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ABSTRACT

The main problem of transportation is the very high growth of vehicles causing congestion, resulting in
various derivative impacts such as pollution, fuel waste, time value, and other environmental problems.
This problem can be solved by Transportation Demand Management (TDM). TDM is a combination of
various strategies, which strategy should be chosen whose priority depends on the conditions of each
region. This research was conducted in a medium-scale city by determining the priority of TDM using the
Analytical Hierarchy Process (AHP) tool. The final result of the judgment is the priority weight of the TDM
strategy that will be applied with a CR value of < 10%, namely the pull strategy. This strategy is represented
by improving public transport services and infrastructure (especially the integration of public transport
services). This study shows that the strategy group with a high AHP Consensus Index (ACI) score means a
high consensus among experts.

Keywords: Analytical Hierarchy Process, Judgment, Medium City, Priority, Strategy, Transportation
Demand Management

1. Introduction

The city of Yogyakarta is a medium-urban area with relatively high growth of motorized
vehicles (4-6% per year) (Kresnanto, 2019). The number of vehicles entering the city from the
hinterland area also make higher growth of motorized vehicles (Urban Sprawl Dan Kemacetan
Di Yogyakarta | Balairungpress, 2018). Those conditions make Yogyakarta City experience high
traffic density and contribute to environmental problems (Eriksson et al., 2008). Recorded in
2020, the average volume capacity ratio (VCR) has reached 0.75 (Kresnanto, 2021a). This ratio
means that more and more roads are experiencing congestion. Congestion will result in various
negative impacts, ranging from air/noise pollution, waste of fuel, and loss of time value
(Anggarani et al., 2016; CIE, 2006; Dargay et al., 2007; Nugmanova et al., 2019; Yang et al.,
2016). One of the solutions to the condition is by balancing supply and demand. Supply in a road
network that serves traffic flow will undoubtedly be complicated to increase its capacity because
it is an urban area. Thus, the best way to balance supply and demand is to reduce the amount of
demand. This method/method is known as Transport Demand Management (TDM). The city of
Yogyakarta needs TDM as a solution and its implementation.

TDM is a series of policies/strategies aimed at transport efficiency (supporting sustainable
transportation) by reducing the use of private vehicles and prioritizing the use of transit, walking
and non-motorized mode or vehicles that are more environmentally friendly. (Broaddus et al.,
2009; Chapter 32: Transportation Demand Management (TDM), 2010; Habibian & Kermanshah,
2011; Nygaard Nelson, 2008). The results of the literature search show that in general the TDM
strategy is divided into two policy strategies, push-strategy and pull-strategy. Pull-strategy
encourage use of non-car modes by making them attractive to car users; these policies include
transit-oriented development, road reclamation and bus rapid transit development. In contrast, a
push-strategy is one that discourages car use by making it less attractive; this policy includes toll
roads, parking fees and guard fees (Habibian & Kermanshah, 2011). According to Kresnanto
(2021b), there are 15 types of push strategies and 11 types of pull strategies that can be
implemented as part of TDM. The number of these strategies requires an assessment of the priority
strategies that can be implemented. Thus, the main problem in implementing TDM is which
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strategy is considered the most effective that can be implemented in a particular area/city (in this
study, Yogyakarta City) to overcome congestion problems due to an imbalance between supply
and demand.

The effectiveness of TDM in overcoming urban transportation problems has been proven
in several countries (Islam & Saaty, 2010; Nygaard Nelson, 2008). However, the choice of
prioritized strategy should be studied more deeply (Bylinko, 2020). Prior research stated that
many strategies might be implemented, such as improving public transport, raising the tax,
subsidizing renewable fuel, improving the facilities for cyclists and pedestrians, road charging,
increasing the parking price, and land use management (Eriksson et al., 2008; Nugmanova et al.,
2019). However, it is necessary to know the priority of the TDM strategy that will be
implemented. The TDM strategy priorities that will be implemented can be used as a reference
for policymakers so that TDM can run effectively. Thus this research aims to determine which
priority TDM policy strategies will be implemented in the City of Yogyakarta.

Determining the priority of the TDM strategy to be implemented in the City of Yogyakarta
will be analyzed with an analytical tool, namely the Analytical Hierarchy Process (AHP). AHP is
a decision-making method based on experts' opinions included in the Multiple-Criteria-Decision-
Making (MCDM) method (De Brito & Evers, 2016). AHP is used in this study as a tool because
AHP has been widely used for priority analysis of transportation solving strategies in general
(Ahmed et al., 2017; Moslem & Duleba, 2017; Podvezko et al., 2014), even those specific to
TDM strategy priorities (Alkharabsheh et al., 2019; Pradana, 2012).

2. Literature Review
Yogyakarta as A Medium City

Yogyakarta is a medium city based on the definition of a medium city (OECD Regions and
Cities at a Glance 2020, 2020). Urban population by city size is determined by population density
and commuting patterns; this better reflects cities' economic function and administrative
boundaries. Urban areas in OECD countries are classified as: large metropolitan areas if they have
a population of 1.5 million or more; metropolitan areas if their population is between 500,000 and
1.5 million; medium-size urban areas if their population is between 200,000 and 500,000; and
small urban areas if their population is between 50,000 and 200,000. This indicator is measured
as a percentage of the national population (OECD Regions and Cities at a Glance 2020, 2020).
According to the OECD, the city of Yogyakarta is a medium-sized city that is already very densely
populated because the current population is 438,761 people (BPS Provinsi D.l. Yogyakarta,
2020), almost in the category of a metropolitan area.

Transportation Demand Management

Transportation/Travel Demand Management (TDM) has become more popular since
discussing how to provide alternatives to travel, either self-driving or sharing a vehicle with
various time-based travel destinations, to improve trip reliability (Transportation Demand
Management | Organizing and Planning for Operations - FHWA Office of Operations, 2022).
TDM also means to do two things: 1) prioritize efficient travel modes (which consume less road
space per passenger kilometre); and 2) diverting travel by inefficient modes to off-peak periods
to reduce congestion (Chapter 32: Transportation Demand Management (TDM), 2010). Recent
research on travel management directly addresses push and pull measures to ensure efficiency in
traffic capacity (Nugmanova et al., 2019) but mention that measures are not the only solution to
manage traffic congestion. Push and pull measures also should combine with another way, such
as increasing road capacity.

TDM maximizes the efficiency of the urban transportation system by limiting the
unnecessary use of private vehicles. Then we discuss a push strategy to encourage more effective,
healthy and friendly modes of transportation. Furthermore, we mention the second as a pull
strategy, which addresses making environmentally-friendly modes, such as public transportation,
walking, cycling, and another choice of travel modes (Habibian & Kermanshah, 2011). Based on
the discussion above, TDM can define as an effort to provide efficient alternative modes of travel
and divert travel demand to use these efficient modes of travel to overcome congestion and the
impact of congestion.
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Important Issue of TDM Strategy Implementation

Several issues related to the implementation of TDM are: (1) Where has TDM proven
successful?; (2) How to determine the best TDM strategy in the situation of the study area?; and
(3) Do you need more than one TDM strategy? (Nygaard Nelson, 2008).

Where has TDM proven successful? The best experience of TDM in other countries that
have been successfully recorded is in Bellevue, Washington, a city with an area of 97.14 km2,
which has succeeded in reducing > 30% of private vehicle use by implementing TDM from 1990-
2000). London applies Single Occupant Vehicle (SOV) Pricing by charging a vehicle with only
one passenger (driver only) when entering the city. This strategy can increase the use of public
transport reduce accidents and pollution (Nygaard Nelson, 2008). However, specific strategies -
establishing congestion pricing, parking management, developing compact mixed-use, and
providing high-capacity Public Transport (AU) services - have repeatedly succeeded in reducing
travel demand and shifting travel from single-passenger vehicles to more advanced modes.

Implementing the use of public transit can significantly reduce congestion (more than 45%
on some roads (Li & Guo, 2016). One person who switches from travelling 20 miles alone by car
to available public transport can reduce their annual CO2 emissions by 20 pounds per day, or
more than 48,000 pounds in a year. That equates to a 10% reduction in all greenhouse gases
produced by a household with two adults two cars (KCATA, 2023). A study in Vietnam stated
that the public, in general, responded positively that public transport was a strategy to reduce
congestion and pollution (Le & Trinh, 2016).

On average, a driving vehicle releases about 0.96 - 1.1 pounds of CO2 per mile, while
riding a bicycle does not. The success of the program to use bicycles as transportation, in addition
to providing adequate facilities, also requires the strength of leaders in its implementation
(Karanikola et al., 2018); cycling is also a means of reducing pollution that is harmful to health
(Tainio et al., 2016) and can reduce congestion by up to 4% of research results in Washington
(Hamilton & Wichman, 2018).

Road pricing can significantly reduce congestion by 20-25% and is predicted to reduce
vehicle trips by 30% (Mattsson, 2008). Several researchers have also carried out studies on the
success of various TDM strategies in various countries to overcome transportation problems
(Kusumantoro et al., 2009).

How to determine the best TDM strategy in the situation of the study area? The strategies
adopted will depend on the overall objectives and desired outcomes. The TDM strategy that will
be carried out depends on the conditions of each region that will implement it. Do you need more
than one TDM strategy? It is challenging to determine the effectiveness of either strategy, and
TDM works best when complementary strategies are packaged together (e.g., improved bus
service combined with subsidized transit tickets) (Nygaard Nelson, 2008).

Many strategies are part of TDM (Broaddus et al., 2009; Chapter 32: Transportation
Demand Management (TDM), 2010; Mittal & Biswas, 2019; Southern California Association of
Governments, 2019), is stated that TDM is a series of strategies such as the promotion of
alternative modes of transportation, financial and time incentives, dissemination of information
and marketing to promote these modes, and support services using alternative modes (US
department of Transportation, 1994). Because of the many strategies in TDM, the question is
which strategy is the most effective (single strategy) or which combination of strategies can best
solve the problem of traffic congestion? (Nygaard Nelson, 2008). There is no effective TDM
implementation with only one strategy (Thomas et al., 2020). There must be a combination of
strategies in TDM. A combination of several TDM strategies can be more effective up to 10%
(United States. Department of Transportation, 2020). In addition to the combination of strategies,
strategic priorities must also be determined that must be carried out according to the area’s
conditions to be applied TDM because each goal and area of specific TDM implementation will
have different priorities for the TDM strategy (Nygaard Nelson, 2008). One of the tools to
determine priorities is the Analytical Hierarchy Process (AHP), a non-linear framework for
addressing complex semi-structured decision-making problems. AHP is a scaling method for
deriving priorities (weights) for a set of options/scenarios based on their importance, which is one
of the Multicriteria Decision Making (MCDM) methods (Saaty, 1980, 1990, 2008). Multicriteria
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Analysis is applicable at the micro-scale, where all the stakeholders can be easily individuated
and consulted and can express informed opinions on their priorities (Beria et al., 2012).

AHP as A Tool to Priorities TDM Strategy

AHP has been used for decision-making analysis on various transportation issues, from
policy level to implementation (Baric & Starcevic, 2015; Nalmpantis et al., 2019). Including AHP
is used in determining the priority of the TDM strategy. However, it is still only for a few
strategies, such as (1) prioritizing the TDM strategy from 3 strategies (public transportation, non-
motorized improvement, and Alternative Work Schedules) in Bandung (Pradana, 2012); (2) case
study in Iran (Soltani & Namdarian, 2012) carried out the priority weighting of the TDM strategy
from practical, social, economic, and environmental factors, (3) case study in Zagreb a big city
with a population of almost 1 million people, using five main criteria in TDM priority (Simunovié
etal., 2013)

3. Research Methods

This study uses AHP to determine the priority of TDM strategy with a case study of
Yogyakarta City, one of the medium-sized cities in Indonesia. The methodological stage will
follow as (i) building the hierarchy, (ii) weighting the indicators by pairwise comparison, and (iii)
calculating the final value for the alternatives (Saaty, 1990). AHP relies on three main principles:
a) the decomposition of the decision space into its fundamental elements, b) the comparative
judgments, and c) the synthesis of priorities (Saaty, 2005). The study begins by listing alternative
TDM strategies from four northern works of literature (AbuLibdeh, 2017; Broaddus et al., 2009;
Nygaard Nelson, 2008; Thomas et al., 2020) and several supporting works of literature. From the
list of alternative strategies, strategies that might be applied in Yogyakarta were selected. After
the alternative strategy is selected, a priority assessment is carried out by the expert using AHP.
The AHP process uses the AHP-OS software, a free web-based AHP solution that supports the
decision-making process (Goepel, 2018). It can be accessed viahttps://bpmsg.com/ahp/.

The AHP steps are as in Fig. 1., starting from determining the goal, making alternative
structures to the smallest level, pairwise comparison by experts, and calculating the eigenvalues
of alternative criteria. Eigen Value is the weight of the influence of alternative strategies on
achieving goals. The consistency of expert judgment is measured by the Consistency Ratio (CR),
which must be less than 0.1 (10%). The AHP implementation procedure in assessing the priority
of the AHP strategy will be based on the AHP method from several previous researchers
(Fitriastuti & Kresnanto, 2021; Saaty, 1980, 1990, 2008).

The respondent selection, which consists of experts, considers the disparity between
experts and non-expert, especially if we need specific opinions on transportation expertise. Prior
research stated that experts more have psychological, social and institutional factors (Whitmarsh
et al., 2009), different types of information processing (Xenias & Whitmarsh, 2013) and the way
of developing reasoning (Weber, 2010). The two types of reasoning, experiential reasoning,
which is affective, automatic and rapid, given mainly by non-expert, and analytic reasoning,
which is more deliberative, conscious, and cognitive-based, hopefully, given by the experts. So,
the participants in this study are experts because we need analytical reasoning to develop the study
result. The respondents’ scope is the experts from an academic background (lecturer,
transportation experts) and civil servants who have duties in transportation (Dinas Perhubungan
Kota Yogyakarta).
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Fig 1. Research design - AHP steps

Another indicator to assess the results of the AHP is the AHP consensus indicator (ACI).
The ACI is used to measure group consensus (approximate agreement on exit priorities between
participants). The range for this indicator is 0% to 100%. Zero per cent is not a consensus at all;
100% is a complete consensus. This indicator is derived from Shannon’s concept of diversity
based on alpha and beta entropy (Goepel, 2018). It is a measure of priority uniformity among
participants and can also be interpreted as a measure of overlap between group member priorities
(AHP Group Consensus Indicator — How to Understand and Interpret? — BPMSG, 2020).

ACI falls into three categories: low, medium and high. Assign the following percentages
to these categories:
= Very low: Less than 50%
= Low consensus: 50% to 65%
= Medium consensus: 65% to 75%
= High consensus: 75% to 85%
= Very high consensus: Value of over 85%
If is less than 50%, there is virtually no consensus within the group and there is a high degree of
variety of judgment. Scores in the 80% to 90% range indicate high priority overlap and a good
match in group member ratings

4. Results and Discussions
TDM Strategy

The results of the literature reviews show that, in general, the TDM strategy is divided into
two policy strategies, namely push strategy and pull strategy (Broaddus et al., 2009). Transport
policies could be implemented successfully if the community has perceived fairness effectiveness
and does not restrict freedom (Xenias & Whitmarsh, 2013). Pull policies encourage behaviour
change by providing and improving alternatives (Schuitema et al., 2010), such as using non-car
modes by making them attractive to car users. These policies include transit-oriented
development, road reclamation, and bus rapid transit development. In contrast, a push policy,
which prohibits or constrain behaviours [47], discourages car use by making it less attractive; this
policy includes taxes, toll roads, parking fees, and guard fees (Habibian & Kermanshah, 2011).
Then the two major groups of strategies are divided into implementing strategies, as shown in Fig
2.

AHP Result

The final result of the analysis using AHP is the weight of the influence/priority of a
strategy/alternative strategy to achieve the goal. This weight is indicated by the eigenvalue results
from the expert assessment (pairwise comparison judgment). The experts who assessed the
alternative strategies provided were 11 experts from academia, regulators (government), and
transportation business actors. Of the 11 experts who conducted the AHP assessment, there were
seven whose CR was more than 10%, so the results of this assessment could not be used, namely
Part (Participants) 2, 3, 6, 7, 9, 10, 11. The AHP assessment results from all participants can be
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seen in table 1, and the result of the AHP assessment of participants that CR under 10% can be
seen in table 2.
LEVEL 0 LEVEL1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

Progressive motor vehicle lax

Vehicle ownership tax ogressive molor venicle &

Controlling scheme

molorized

ownership Vehicle ownership
restrictions

Motor vehicle sales tax

Taxes related to vehicle use

Parking management
PUSH
STRATEGY Working hours setting

License plate-based
Controlling restriction
Motorized
Vehicle Use Transport infrastructure
taxes and access

TRANSPORTATION restrictions (access )
DEMAND management) Pricing

MANAGEMENT

Car Free Day Road Pricing
Cordon Pricing

Transil operational Congestion Pricing

Subsidies for public subsidies
transpart/transit
Fare subsidies

Pedestrian infrastructure Sidewalk/crosswalk

improvement
Pedestrian area/zone
Encouraging
non-motorized Bicycle lanes
use
Cycling infrastructure

improvement Bicycle parking area

PULL
STRATEGY Bicycle service points
Integrated transit services
Encouraging
public transport Rapid transit development
use

Imprave public transport
facilities

Fig 2. TDM strategy based on literature review
Sources: (AbuLibdeh, 2017; Broaddus et al., 2009; Nygaard Nelson, 2008; Thomas et al., 2020)

Table 1 - AHP result from all participants

Participant Gro
StTrEt';" Part Part Part Part Part Part Pat Part Part Part Part rlerFLI
A 2 3 4 5 6 7 8 9 10 11 :

Progressive 110 111 800 111 940 290 090 | 586 070 | 112 440 10.10
motor vehicle

tax % 0% % 0% % % % 0% % 0% % %

Motor vehicle 010 111 110 560 940 870 010 840 040 112 440 4380
sales tax % 0% % % % % % % % 0% % %

Xv?/:IecrI:hip 020 | 222 180 560 188 230 020 960 440 250 120 4.70
Dermit % | 0% % % 0% % % % % % % %
Fuel tax 130 250 070 460 190 220 090 180 090 | 850 200 3.60

% % % % % % % % % % % %
RoadPriging 000 020 000 010 030 070 050 000 010 120 210 060

% % % % % % % % % % % %
Cordon 010 010 000 010 010 030 010 000 020 510 620 050
Pricing % % % % % % % % % % % %
Congestion 000 010 010 010 010 250 010 000 010 030 070 040
Pricing % % % % % % % % % % % %
License Plate  0.40 540 010 050 120 120 340 010 060 040 310 1.90
Restriction % % % % % % % % % % % %
Parking 030 090 010 210 050 420 070 040 120 060 540 1.50
management % % % % % % % % % % % %

000 150 0.00 100 020 103 030 030 110 150 090 130

CarFreeDay "o “of o % % 0% % % % % % %

Working 290 740 020 180 150 790 030 270 280 250 330 3.70
hours setting % % % % % % % % % % % %
Fare 540 @ 198 020 040 330 670 310 280 100 250 820 5.70
subsidies % 0% % % % % % % % % % %
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I;Z‘:‘;'itonal 070 660 020 040 330 334 040 280 310 250 820 450
atl % % % % % 0% % % % % % %
subsidies

Sidewalk/Cro  1.00 070 122 830 470 170 370 080 117 1.20 360 5.0
sswalk % % 0% % % % % % 0% % % %
Pedestrian 670 010 240 830 160 030 070 010 390 112 060 2.30
Area % % % % % % % % % | 0% % %

080 050 850 980 120 020 180 070 330 590 290 270

Bicycle lanes % % % % % % % % % % % %

Bicycle 020 020 410 540 060 040 180 010 120 590 100 1.30

Parking Area % % % % % % % % % % % %

Bicycle 0.10 010 200 150 030 010 090 020 070 070 030 0.50

service points % % % % % % % % % % % %

Integrated

transit

services 53.7 530 | 346 180 6.50 950 @ 492 540 342 830 273 24.60
0% % 0% 0% % % 0% % 0% % 0% %

(schedule,

fare)

Rapid transit
development
(bus lanes, 650 140 145 540 274 110 940 090 164 830 104 8.0
bus priority % % 0% % 0% % % % 0% % 0% %
at the
junction)
Improve
public
transport 186 280 920 990 770 330 215 440 119 830 4.00 11.30
facilities 0% % % % % % 0% % 0% % % %
(station, bus
stop, etc)

980 455 141 1.00 7.00 308 227 850 141 585 308 0.70

CRmax % 0% 0% % % 0% 0% % 0% 0% 0% %
Table 2 - AHP results from participants with CR < 10%
Participant Group
TDM Strategy Part 1 Part 4 Part 5 Part 8 result
Progressive motor vehicle tax 1.10% 11.10%  9.40% | 58.60% 16.10%
Motor vehicle sales tax 0.10% 560% 9.40%  8.40% 4.80%
Vehicle ownership permit 0.20% 5.60% 18.80%  9.60% 5.80%
Fuel tax 130% 4.60% 1.90% 1.80% 3.80%
Road Pricing 0.00% 0.10% 0.30% 0.00% 0.10%
Cordon Pricing 0.10% 0.10% 0.10%  0.00% 0.10%
Congestion Pricing 0.00% 0.10% 0.10%  0.00% 0.10%
License Plate Restriction 040% 050% 1.20%  0.10% 0.90%
Parking management 0.30% 2.10% 0.50%  0.40% 1.10%
Car Free Day 0.00% 1.00% 0.20% 0.30% 0.50%
Working hours setting 290% 1.80% 150% @ 2.70% 4.00%
Fare subsidies 540% 0.40% 3.30% 2.80% 4.30%
Transit operational subsidies 0.70% 0.40% 3.30% 2.80% 2.60%
Sidewalk/Crosswalk 1.00% 8.30% 4.70%  0.80% 4.20%
Pedestrian Area 6.70% 8.30% 1.60%  0.10% 3.30%
Bicycle lanes 0.80% 9.80% 1.20% 0.70% 2.40%
Bicycle Parking Area 0.20% 5.40% 0.60% 0.10% 0.70%
Bicycle service points 0.10% 150% 0.30% 0.20% 0.40%
Integrated transit services (schedule, fare) [53.70% 18.00% 6.50%  5.40% 21.70%
Rapid transit development (bus lanes, bus 650%  5.40% | 27.40%  0.90% 8.70%

priority at the junction)
Improve public transport facilities

. 18.60%  9.90% 7.70%  4.40% 14.30%
(station, bus stop, etc)

9.80%  1.00%  7.00%  8.50% 3.10%

Based on the result of AHP that CR < 10%, the assessment at level 1 (top-level), Pull
Strategy weights 55.8%, meaning that according to experts, this strategy should take precedence
over Pull Strategy with a total of 15.8% points (Fig 3). Assessment at level 2, the experts prefer
the strategy of encouraging the use of public transportation as a feasible strategy to be
implemented with a weight of 80.2% (Fig 3). This result indicates that encouraging public
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transport quality in better strategies is still the main priority, especially for local government. In
line with several previous studies that improving the quality of public transport services is one of
the TDM strategies that can reduce congestion due to the shift from using private vehicles to using
public transportation. The modal selection simulation conducted by Abdulkareem et al. (2020)
shows that 48.3% of users will switch to public transportation if the travel time is shorter.
Application simulations in Kuwait also prove that public transportation can reduce fuel
consumption by up to 46% (reducing congestion) (AlKheder, 2021). Inadequate investment to
improve public transport also results in an increase in the growth of private vehicles and has an
impact on congestion (Fulponi, 2023). Several research results show that public transportation is
the most reliable TDM strategy for overcoming congestion, as well as the results of this AHP
study showing similar results.

However, the one big issue of improving public transport efficiency that should be
addressed in developing policies is attracting new users, which must consider the community
economically and psychologically (Belwal & Belwal, 2010; Moslem & Celikbilek, 2020;
Nalmpantis et al., 2019). Even though making good perspectives in public transport socially and
psychologically in Indonesia’s culture is hard to do, the behavioural intention to using the public
transport that still follows the influencer people is the facts found here. It means that the
systematic movement on the community to develop the choice of using public transport is a must
be a priority program while improving the public transport facilities. The systematic movement
must follow sufficient public acceptability for better strategy implementation (Eriksson et al.,
2008).

Of course, the weight on this strategy will affect the weight on the strategy at the level
below it. The top three final results of the alternative weights (level 3), the integration of public
transport services dominates the weight of 21.7%, the progressive motor vehicle tax (16.1%), and
improve public transport facilities (station, bus stop, etc.) (14.3). The complete weighted AHP

results show in Fig. 3.

LEVEL 0 LEVEL 4

Progressive motor vehicle tax (0.770)

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 5 GLE PRIOR

Wohicle ownership lax 16.1%

Cantrolling schams (0.783)

motorized

ownership
(0.602)

Motor vehicle sales tax (0.230) 4.8%

Wehicle ownership restrictions (0.217) 5.8%

Taxas ralalad 1o vehicls use (0.218) 3.8%

Parking management (0.064) 1.1%

PUSH STRATEGY
(0.442)

‘Working hours selting (0.225) 4.0%

Contratling Licenss plate-based restriction (0.513)

Molorized
wehicke Usa
(0.398)
TRANSPORTATION

DEMAND
MANAGEMENT

Encouragin
non-motorized

use
{0.198)

Transporl infrasiructure
taxes and access
rasirictions (0.100)

Subsigies for public
transpart/Lransit {0.393)

Padesirian infrestructura
improvement {0.682)

Cyeling infrastruciure

Car Free Day (0.289)

Recad Pricing (0.393)
Pricing {0, 198) Cordan Pricing (0.269)
Congestian Pricing (0.337)
Transil operational subsidies (0.373)

Fara subsidias (0.627)

Sidewealkicrosswalk (0.558)

Pedestrian area’zone (0.441)

Bicyclc lanas (0.682)

Bicycle parking area (0.199)

improvement {0.318)

PULL STRATEGY
{0.558)

Bicycle service points (0.119) 0.4%

nlegraled transil services (0.485) 21.7%

B.T%

Encauraging
publ ‘l‘li“"s’:{"t Rapid transil dowelopment (0.198)

e
{D.B02)
mprove public transport facilities (0.319)

Fig 3. AHP Weighting Results of Interests Between TDM Strategies

The results of the AHP assessment demonstrated that TDM would indeed succeed by
prioritizing the pull strategy, but it must also balance with the push strategy. The push strategy
evidences this conclusion at level 3, which is relatively high. Implementing a combination
strategy also suggested by several researchers to increase public acceptability (Eriksson et al.,
2008; Steg & Schuitema, 2007). The combination of TDM policy implementation must also be a
balanced policy between push and pull strategies so that TDM goals can be achieved properly
(He et al., 2009; Wang et al., 2022). One of the keys to the successful implementation of TDM is
community behavior factors related to motivation, norms and personal intentions (Eriksson et al.,

14.3%
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2010). Even the implementation of TDM without a combination of coercive policies will not
succeed in effectively reducing private vehicle use (Garling & Schuitema, 2007).

The results of the ACI assessment at the top level (level 1) in the pull strategy group showed
that the expert had high uniformity with an ACI value of 79.1% (high consensus). In contrast, in
the push strategy group, the expert had a diversity of assessments. It was indicated by the ACI
value of 43.4% (very low consensus). Other strategic groups that get the ACI in the high category
are control of motorized vehicle owners (80.1%), vehicle ownership tax schemes (78.1%),
subsidies for public transport (78.9%), encouraging the use of non-motorized vehicles (80.4%),
and cycling infrastructure improvement (90.8%). The hierarchy of strategies and ACI values in
each group can be seen in Fig. 4.
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Fig 4. ACI in AHP group,
5. Conclusion

The conclusion from experts' opinions through the AHP assessment is that a pull strategy
in the form of improving public transport services and infrastructure (especially the integration of
public transport services) is one part of a reliable TDM strategy to overcome transportation
problems. This strategy should be accompanied by a push strategy policy to implement the motor
vehicle tax scheme so that the TDM policy can run well. However, there are also differences of
expert opinion regarding the effectiveness of TDM in a push strategy which is judged by its ACI
value. Strategies that get uniformity of assessment by experts are control of motorized vehicle
owners, vehicle ownership tax schemes, subsidies for public transport, encouraging the use of
non-motorized vehicles, and cycling infrastructure improvement. The results of previous research
also show that there are other factors that influence the success of TDM including coercive
policies (Géarling & Schuitema, 2007; Steg & Schuitema, 2007), a balance of push and pull
strategies (He et al., 2009; Wang et al., 2022), as well as characteristics of people's behavior that
need attention (Eriksson et al., 2010).

Practically, the results of this study can be used by stakeholders to determine the TDM
strategy to be implemented in overcoming urban congestion. The next theoretical implication is
the need to measure public acceptance of TDM strategy implementation by using public policy
acceptance theory or other theories.
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