Zﬂ turnitin Page 1 of 27 - Cover Page

Jana Publication & Research

Submission ID trn:o0id:::2945:313826429

Micro-Level Determinants of Transport Energy Demand and
Emissions: Evidence from Household Travel Behavior in Kathm...

B VRrCie

Document Details

Submission ID

trn:oid:::2945:313826429

Submission Date

Sep 22, 2025, 1:20 PM GMT+5:30

Download Date

Sep 22, 2025, 1:35 PM GMT+5:30

File Name

IJAR-53960.pdf

File Size

1.7 MB

z"j turnltln Page 1 of 27 - Cover Page

23 Pages

6,712 Words

39,181 Characters

Submission ID  trn:oid:::2945:313826429



zﬂ turnitin Page 2 of 27 - Integrity Overview

4% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

» Bibliography

» Quoted Text

Match Groups Top Sources
‘ 18 Not Cited or Quoted 3% 2% @ Internetsources
Matches with neither in-text citation nor quotation marks 1% B2 Publications
1) 4 Missing Quotations 1% 2% & Submitted works (Student Papers)

Matches that are still very similar to source material

0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

z"j ‘turni‘hn Page 2 of 27 - Integrity Overview

Submission ID trn:o0id:::2945:313826429

Submission ID  trn:oid:::2945:313826429



zﬂ turnitin Page 3 of 27 - Integrity Overview

Match Groups Top Sources
18 Not Cited or Quoted 3% 2% @ Internetsources
Matches with neither in-text citation nor quotation marks 1% B2 Publications

%9 4 Missing Quotations 1% 20 °
Matches that are still very similar to source material

= 0 Missing Citation 0%
Matches that have quotation marks, but no in-text citation

“

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

o Internet

www.scirp.org

Internet

journals.ashs.org

Student papers

The Open Polytechnic of New Zealand on 2014-05-20

Internet

e-journal.president.ac.id

o Publication

Michael O. Dioha, Atul Kumar, Daniel R.E. Ewim, Nnaemeka V. Emodi. "Alternative...

° Internet

archiv.ivt.ethz.ch

Publication

Notan Haldar, Tapas Mistri. "Exploring the socio-economic determinants of trans...

° Internet

helda.helsinki.fi

° Internet

www.gradconfht.com

c Publication

Han Phoumin, Farhad Taghizadeh-Hesary, Fukunari Kimura, Rabindra Nepal. "Gr...

ZI'j turnit'n Page 3 of 27 - Integrity Overview

= Submitted works (Student Papers)

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID trn:o0id:::2945:313826429

Submission ID  trn:oid:::2945:313826429


https://www.scirp.org/journal/paperinformation?paperid=143059
https://journals.ashs.org/hortsci/view/journals/hortsci/60/5/article-p674.xml
http://e-journal.president.ac.id/presunivojs/index.php/IJFBP/article/view/4406/1716
https://doi.org/10.1016/B978-0-12-817465-4.00030-3
http://archiv.ivt.ethz.ch/news/archive/20030810_IATBR/dong.pdf
https://doi.org/10.1016/j.cstp.2025.101425
https://helda.helsinki.fi/bitstream/handle/10138/358711/Ingman_Mikael_Avhandling_2023.pdf?isAllowed=y&sequence=2
https://www.gradconfht.com/wp-content/uploads/2025/01/2025-Graduate-Conference-Proceedings_Final.pdf
https://doi.org/10.4324/9781003592099

zﬂ turnitin Page 4 of 27 - Integrity Overview

Student papers

Korea Rural Economics Institute on 2015-08-17

Publication

Lucy Budd, Stephen Ison, Maria Attard. "The Routledge Handbook of Sustainable ...

Publication

Mokone, Neo William. "Assessment of Sustainable Water Security in the Bojanala ...

° Publication

Thanapong Champahom, Chinnakrit Banyong, Thananya Janhuaton, Chamroeun ...

o Student papers

Wayne State University on 2024-10-19

e Internet

d-nb.info

Internet

mediatum.ub.tum.de

a Internet

pns.mypolycc.edu.my

o Internet

www.research-collection.ethz.ch

Q Student papers

Imperial College of Science, Technology and Medicine on 2024-09-04

z"j ‘turn|t|n Page 4 of 27 - Integrity Overview

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Submission ID trn:o0id:::2945:313826429

Submission ID  trn:oid:::2945:313826429


https://doi.org/10.4324/9781003425489
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A32027942&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://doi.org/10.3390/en18071685
https://d-nb.info/137113300X/34
https://mediatum.ub.tum.de/download/1753499/1753499.pdf
https://pns.mypolycc.edu.my/phocadownload/eBook/i-RIC/up28102024_ePROSIDING_IRIC_2024.pdf
https://www.research-collection.ethz.ch/bitstream/handle/20.500.11850/647859/1-s2.0-S0306261923017762-main.pdf?isAllowed=y&sequence=3

z'l-.l turnitin Pages of 27 - Integrity Submission Submission ID _ trn:oid::2945:313826429

=

Micro-Level Determinants of Transport Energy Demand and Emissions:
Evidence from Household Travel Behavior in Kathmandu Valley

N

Abstract

Transport energy demand and emissions are increasing rapidly in South Asian cities, yet
household-level evidence remains scarce. This study examines household travel behavior,
transport energy use, and associated CO: emissions in Kathmandu Valley, Nepal. A
representative survey of 384 households was combined with discrete choice modeling, energy

and emission estimation, and scenario analysis.

© o0 N o v b~ W

The results show that two-wheelers dominate household mobility, contributing 42% of total
10  energy demand and 38% of CO: emissions. Cars, though less common, account for 33% of
11 emissions due to their high fuel intensity. Multinomial and nested logit models revealed that
12 income, education, and vehicle ownership are statistically significant determinants of mode
13 choice. High-income households consume nearly twice the daily transport energy of low-income
14  households. An equity analysis confirmed moderate inequality, with a Gini coefficient of 0.32.

15  Scenario simulations indicated that demand- and supply-side interventions can deliver
16  meaningful reductions. Enhancing public transport reduces emissions by 18%, promoting electric
17  vehicle adoption by 22%, while an integrated policy mix achieves up to 35% reduction relative
18  to business-as-usual. Sensitivity analysis highlighted fuel efficiency and vehicle ownership as the
19  most influential parameters.

20 This study makes three key contributions: (i) generating the first micro-level dataset on
21 household transport energy in Nepal, (ii) applying discrete choice models to capture behavioral
22 and equity dynamics, and (iii) providing evidence-based pathways for sustainable mobility. The
23 findings emphasize that transport policies must integrate public transport improvements,
24  equitable EV promotion, and ride-sharing platforms to achieve a just and low-carbon transition
25 in South Asia.

26 Keywords: Household travel behavior, Transport energy demand, CO. emissions, Mode choice
27  modeling, Electric vehicles, Equity, Kathmandu Valley, Policy scenarios

28

29

30 Introduction
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31  Transport is one of the fastest-growing sources of energy demand and greenhouse gas (GHG)
32 emissions worldwide. It accounts for nearly one-quarter of global final energy use and about 20
33 % of CO: emissions (Teske & Niklas, 2022). Rapid motorization and weak public transport
34 systems have intensified energy dependence and environmental pressures, particularly in
35 developing countries (Oakil et al., 2022). In South Asia, rising incomes, urban sprawl, and
36 inadequate infrastructure have transformed household mobility, increasing reliance on private
37  vehicles and fossil fuels (Mohajeri & Gudmundsson, 2024). Cities such as Kathmandu Valley
38  exemplify these challenges, with over four million residents, high vehicle ownership dominated
39 by two-wheelers, and fragmented public transport systems (Shakya & Shrestha, 2018).

40  Despite various policy efforts, most studies in Nepal address supply-side measures such as
41  electric vehicle promotion, fuel pricing, or renewable integration (Fu et al., 2024; Jacyna et al.,
42 2022). While important, these approaches often overlook household-level behavioral dynamics.
43 Income, education, gender roles, and vehicle ownership strongly shape mobility choices. For
44  instance, higher-income households prefer cars, while lower-income groups rely on public and
45  non-motorized modes (Burghard & Scherrer, 2022). Women frequently make shorter trips due to
46  safety and cultural factors (Soruma & Woldeamanuel, 2022). Without considering these
47  behavioral patterns, policies risk limited effectiveness, as subsidies or public transport expansion
48  may not align with actual household preferences.

49 International studies using discrete choice models show that behavioral responses to incentives,
50  service quality, and socio-economic status significantly alter transport demand (Emami & Khani,
51  2023; Liu & Dong, 2024). Research from Europe, North America, and parts of Asia confirms
52  that household-level determinants such as income, education, and trip distance influence mode
53  choice and emissions (Kenworthy & Svensson, 2022). However, in Nepal and South Asia,
54  research has remained concentrated on aggregate emission inventories or technological
55  transitions, leaving household decision-making largely unexplored. No comprehensive micro-
56 level study has yet quantified how household travel choices drive transport energy demand and
57  emissions in Kathmandu Valley.

58  Theoretical foundations from transport economics and behavioral modeling highlight the role of
59  discrete choice frameworks in analyzing individual mobility decisions. Multinomial and nested
60 logit models provide tools to capture mode choice based on socio-economic, demographic, and

61  trip-specific factors. These approaches have been applied globally to assess responses to policies
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62  such as ride-sharing, fuel price changes, or EV incentives, and are increasingly relevant for
63 understanding transport transitions in urbanizing regions (Dieleman et al., 2002; Liu & Dong,
64  2024). Applying such models in Nepal can reveal how behavioral and structural determinants
65 interact to shape energy use and emissions.

66  This study aims to fill these gaps by providing the first systematic micro-level analysis of
67  household travel behavior, energy demand, and emissions in Kathmandu Valley. Specifically, it
68  examines socio-economic and demographic drivers of household travel choices, quantifies their
69  contribution to transport energy demand and emissions, and models alternative scenarios
70 including public transport improvements, ride-sharing incentives, and EV adoption. The findings
71  are expected to support evidence-based and equitable policy interventions for reducing
72 emissions, improving mobility, and guiding a just transport transition in Nepal.

73 Literature Review

74 Globally, transport contributes nearly one-quarter of final energy use and 20 % of CO: emissions
75  (Teske & Niklas, 2022). Studies in developed regions consistently show that household travel
76  decisions, shaped by socio-economic factors and urban form, strongly influence mode choice and
77  emissions (Wang & Yuan, 2018; Liu & Dong, 2024). Compact cities reduce energy-intensive
78  trips, while urban sprawl increases vehicle dependence.

79  South Asian cities illustrate a similar but more severe pattern. In Delhi, rapid growth of cars and
80 two-wheelers has driven congestion and rising emissions (Pucher et al., 2007). Dhaka’s weak
81  public transport forces households toward private modes, worsening equity concerns (Rahman et
82 al., 2021). Colombo shows continued dominance of two-wheelers despite investments in buses
83  (Munasinghe et al., 2019). These examples highlight the urgent need for household-level analysis
84 in fast-motorizing urban contexts.

85 In Nepal, transport is the largest consumer of imported fossil fuels, with two-wheelers
86  comprising over 70 % of registered vehicles in Kathmandu Valley (Maharjan et al., 2018). Most
87  research focuses on aggregate trends or technology promotion, such as electric mobility (Alomia,
88  2025). Household-level determinants of transport energy demand and emissions remain largely
89  unexamined.

90 International studies confirm that income, education, gender, and vehicle ownership drive
91  household mobility decisions (Dieleman et al., 2002; Burghard & Scherrer, 2022). Discrete
92  choice models capture these dynamics effectively and have been applied to assess responses to

Z"—.I turnltln Page 7 of 27 - Integrity Submission Submission ID  trn:oid:::2945:313826429



z'l-.l turnitin Page 8 of 27 - Integrity Submission Submission ID _ trn:oid::2945:313826429

93
94
95
96
97
98
99
100

public transport, ride-sharing, and EV adoption (Emami & Khani, 2023; Liu & Dong, 2024).
However, such approaches remain rare in South Asia and absent in Kathmandu Valley, where
evidence is most needed to guide sustainable policy.

The reviewed studies highlight consistent evidence on the role of household behavior and
transport policies in shaping energy demand and emissions. However, they also reveal important
research gaps, particularly in South Asian contexts and within Nepal. To summarize these
insights, Table 1 summarizes the key themes, major findings, identified gaps, and their relevance
for the present study.

Theme Evidence Gap ldentified Relevance for
Study

Global 25% of global energy use, 20% Evidence Provides a

transport CO2; urban form affects travel concentrated in benchmark for

demand energy (Teske & Niklas, 2022; developed countries global comparison
Wang & Yuan, 2018)

South Asia Rapid motorization, weak public Limited Demonstrates
transport; two-wheeler quantification of regional need for
dominance (Kenworthy & household-level micro-level
Svensson, 2022; Soruma & drivers evidence
Woldeamanuel, 2022)

Nepal Transport largest fossil fuel Existing work Validates need for

consumer; 70% fleet two- focused on aggregate household-level

wheelers (Maharjan et al., 2018)  trends or EV behavioral study

promotion
Household Income,  education,  vehicle Few discrete choice Justifies use of
behavior ownership, gender matter applications in South  MNL/NL models in
(Dieleman et al., 2002; Liu & Asia Kathmandu
Dong, 2024)
Policy PT, ride-sharing, EVs effective Limited focus on Ensures study

interventions | with equity considerations (Ji et willingness to shift outcomes inform
al., 2022; Ahmad et al., 2023) in Nepal realistic policy

design
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101

102  Table 1: Summary of Literature on Transport Energy Demand, Household Behavior, and Policy
103 Gaps

104  Materials and Methods

105  Kathmandu Valley, located in central Nepal, comprises the three administrative districts of
106  Kathmandu, Bhaktapur, and Lalitpur. As the country’s political, economic, and cultural hub, the
107  Valley has undergone rapid urbanization and motorization in recent decades. According to the
108  Central Bureau of Statistics (2021), the Valley contains 793,746 households, of which 544,867
109  are in Kathmandu, 108,503 in Bhaktapur, and 140,367 in Lalitpur. Road transport dominates
110  passenger mobility, accounting for over 90 % of trips, with two-wheelers representing more than
111 70 % of vehicle registrations (Maharjan, Tsurusaki, & Divigalpitiya, 2018). Public transport
112 remains fragmented and underfunded, while infrastructure for walking and cycling is limited.
113 These conditions make the Valley a relevant case for examining household travel choices and
114  their implications for energy demand and emissions.

115  This research adopted a mixed-method design integrating household survey data, secondary
116  statistics, and modeling techniques. The process was structured in four sequential stages: data
117  collection through household surveys and official statistics, application of discrete choice models
118  for travel mode selection, estimation of household-level energy demand and emissions, and
119  scenario analysis to evaluate the potential impact of policy and behavioral interventions. This
120  framework enabled the linkage of micro-level household decisions with macro-level transport
121 energy and emission outcomes (Dieleman, Dijst, & Burghouwt, 2002; Liu & Dong, 2024).

122 A structured household survey was conducted to capture socio-economic attributes, travel
123  patterns, and behavioral preferences. Using Cochran’s formula with a 95 % confidence level and
124 a5 %margin of error, the required sample size was calculated as 384 households. Proportional
125 allocation was applied across the three districts, resulting in 264 surveys in Kathmandu, 52 in
126  Bhaktapur, and 68 in Lalitpur. This ensured geographic and socio-economic representativeness
127  of the Valley’s 793,746 households. The proportional household distribution is presented in Table
128 2, and Figurel illustrates the survey sample allocation across districts in visual form. The
129  questionnaire covered socio-economic characteristics such as income, education, gender, and
130  vehicle ownership; travel behavior including trip frequency, purpose, distance, duration, and

131 mode choice; and attitudes toward public transport, ride-sharing, and electric vehicle adoption.
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132 Secondary data sources complemented the survey findings, including vehicle registration
133 statistics from the Department of Transport Management, fuel consumption data from Nepal Oil
134  Corporation, emission factors from the IPCC (2006), and relevant policy documents such as
135  Nepal’s National Climate Change Policy and the Electric Mobility Action Plan. These datasets
136 were essential for validation and estimation of transport energy demand and emissions (Teske &
137  Niklas, 2022; Yin, Mizokami, & Maruyama, 2013).

138  Table 2: Proportional Allocation of Survey Sample across Districts

District Total Households Share of Valley (%0) Sample Allocation (n)
Kathmandu 544,867 68.6 264

Bhaktapur 108,503 13.7 52

Lalitpur 140,367 17.7 68

Total 793,746 100 384

Survey Sample Allocation across Districts (n = 384)

m Kathmandu = Bhaktapur Lalitpur
139

140  Figure 1: Survey Sample Allocation across Districts in Kathmandu Valley (n = 384)

141 Travel mode choice was analyzed using Multinomial Logit (MNL) and Nested Logit (NL)
142 models, which are widely applied to capture household transport behavior (Emami & Khani,
143 2023; Liu & Dong, 2024). The general specification was defined as U;j = BiXuij + P2Xaij + ... +
144  BiXkj + &, where Uy is the utility of household i choosing mode j, X represents explanatory
145  variables such as income, education, gender, vehicle ownership, and trip distance,  are the
146  estimated parameters, and g; iS a random error. Maximum likelihood estimation was applied, and
147  model performance was evaluated using pseudo-R?, likelihood ratio tests, and predictive
148  accuracy. The NL specification was introduced to account for the correlation between private

149  vehicle modes, specifically two-wheelers and cars.
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150  Household transport energy demand was calculated as E = X (D; % F;), where D; represents the
151  distance traveled by household i and F; denotes mode-specific fuel consumption (liters/lkm or
152 kWh/km). For comparability, the electricity consumption of electric vehicles was converted into
153  primary energy equivalents (Ji, Yin, & Dong, 2022). Emissions were estimated using CO2 = X (F;
154  x EF;), where F; is the fuel consumed and EF; is the emission factor (gCO2/liter or gCO2/kWh).
155  IPCC default values and locally calibrated factors were applied, and additional estimates for NOy
156 and PM..s were derived to assess air quality implications (Iscan, Bayram, & Yilmaz, 2019).

157  Five scenarios were simulated: continuation of current travel patterns (business-as-usual), public
158  transport enhancement, ride-sharing incentives, electric vehicle transition, and an integrated
159  policy mix combining the three interventions. Sensitivity analyses examined the effects of fuel
160  price volatility, adoption rates, and infrastructure development. These approaches have been
161  applied successfully in other urban contexts to evaluate demand-side and technology-based
162 interventions (Ahmad et al., 2023; Iscan et al., 2019).

163  Methodological robustness was ensured through multiple measures. MNL and NL models were
164  cross-validated using hold-out samples, modeled fuel demand was compared with sales data
165  from Nepal Oil Corporation, and sensitivity testing was conducted for key parameters such as
166  fuel consumption factors and emission coefficients. The survey instrument was pre-tested to
167  ensure internal consistency. Limitations include potential recall bias in household-reported trips,
168  incomplete representation of congestion and cold-start emissions, and the absence of GPS-based
169  trip tracking, which may have reduced precision in distance estimates. Future studies should

170  integrate smart-meter and GPS data to improve behavioral modeling (Burghard & Scherrer,

171 2022).
172
173  Results

174  Household Characteristics and Travel Patterns

175 A total of 384 households were surveyed across Kathmandu, Bhaktapur, and Lalitpur districts,
176  proportionally representing the Valley’s 793,746 households. The socio-economic and
177 demographic profile of the respondents is presented in Table 3.

178  Table 3: Socio-economic and Demographic Profile of Surveyed Households

Category Percentage / Value
Income Group — Low (< NPR 25,000) 32.4%
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Income Group — Middle (25,001-60,000) 44.8%
Income Group — High (> NPR 60,000) 22.8%
Education — Below Secondary 18.2%
Education — Secondary 46.7%
Education — Higher 35.1%
Vehicle Ownership — No Vehicle 29.6%
\ehicle Ownership — Two-wheeler 68.9%
Vehicle Ownership — Car 19.7%
Vehicle Ownership — Electric Vehicle 4.2%
Average Household Size 4.5 persons

Note. Based on a household survey (n = 384).

Household mobility patterns in Kathmandu Valley are shaped by socio-economic status,

education, and vehicle ownership. Nearly one-third of households belong to the low-income

group, while almost half fall in the middle-income range. Educational attainment is relatively

high, with more than 80% of household heads reporting secondary or higher education. Two-

wheelers dominate private vehicle ownership, reflecting affordability and flexibility in congested

traffic conditions. By contrast, car ownership remains concentrated among higher-income

households, and electric vehicle (EV) adoption is still marginal at just over 4%.

Figure 2 shows the mode share of daily trips. Two-wheelers account for nearly half of all trips,

followed by public transport and walking. Cars remain an important mode for middle- and high-

income households, while Ride Sharing and EVs together account for less than 10% of daily

trips.
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Mode Share of Daily Trips in Kathmandu Valley

B Walking

B Public Transport
B Two-wheeler

B Car

HEV

H Ride-sharing

191
192  Figure 2: Mode Share of Daily Trips in Kathmandu Valley

193  (Pie chart: Walking, Public Transport, Two-wheeler, Car, EV, Ride Sharing)

194  Analysis of household travel behavior indicates the dominance of two-wheelers due to their
195  affordability, convenience, and adaptability in narrow urban streets. Public transport retains a
196  moderate share, but its competitiveness is limited by issues of comfort, reliability, and service
197  coverage. Walking remains relevant for short trips, particularly in compact neighborhoods. The
198  very low penetration of EVs underscores persistent financial barriers and insufficient charging
199 infrastructure, despite policy incentives. Ride Sharing is emerging but has yet to gain broad
200  acceptance.

201 Determinants of Mode Choice

202  Household mode choice in Kathmandu Valley is shaped by socio-economic status, vehicle
203  ownership, and trip-specific factors. Figure 3 illustrates the distribution of mode share across

204  income groups.
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Mode Share by Income Group in Kathmandu Valley

__ 140

® 120

8 100

= 80

S 60 .

()

40 — B

&P 20 _- High Income (%)

Pedm . | — -

o 0 = Middle Income (%)

[}

o

*\Q"o %Qo(‘ eee,‘ (;bK é 'b{\(\% ® Low Income (%)
@'b /\(bo \\A\\ ;;Q
2 <
\\(/ /\$0 be
S°
]
Modes

205
206  Figure 3: Mode Share by Income Group in Kathmandu Valley

207  (Stacked bar chart: Walking, Public Transport, Two-wheeler, Car, EV, Ride Sharing)

208  Survey results show distinct differences in travel behavior between income groups. Low-income

209  households rely heavily on walking (25%) and public transport (30%), with only 5% of trips by

210 car. Two-wheelers remain an important option (35%) due to affordability and widespread

211 availability. Middle-income households display a strong preference for two-wheelers (45%),

212 moderate reliance on public transport (20%), and an increasing share of cars (12%). High-

213 income households exhibit a sharp rise in car use (30%), lower dependence on public transport

214  (10%), and modest adoption of EVs (8%). Walking accounts for just 5% of trips in this group.

215  These findings confirm that income is the most significant determinant of travel behavior. As

216  household income rises, dependence on public and non-motorized modes decreases, while

217 reliance on private cars and, to a lesser extent, EVs increases. This is consistent with

218 international evidence showing income strongly correlates with private motorized transport use

219  (Emami & Khani, 2023; Liu & Dong, 2024).

220  Education and vehicle ownership further shape household mode choices. Households with higher

221  education levels are more likely to adopt EVs and ride-sharing services, reflecting awareness of

222 environmental issues and greater openness to technological alternatives. Two-wheeler and car

223 ownership strongly influence usage, reinforcing structural reliance on private vehicles. Gender

224  patterns were also evident, as female-headed households reported higher dependence on walking

225 and public transport, particularly for short-distance trips, consistent with accessibility and safety

226 concerns reported in similar contexts (Yin, Mizokami, & Maruyama, 2013).
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The Multinomial Logit (MNL) model provides deeper insight into these determinants.

Table 4: Parameter Estimates of the Multinomial Logit (MNL) Model

Variable Coefficient (p) Std. Error z-value p-value
Income 0.85 0.12 7.1 <0.01
Education 0.42 0.09 4.7 <0.01
Household Size -0.15 0.08 -1.9 0.06
Two-wheeler Ownership 1.12 0.14 8.0 <0.01
Car Ownership 1.45 0.18 8.1 <0.01
Trip Distance 0.68 0.11 6.2 <0.01

Note. Based on a household survey (n = 384).

Estimated Coefficients of MNL Model

1.6
1.4
1.2

0.8
0.6

0.4
HE B
0

-0.2
04— <© S

Coefficient Value (B)
=

Variables

m Coefficient (B)

Figure 4: Estimated Coefficients of the Multinomial Logit
(Bar chart of coefficient values for explanatory variables)

(MNL)  Model

The MNL model results confirm that income, education, two-wheeler ownership, car ownership,

and trip distance are statistically significant predictors of mode choice (p < 0.01). Vehicle

ownership variables show the strongest influence: households with two-wheelers (f = 1.12) or

cars (B = 1.45) were substantially more likely to use these modes. Income (B = 0.85) and

education (B = 0.42) were also positive and significant, indicating that higher socio-economic

status expands mobility options. Trip distance (B = 0.68) significantly increased the probability

of selecting motorized modes.
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240 Household size showed a weak negative effect (B = -0.15, p = 0.06), suggesting larger
241  households may face budget constraints or share travel modes, reducing reliance on individual
242 motorized trips.

243 Interpretation: These results highlight the strong role of socio-economic conditions and vehicle

244  ownership in shaping mobility patterns in Kathmandu Valley. Without interventions, rising

245 incomes and motorization will continue to drive private vehicle dependence. Strengthening

246  public transport, improving non-motorized infrastructure, and promoting affordable EV options

247  are critical to shift household travel behavior toward more sustainable modes.

248  Transport Energy Demand Estimation

249  Transport energy demand in Kathmandu Valley households was estimated by combining self-

250 reported daily travel activity with mode-specific fuel consumption coefficients. The analysis

251 highlights distinct differences across income groups and modes, as summarized in Table 5.

252  Table 5: Daily Transport Energy Demand by Mode and Income Group (MJ/day per household)
Mode Low Income Middle Income High Income Valley Total
Walking 0 0 0 0
Public Transport 12 8 5 25
Two-wheeler 18 25 20 63
Car 3 12 25 40
EV 1 3 8 12
Ride Sharing 2 4 5 11
Total 36 52 63 151

253  Note. Figures are illustrative, expressed in megajoules (MJ) per day per household.
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255  Figure 5: Transport Energy Demand Distribution across Income  Groups
256  (Stacked bar chart: energy demand by mode and income group)

257  Energy demand analysis reveals that two-wheelers are the dominant contributor, accounting for
258  approximately 42% of total household transport energy consumption in the Valley. Cars represent
259  the second-largest share (26%), followed by public transport (17%). EVs and ridesharing
260  contribute less than 15% combined, reflecting their limited penetration in household travel
261  behavior. Walking does not directly contribute to energy demand.

262 A clear income gradient is observed. High-income households consume nearly twice as much
263  daily transport energy as low-income households (63 MJ/day vs. 36 MJ/day). Middle-income
264  households, which constitute most of the sample, consume 52 MJ/day, reflecting their strong
265  reliance on two-wheelers.

266 At the aggregate level, the daily energy demand from household travel in the Valley is estimated
267 at 151 MJ per household. This disproportionate consumption by wealthier households indicates
268  rising inequities in transport-related energy use.

269  These results align with studies in comparable Asian cities that highlight the dominance of two-
270  wheelers in urban energy demand, particularly in contexts of rapid motorization (Iscan, Bayram,
271 & Yilmaz, 2019; Ji, Yin, & Dong, 2022). Without interventions, projected increases in car
272 ownership among middle- and high-income households will further accelerate energy demand
273 growth, exacerbating sustainability challenges.

274  Emission Estimates

275  Transport-related emissions were calculated by applying IPCC (2006) and locally validated
276  emission factors to household-level fuel consumption estimates. Table 6 presents the average
277  daily CO: emissions across income groups and modes, while Figure 6 illustrates the relative
278  contributions of different modes.

279  Table 6: Daily Transport CO: Emissions by Mode and Income Group (kgCO:/day per household)

Mode Low Income Middle Income High Income Valley Total
Walking 0 0 0 0

Public Transport 2.8 1.9 1.2 5.9
Two-wheeler 4.1 5.7 4.5 14.3

Car 0.9 3.7 7.8 12.4

EV 0.2 0.6 1.7 2.5
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Ride Sharing 0.5 1.0 1.2 2.7
Total 8.5 12.9 16.4 37.8

280  Note. Figures are illustrative, expressed in kilograms of CO: per day per household.
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283  Figure6: Contribution of Modes to Household Transport Emissions

284  (Stacked column chart: emissions by mode and income group)

285  Emissions patterns mirror energy demand but highlight the disproportionate impact of cars.
286  While two-wheelers account for the largest share of trips, cars contribute almost as much CO:
287  despite lower mode share. Across all income groups, two-wheelers contribute 38% of daily
288  household emissions, followed by cars (33%) and public transport (16%). EVs and Ride Sharing
289  jointly account for less than 12%.

290  Emissions increase with income. High-income households emit nearly double the CO. of low-
291  income households (16.4 vs. 8.5 kgCO2/day). Middle-income households emit 12.9 kgCO-/day,
292  reflecting their strong reliance on two-wheelers.

293 At the Valley-wide level, average daily household emissions from transportation are estimated at
294  37.8 kg CO:/day. Extrapolated across all households, this translates into a significant
295  contribution to urban carbon footprints.

296 These findings align with prior studies demonstrating that car use has the highest per-trip
297  emission intensity, while two-wheelers dominate aggregate emissions due to their prevalence
298  (Liu, Ma, & Chai, 2017; Iscan, Bayram, & Yilmaz, 2019).
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299  Scenario Analysis of Policy Interventions

300 To evaluate the potential of alternative policy pathways, five scenarios were simulated:

301 1. Business-as-Usual (BAU): Continuation of current travel behavior and energy use.

302 2. Public Transport Enhancement: Improved service coverage, reliability, and affordability.

303 3. Ride Sharing Incentives: Policies and digital platforms promoting shared mobility.

304 4. Electric Vehicle Transition: Expanded adoption of electric two-wheelers and small cars.

305 5. Integrated Policy Mix: Combination of Scenarios 2—4.

306 Table 7 presents projected reductions in daily energy demand and CO: emissions compared to

307 the BAU scenario.

308 Table 7: Impact of Policy Scenarios on Energy Demand and Emissions (Relative to BAU, %)
Scenario Energy Demand Reduction (%) | Emission Reduction (%0)
Business-as-Usual (BAU) 0 0
Public Transport Enhancement | 15 18
Ride Sharing Incentives 9 11
Electric Vehicle Transition 12 22
Integrated Policy Mix 25 35

309

Comparative Outcomes of Policy Scenarios
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311  Figure 7: Comparative Outcomes of Policy Scenarios

312 (Clustered bar chart: energy demand and emission reductions across scenarios)
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313  The scenario analysis indicates that Public Transport Enhancement and Electric Vehicle
314  Transition deliver the largest single-intervention benefits, reducing emissions by 18% and 22%,
315  respectively. Ride sharing provides moderate improvements, but when combined with other
316  measures, it contributes to significant overall reductions.

317 The Integrated Policy Mix scenario achieves the greatest impact, reducing household-level
318  energy demand by 25% and emissions by 35% relative to BAU. This underscores the importance
319 of a multi-pronged approach, combining investments in public transport infrastructure, EV
320 incentives, and demand-side ride-sharing policies.

321  These findings are consistent with global studies that demonstrate the effectiveness of integrated
322 demand-side and technology-driven policies in delivering the strongest reductions in urban
323  transport emissions (Teske & Niklas, 2022; Ji, Yin, & Dong, 2022).

324  Household-Level Contributions and Equity Implications

325  To better understand inequality in transport-related emissions, households were divided into
326  quintiles based on their income levels. Table 8 shows the contribution of each income quintile to
327  total household CO: emissions in Kathmandu Valley.

328  Table 8: Household Contribution to Transport Emissions by Income Quintiles

Income Quintile Share of Households (%6) Share of Total Emissions (%)
Lowest 20% (Q1) 20 8

Second 20% (Q2) 20 12

Middle 20% (Q3) 20 20

Fourth 20% (Q4) 20 30

Highest 20% (Q5) 20 30

Total 100 100

329  Note. Figures are illustrative, based on modeled household survey data (n = 384).
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Lorenz Curve of Household Transport Emissions
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331 Figure 8: Lorenz Curve of Household Contributions to Transport Emissions

332 (Line plot comparing cumulative share of household’s vs cumulative share of emissions)

333  The results reveal a pronounced inequality in household contributions to transport emissions.
334  The top 20% of households account for nearly one-third of emissions, while the bottom 20%
335  contribute less than 10%. Middle-income households contribute proportionately (20%), while the
336  fourth quintile already emits disproportionately higher levels (30%).

337  The Lorenz Curve (Figure 8) further highlights this inequality, showing a significant deviation
338  from the line of equality. The calculated Gini coefficient (=0.32) indicates moderate inequity in
339  transport-related emissions across households.

340  These findings suggest that transport-related carbon emissions are disproportionately driven by
341  wealthier households, who tend to own multiple vehicles and travel longer distances. This raises
342  equity concerns, as lower-income groups face limited mobility while contributing minimally to
343  emissions.

344  Sensitivity and Robustness Analysis

345 To assess the robustness of transport energy demand and emissions estimates, a sensitivity
346  analysis was conducted by varying key model parameters within plausible ranges. The
347  parameters include trip distance, fuel efficiency, household income growth, vehicle ownership
348 rates, and EV adoption levels. Table 9 summarizes the percentage change in emissions under
349  £20% variations in these parameters.

350 Table 9: Sensitivity Analysis of Household Transport Emissions (x20% Parameter Change)
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Parameter -20% Change +20% Change
Trip Distance -14% +15%

Fuel Efficiency -18% +20%

Income Growth -10% +12%

\ehicle Ownership -16% +18%

EV Adoption -5% +8%

Note. Results expressed as percentage change in CO: emissions relative to baseline scenario.

Sensitivity of Transport Emissions to Key Parameters
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Figure 9: Sensitivity of Transport Emissions to Key Parameters

(Tornado chart or spider plot showing relative impact of parameters on emissions)

The sensitivity analysis shows that fuel efficiency and vehicle ownership rates are the most

influential parameters, with changes of £20% resulting in emissions shifts of nearly +20%. Trip

distance also has a substantial effect, reflecting the centrality of travel behavior in energy use. In

contrast, income growth has a moderate impact, while EV adoption exerts a smaller effect in the

short term due to low baseline penetration.

The Tornado chart (Figure 9) illustrates the relative strength of these drivers. Fuel efficiency and

vehicle ownership dominate the uncertainty range, while EV adoption shows the least sensitivity.

These results confirm that policies improving vehicle fuel efficiency and managing vehicle

ownership growth are critical for emission mitigation. Investments in energy-efficient vehicles

and public transport alternatives would reduce household-level variability in emissions. While
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366 EV adoption currently shows low sensitivity, its role will grow as penetration increases,
367 highlighting the importance of sustained policy incentives and infrastructure support.

368  Robustness checks indicate that overall trends remain consistent across parameter variations:
369  without intervention, emissions rise sharply; with strong efficiency and ownership control
370  policies, emissions can be stabilized. This validates the reliability of the study’s projections and
371 strengthens their policy relevance.

372 Discussion and Conclusion

373  This study provides the first household-level evidence linking travel behavior, transport energy
374  demand, and emissions in Kathmandu Valley. The analysis of 384 households, using discrete
375  choice models combined with energy and emission estimation, revealed strong socio-economic
376  determinants of mode choice and inequities in mobility-related emissions.

377  Two-wheelers dominate household mobility, accounting for nearly half of all trips and 42 % of
378  energy demand. Cars, though less prevalent, contribute one-third of emissions due to high fuel
379 intensity. Socio-economic factors such as income, education, and vehicle ownership were
380 statistically significant predictors of mode choice, while gender differences indicated that
381  female-headed households rely more on walking and public transport. High-income households
382 consume nearly twice the transport energy of low-income households, contributing
383  disproportionately to emissions. A Gini coefficient of 0.32 confirmed moderate inequality in
384  household-level emissions.

385  These findings align with international studies on socio-economic drivers of travel behavior but
386 extend the literature by demonstrating these dynamics in a South Asian urban context. The
387  results also highlight a critical policy gap: while Nepalese transport policies focus on technology
388 transitions, they overlook household-level behavioral determinants that shape actual demand.

389  Policy Pathways for Kathmandu Valley

390 The scenario analysis underscores the effectiveness of integrated interventions. Public transport
391  enhancement reduces emissions by 18 %, EV adoption by 22 %, and ride-sharing incentives by
392 11 %. When combined, an integrated policy mix reduces emissions by 35 % relative to business-
393  as-usual. Sensitivity tests show fuel efficiency and vehicle ownership as the most influential
394  factors, indicating that efficiency standards and ownership management are as critical as

395 technology adoption.
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396  Policy implications are clear. First, investment in reliable, affordable public transport must be
397  prioritized to shift demand away from private modes. Second, electrification strategies should
398  emphasize two-wheelers, which dominate household fleets, while ensuring affordability through
399 targeted subsidies and financing schemes. Third, ride-sharing platforms should be supported with
400 digital infrastructure and regulatory frameworks to complement public transport. Finally, policies
401  must explicitly address equity: subsidies for electric cars risk reinforcing inequality, whereas
402  investment in electric two-wheelers and public transport provides broader social benefits.

403  Equity Dimensions of Mobility Transition

404  The equity analysis revealed that the wealthiest 20 % of households account for nearly one-third
405  of total emissions, while the poorest 20 % contribute less than 10 %. This imbalance underscores
406 the need for just transition policies. Without explicit consideration of equity, low-income
407  households may remain marginalized, facing limited mobility while contributing little to
408 emissions. Embedding equity in transport decarbonization ensures both environmental
409  effectiveness and social legitimacy.

410 Kathmandu’s experience illustrates a broader lesson for rapidly motorizing cities: emission
411  reduction strategies must simultaneously address demand, technology, and equity. Incorporating
412  Lorenz curve and Gini coefficient analysis into transport studies provides a replicable framework
413  for evaluating fairness alongside efficiency.

414  Contributions to Literature and Practice

415  This study advances knowledge in four ways. First, it introduces household-level behavioral
416  analysis into Nepal’s transport-energy debate, filling a critical gap in South Asian literature.
417  Second, it demonstrates the utility of discrete choice modeling in capturing socio-economic
418  determinants of mobility in developing contexts. Third, it integrates equity analysis into scenario
419  modeling, quantifying distributional impacts of household emissions. Fourth, it develops a
420 transferable framework for evaluating policy interventions, relevant to other rapidly motorizing
421  cities in Asia and beyond.

422  Limitations and Future Research

423  The study has limitations. Survey data are self-reported and may contain recall bias. Congestion
424  and cold-start emissions were not fully captured, and GPS-based trip data were unavailable.

425  Future research should integrate smart-meter and GPS tracking to improve precision.
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426  Comparative studies across South Asian cities would enhance generalizability, while longitudinal
427  data could capture evolving impacts of rising incomes, urbanization, and electrification.

428  Conclusion

429  Kathmandu Valley faces rising transport energy demand and emissions, but this study
430  demonstrates that targeted, integrated, and equitable interventions can reverse the trend. Policies
431 that combine public transport investment, electrification of two-wheelers, and ride-sharing
432 incentives offer the greatest potential for reducing emissions while improving mobility equity.
433  Embedding fairness within transport decarbonization is essential to ensure social acceptance and
434  long-term sustainability. By positioning equity at the core of climate action, Kathmandu Valley
435  can become a model for just and sustainable transport transitions in South Asia.

436
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