centre
(0 Interview)
Director of Traffic Management Research Centre
Representative from Department of Civil Engineering, Chiang Mai University

3. Results
3.1. Content categorization
The interview transcripts were categorized into narrative data to identify the themes and the coherencies of the
respondents’ responses. Firstly, an identification number was added to each transcript. Secondly, the transcripts
were read through to check for consistency and to define and classify the themes of each response. The frequency of
each theme was recorded to illustrate its relative importance. It is recognized that the frequency count method
employed, provides a rough estimate of the themes’ relative importance and is not statistically significant. After
categorizing all the responses, the transcripts were read through again to re-check the frequency counts. The item
listings are ranked in order of their scores. Table 3 shows the respondents’ replies when asked about their definitions
of a sustainable city.
Table 3. The respondents’ definition of a sustainable city
Q 1.1: Concept of Sustainability: A sustainable city is a city that...
a. has a good transportation system with a good plan and sufficient road infrastructures
b. has a good city plan and an effective land use management
c. has unique culture and tradition
d. is livable and has a good living standard
e. has a high environmental quality
f. has a high attractiveness for investment and is stable economic
g. has a good distribution of public services/resources
h. has a good law enforcement
i. the city is governed locally

Total Count
9
5
5
3
2
2
1
1
1

The respondents proposed 9 concepts of sustainability. A large proportion (9 out of 14) of the respondents
consider that the quality of the transportation system and road infrastructure will contribute positively to the
sustainability of a city. This domination is suspected to be influenced by the nature of the committee and the theme
of the interview. It can be concluded from the ranking that the respondents give a high priority to the following
items as characteristics of a sustainable city: a good transportation system, well-planned land usage, a strong local
tradition, and a high level of living standard.
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Figure 1 shows the respondents’ replies when asked if they think Chiang Mai city is a sustainable city.
Q. 1.2: Is Chiang Mai a sustainable city?

Yes
36%

No
64%

n = 14
Fig. 1 The respondents’ view on Chiang Mai city’s sustainability

A high proportion (64%) of the respondents thinks Chiang Mai city is not sustainable. Their judgments are
perhaps in accordance with their definitions of a sustainable city from the forgoing. Interestingly, nearly 40% of the
respondents believe that Chiang Mai city is already a sustainable city. In the other words, they believe that the city
already has certain qualities listed in Q1.1. Table 4 ranks 13 factors the respondents’ believe to reduce the
sustainability level of the city.
Table 4. Factors the respondents believe to reduce the sustainability of the city
Q 1.3: Factors that reduces the sustainability level of Chiang Mai city are:
a. Lack of quality public transport system
b. Lack of long term goals/visions/master plans
c. Negative human behavior (lack of discipline, insights, and responsibility)
d. Rapid and uncontrolled economic/development growth
e. Fragmentation of the responsible authority
f. Ineffective use of resources
g. Lack of social and environmental considerations in development and engineer projects

Total Count
5
5
4
4
3
3
3

Among the factors that received top scores, 5 out of 14 or one in three respondents considers that the lack of a
public transport system is the main reason that the city’s sustainability is reduced. This indicates these respondents
see a connection between public transport and sustainability. An equal number of respondents also think that lack of
vision, long term goals and master plan is another of the causes. This shows that the respondents recognize the need
for a long time horizon when considering sustainability. The contribution of human factors (negative human
behavior) and uncontrolled economic development are ranked equally (4 out of 14). This shows that the respondents
perceive social and economic issues to play parts in the city’s sustainability.
Table 5 rates 11 actions and instruments the respondents believe will preserve the sustainability level of the city.
Table 5. Measures the respondents believe will maintain the sustainability level of the city
Q 1.4: To maintain Chiang Mai city's sustainability, it will require:
a. Measures to change human behaviors: through education and increased awareness
b. Promotion and implementation of non-private motorized vehicle, such as public
transport, walking and cycling
c. Long term goals and holistic visions for the city
d. A development direction that originates from local people
e. A land use plan of the city
f. A strong enforcement for the implementation of transport and land use plan

Total Count
4
4
3
3
3
3

Among the measures rated top by the respondents to retain the city’s sustainability, three of them are transport
and land use related (b, e, and f). The other three are measures to induce behavioral change, goal setting, and localcentric development policy (a, c, and d). The ranking suggests the respondents consider improvement to human
behavior and a reduction of private vehicle use will improve the city’s sustainability. They also value a long term
and holistic plan that takes local needs into consideration.
Table 6 ranks six effects the respondents believe will result if the sustainability level of the city decreases.
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Table 6. The effects the respondents believe will occur as the sustainability level of the city reduces
Q 1.5: The effects of reduced level of sustainability to Chiang Mai city are:
a. Reduce the city's livability and quality of life
b. Losing identity, culture, and tradition of the city
c. Increase related problems (energy consumption, environment, and social)
d. Reduced competitiveness of the city, business growth and its potential
e. Worsening of transport problems (congestion and accidents)
f. Increase public spending and mitigation cost

4443

Total Count
6
5
5
3
3
2

The lower number of items proposed suggested the respondents focus on particular topics. Two of the three top
ranked effects are highly subjective entities (quality of life and local identity); their importance is widely accepted
and appreciated, yet they are difficult to measure. The rest of the effects listed are more objective and measurable.
Table 7 shows the groups of people the respondents believe will gain and lose from the reduction in the city’s
level of sustainability.
Table 7. The group of people that the respondents believe will be affected by the reduction in the city’s level of sustainability
Respondents
Total Count (Agree)
Q 1.6a: Residents of other cities will benefit from the reduction in the city’s sustainability
12
Q 1.6b: The residents of Chiang Mai city will be adversely effected by the reduction in the city’s sustainability
12

All of the respondents who commented on this question believe that reduction in the city’s sustainability level
will benefit those outside the city at the expense of the city’s residents.
Question 1.7 asks respondents if there is a difference between Sufficiency Economy and Sustainability. It
appears that all of the respondents who answered the question (n = 13) consider that the Sufficiency Economy is the
same as Sustainability. Sufficiency Economy is a development principle first coined by King Bhumibol Adulyadej
in his 1997-1998 annual speeches (NESDB, 2007). It was given by the King as a guideline for the Thai people to
recover from the 1997 national economic crisis (Sathirathai & Piboolsravut, 2004). It is often referred to and used in
Thai governmental development policies such as the National Economic and Social Development plan (NESDP).
Many spheres of Sufficiency Economy overlap the Sustainable Development concept, such as the distinction
between growth and development, and their shift in focus away from consumerism. However, the main difference
between the two concepts lies in the Sufficiency Economy’s focus on creating internal balance to cope with external
and internal changes. In other words, Sufficiency Economy’s goal is to increase resilience, whereas, the Sustainable
Development’s emphasis is to reach a balanced development. Sufficiency Economy does not reject the need for a
balanced development or progress per se, but they are seen as an effect of Sufficiency Economy and not as a goal in
itself. This difference is subtle, as demonstrated by the unanimous agreement of interview respondents here, who
thought that the two concepts were interchangeable.
Question 2.1 asks the respondents whether they believe there is a transportation problem in Chiang Mai city.
Although there are differences in the respondents’ replies to the question on the city’s sustainability, all of them (n =
14) believe that there is a transport problem in Chiang Mai city.
Table 8 classifies what the respondents believe to be causes of the city’s transport problems.
Table 8 Factors the respondents believe to be the causes of the city’s transportation problems
Q 2.2: The cause of transportation problems in Chiang Mai are:
a. Lack of public transport system and management
b. Increased number of motorized vehicles and vehicle trips
c. Ineffective land use plan, car oriented development, and urban sprawl
d. Lack of road infrastructure both in terms of quantity and quality
e. Increased population and number of visitors
f. Lack of plan and long term vision
g. Negative human behaviors such as lack of discipline and ethics

Total Count
9
7
7
6
5
4
4

A majority of the respondents believes that both the lack of public transport and the ineffective land use plan are
causes of the city’s transport problem. However, several other causes, such as an increase in motorized vehicles and
the lack of road infrastructures, are not the ‘true causes’ of the city transport problem. They are undesirable
conditions resulting from an increase in the need for private vehicle usage in the city. In addition, other proposed
causes, such as increase in population, fast economic growth, and negative behavior are factors that accelerate the
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worsening and undesirable conditions. Thus, these replies reflect the partial understanding of these respondents of
the city’s transport problem. Table 9 lists the mitigation measures respondents believe will alleviate the city’s
transport problems, in accordance with their score count.
Table 9. Mitigation measures the respondents believe will solve the city’s transportation problems
Q 2.3: Mitigation measures of transport problems in Chiang Mai city are:
a. Provision of public transport system
b. Improve motorist discipline through education, information, and strengthened enforcement
c. Provision, construction, and enhancement of road infrastructures
d. Improved land use planning and management. Promote mix land use to reduce travel distance
e. Redistribution and relocation of traffic attractors to areas outside the city
f. Increase traffic capacity of the transport system by various TDM measures such as introducing flexible working hours
g. Promote sustainable transport by measures, such as improving footpath, reducing private vehicle dependency, and
building sustainable transport infrastructure
h. Improve transportation system management by cooperation, and distribution of responsibility

Total Count
9
8
7
6
5
4
4
4

The mitigation measures that received high scores are provision of public transport system (9 points), measures to
improve human behaviors (8 points), and improvement to the road infrastructures (7 points). This ranking shows
consistency in the respondents’ perceptions of the causes of Chiang Mai’s transport problems and also consistency
in the best way to address these issues. In addition, land use planning (6 points) and the improvement in
infrastructure management (4 points) measures also receive high scores. It is interesting that over one-third of the
respondents believe that the transport problems can be solved by relocation of traffic attractors, such as schools and
hospitals outside the city (5 points). The measure suggested reflects the tendency to view transport problems in a
reductionist way.
3.2. Theme consistency analysis
In this section, the different entities from the previous section are grouped together in accordance with their
themes and placed side-by-side. This analysis aims to check the consistency of the respondents’ replies and to reveal
the pattern of their responses within each theme. The alphabet letter attributed to each respondent links back to the
responses given against the questionnaire. Responses on sustainability and transport problems were analyzed
separately.
The questionnaire contains four different questions on sustainability: the vision of a sustainable city, the factors
that reduce its sustainability, the factors that maintain its sustainability, and the effect of the reduction in
sustainability. Table 10 shows results of this matching analysis for the questions related to sustainability. The
themes/questions with two and one responses are listed in the note section of the table.
Table 10 Matching respondents’ answers on questions related to sustainability
Theme/Question

1.Transportation (21)

2.Life quality (19)

3.Land use plan and its
enforcement (16)

1.1 Vision of a sustainable
city
a. has a good transportation
system with a good plan and
sufficient road infrastructure
(9)
d. is livable and has a good
living standard (3)
e. has a high environmental
quality (2)

1.3 Factors that reduce the
city’s sustainability
a. Lack of quality public
transport system (5)
g. Lack of social and
environmental
considerations in
development and engineer
projects (3)
d. Rapid and uncontrolled
economic/development
growth (4)

1.4 Measures to maintain the
city’s sustainability
b. Promotion and
implementation of Public
Transport and Non-motorised
transport system (4)
n/a

1.5 Effect of reduction
sustainability
e. Worsening of transport
problems (congestion and
accidents) (3)

in

a. Reduce the city's livability and
the quality of life (6)
c. Increase related problems
(energy consumption,
environment, and socials) (5)
n/a

b. has a good city plan and
e. A land use plan of the city
an effective land use
(3)
management (5)
f. A strong enforcement for the
h. has good law enforcement
implementation of transport
(1)
and land use plan (3)
4.Culture and tradition
c. has unique culture and
i. Loss of local identity and
k. Promote and preserve local
b. Losing identity, cultural, and
(13)
tradition (5)
traditions (2)
culture and tradition (1)
tradition of the city (5)
Note: The following six themes have two responses Long term goal (1.3, 1.4), Human behavior (1.3, 1.4), Economic competitiveness (1.1, 1.5), Locally governed
(1.1, 1.4), and Increase in road vehicles (1.3, 1.4). The following six themes have only one response: Fragmentation of the responsible authority (1.3), Distribution of
services (1.1), Fragmentation of the responsible (1.3), Ineffective use of resources (1.3), Immigration (1.3), .Quality of road infrastructure (1.3), the negative influence
by the medias (1.3), Illegal exploitation of public good (1.3), Examples from leaders (1.4), Increase budget (1.4), Measures to prevent interference from politicians
(1.4), and Increase public spending and mitigation cost (1.5). The numbers in parenthesis are sum of the scores in each theme, also from the questionnaire.
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The responses to these questions can be grouped into twenty different themes; 4 with three or more responses and
16 with one or two responses. This pattern suggests that the responses on certain issues are more consistent across
the four questions; only transport and culture are the questions that appear in all themes. These preliminary
observations suggest that certain issues are imprinted in the mind of the respondents more strongly than others.
In addition, the sums of the scores are relatively higher in themes that have multiple responses; e.g.
Transportation received a total of 21. The high score suggests that the respondents have a high coherency in their
vertical thinking (Harris, 2002) or logical analysis on the topic related to sustainability of the city as a group.
A similar matching analysis was carried out for the respondents’ replies on the city’s transport problems
questions. Table 11 shows the results of this analysis.
Table 11 Matching respondents’ answers on questions related to the city’s transport problems
Theme
2.2 Cause
2.3 Mitigation
1. Public Transport provision and
a. Lack of public transport system and
a. Provision of public transport system (9)
management (18)
management (9)
2. Private vehicle quantity (14)
b. Increase number of motorized vehicles and
e. Increase effectiveness and efficiency of the
vehicle trips (7)
transport system by various TDM measures (5)
i. Vehicle access restriction, especially within
the central area (2)
3. Land use planning (13)
c. Ineffective land use plan, car oriented
d. Improve land use planning and management.
development, and urban sprawl (7)
Promote mix land use to reduce travel distance
(6)
4. Road infrastructure quantity
d. Lack of road infrastructures’ quantity and
c. Provisions, constructions, and enhancements
and quality (13)
quality (6)
of road infrastructures (7)
5. Human behavior effects (12)
g. Negative human behaviors such as lack of
b Improve motorist discipline by education,
discipline and ethic (4)
information, and strengthen enforcement (8)
Note: The numbers in parenthesis are sum of the scores in each theme, also from the questionnaire.

The responses to the questions on the causes and mitigation measures of the city’s transport problems can be
grouped into 13 themes, out of which 9 themes have responses for both questions. The result shows a similar pattern
as the foregoing analysis; a high level of consistency across themes that received multiple responses. This further
suggests a high level of agreement of the respondents’ vertical thinking on these issues.
3.3. Priority analysis
The total counts of responses across each theme are summed up to quantify the respondents’ priority. The top ten
ranking of responding themes related to sustainability based on their scores is shown in Table 12.
Table 12 Ranking of category related to sustainability
Theme
1.Quality of Transportation
2.Quality of living
3.Land use plan with strong enforcement
4.Cultures and traditions
5=.Human behavior and responsibility
5=.Long term goals and vision
7.Economic competitiveness
8.Locally governance
9.Fragmented responsibilities
10.Use of resources

Score
21
19
16
13
8
8
5
4
3
2

% of total score
19%
17%
14%
12%
7%
7%
4%
4%
3%
2%

The ranking shows that 75% of the total scores are assigned to 6 out of 22 themes. This indicates the respondents’
concentrate their concerns on particular themes; i.e. quality of transport, quality of living, land use plan, culture,
human behavior, and long term goals.
This focus suggests that the decision makers have strong shared ‘visions’ on these themes. Nevertheless, the high
number of themes with low score indicates that the decision makers’ concerns are also fairly diverse.
A similar analysis is carried out for the responses on Chiang Mai’s transport problems; Table 13 shows the
results of this analysis.

Peraphan Jittrapirom et al. / Transportation Research Procedia 25 (2017) 4438–4453
JITTRAPIROM P./ Transportation Research Procedia 00 (2017) 000–000

4446

Table 13. Ranking of category related to Chiang Mai transport problems
Theme
1.Public Transport provision and management
2.Land use planning
3.Road infrastructures’ quality and quantity
4.Human behavior effects
5.Private vehicle quantity
6.Development of the city
7.Population
8.Responsible organization
9.Promotion of sustainability Transport
10.Long term plan and vision for the city

Score
18
13
12
12
11
9
6
6
4
4

9

% of total score
18%
13%
13%
12%
11%
9%
6%
6%
5%
4%

The result shows a similar pattern to the previous analysis; 67% of the total scores are assigned to 5 out of 13
themes. The number of themes is significantly lower than the previous analysis, which indicates an increase in the
respondents’ focus in this subject. It is suspected that the specific nature of the questions may have contributed
toward this increase.
3.4. Causal analysis
The analysis in this section focuses on measures to mitigate transport problems suggested by the respondents
(Question 2.4). The aim of this analysis is to evaluate whether the decision makers’ proposed methods of mitigation
will result in the improvement of the city transport problem or not. The number of different ways to mitigate
transport problems is condensed by grouping them according to their types. Table 14 shows the grouping of the
proposed solutions according to their types.
Table 14. Proposed mitigation to solve the city’s transport problems
Types of mitigation proposed

Time delay

Mode specific

1. Promotion of non-personal vehicles mode
a. Provision of public transport system
g. Promote sustainable transport by measures, such as improving
footpaths, reducing private vehicle dependency, and building
sustainable transport infrastructure
2. Road capacity expansion
b. Improve motorist discipline by education, information, and
strengthened enforcement
c. Provision, construction, and enhancement of road
infrastructures
f. Increase traffic capacity of the transport system by various
TDM measures such as flexible working hours
3. Road capacity reduction
i. Vehicle access restriction, especially within the central area
4. Relocation of traffic attractors and expansion of city
e. Redistribution and relocation of traffic attractors to area
outside the city
j. Expansion of the city area

Medium to long term

Mode specified (walking,
cycling and public transport)

Short to medium term

Mode specified (Private
vehicle)

Short to medium term
Long term

Mode specified (Private
vehicle)
No mode specified

Long term

No mode specified

Long term

No mode specified

Long term

No mode specified

5. Land use planning
d. Improve land use planning and management. Promote mixed
land use to reduce travel distance
k. Protect and preserve the inner city from development
6. Population control
l. Migration control
7. Improve transport organization
h. Improve transportation system management by cooperation,
and distribution of responsibility

The proposed mitigation measures are grouped into seven types. The table includes the time delay and the mode
of transport affected by each measure. The time delay refers to the relative duration of time taken between the point,
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when the measure is implemented and the point it at which it becomes effective. Long term refers to 10 years or
more, medium term is 5-10 years and short term is less than 5 years. The mode specific column indicates whether
the measure aims to address specific modes or all modes of transport in the system. It is apparent that the mitigations
proposed by the respondents are mostly long term and are of a general nature
The inclusion of the motorist discipline measure in the road capacity group may seem an obscure choice.
However, in accordance with the respondents’ thinking, an increase in drivers’ discipline will reduce accidents, and
address driving behaviors that obstruct traffic flows, hence improving the capacity of the road network.
4. Qualitative transport model for Chiang Mai city
The Causal Loop Diagram (CLD) technique is employed here to illustrate the relationships between different
transport problems and entities reflecting the accounts of different literature.
Several assumptions were made to ensure the CLD fit to the context of Chiang Mai city and to simplify the CLD,
such as (1) The boundary of the CLD is the urbanized area of a city, (2) The public transport system is exclusively a
road-based system, without a separated right-of-way, (3) Private vehicle is comprised of the motorcycle and the car,
(4) Public transport is comprised of the public bus and also the shared-taxi, (5) Punctuality is the only aspect of
Quality of Public transport considered here, (6) Accessibility to the suburbanize area of the city is the main factor
that induces urban sprawl, (7) There is no ‘lock-in’ factor that prevent mode shifts, i.e. residents can freely shift their
modes of transport, and (8) External factors, such as income level are not included.
The reading of this CLD (Figure 2) can begin at any entity within the loop; for example, it can begin at Private
vehicle use. Under a level of transport supply, increased Private vehicle use will increase Congestion i.e. a condition
which exists when demand exceeds supply in road and parking spaces. The increase of Congestion may in turn
reduce the Vehicle use as it increases travel time, making the private vehicle a less attractive means of travel. These
two entities form a balancing feedback loop (Loop B1), which seeks to achieve or maintain a goal (Sherwood, 2002;
Sterman, 2000).

Fig. 2. Transport problem CLD
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An increase in Congestion will decrease the frequency and punctuality of public transport services (PT), i.e. it
reduces the PT Quality of service. The decrease in the PT Quality of service will decrease PT use and encourage an
increase in Private vehicle use, as users seek a more reliable mode of transport. This forms a reinforcing feedback
loop (Loop R2). This type of feedback loop drives either an exponential growth or exponential decline, depending
on what triggered it in the first place (Sherwood, 2002; Sterman, 2000). Additionally, a decrease of PT use will
decrease PT quality as the income from fares declines along with a subsequent decrease in the amount of cash
available to reinvest into the PT system (Loop R3).
In similar fashion, an increase in Private vehicle ownership, as a result of deteriorating PT Quality, will increase
Private vehicle use (Loop R4). An increase in Private vehicle use will increase the level of Energy Consumption,
Environmental impact and Transport accidents. An increase in these entities will decrease the Walking and cycling
attractiveness and the Walking and cycling trips, hence further increasing Private vehicle use (Loop R5).
An increase in Private vehicle use also increases Political hindrance or puts pressure on the city’s decision
makers to provide additional vehicle infrastructure to maintain support from their voters. An increase in Vehicle
infrastructure, such as road or car park construction reduces Congestion by increasing the system’s capacity.
However, in the long run the level of Private vehicle use increases as the reduced congestion level induces more
vehicle use (Loop R6).
The increase in Vehicle infrastructure over time will increase the Accessibility to suburban area around the city.
This will encourage Urban Sprawl as residents move out of the urbanized area to seek cheaper land and housing. An
increase in the Urban sprawl decreases the PT quality as public transport systems usually operate more effectively
in denser areas (Loop R7).
The CLD shows six balancing loops and one reinforcing loop, how strong each loop is in relation to the other
depends on their parameters, which can be modelled using a quantitative System Dynamics model. The analyses of
conventional transport problems, as defined, and their interconnectedness in this section illustrates the complexity of
the subject. There are a wide range of conditions that can be defined as being a transport problem. Moreover, there
is multifaceted connectivity between these different conditions (or the entities that cause them). An attempt to
improve certain conditions in the short term may lead to a worsening of the overall condition in the medium or long
term. Rigorous application of the CLD by transport decision makers leads to greater understanding of the
complexities involved in the problem. This in-depth situation analysis would result in decisions that transform
undesirable transport conditions effectively and efficiently.
4.1. Validation of the CLD using Chiang Mai city data
The CLD constructed previously is validated here with the aim of adopting the CLD as a qualitative model for
Chiang Mai city. Four entities within the CLD have been selected for this validation process, namely, Private
vehicle use, Private vehicle ownership, Urban sprawl, and Vehicle infrastructure. The selection is based on the
availability of relevant data and the importance of each these entities within the model’s mix. The positions of these
entities within the CLD are shown in bold border on Figure 3.
In summary, the examinations here concentrate on validating the causal relationships between the following
entities: 1) Private vehicle use and vehicle infrastructure, 2) Vehicle infrastructure and urban sprawl, 3) Urban
sprawl and private vehicle ownership, and 4) Private vehicle ownership and private vehicle use. The validation uses
data specifically relates to Chiang Mai province and is sourced from publicly available information within the
Province and national government departments/agencies. The city level data is used if available.
Private vehicle use data was presented in form of vehicle-kilometre travel or VKT. The highway length within
the Chiang Mai Province is used to represent vehicle infrastructure. The official city size is used to represent the
urban sprawling and the number of vehicle in Chiang Mai province is used to represent private vehicle ownership.
The validation found that relationships of the CLD and the correlations of data concur. The correlations between
the entities are also shown on Figure 3.
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Fig. 3 Four entities considered in the validation (in bold border) and their correlations

4.2. Qualitative model results
In this section the Causal Loop Diagram presented in the previous section is employed to assess the effects of the
seven measures, listed in Section 3.4 against their intended goals. Figure 4 depicts an example of the assessment of
the mitigation measure number 2: Road capacity expansion.
The evaluation of each measure is detailed below and summarized in Table 15
Measure 1: Promotion of non-personal vehicles mode
This measure includes the provision of infrastructure, and other soft measures, such as advertising and education
that will increase the mode share of the public and non-motorized modes. An increase in the share of both modes
will decrease the number of trips made by private vehicles, hence reducing the demand for further infrastructure,
which will reduce urban sprawl and consequently reduce the number of private vehicle trips.
Measure 2: Road capacity expansion
Generally, an increase or decrease in road capacity is derived mainly from infrastructure construction. Demand
management and other ‘soft’ measures (such as implementation of an Intelligent Transportation System (ITS)) will
also increase road capacity but by a relatively lower amount. An increase in road capacity by private vehicle
infrastructure construction can reduce congestion in the short term. While, the reduced congestion may attract more
private vehicle trips, and can increase the number of private vehicle trips, in the long run. The construction of such
infrastructure may also induce urban sprawl as accessibility into the suburban area increases. This can lead to
increase vehicle ownership and consequently, vehicle use.
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Measure 3: Road capacity reduction
In contrast to the forgoing, measures that reduce road capacity (such as road closure) can reduce the
attractiveness to use private vehicles, due to increase in congestion (reduced capacity) and reduced accessibility by
vehicles. In contrast accessibility, by walking and cycling within areas closed to motorised vehicles, may increase.
Consequently, this can reduce the private vehicle mode share. This measure may affect the transport system in an
opposite manner to Measure 2.
Measure 4: Relocation of traffic attractors and expansion of city
The expansion of the city area and the relocation of traffic attractors to areas outside the city are assessed
together. These two measures are, in effect, measures to artificially create urban sprawl. Unless an appropriate
public transport system, which provides quality connections between the traffic attractors and their traffic sources
(i.e. residential area), is put into place prior to the relocation, such measures may increase the need to use and own
private vehicles eventually leading to a worsening of transport problems Additionally, the relocation of traffic attractors from the core city area may result in a localized degeneration of
the area as there are often economic and social activities associated with these traffic attractors. However, these
aspects are not covered by the current CLD.
Measure 5: Land use planning
The respondents suggested two different approaches to introducing land-use measures that may increase the
sustainability of Chiang Mai, i.e. the promotion of mixed land use and the restriction of further development of the
inner city area. They are assessed separately here. Firstly, the promotion of mixed land use to reduce travel distance
is evaluated. Although this measure is beyond the scope of the mental model, its principles can still be applied for
assessment.
In most cases, the development of mixed land use normally takes place outside the core city center where there is
more flexibility in land use within abundant space. Thus, this kind of development may initially increase the private
vehicle mode share, unless they are well-connected with public transport to the surrounding area. However, as the
mixed usages of the area develop, the needs that previously were fulfilled by long trips or private vehicle trips
should be replaced by local trips or public transport and non-motorized transport trips. It is presumed that this
replacement will occur when the sum of travel-cost and benefit-gain within the local area exceeds that of the core
city. However, in reality this shift can be more complex. The quantification of the objective benefits (such as fuel
and time saving) may be estimated, but it is more difficult to measure the subjective benefits gained (such as social
interaction and business opportunity). In addition, the multifaceted interactions between different entities within the
urban area give rise to emergent properties that cannot be measured from evaluating individual entities. From the
system point of view, it is therefore difficult to evaluate the effects of mixed land use development as a mitigating
factor for transport problems in the long term. However, it will most likely increase the number of private trips in
the short term.
Secondly, the land use measures to protect and preserve the inner city from being developed are assessed. The
core area of Chiang Mai city consists of a historical part which should be preserved for its legacy. A measure to
limit land use change should define its boundary and the limitations appropriately, allowing the area to regenerate
and develop to maintain its ‘usage’. Otherwise, the core city area may degenerate as urban sprawl expands. The
latter will consequently cause an increase in private vehicle usage and aggravate the transport problem.
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Fig. 4. Impact assessment of the road capacity expansion (Measure 3)

Measure 6: Population control
The population controls considered here are measures that affect the rate of population change by influencing the
birth rate and the immigration rate of the city. It may also affect the direction of population change (i.e. decrease the
population) if the net rate is negative. Therefore, population control does not directly alleviate transport problems; it
simply affects the rate of accumulation (or loss) of other parameters. In other words, population determines the rate
of increase/decrease in parameters that are associated with it, such as the number of private vehicles and the number
of households. The current CLD cannot evaluate the effects of population change explicitly; nevertheless,
mathematical formulas can be included to enable assessment of such measures.
Measure 7: Improve transport organization
An improvement of transport organization in the city may increase the effectiveness and efficiency in its
utilization of resources (monetary and spatial) to provide transport services. This improvement is normally focused
on particular modes of transport according to the policy of the organization. It can increase the attractiveness of the
modes concerned and induce a stronger shift to these modes from others. Although, this measure cannot be
evaluated with the current CLD, it can be assessed by inclusion of mathematical formulas and additional variables.
The results from the causal analysis of the 7 measures are shown in Table 15. The assessment shows that only
two out of seven policies proposed will result in some improvements to the city’s transport system. Three will
aggravate the condition further, two measures are implementation dependent and one has indirect effects. Thus,
based on this assessment the policy makers have less than a 30% chance to improve the system with any certainty.
In other words, they are more likely to aggravate the problem further with their suggested policies. This exercise
demonstrates the decision makers’ inaccurate assessment of the system and stresses the need for a tool to educate the
policy makers about the root causes of the city’s transport problems
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Table 15. Summary of results from the mitigations causal analysis
Types of mitigation measure proposed

Effects

1. Promotion of non-personal vehicles mode
a. Provision of public transport system
g. Promote sustainable transport by measures, such as
improving footpaths, reducing private vehicle dependency, and
building sustainable transport infrastructure
2. Road capacity expansion
b. Improve motorist discipline by education, information, and
strengthen enforcement
c. Provisions, constructions, and enhancements of road
infrastructures
f. Increase traffic capacity of the transport system by various
TDM measures such as flexible working hour
i. Vehicle access restriction, especially from the central area
3. Road capacity reduction
i. Vehicle access restriction, especially from the central area

Alleviate transport problem
Promotion of this measure will increase the attractiveness of the PT
and NMT modes hence, reduces PV trips and transport problems
associates with them such as congestion

4. Relocation of traffic attractors and expansion of city
e. Redistribution and relocate traffic attractors to area outside
the city
j. Expansion of the city area
5. Land use planning
d. Improve land use planning and management. Promote mixed
land use to reduce travel distance
k. Protect and preserve the inner city from development
6. Population control
l. Migration control

7. Improve transport organization
h. Improve transportation system management by cooperation,
and distribution of responsibility

Aggravate transport problem
This measure will increase the attractiveness of PV, hence increases
the PV mode shares in expense of other modes. It will trigger urban
sprawl which increase PV dependency and further increase PV mode
shares.

Alleviate transport problem
Promotion of this measure will decrease the attractiveness of the
PV as the level of congestion will increase. In contrast, it will
increase area available for PT and NMT modes hence, increases their
mode shares
Aggravate transport problem
Measures e. and j. will produce urban sprawl and increase car
dependency, hence aggravate transport problems.
Impacts depending on measures
Measure d. will increase PV trips in an initial phase. In long run, it
is uncertain whether the needs previously fulfilled by long distance
trips can be met in local area. The effectiveness of measure k.
depends on the development limitation and area of the protected
zone.
Indirect effects.
Increase or decrease of the birth and the in migration rates do not
have a direct effects on transport problems. They affect the rate of
accumulation of entities related to population (such as number of
private vehicles)
Impacts depending on measures
Improvement will increase the effectiveness and efficiency of the
city transport provision. It will increase the attractiveness of the
targeted transport modes which is set by the organization’s policy.
The mode share of the targeted mode will increase.

5. Discussion and conclusion
In this paper, an analysis is carried out to review the perceptions of the Chiang Mai city’s transport decision
makers and assessed the perceptions with a qualitative model in CLD. The objective of this exercise was to gain an
insight into their views of the city’s transport problems, their ideas about what measures would provide sustainable
solutions, and what mitigations would solve the problems. The information gathered by this exercise helps to
provide a more complete understanding of the transport system. It will also contribute toward devising effective
future development measures to solve the transport problems and lead the city towards a sustainable state.
The study captured information by face-to-face interview and analyzed the interview accounts quantitatively. It
reviewed the policies that these decisions makers believe will alleviate the transport problem of the city with a
qualitative model in form of causal loop diagram (CLD).
The outcomes of the study reveals policy makers are aware of the existing problems and are committed to finding
effective, long-term solutions. Yet, the comprehensiveness of their current assessment on how to achieve the
objectives of a sustainable transport system for the city is questionable. The analysis also found that decision makers
appear to have a strong focus on particular topics and a demonstrably prominent vertical thinking process in relation
to these issues. These characteristics potentially inhibit finding best fit solutions for complex issues, such as
transport, that require awareness on the interactions between different entities. These characteristics and the
preponderance to adopt a reductionist approach to transport problems need to be challenged and the city’s policy
makers given the opportunity to analyse transport measures using a systematic situation analysis and decision
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making process. The analysis of the decision makers’ perceptions in Section 3.6 of this paper also demonstrates that
policy makers are likely to deploy measures which may effectively improve one aspect of transportation but
detrimentally affect the system as a whole.
These findings stress an urgent need to help policy makers comprehend the complexity of the transport system,
and thus increasing the likelihood of successfully identifying and tackling the root causes of the city’s transport
problems.
Moreover, the CM-LTSS currently consists of 23 members drawn from across different organisations, where
nearly all of them are representatives from government sectors. This finding perhaps indicates a need to increase the
diversity of CM-LTSS, or to establish a platform where feedback on the city’s transportation management can be
provided from diverse sources into the CM-LTSS. This would provide a system of checks and balances ensuring that
all stakeholders were adequately represented in the decision making process.
With regard to the study’s methodology, efforts can be made to improve the accuracy of interview transcription
and content categorization. Utilization of technology, such as voice recorder or real time questionnaire with tablet,
can aid the documentation of respondent’s opinion. It will also be necessary to ensure respondents give consent
agreement prior to their interview. An addition of second interview session may proof to be a useful exercise. The
follow-up session can feedback findings from the initial interview to the respondents and to observe whether their
mindset will change once they learn about the consequents of their decisions. Lastly, organization of an interactive
workshop to construct CLD with respondents can yield an interesting results. It can produce an initial point that lead
to a form of participatory planning.
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