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SASEC Transport Strategy 2035: Pathways to Seamless,
Sustainable and Regional Integration
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Joint Secretary, Ministry of Infrastructure Development

Abstract

The SASEC Transport Strategy 2035 presents a long-term vision for strengthening
r egional connectivity, improving logistics efficiency, and promoting sustainable
transport systems across South Asia. For a landlocked country like Nepal, effective
alignment with this strategy offers significant opportunities to enhance international
m arket access, reduce trade costs, diversify transit options, and integrate more
effectively into regional and global supply chains. The strategy emphasizes multimodal
c onnectivity, resilient infrastructure, green transport solutions, digitalization, and
stronger institutional coordination among member countries. This article examines
how Nepal can strategically align its national transport policies and infrastructure
development with the SASEC Transport Strategy 2035. It highlights key corridors,
cross-border connectivity initiatives, and logistics improvements that can transform
Nepal from a landlocked to a land-linked economy. The analysis further examines
policy coherence between Nepal’s national development frameworks and the SASEC
Transport Strategy 2035, highlighting strategic priorities for corridor development,

multimodal logistics integration, and climate-resilient transport infrastructure.
Box 1. Why this article matters for Nepal ?

Nepal’s strategic alignment with the SASEC Transport Strategy 2035 matters
b ecause it links national transport development with regional market access,
| ogistics modernization, and long-term economic resilience. For Nepal, the
strategy is not only about roads and border points; it is about improving access to
ports in India and Bangladesh, reducing trade costs, strengthening multimodal
transport, modernizing border systems, and preparing for climate-resilient and
lower-emission connectivity. It also opens a policy pathway for Nepal to move
from a landlocked condition toward a land-linked and more regionally integrated
economy.
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This box is justified by the report’s vision and mission for an environmentally
sustainable, efficient, modern, and well-maintained transport and logistics
system, supported by the strategic pillars and cross-cutting themes.

2. Keywords

Regional connectivity; Multimodal transport; Sustainable transport; Trade facilitation;

Regional integration
3. Background

Regional connectivity hasincreasingly becomea central pillar of economic development
and regional cooperation in Asia. Efficient transport systems facilitate trade, reduce
logistics costs, improve market access, and promote economic integration among
neighboring countries. Recognizing these opportunities, the South Asia Subregional
E conomic Cooperation Program (SASEC) was established in 2001 by Bangladesh,
Bhutan, India, and Nepal with the support of the Asian Development Bank. Over time,
the program expanded to include Maldives (joined in 2014), Sri Lanka (joined in
2014), and Myanmar (Joined in 2017), reflecting a broader vision of strengthening
e conomic cooperation and connectivity across South Asia and the Bay of Bengal

region.

SASEC is a knowledge and project based partnership that aims to improve cross-
border connectivity and facilitate trade among member countries. Nepal has been an
active member since the program’s inception in 2001, participating in various regional
i nitiatives aimed at enhancing infrastructure connectivity, trade facilitation, and-
economic cooperation. The SASEC Vision aspires to transform the subregion into a
major engine of growth in Asia in the twenty-first century, with transport connectivity

identified as one of the most critical pillars for achieving this objective.

The economic context of Nepal further underscores the importance of regional
connectivity. Nepal’s economy has experienced moderate growth in recent years, with
an average gross domestic product (GDP) growth rate of around 3.3 percent. At the
s ame time, the country maintains a relatively high level of trade opennessl,
approximately 56 percent indicating strong dependence on external markets for trade
and economic activity. However, as a landlocked country with challenging topography,

Nepal faces structural constraints in accessing international markets. High transport

1. Trade Openness= (Exports + Imports) x 100 / GDP
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costs, limited transit routes, and inefficient logistics systems continue to pose significant
barriers to trade competitiveness and economic diversification. Improving regional
connectivity and transport efficiency is therefore essential for reducing trade costs and

enhancing Nepal’s export competitiveness.

Nepal’s Economic Survey 2082/83 places the current growth rate somewhat lower: real
GDP growth for FY 2082/83 is estimated (preliminary) at 3.85 percent, down from an
actual 4.43 percent in FY 2081/82. The survey also reports that Nepal’s total foreign
trade grew by 13.5 percent to reach NPR 1,480.36 billion by Falgun of the current fiscal
year, with exports accounting for 12.9 percent of total merchandise trade up from 12.1
percent a year earlier, underscoring the country’s continued and growing dependence

on external trade.

For Nepal, reliable and efficient access to seaports in neighboring countries is therefore
an essential condition for economic development. In particular, improved connectivity
to major ports in India and Bangladesh has become increasingly important for
facilitating international trade, diversifying transit options, and strengthening

integration with regional and global supply chains.

In this context, the SASEC Transport Strategy 2035 provides a comprehensive
framework for strengthening regional connectivity through the development of
efficient, resilient, and sustainable transport networks. The strategy emphasizes the
development of key regional corridors, multimodal transport integration, improved
logistics systems, and enhanced policy coordination among member countries. By
strengthening road, rail, port, and inland waterway connectivity across the subregion,
the strategy aims to facilitate seamless cross-border movement of goods and passengers

while promoting sustainable and climate-resilient infrastructure development.

For Nepal, strategic alignment with the SASEC Transport Strategy 2035 presents a
significant opportunity to transform its geographic constraints into economic
advantages. By strengthening cross-border transport corridors, improving logistics
efficiency, and enhancing institutional cooperation with neighboring countries, Nepal
can gradually transition from a landlocked to a land-linked economy and contribute

more actively to regional economic integration.

Nepal’s engagement with SASEC has evolved over time through a series of regional
initiatives and policy milestones that have gradually strengthened the country’s

integration into regional connectivity frameworks.
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Timeline 1. Key Milestones Shaping Nepal’s Alignment with SASEC

02001 — SASEC established by Bangladesh, Bhutan, India, and Nepal with ADB support
9
02011 — SASEC narrowed sectoral focus to transport, energy, and trade facilitation
9
02014 — Maldives and Sri Lanka joined SASEC
9
2016 — Economic corridor development added to SASEC cooperation; BBIN MVA signed.

A4

April 2017 - SASEC Vision launched in New Delhi.
9

December 2024 — APSI 2024-2026 finalized in Thimphu.

4

02025-2035 — implementation horizon for SST 2035.

Nepal’s engagement with the SASEC Transport Strategy 2035 is also consistent with
the country’s broader national development frameworks. Nepals Sustainable
Development Goals Needs Assessment, Costing and Financing Strategy estimates that
achieving the SDGs will require annual investments of approximately USD 19-20
billion, with infrastructure sectors such as transport, energy, and urban systems
accounting for a substantial share of this requirement. Similarly, the Sixteenth Periodic
Plan (2024/25-2028/29) identifies quality infrastructure and intensive interconnectivity
as a key driver of structural transformation and economic growth. The plan aims to
expand national and provincial highways from 14,755 km to 36,000 km and increase
household access to transport facilities within 30 minutes from 85 percent to 99
percent. In addition, Nepal’s updated Nationally Determined Contribution (NDC 3.0)
highlights sustainable transport systems, electrification of mobility, and climate-
resilient infrastructure as essential components of the country’s climate commitments.
These policy priorities demonstrate that Nepal’s national development agenda strongly

complements the objectives of the SASEC Transport Strategy 2035.

The alignment between Nepal’s national policy frameworks and the SASEC Transport
Strategy 2035 can be summarized as follows.
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Table 1. Alignment of SASEC Transport Strategy 2035 with Nepal’s National Development
Frameworks

Policy Framework Key Targets Relevance to SASEC Strategy

Sixteenth Periodic Plan | Highways expansion 14,755 | Strengthening regional transport
(2024-2029) km to 36,000 km corridors

Transport access within 30 | Improved connectivity to border points

minutes 85% to 99% and trade routes

NDC 3.0 90% electric private vehicles | Low-carbon transport transition
by 2030

NDC 3.0 Expansion of electric rail Modal shift from road to rail
systems

SDG Costing Strategy | USD 19-20 billion annual Infrastructure financing gap addressed

investment needs through regional cooperation

4.1.

0

Analysis

The effectiveness of regional transport initiatives depends largely on the degree of
alignment between national development strategies and regional connectivity
frameworks. In Nepals case, strong policy coherence exists between the SASEC
Transport Strategy 2035 and the country’s national development priorities. The
Sixteenth Periodic Plan emphasizes the development of quality infrastructure and
intensive connectivity as a key driver of structural transformation and economic
growth. At the same time, Nepals Sustainable Development Goals financing strategy
highlights the need for large-scale investment in transport and logistics systems to
support inclusive economic growth and international trade. Similarly, Nepals
Nationally Determined Contribution (NDC 3.0) identifies sustainable and low-carbon
transport systems as an important component of the country’s climate mitigation
strategy. These policy frameworks collectively demonstrate that regional connectivity
initiatives under the SASEC Transport Strategy 2035 can directly contribute to

achieving Nepal’s national development, climate, and sustainability goals.
Strategic Corridors and Nepal’s Regional Positioning:

Regional transport corridors identified under the South Asia Subregional Economic
Cooperation Program (SASEC) Transport Strategy 2035 play a critical role in

strengthening connectivity between landlocked economies and regional and global
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markets. For Nepal, these corridors provide the physical and institutional framework
necessary to improve market access, reduce logistics costs, and enhance economic
integration within South Asiaand beyond. They serve not only as physical infrastructure
links but also as economic development axes connecting production centers, logistics

hubs, and international markets.

Nepal’s strategic geographic location between two major Asian economies, India and
China, creates significant potential for regional connectivity and transit development.
However, realizing this potential requires efficient transport corridors linking Nepal to

neighboring countries and maritime gateways.

Three major corridors are particularly important for Nepal. The Nepal-India corridor
connecting Kathmandu-Birgunj-Kolkata remains Nepals primary trade route,
linking the country’s main economic centers with major ports in eastern India such as
Kolkata and Haldia. Continued improvement of this corridor through road upgrades,
railway connectivity, and logistics infrastructure is essential for maintaining efficient

international trade flows.
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Figure 1. Nepal-India Corridor

The Nepal-India-Bangladesh corridor connecting Kathmandu-Mechinagar-
Dhaka offers Nepal an alternative gateway to maritime ports in Bangladesh, including
Chattogram and Mongla. Strengthening this corridor reduces Nepals reliance on a

single transit route and enhances resilience in regional supply chains.
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Figure 2. Nepal-India-Bangaladesh Corridor

Another important linkage is the Nepal/Bhutan-India-Myanmar corridor, which
connects the Himalayan subregion with eastern India and Myanmar and has the

potential to extend Nepal’s connectivity toward Southeast Asian markets.
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The corridor structure illustrated in Figures 1-3 highlights Nepal’s evolving role within
regional connectivity networks linking South Asia with the Bay of Bengal and Southeast Asia.
These corridors are not merely transport routes; they function as economic development axes
that connect production centers, logistics hubs, and international markets. By improving road
and rail connectivity along these corridors, Nepal can reduce transit time, diversify trade
routes, and enhance access to maritime gateways in India and Bangladesh. The corridor
approach therefore supports the broader objective of transforming Nepal from a geographically
landlocked country into a strategically land-linked economy integrated with regional supply
chains.

In addition to these established corridors, the strategy recognizes the potential
development of a new strategic corridor linking Kathmandu with western Nepal
and major economic hubs in western India. The proposed route would extend from
Kathmandu through western Nepalmincluding the Dodhara Chandani area and
connect to cities such as Lucknow and Delhi before reaching major maritime gateways
including Mumbai and Mundra ports. Such a corridor would diversify Nepal’s access
to global shipping routes and support balanced regional development within the

country.

Together, these corridors form the backbone of Nepal’s regional connectivity strategy
and provide a pathway for transforming the country from a geographically landlocked

state into a land-linked economy integrated with regional markets.

Nepal’s corridor-based connectivity strategy also aligns with the priorities of the
Sixteenth Periodic Plan, which emphasizes the expansion of strategic transport
infrastructure to strengthen national and international connectivity. The plan targets
an increase in road density from 0.63 km per square kilometer to 0.77 km, alongside a
major expansion of highway networks and improved accessibility to transport services
for the population. These infrastructure targets highlight the importance of regional
transport corridors in connecting Nepal’s internal economic centers with international

gateways and trade routes.

Economic Survey 2082/83 data further illustrate this expansion. By the end of Falgun
2082/83 (mid-March 2026), the road network built under federal and local jurisdiction
had reached 36,806 km comprising 20,456 km of blacktopped, 7,602 km of gravel, and
8,748 km of earthen roads, while the density of federally-built blacktopped roads rose
to 138.7 meters per square kilometer. Notable progress has also been recorded along
the National Pride corridors that anchor Nepal’s regional connectivity, including the
Madan Bhandari Highway (395.5 km of its 740 km blacktopped), the Kaligandaki,
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4.2.
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Karnali, and Koshi corridors, and continued construction of the seven tunnels under
the Kathmandu-Tarai/Madhesh Fast Track.

Multimodal Transport and Logistics Transformation

A central principle of the SASEC Transport Strategy 2035 is the development of
multimodal transport systems that integrate road, rail, inland waterways, and port
connectivity. Multimodal logistics networks reduce transport costs, improve freight

efficiency, and enhance the reliability of regional supply chains.

Historically, Nepal’s freight transport has been dominated by road transport. While
roads will remain essential for domestic connectivity, greater integration with rail and

water transport systems can significantly improve logistics performance.

Rail connectivity has already demonstrated important benefits for Nepal’s international
trade. The Birgunj-Raxaul railway link, connected to the Birgunj Inland Container
Depot, provides direct rail access to the Indian railway network and facilitates
containerized cargo movement to major ports such as Kolkata and Visakhapatnam.
Similarly, the Biratnagar-Jogbani rail link strengthens freight connectivity in eastern
Nepal.

Economic Survey 2082/83 data confirm steady progress on these rail links. Under the
East West Electric Railway, 68.6 km of track-bed and 16 railway bridges had been
completed on the Bardibas-Nijgadh section by Falgun 2082/83. On the Nepal-India
cross-border railway, passenger service has commenced on the 52 km Jayanagar-
Janakpur-Bhangaha section, while the Bathnaha-Biratnagar link is nearing readiness
for cargo operations between the Indian border and the Nepal Customs Yard. Final
location survey on the Raxual Kathmandu railway has been completed and feasibility
work on the Nepal-China Kerung-Kathmandu railway has also advanced, with

geological investigation for the alignment about 90 percent complete.

The strategy also highlights the potential for Nepal to utilize India’s National
Waterway-1 (NW-1) along the Ganges River. Inland waterway terminals such as
Sahibganj and Kalughat could enable multimodal transport connections linking river
transport with rail and road networks. Such integration can reduce transport costs for

bulk cargo and provide an additional route to maritime trade.

In addition to physical transport links, the development of modern logistics

infrastructure including dry ports, container freight stations, warehousing facilities,
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and logistics parks is essential for improving supply chain efficiency. These facilities
reduce cargo handling delays, support containerization, and enable seamless cross-
border trade.

The development of multimodal transport systems also contributes to Nepal’s progress
toward the Sustainable Development Goals. Nepal’s Sustainable Development Goals
Needs Assessment, Costing and Financing Strategy: An Update (2025) estimates that
the country requires annual investments of approximately USD 19-20 billion to
achieve SDG targets by 2030, with infrastructure sectors accounting for a major
portion of this requirement. Efficient logistics systems, integrated transport corridors,
and regional connectivity initiatives can therefore play a critical role in addressing

infrastructure gaps while promoting inclusive economic growth and trade facilitation.
4.3. Expressway Corridors and High-Capacity Transport Infrastructure

The SASEC Transport Strategy 2035 also emphasizes the development of access-
controlled highways and expressway corridors along major trade routes. Compared
with conventional highways, expressways allow higher traffic capacity, improved

safety, and more consistent travel speeds.

For Nepal, expressway development along major corridors can significantly improve
transport efficiency. Faster and more reliable road connections reduce travel time,
lower vehicle operating costs, and improve the competitiveness of export-oriented

industries.

Constant-speed travel on access-controlled highways also contributes to environmental
sustainability by reducing fuel consumption and greenhouse gas emissions compared
with congested road networks. Improved road design standards and traffic management

systems further enhance road safety and reduce accident risks.

Equally important is the strategy’s emphasis on preventive and routine maintenance
of infrastructure. Maintaining road quality ensures that transport corridors continue
to operate at their intended performance levels and prevents deterioration that could

reduce travel speeds and increase logistics costs.

High-capacity expressway corridors are also essential for improving national logistics
efficiency. Nepal’s ongoing infrastructure initiatives, such as the Kathmandu-Terai
Fast Track, illustrate the country’s gradual transition toward modern high-capacity

road systems that can support regional freight movement. The Fast Track also
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represents a major step toward modern transport infrastructure that can significantly
reduce travel time between Kathmandu and Nepal’s southern economic gateways.
Such infrastructure investments are consistent with the Sixteenth Periodic Plan’s
objective of improving transport accessibility and strengthening economic connectivity

between major urban and border regions.

Recent progress reported in the Economic Survey 2082/83 illustrates this transition.
Concrete lining of the main Sisne tunnel (1,126 meters) has been completed, alongside
substantial progress on its three bypass tunnels, while structural works on the
Nagdhunga tunnel including lighting, ventilation, and fire-control systems have been
finished. Along other strategic corridors, the Narayanghat-Butwal road has achieved
blacktopping on 95.5 km of four-lane and 7.5 km of two-lane sections, and the Madan
Bhandari Highway has reached 395.5 km of blacktopped surface out of its 740 km

alignment.
Trade Facilitation and Soft Infrastructure

While physical transport infrastructure is essential, seamless regional connectivity
also requires effective soft infrastructure, including policy coordination, regulatory

harmonization, and streamlined border procedures.

One of the most important regional initiatives in this regard is the Bangladesh-
Bhutan-India-Nepal Motor Vehicles Agreement (BBIN MVA). The agreement allows
vehicles registered in one member country to operate in the territories of other member
countries under defined conditions, reducing the need for costly cargo transshipment

at border crossings.

For Nepal, full implementation of the BBIN MVA could significantly improve trade
efficiency by enabling direct cross-border transport along routes such as Kathmandu-
Dhaka and other regional corridors. The agreement also contributes to the development
of Highly Facilitated Trade Corridors, where cargo movement becomes more

predictable, time-bound, and efficient.

Supporting infrastructure such as Integrated Check Posts (ICPs) and One-Stop
Border Posts plays a critical role in simplifying customs, immigration, and security
procedures. By consolidating multiple border management functions within a single

facility, these systems reduce delays and improve the efficiency of cross-border trade.

Effective implementation of regional connectivity initiatives also requires strong

institutional coordination among participating countries. Harmonization of customs
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procedures, digital trade systems, and cross-border transport regulations can
significantly enhance the efficiency of regional transport corridors and facilitate

smoother movement of goods and services.
Climate Resilience, Digitalization, and Sustainable Transport

Climate resilience and environmental sustainability are key priorities within the
SASEC Transport Strategy 2035. Nepal's mountainous geography and fragile
ecosystems make its transport infrastructure particularly vulnerable to climate-related

hazards such as landslides, floods, and extreme weather events.

Integrating climate resilience into transport planning is therefore essential.
Infrastructure design must incorporate slope stabilization, improved drainage systems,
resilient bridge structures, and disaster risk management measures to ensure long-

term reliability.

The strategy also encourages a modal shift toward rail transport for long-distance
freight movement because rail systems generally produce lower greenhouse gas

emissions than road transport.

In addition to climate resilience, digitalization is emerging as a key driver of modern
transport systems. Electronic cargo tracking systems, paperless customs procedures,
and automated border management technologies can significantly reduce border

crossing times and improve transparency in trade operations.

Advanced digital tools—including geographic information systems (GIS), national
spatial data infrastructures, and integrated logistics data platforms—can support more
efficient infrastructure planning and logistics management. By adopting such digital
technologies, Nepal can transition from traditional manual processes toward data-

driven transport governance.

Climate-resilient and environmentally sustainable transport systems are increasingly
important for Nepal’s long-term development strategy. Under the country’s updated
Nationally Determined Contribution (NDC 3.0), Nepal has committed to expanding
electric mobility and promoting low-carbon transport systems, including increasing
the share of electric vehicles in private transport to 90 percent by 2030 and promoting
the development of electric rail systems. The emphasis on multimodal transport and
modal shift toward rail within the SASEC Transport Strategy 2035 can therefore

directly support Nepal’s climate mitigation and sustainable transport commitments.
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4.6. Role of the Private Sector in Transport Development

Achieving the ambitious infrastructure and logistics goals outlined in the SASEC
Transport Strategy 2035 requires substantial investment and institutional capacity. In

this context, private sector participation plays a vital role.

Public-Private Partnerships provide an effective mechanism for mobilizing private
capital and expertise in large-scale infrastructure projects. Expressways, logistics
parks, dry ports, and airport management facilities are among the areas where private

sector involvement can improve operational efficiency and service quality.

Private companies can also contribute to the modernization of logistics systems
through digital technologies, route optimization, and innovative supply chain

management solutions.

To encourage greater private investment, governments must establish transparent
regulatory frameworks that ensure fair competition, effective risk-sharing, and
financial viability for private investors. By creating an enabling environment for private
sector participation, Nepal can accelerate infrastructure development while improving

the efficiency and sustainability of its transport and logistics sector.
5. Conclusion

The SASEC Transport Strategy 2035 offers a transformative framework for
strengthening regional connectivity and promoting sustainable economic integration
across South Asia. For Nepal, aligning national transport development priorities with
this regional strategy presents a strategic opportunity to overcome long-standing
geographic constraints and enhance its participation in regional and global markets.
As alandlocked country with growing trade dependence, improved connectivity with
neighboring countries particularly India and Bangladesh remains essential for
reducing logistics costs, diversifying transit routes, and improving supply chain

efficiency.

The analysis highlights that Nepal’s effective engagement with SASEC initiatives
requires a balanced approach that combines physical infrastructure development
with policy and institutional reforms. Strategic transport corridors linking Nepal to
major seaports, expansion of multimodal transport systems, and the development of
high-capacity expressway corridors can significantly improve trade efficiency and
economic competitiveness. At the same time, the implementation of soft infrastructure

measures such as the Bangladesh-Bhutan-India-Nepal Motor Vehicles Agreement,
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digital customs systems, and integrated border management will be crucial for

ensuring seamless cross-border movement.

In the longer term, emerging corridor opportunities linking Kathmandu with western
Nepal and major economic hubs in western India could further diversify Nepal’s access

to global markets and strengthen the country’s strategic role in regional connectivity.

Furthermore, integrating climate resilience and environmentally sustainable transport
practices will strengthen the long-term reliability of Nepal’s infrastructure while
contributing to regional decarbonization goals. Mobilizing private sector participation
through public private partnerships can also accelerate infrastructure development

and enhance operational efficiency.

Importantly, Nepal’s strategic engagement with the SASEC Transport Strategy 2035 is
closely aligned with national policy commitments. The infrastructure expansion
targets of the Sixteenth Periodic Plan, the climate mitigation priorities of the Nationally
Determined Contribution (NDC 3.0), and the investment requirements identified in
the SDG financing strategy collectively reinforce the importance of regional
connectivity initiatives. By integrating national development priorities with regional
transport cooperation, Nepal can strengthen its transition from a landlocked to a

land-linked economy.

Strengthening regional transport connectivity should therefore be viewed not only as
a regional cooperation initiative but also as a strategic component of Nepal’s national
development agenda. By aligning national infrastructure investment priorities with
regional connectivity frameworks such as the SASEC Transport Strategy 2035, Nepal
can simultaneously advance its economic transformation, climate commitments, and

Sustainable Development Goals.

Improved regional connectivity can also generate broader economic benefits by
stimulating trade expansion, supporting industrial development along transport

corridors, and encouraging the formation of regional value chains.

Ultimately, Nepal’s strategic alignment with the SASEC Transport Strategy 2035 should
be guided by coordinated national planning, regional cooperation, and sustained
institutional commitment. By leveraging these opportunities, Nepal can gradually
transition from a landlocked to a land-linked economy, positioning itself as an active
participant in regional connectivity and economic integration across South Asia and

the broader Bay of Bengal region.
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Engineering Geological Challenges and
the Way Forward for Disaster Resilient
Infrastructure

Soma Nath Sapkota, Ph.D
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Abstract

Infrastructure development is a cornerstone of Nepal's economic growth, social
transformation, and regional connectivity. Over the past two decades, Nepal has invested
heavily in strategic highways, hydropower projects, tunnels, airports, transmission corridors,
urban expansion, and tourism infrastructure. However, the country’s unique geological
setting, active tectonics, fragile mountain terrain, steep slopes, complex hydrogeological
conditions, and intense monsoon rainfall, poses significant challenges to sustainable
infrastructure development. These inherent geological risks are now being amplified by
global warming and climate change through increased extreme precipitation, accelerated
glacier retreat, expansion of glacial lakes, changes in groundwater regimes, and more
frequent high-magnitude floods and landslides. Historical disasters—including the 1934
Bihar-Nepal Earthquake, the 2015 Gorkha Earthquake, the Melamchi disaster, recent
Kagbeni flood and numerous monsoon-induced landslides—demonstrate that inadequate
consideration of engineering geology remains one of the principal causes of infrastructure

failure.

This review examines the interaction between geological hazards, hydrogeological processes,
and climate change in the Nepal Himalaya. It discusses historical lessons, evaluates present
infrastructure development practices, and identifies emerging risks associated with changing
climatic conditions. Particular emphasis is placed on integrating engineering geology,
hydrogeology, geotechnical engineering, and climate adaptation into infrastructure
planning. The article concludes that sustainable infrastructure in Nepal requires a

multidisciplinary, science-based approach incorporating detailed site investigations,
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modern monitoring technologies, climate-informed engineering design, risk-sensitive

land-use planning, and stronger institutional coordination. Such an approach will

significantly improve infrastructure resilience while reducing future economic losses and

disaster risks.

Keywords: Engineering geology, Nepal Himalaya, climate change, infrastructure

development, landslides, earthquakes, hydrogeology, geological hazards, resilience.

1.

Introduction

Nepal, located within the central Himalaya, is one of the most geologically active and
environmentally sensitive countries in the world. The Himalayan mountain range
continues to rise because of the ongoing convergence between the Indian and Eurasian
lithospheric plates at a rate of approximately 18-20 mm per year. This tectonic activity
produces frequent earthquakes, active faulting, crustal deformation, steep mountain
slopes, fractured rock masses, and complex geological structures that significantly

influence engineering works.

The country’s physiography ranges from the low-lying Terai plains to the world’s
highest mountain peaks within a horizontal distance of less than 200 km. Such extreme
topographic variation creates highly dynamic geomorphological processes, including
landslides, rockfalls, debris flows, river erosion, flooding, glacial lake outburst floods
(GLOFs), and sediment transport. These hazards pose continuous threats to
infrastructure throughout its life cycle, from planning and design to construction,

operation, and maintenance.

Infrastructure development has accelerated rapidly since the early 2000s. National
highways, hydropower schemes, transmission lines, international airports, railway
corridors, tunnels, irrigation systems, and urban infrastructure are being constructed
throughout the country to support economic growth. While these developments are
essential, many projects continue to encounter severe engineering geological problems
that result in project delays, cost overruns, environmental degradation, and increased

disaster vulnerability.

Climate change has emerged as an additional challenge. Scientific evidence indicates

increasing temperatures throughout the Himalayan region, accelerating glacier retreat,
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expanding glacial lakes, modifying rainfall intensity, increasing extreme weather
events, and altering groundwater systems. These processes intensify existing geological
hazards and create new risks that traditional engineering design standards may no

longer adequately address.

Consequently, future infrastructure development in Nepal must move beyond
conventional engineering approaches and incorporate engineering geological
investigations, hydrogeological assessments, geotechnical analyses, climate projections,

and disaster risk reduction into every stage of project planning.
2. Geological and Tectonic Setting of the Nepal Himalaya

The Nepal Himalaya represents one of the youngest and most tectonically active
mountain belts on Earth. It was formed through the collision between the Indian Plate
and the Eurasian Plate approximately 50 million years ago, a process that continues
today. This collision has produced several major tectonic structures, including the
Main Frontal Thrust (MFT), Main Boundary Thrust (MBT), Main Central Thrust
(MCT), South Tibetan Detachment System (STDS), and numerous active faults and

shear zones.

These tectonic features strongly control the distribution of earthquakes, slope
instability, groundwater movement, and engineering behaviour of rock masses. Highly
fractured metamorphic rocks, sedimentary formations, fault gouge, weathered rock,
and thick colluvial deposits create difficult foundation conditions for highways,

bridges, tunnels, hydropower projects, and high-rise buildings.

Hydrogeological conditions are equally complex. Groundwater occurrence depends
on lithology, structural discontinuities, weathering profiles, and topographic gradients.
During tunnel excavation and deep foundation construction, unexpected groundwater

inflow frequently causes instability, delays, and increased construction costs.

The interaction between geology, topography, hydrology, and climate makes the Nepal
Himalaya one of the most challenging environments for infrastructure development
worldwide. Every engineering project must therefore consider geological conditions

as a primary design parameter rather than a secondary environmental issue.
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Historical Perspective of Geological Hazards and Infrastructure Failures

Nepal’s history demonstrates that geological hazards have repeatedly affected
infrastructure development and caused significant economic losses. Among these
hazards, earthquakes, landslides, floods, debris flows, and river erosion have had the

greatest impacts.

The 1934 Bihar-Nepal Earthquake (Mw 8.3) remains one of the most destructive
seismic events in South Asia. It caused widespread destruction across eastern Nepal,
Kathmandu valley and northern India, resulting in extensive damage to buildings,
transportation networks, irrigation systems, and public infrastructure. For many
decades, this earthquake was considered a blind megathrust event with little or no

surface rupture.

However, recent paleoseismological investigations have fundamentally changed this
understanding. Sapkota et al. (2013) documented primary surface ruptures extending
for more than 150 km along the Main Frontal Thrust in eastern Nepal. Their study also
identified evidence of the AD 1255 great Himalayan earthquake along the same fault
segment, demonstrating the repeated occurrence of large surface-rupturing
earthquakes in the Himalaya. Subsequently, Rizza et al. (2019) showed that rapid post-
earthquake river aggradation and sediment deposition had buried much of the 1934
rupture, explaining why field evidence remained obscure for decades. These findings
have profound implications for infrastructure planning. Major highways, hydropower
facilities, bridges, transmission corridors, tunnels, airports, and urban developments
should avoid active fault traces whenever possible. Where avoidance is impossible,
detailed active fault investigations, paleoseismological studies, and fault-rupture-

resistant design principles should become mandatory.

The 2015 Gorkha Earthquake (Mw 7.8) further highlighted Nepal’s seismic
vulnerability. Although the earthquake produced limited surface rupture, it triggered
more than 25,000 landslides, severely damaging highways, rural roads, hydropower
facilities, schools, hospitals, and historical monuments. The disaster demonstrated
that secondary hazards such as landslides often cause greater infrastructure damage

than ground shaking itself.
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Monsoon-related disasters occur almost every year. The Narayanghat-Mugling
Highway, BP Highway, Mid-Hill Highway, and many rural roads experience repeated
landslides because of unstable slope excavation, inadequate drainage, weak geological
formations, and poor maintenance practices. Similarly, the 2021 Melamchi disaster
illustrated how intense rainfall combined with massive sediment transport and debris
flows can devastate river valleys, destroying bridges, roads, water supply systems, and

human settlements within a few hours.

Hydropower development has also revealed the importance of engineering geology.
Numerous projects have encountered tunnel collapses, squeezing ground conditions,
excessive groundwater inflow, rock bursts, and foundation instability caused by
unexpected geological conditions. These challenges have frequently resulted in

construction delays, contractual disputes, and substantial increases in project costs.

Collectively, these historical experiences demonstrate that inadequate geological
investigation and insufficient consideration of hydrogeological processes remain
among the principal causes of infrastructure failure in Nepal. They also emphasize that
engineering geology should be integrated into project planning from the earliest stages

rather than being considered only during construction.
4. Current Infrastructure Development and Engineering Geological Challenges

Nepal is currently experiencing one of the most intensive periods of infrastructure
development in its history. Strategic highways, expressways, hydropower projects,
international airports, transmission corridors, railway networks, irrigation systems,
and urban expansion projects are transforming the country’s economy. Major projects
such as the Mid-Hill Highway, Pushpalal Highway, Kathmandu-Terai Fast Track,
Pokhara and Gautam Buddha International Airports, numerous run-of-river
hydropower schemes, and cross-border transmission lines demonstrate Nepal’s
commitment to economic development. However, these projectsare being implemented
within one of the world’s most geologically fragile mountain environments, making

engineering geological considerations indispensable.

One of the most significant shortcomings in current infrastructure development is the

inadequate integration of engineering geological investigations during project
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planning. In many projects, geological mapping, geotechnical exploration,
hydrogeological investigations, and seismic hazard assessments receive insufficient
attention before construction begins. Consequently, unexpected geological conditions
frequently emerge during construction, leading to design modifications, cost overruns,

delays, contractual disputes, and safety concerns.

Road construction remains the most widespread example of these challenges.
Mountain roads are often excavated using steep cut slopes without sufficient geological
characterization or slope stabilization. Improper benching, inadequate drainage,
uncontrolled blasting, and disposal of excavated materials on unstable slopes accelerate
weathering and reduce slope stability. These practices have contributed to recurrent
landslides along major highways, including the Narayanghat-Mugling Road, BP
Highway, Pasang Lhamu Highway, and many sections of the Mid-Hill Highway. Recent
studies emphasize that climate-resilient road design must integrate engineering
geology, bioengineering, drainage management, and slope monitoring from the

planning stage onward.

Hydropower development faces equally complex engineering geological challenges.
Nepal possesses enormous hydropower potential, yet many projects have encountered
adverse geological conditions such as highly fractured rock masses, shear zones, fault
gouge, squeezing ground, excessive groundwater inflow, rock bursts, and unstable
tunnel portals. Tunnel excavation through the Lesser Himalaya and Higher Himalaya
frequently intersects active groundwater systems, requiring continuous geological
mapping and adaptive support systems. Inadequate geological forecasting has been

one of the primary causes of construction delays in several hydropower projects.

Bridge and river-training structures are increasingly exposed to river migration, bank
erosion, debris flows, and sediment aggradation. Himalayan rivers carry exceptionally
high sediment loads due to rapid erosion and intense monsoon rainfall. Consequently,
bridge foundations designed using historical hydrological records may no longer

provide adequate safety under changing climatic conditions.

Urban expansion in Kathmandu Valley, Pokhara, Dharan, and numerous hill towns

has introduced additional engineering geological challenges. Construction on old

qaieam, 3% $



landslide deposits, river terraces, colluvial slopes, and weak sedimentary formations
has increased vulnerability to settlement, differential foundation movement, and
earthquake-induced ground deformation. Rapid urbanization without adequate land-

use planning further compounds these risks.

Hydrogeological conditions are equally important. Changes in groundwater pressure
influence slope stability, tunnel performance, foundation behavior, and retaining
structures. Poor drainage design allows rainfall infiltration into fractured rock masses
and residual soils, increasing pore-water pressure and triggering slope failures during

the monsoon season.

These examples clearly demonstrate that engineering geology should no longer be
regarded merely as a supporting discipline but rather as a central component of

infrastructure planning, design, construction, and long-term maintenance.
5. Consequences of Global Warming and Climate Change

Climate change has emerged as one of the most important factors influencing
infrastructure safety in the Nepal Himalaya. The Himalayan region is warming faster
than the global average, resulting in profound changes in glaciers, snow cover,
precipitation patterns, hydrology, and geomorphological processes. These changes

directly affect the performance and sustainability of engineering infrastructure.

One of the most visible consequences is accelerated glacier retreat. Rising temperatures
have caused rapid expansion of glacial lakes throughout the Nepal Himalaya, increasing
the probability of Glacial Lake Outburst Floods (GLOFs). Such events can generate
catastrophic floods capable of destroying hydropower projects, bridges, highways,
settlements, and transmission corridors located downstream. The recent Thame Valley
GLOF and similar cryosphere-related hazards illustrate the increasing vulnerability of

high-mountain infrastructure.

Climate change has also modified precipitation characteristics. Although annual
rainfall may not change uniformly, rainfall intensity has increased considerably in
many parts of Nepal. Short-duration, high-intensity storms now produce flash floods,

shallow landslides, debris flows, and severe riverbank erosion that frequently exceed
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the design capacity of existing infrastructure. Conventional drainage systems designed
using historical rainfall statistics are becoming increasingly inadequate because future

rainfall patterns no longer follow historical assumptions.

Longer dry periods followed by extreme rainfall create additional geological instability.
During prolonged dry seasons, weathering and desiccation produce fractures within
soil and rock masses. Subsequent intense rainfall rapidly saturates these materials,
increasing pore-water pressure and reducing shear strength, thereby triggering

widespread slope failures.

Groundwater systems are also responding to climate variability. Changes in recharge
patterns influence spring discharge, groundwater availability, tunnel seepage, and
slope stability. Many communities already report declining spring discharge, while
engineering projects increasingly encounter unpredictable groundwater conditions

during excavation.

Climate change further increases sediment production throughout mountain
catchments. Enhanced erosion, landslides, and glacier melt transport large quantities
of sediment into rivers, reducing reservoir storage, affecting hydropower efficiency,

destabilizing bridge foundations, and increasing flood hazards.

The combined influence of tectonic activity and climate change creates cascading
hazards. An earthquake may destabilize slopes that subsequently fail during heavy
monsoon rainfall. Likewise, glacier retreat may increase rockfall frequency through
permafrost degradation, while extreme rainfall mobilizes the accumulated debris into
destructive debris flows. These interacting processes require a multi-hazard approach

rather than separate assessments of individual hazards.

Recent disasters demonstrate this changing reality. The Melamchi disaster of 2021, the
2024 Thame flood, repeated monsoon-induced failures along strategic highways, and
the growing frequency of flash floods illustrate that infrastructure designed solely on
historical observations is unlikely to remain resilient throughout its intended service
life. Future engineering design must therefore explicitly incorporate climate

projections, uncertainty analyses, and adaptive management strategies.
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1. Background and Rationale

The involvement of private consulting firms dates back to mid-1960’s and early 1970’
when the international finical institutions (IFI) like The World Bank and the Asian
Development Bank started their financing in the infrastructure projects with
involvement of international consulting firms initially and then from early 1980’ the

domestic consulting firms.

The procurement of consulting services in the IFI funded projects were governed by
their own procurement guidelines. Whereas, the practice of procurement of consulting
services through government funded projects was not practiced at that time and
mostly was governed by the financial rules and aligned with the IFIs procurement
guidelines based on the individual client’s experience and knowledge on that. The
enactment of Public Procurement Act (PPA) (2063) and Public Procurement
Regulation (PPR) (2064) are the key milestones that changed the context of
procurement of consulting services and it also valued the existence of consulting firms,
individual consultant and others as development partners of the infrastructure

development.

The Public Procurement Monitoring Office (PPMO) was established in 2007 (2064)
after the PPA came into enforcement as a central policy, regulatory, and monitoring
authority for public procurement in Nepal under the Office of the Prime Minister and
Council of Ministers. It develops procurement laws, guidelines, and standard

documents for various procurement related activities like works, consulting services,
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goods etc. It also operates e-GP Systems all over Nepal and currently limits it to

government funded projects and in some cases for the IFIs as well.

Commission for the Investigation of Abuse of Authority (CIAA) is constitutionally
established in 1990 and continued under Constitution of Nepal 2015, which is apex
anti-corruption body that investigates the public abuse of the authority. In the context
of consulting service, it is widely seen that it examines the abuse of authority in area of
selection of consultant, manipulation of Terms of Reference and Evaluation Criteria,
and also in out-of-box influence in contract award decisions by the public entities and
the employees. In recent times, the over-activism of the CIAA has also had an adverse
effect in the decision-making process by the government official leading to contractual

disputes and slow progress of the associated works.

The Office of the Auditor General was first established in 1959 (2025 BS) as the apex
audit institution of Nepal that performs financial audit, compliance audit and
performance audit. The audits are around the process whether the procurement laws
and guidelines and followed or not in the selection process, value for money, payments
and deliverables, irregularities in consulting service variation orders, use of provisional
sums etc. Some of the issues they have flagged are out of the contract provisions and
mixing up with the national procurement regulations and IFI’s procurement regulations
leading to more tightening of procurement related policies and practices as observed

and felt by the consulting industry of late.

National Vigilance Centre (NVC) was established in 2059 (2002) under the Office of
the Prime Minister and Council of Ministers with focus on technical audits of the
projects including procurement process and suggests the corrective actions in
procedural compliance to be taken in future assignments. In the extreme case may also

suggests for backlisting or disciplinary action through PPMO

Nepal Engineering Council (NEC) is an autonomous body established in 1999. Its
objective is to regulate the engineering profession in Nepal ensuring the quality of
engineering education as well as the profession. Currently, its focus is on the engineering
education, where as the engineering profession is being more neglected and is not on

its radar.
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The establishment of Society of Consulting Architectural and Engineering Firms
(SCAEF) in B.S. 2047 also confirms that the growing pattern and utilization of
knowledge mainly the architects and engineers that can support for the collective and
multi-disciplinary solutions of the infrastructure development from the early inception
of the project’s concept, pre-feasibility, feasibility study and detailed design and leading
to preparation of detailed project reports and eventually to the construction supervision

and post-construction phase.
2. Vision for Institutional Transformation

The above background and the rationale suggest that the fragmented agencies directly
or indirectly involved in the policy making, governance, monitoring, over-ambitious
oversights have taken the unprecedented toll to the consulting services. The standard
practices of Quality and Cost Based Selection (mostly 80- Technical and 20-Financial)
has forced the consultants to opt for low bidding practice in both the national and
international bids. The quality has comedown and the value for money is always
questioned, so are the deliverables. This is hampering the construction industry and
the life cycle cost of the infrastructure is under question with such level of compromise

during the procurement of consulting service.

The institutional transformation should be visioned now where a coordinated effort
across multi-agencies for a favorable, healthy, transparent procurement ecosystem
should be in place where each parties ensures their respective roles in procurement of
consulting services in terms of policy clarity, enforcement, system integrity, quality-
driven, contract management, professional standards and market development aligned
with the five golden principles (GP) of International Federation of Consulting
Engineers (FIDIC), and its best established practices which are; GPI: Roles &
Responsibilities; GP2: Clarity ¢ Consistency, GP3: Risk/Reward Balance, GP4:

Reasonable Time Periods, and GP5: Dispute Resolution.
3. Institutional Diagnosis
3.1 Public Procurement Monitoring Office

The key focus of the PPMO is to act as a central body for the policy, regulatory,

and monitoring authority for public procurement that includes the consulting
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services as well. The 18 years of journey of PPMO has some positive impact in the
procurement system with adoption systematic process in the procurement of the
consulting service, but the stark reality is that it is not able to deliver the outputs
as desired by the consulting industry. The introduction of e-GP in the procurement
for more transparent, reliable platform has been questioned in recent times from
the donors i.e. The World Bank and the Asian Development Bank itself who were
instrumental in introduction of the e-GP and supported it and are reluctant to

use it citing various technical, transparency and ethical issues.

The core of the problem is the staff who are deputed from the different government
agencies and they stay for a limited period of time and go back to their respective
organization and create a vacuum once they leave right form the top to the other
hierarchical staff. The conflict of interest between the staff from the government
agencies and their counterpart at the government client side is also at time hinders

the performance, decisions that are to be made in time.

The governing acts, regulations, standard forms, formats, Expression of Interest
(EO) templates, Request for Proposal (RfP) are overly-focused on line-to-line
compliance rather than focused on the quality outcomes and value for money.
These has led to the unfamiliar practice by the consulting firms more focused on
getting the job and complete by any means compromising the quality. In addition,
the qualification at the EOI stage is more focused on the manpower rather than
the institutional and the management capacity of the firms apart from technical
capacity and with the limited enforcement of the quality and cost based (QCBS)
selection with lower weightage on the technical part. Further, the weak monitoring
of the consulting service procurement by the Client with inconsistences in the
approach for the similar jobs or assignments is another factor that it is not

delivering the right kind of outputs even after 14th amendment of the PPR.

It is now suggested that the PPMO will have to be transformed as Public
Procurement Authority. As quick SWOT analysis is presented here for readers to

understand the need of such transformation.
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TRANSFORMING PUBLIC PROCUREMENT MONITORING OFFICE INTO
A PUBLIC PROCUREMENT AUTHORITY

SWOT Analysis

STRENGTHS

Comprehensive legal
framework (PPA 2063; PPR
2064) already in force

Fully operational national e-GP
system owned and managed
by PPMO

Established use of Standard
Bidding Documents and
templates

Long-standing engagement
with development partners on
procurement reform

THREATS

Political economy resistance
from entrenched interests
Federal coordination
challenges if roles are not
clearly defined

Risk of “name-change reform”
without real autonomy or
enforcement powers

Limited enforcement and
compliance capacity of PPMO
Weak contract management
and post-award oversight
Severe capacity gaps at
provincial and local
government levels

Persistent lowest-bid culture
undermining value for money
Lack of research in
Procurement

OPPORTUNITIES

Institutional upgrade can shift
focus from process compliance
to performance governance
e-GP data can support
procurement analytics, market
oversight, and risk monitoring
Professionalization,
accreditation, and training
systems can be
institutionalized

Source: SCAEF Nepal
3.2 'The Client- Procuring Agencies

In general, the consulting services from the private consulting firms is required if
the Client does not have it’s own technical expertise for prepare a pre-feasibility
study, feasibility study or detail feasibility study, detail engineering design and
detailed project report with the financing options as well and other similar studies
that may have other forms of approaches. Then comes the drafting of the Terms
of Reference (TOR) with the scope of the works, team composition and
requirements, consulting services fee and the time frame for such studies. It is
seen that the TOR preparation by the Client is very poor with unrealistic estimate
of the inputs, the associated costs, the mix of experts and the overall cost
estimation as there are not standard norms or synchronized practices across
different clients including different approach for the government funded projects

and the donor funded projects.

Further, it is also felt that the number of clients specially the provincial and local

governments have very limited understating of the complexity that comes in
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3.3

understanding the consulting services and provisions associated with the EOI
and the RFP requirements. One example is that the misuse of the word DPR,
which essentially is the detailed engineering design with analysis of technical and
financial risks based on the financing options during the implementation, and
based on the suggested options client need to look for financing options. The
current practice, when you are confirmed with the financing then it should be a

detailed engineering design and not the DPR.

In addition, the weak contract management of the consulting services is also seen
where the Client are relatively new unaware of the provisions of the general
conditions of the contract and special conditions of the contract and mixing
between the PPR and the IFI’s procurement guidelines and regulations. Further,
it is also observed that the EOI and RFP evaluation committee of the Client at
time do not represent the subject-matter experts and inclusion of the finance and
legal officials in the evaluation of technical proposal is always questioned on the

overall scoring system.
Oversight Agencies

The general understanding of the consulting sector is that the oversight agencies
are more focused on the procedural compliance rather than the contractual
provisions, the best practices in engineering, the economics of engineering and
the value for money which should be above all the services rendered for the given
price and the time. The very complicated technical issues are reviewed and
addressed in from the yes of the administrator not from the development

perspective.

These agencies audits and investigation are such that not aligned agreement
between the two parties i.e. The Client and the Contractor or the Client and the
Consultant. Each of the parties are been assigned with their respective
responsibilities and authority that can be exercised with the boundaries of the
contractual provisions. The contractual provisions should be practiced and
exhausted before moving to next level of investigation and audits. The engineering

issue compliance are better handled through Nepal Engineering Council and
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based on the recommendation of the unethical practices by such individuals can

be under the scanner of the oversight agencies.

The procurement system flaws are at times labelled as corruption, financial
irregularities and above all weak accountability shown by these institutions.
These undermines the effectiveness of these agencies from the eyes of the

consulting firms.
3.4 Market Players - Consulting Firms

The key player in the consulting service procurement from the market perspective
are the consulting firms both the national and international players. The
international players are mostly within the framework of the IFI’s, the bilateral
agencies like Foreign, Commonwealth & Development Office, Japan International
Cooperation Agency., Korea International Cooperation Agency, Export Import
Bank etc. While the national payers to participate in the bids for all the IFI’s and
bi-lateral agencies based on the specific requirements of the particular consulting

service call.

In recent times the regional firm specially from India are also bidding for the
small assignments that are more tailored to the national firms but the procurement
regulations of the IFI’s do allow this kind of bidding. This is somewhat worrying
for the national firms as the capacity of the national firms will not be increased in

coming days.

The low-cost estimate from the Client side was an issue but the key issues now has
become that the national firms for the national assignments and some cases
international firms are also bidding with low fees which are unsustainable in long
run. The Ministry of Finance has put a cap of 5% upper budget ceiling for the
consulting service in an infrastructure project and that is not aligned with the
best international practices. The low fee bidding trend has led consulting as
regular job that has killed introduction of innovative methods, use of IT, quality
in the deliverables and is worrying for the industry towards its own existence.
This has also led to the IFI’s opting for hiring individuals rather than the firms for

the consulting assignments.
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The other key factor that is haunting the consulting industry is that of “brain
drain” as the qualified mid-career engineers and architects are in shortage that is

weakening the pool of experts’ availability to the consulting firms in the market.

The weak regulation from the Client side has also led to delays that are commonly
attributed to inadequate experience of the firms in managing and delivering the
complex engineering projects. The contract documents that are mostly oriented
towards the Client side has also contributed to delays apart from the poor
decisions and ambiguous procurement acts, regulations, guidelines specific to the
consulting service procurement. The reliance on the international consultants
has also stopped the growth of the national/domestic firms who can compete
with the international firms in terms of delivering the quality and their own
corporatization and institutionalization including adoption of new innovative

techniques.
Strategic Pillars with Institutional Roles

Based on the discussion above seven pillars of institutional transformation has been
identified where different agencies will have to play lead role and others supporting
role for the such transformation as visioned. The details of these pillars are discussed

as below in the respective section.

INSTITUTIONAL TRANSFORMATION OF CONSULTING SERVICES IN NEPAL

)
)
)
)
)
)
)

PILLAR 2: Institutional = Strengthening

Pillar 3: Capacity Building and Professionalization
Pillar 5: Quality Assurance and Monitoring

Pillar 6: Contract Management Reform

Pillar 7: Market Development and Sustainability

Pillar 1: Policy and Legal Form
Pillar 4: Process Re-engineering

STRATEGIC PILLARS WITH INSTITUTIONAL ROLES
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4.1 Pillar 1: Policy and Legal Reform

The lead role to be played for this is Public Procurement Authority (transformed

PPMO) with supporting roles assigned to the Client or procuring agencies, the

oversight agencies and SCAEF Nepal as key stakeholder

The key areas that are to be addressed are;
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Develop Consulting Services Procurement Guidelines to:

o

Mandatory legal provisions for international firms to take at least one

domestic firm as joint venture partners and other associate partners.

Evaluate the experiences of the associate partners for the evaluating
the experience gained while working with the international or local

lead firm.

Standardize the norms for the estimation of cost of consulting
assignments based on the inputs, time frame and the complexity of the

assignment.

Rewrite procurement act, regulations, guidelines, frameworks to:

(o)

Remove least cost selection practice and move towards Quality and
Cost Based Selection (QCBS) with higher weightage for the technical
for the simple and regular assignments to check the unsustainable fees

proposed by the consultants.

Mandate Quality Based Selection (QCBS)for complex consulting

services

Remove weightage on the manpower at the EOI stage and introduce
with Management Competence with certification like member of

SCAEF Nepal or any other competent authorities

Introduce legal provisions for:

o

o

Consultant registration or licensing system with a competent authority

Introduction of performance evaluation system of the consultant based

on the past performance in the assignments
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4.2

4.3

o  Debarment for poor quality delivering consultants from the next
business opportunities within the same organization and if required

across the sector or the Client
Pillar 2: Institutional Strengthening

The lead role to be played for this is Client agencies and oversight roles to Public
Procurement Authority (transformed PPMO).

o  Strengthen the established Procurement Units with section for (a) works,

(b) consulting, (c) Supply and Others
. Define clear roles and responsibilities such that;

o  The technical units are responsible for drafting the Terms of Reference

and & project deliverables with timelines, whereas,

o  TheProcurement units are for process compliance, review of conditions
contracts, special conditions of contracts and with the existing

procurement acts, riles, guidelines, frameworks etc.
. Strengthen PPA’s (transformed PPMO) role as:
o  regulator and technical, procurement advisory institution
o  central repository of procurement knowledge within the nation
Pillar 3: Capacity Building and Professionalization

The lead role to be played for this is Client agencies and oversight roles to Public
Procurement Authority (transformed PPMO) and SCAEF Nepal and Nepal

Engineering Council.

o  Introduction of national certification programs for procurement professional

within the Client, Consultant and Contractor

o  Certified procurement professionals to be part of the systems within the

Client, Consultant and Contractor
«  Mandatory and certified training for:

o  Evaluation committee members on the procurement aligned with
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(o)

national procurement act, regulations and that IFI’s

Project director and managers in client agencies

Joint certified training platforms at:

(o)

o

(o)

o

Nepal Engineering Council
SCAEF Nepal
Nepal Engineers’ Association

Certified training center/ institutions

4.4 Pillar 4: Process Re-engineering

The lead for this pillar is to be played by PPA (transformed PPMO) and the

activities to be executed by the Client Agencies.
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Standardization of:

o

EOI templates and its digitization in the system and revised based on
the past best practices through the consultation with stakeholders like
SCAEF Nepal

TOR templates (sector-specific and based on the simple, moderate and

high complex infrastructure projects)

Team experts, input estimation, and cost estimation of the services to

reflect the market prices

RFP documents including General Conditions of Contracts and
Special Conditions of Contract aligned more industry and development

friendly

Scientific evaluation scoring systems both at the EOI and RFP stage

and transparent and consistent across the sector

Further strengthening of e-GP system with additional modules for:

(o}

o

Technical evaluation transparency and system regenerated scores

Consultant performance tracking including the use of Artificial

Intelligence (AI) and system generated scores and based on which the
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4.5

4.6

performance be evaluated at the EOI stage with lead firm taking the
majority of the performance and rest partners also be made reasonably

responsible for the performance

o Asystem generated disclosure of evaluation summaries of both the technical
and financial with options for disclosure when the bidder wants detail

evaluation of the technical score
Pillar 5: Quality Assurance and Monitoring

The lead for this pillar is to be played by PPA (transformed PPMO) ably supported
by the Oversight Agencies. Some of the key roles under this are;

o  Establish a sperate Consulting Services Monitoring Unit within PPA
(transformed PPMO)

o Develop sustainable:

o  Consultant Performance Database including both the national and
international firms encompassing all three level of government and
that of IFI’s

o  Feedback loops from the client and IFI’s

« Introduction of the third-party independent design audits for large scale
infrastructure projects and technical audits for high-value consulting

assignments
Pillar 6: Contract Management Reform

The lead for this pillar is to be played by Client agencies through guidance from
PPA (transformed PPMO) and SCAEF Nepal. Some of the key roles under this

are;

o A procedural shift from procurement focused governance to full project
lifecycle management and introduction of the same in the development

governance.
o  Strengthen and practices on:

o  Reportapprovals mechanisms (Inception, progress, monthly, quarterly,
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six-monthly, draft and final through system digitalization)

Milestone-based payments for design projects and time-based for

construction supervision projects

Deliverable quality checks through structured process and standard

frameworks

Adopt FIDIC-aligned contract practices with five golden principles at the

help of the procurement and project governance.

4.7 Pillar 7: Market Development and Sustainability

The lead for this pillar is to be played by SCAEF Nepal with policy support from
PPA (transformed PPMO). Some of the key roles under this are;

Develop mainstream consulting fee guidelines that are recognized and
adopted by the Client and IFI’s

Discourage abnormally low bids through regulatory mechanism and

adoption of QCBS with higher weightage for the technical and move toward

QBS selection till stabilization for the market

Encourage and promote:

o

Specialized firms for specific task like for surveying, geotechnical,

water labs, design studios etc.

Encourage Joint ventures between domestic/local and international
through policy correction specially during the loan/ grant agreements
with IFI’s

Knowledge transfer mechanisms through accredited and certified

trainings

Encourage long-term framework agreements for regular design across the

sector that way specialized firms are encouraged to establish themselves.

5. Role Mapping for Institutional Transformation

The role mapping is presented in the matrix form as below for easy understanding.
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In order to materialize the above role matrix contents a cross-institutional coordination

mechanism is required where and formation of “National Consulting Procurement

Coordination Platform” is proposed. At this following stakeholder are proposed based on

the discussion above and the requirements.

. Public Procurement Authority (transformed PPMO) (Lead)

«  Nepal Engineering Council

. Key Client Ministries

«  Oversight bodies

. Development partners

«  SCAEF Nepal

They are intended to engage frequently on policy level dialogues and discussion and

suggested reform tacking, overcoming or resolving systematic bottlenecks while encountered

during the procurement process and implementation leading to

continuous improvement of procurement practices aligned with best international practices

following FIDIC’s guidelines, and IFI’s regulations.

Table 2: Role Clarity Matrix (Who Does What)

Function (PII:I;/[AO) A(g:::irf?i’:es SCAEF Nepal NEC (i;zlﬁiig:lst

Policy & Regulation Lead Input Advocate Support Review
TOR Preparation Guide Lead Support - -
Procurement Process Monitor |Lead Observe/Support | - Audit
Evaluation Standards Define | Apply Support - Review
Contract Management Guide Lead Advisory - Audit
Capacity Building Lead Participate | Co-lead Co-lead -
Performance Monitoring | Lead Report Feedback - Audit

6. Roadmap for Implementation

&R
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The road map for implementation is as (a) short term, (b) medium term, (c) long term

as tabulated below:

Table 3: Roadmap for Implementation

Roadmap Duration Key Milestone

Short Term 1~2 years PPA (transformed PPMO) issues directive limiting low bidding
Standard EOI, TOR, and RFP templates rolled out
Training programs launched for client agencies

Legal amendments through PPA (PPMO) led reform

Medium Term | 3~5years | e Strong coordination between PPA (transformed PPMO), client
agencies, oversight agencies and SCAEF Nepal

e Dedicated procurement units with procurement specialist
established in client agencies

e Performance evaluation system operational for consultants
(both national and international)

Long Term 5~10 years | o Fully integrated e-GP ecosystem
e Mature consulting market with sustainable pricing

7. Risks and Mitigation

The consulting industry faces significant risks including underpriced bid competition,
which often compromises quality, and a lack of specialization among domestic firms
compared to regional and international firms. The bureaucratic delays frequently lead
to project delays or payment issues, while a continuous “brain drain” of skilled
professionals to international markets weakens the domestic talent pool, which the
industry is currently facing. To mitigate these challenges, firms must prioritize capacity
building and digital transformation to enhance their technical competitiveness and
efficiency. The government should come up with the robust legal contracts that
industry friendly as well as promotes and protects the industry internally and from
externally i.e. through regional and international bidders. Furthermore, the industry
needs to strengthen its professional associations like SCAEF to lobby for fairer

procurement policies that value technical expertise over the underpriced bid.

Tabel 4: Risks and Mitigation Matrix

Risks Mitigation Measures
PPMO resistance to expanded role Policy mandate and capacity enhancement
Client agency inertia Incentives and accountability mechanisms
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Risks Mitigation Measures

Skill gaps Institutionalized training and certification
Market distortion Enforced sustainable fee ecosystem and evaluation
reforms

Expected Outcomes

The following are expected outcomes with the legal and institutional reforms in the

given timeframe;

o  Clear separation of regulatory vs operational roles for the institutions under the

government umbrella

«  Improved quality of TORs, transparence evaluations at EOI and RFP systems in

place
«  Sustainable consulting industry ecosystem

o Increased trust between government and private sector where government roles

is aligned for promotion and protection rather than only regulation
Conclusion

Transformation hinges on clarity of roles and accountability across institutions both in

the government and private sector. The reform must ensure that;
«  PPA (transformed PPMO) Nepal evolves into a proactive regulator,
«  Client agencies become competent buyers of knowledge, and

o  The consulting industry thrives on quality and not in the underpriced bids.
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BIO-ENGINEERING: CLIMATE RESILIENCY MEASURES
FOR ROADS IN NEPAL

Er. Indu Dhakal g
Former Director General, Department of Roads, Government of Nepal

E-mail:isdhakal@gmail.com, TP: +977 9851036222

Abstract:

Nepal is vulnerable to the disasters, such as, intense rainfall, floods and landslides. The large
quantities of runoff due to intense rainfall during four months of monsoon season induce
erosion, debris flow and landslides through heavy storms. Nepal is one of the most vulnerable
countries in the world regarding climate change impacts. It is also affecting the stability of
steep slopes of Nepalese mountains through heavy floods and believed that the impacts will
worsen in future. Climate pattern study shows that precipitation patterns have changed and
that there is more risk of erratic rainfall giving rise to massive erosion and heavy landslides.
Climate change is causing a rapid increase in the number and size of Himalayan glacial
lakes giving potential threats of glacial lake outburst floods (GLOF) affecting the rivers. The
intensified floods trigger landslides in the mountain roads and flooding in the plain roads
disrupting access to transport services. The earthwork excavation and filling during road
constructions in mountains disturb the stable slopes. It also damage to vegetation causing
various adverse environmental impacts. Despite of these challenges, the road agencies are
increasingly required to respond and to mitigate the impacts of climate change. The aim is
the provision of reliable access to reduce operating costs and promote to substantial growth
for greater economic activity and social interaction. It is necessary to understand the climate
change challenges, the adaptation and resilient measures. Proper selection of alignment,
drainage capacity design and slope protection techniques are very important for low
maintenance and sustainability of mountain roads. Attention is needed in careful disposal
of spoil, longitudinal side drainage, cross drainage, road surface and sub-surface drainage
management. Special care should be taken for selecting the type of slope stabilization

measures and design during road construction stage to ensure the stability of roadside
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slopes. In the climate change contest, the road transport structures should be designed to be
more resilient to prevent from the increased risk of erosion, landslide and flooding. The bio-
engineering techniques developed in Nepal are simple, cost-effective and provide nature-
based solution (NbS) for road construction and maintenance. Nepal has started the use of
road side bio-engineering during construction and maintenance of roads by introducing
the engineering design norms and specifications, training manuals and policy documents.
Bio-engineering procedure is labour intensive which provides employment to local
community. The use of bio-engineering structures integrated with civil engineering
structures in mountain roads has proved to be cost effective, environmentally friendly and

resilient measures for erosion control and landslide protection.
Keywords:

Mountain roads; climate change; landslides; nature-based solution (NbS); bio-engineering,

resiliency.
1. Introduction
1.1 Background

Nepal is a mountainous country located along the southern slopes of the
Himalayas. The country has middle hills to high mountains in northen part and
a plain land in the southern part. It is one of the most disaster-prone countries in
the world and is vulnerable to many natural hazards, such as earthquakes, floods,
landslides. The Himalayan mountains are young and fragile with major active
faults and thrust. The mountains of Nepal are steep and unstable. The plain areas
are prone to flooding and the mountains are prone to landslides. The country lies
in a high earthquake intensity zone. The plains areas are highly susceptible to
liquefaction and the mountain areas are susceptible to landslides. The water
flowing from the mountains cause heavy damages through flooding. The
weathering process of rocks and saturation of soil during monsoon causes
landslides and erosion. The toe cutting of of slopes by rivers are very common
activities. Landslides also claim the maximum number of death per year followed

by floods. The landslides, soil erosion and flooding has increased due to
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degradation of forest areas. Besides, Nepal lies at the head of the Ganges basin
and this unique position in the Himalayas makes it vital to work with neighbor
country for addressing the adverse effects of climate change. It is estimated that
the floods and other disasters take their toll at least $23 million a year. On 25
April 2015, Nepal experienced an earthquake of 7.8 Magnitude with epicenter in
77 kilometer west of Kathmandu. The earthquake resulted in over 8,600 casualties
and more than 785,000 homes were damaged. The losses were expected to be in
the order of $5 billion with widespread destruction of infrastructure, including

roads and bridges.
1.2 Slope Failures

Road construction causes damage to vegetation and other negetative
environmental consequences. Slope stabilization needs high cost civil structures.
Also, road blockages due to landslides need high maintenance costs. Road
excavation in mountain creates cut slopes on the higher sides of roads, which
need to be left at as steep a stable angle as possible to reduce earthworks. On the
valley sides, fill slopes must be in sustainable angles while saturated during
monsoon rainfall. Proper water management is very important to make mountain
roads sustainable. The water induced problems along the alignment need to be
carefully tackled since drainage plays vital in the performance of a road. The
choice of a ridge alignment minimizes the number of culverts. Roads on upper
slopes have fewer instability problems and also serve more people. The selection
of alignments is subjected to economic analysis, environmental, resettlement and
social impact assessment. Also, the roads require anti-seismic measures in the
design of structures and road tunneling technology should be introduced in

future to cope with such environment.
1.3 Climate Change Impact

The impacts of climate change in Nepal willbe a rise in maximum temperature at
an annual rate of 0.04 — 0.06°C. Precipitation are projected to increase for the in
the range of 15-20%. The impacts will be significant warming, at higher elevations,

leading to reductions in snow coverage and increase in precipitation during the
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monsoon season causing floods. Current climate change events impacts and the
economic costs are estimated to be 1.5 to 2% of GDP. The impact of climate

change will be as below:

—  Flooding by heavy rains and snow melting in the mountains will damagethe

roads

— Rainfall will affect road infrastructures like, drainage, bridges and pavements.

It may also increase in number of landslides
—  Temperature rise will cause pavement deterioration due to bitumen melting

The Himalayan ice caps are melting faster and glacial lakes are at risk of bursting
their natural dams due to climate change. Nepal will also experience more intense

monsoons rainfall frequency in future.

The predicted rise in maximum temperatures is annual rate of 0.04 - 0.06°C and
annual mean temperatures to increase by 3°C by 2050. Rainfall are predicted to
increase in the range of 15-20%. The projections is an increase in monsoon
rainfall and a decrease in winter rainfall. The key impacts are likely to include
significant warming at higher elevations, reductions in snow coverage and
increased frequency of floods and an increase in rainfall during the wet season.

Climate projection studies of Kathmandu Valley are as below:
—  Increase in average maximum temperature of up to 1.85°C;
—  Increase intensity of rainfall events;

—  Increase in number of extreme rainfall events that now occur every 5 years

are projected to occur every 2 years;

—  Increase in peak monthly average flow in wet season flow on the Bagmati

River is 68%;
—  Greater likelihood of pooling;
—  Increase in irrigation demand by up to 980mm, and

—  Increase in risk and severity of flash floods during the wet season.
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Many glacial lakes in Nepal are expanding at a considerable rate so that the danger
they pose appears to be increasing. It is predicted that the frequency of GLOF
events will increase with climate change. So, improved preparedness is necessary
in road sector to cope with disaster risk due to climate change. Special care is

required to ensure the stability of roadside slopes and landslide management.
2. Road Transport Sector
2.1 Road Network

Road is the dominant mode of transport in Nepal. All weather access roads
contribute to the economic growth in the country contributing to the overall goal
of reducing poverty. Government has given priority to the construction of Mid
Hill Highway which passes through middle mountains. This highway provides
access to many hill settlements and potential hydropower projects. Also, Nepal
has an opportunity to promote transit trade between India and China. This needs
a high class road link and additional infrastructure to attract and divert some of
the present sea trade between India and China. Available statistics indicate that
cross border traffic will continue to rise over the coming years with a significantly
higher growth rate than normal traffic. Road will contribute to poverty reduction
by bringing both direct and indirect positive impacts along with short term and
long term impacts to the area. The provision of transport services, including the
construction and maintenance of roads, generates demand for labor and provides
income-earning opportunities for the poor. Road construction influences social
sectors such as, agriculture, industry, commerce, education, health, etc. Socio-
economic opportunities, environmental and social risks and a variety of other
factors derived from road projects may lead to changes in lifestyles, impacts on
environment and culture, involuntary displacement and resettlement and changes
in systems of production. This is why roads require an environmental impact
assessment to review environmental impacts and implications. The impacts
associated with most criteria should be able to be mitigated well by avoiding
impacts through detailed design and careful attention to the implementation of
engineering controls on construction techniques. Erosion control, dust control,

waste management and forest compensatory planting can be implemented during
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construction. Construction materials, such as boulders, stones, gravel and sand

are locally available at a reasonable distance.

The road construction in Nepal started since 1950 with the construction of
Tribhuvan Rajpath connecting Kathmandu with the Indian border. The
engineering techniques used in construction of roads and roadside slope
management were implemented from donor’s experience. The responsibility for
the management and operation of all strategic roads in Nepal is with the
Department of Roads (DoR). Its remit includes road planning, construction and
maintenance activities. The responsibility for local roads falls under the
Department of Local Infrastructure (DoLI) and local governments. A map of the
strategic road network prepared by the Department of Roads is shown in Figure

1.
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Figure 1: Strategic road network (SRN) of Nepal

Road maintenance fund is established which is managed by the Roads Board of
Nepal (RBN). For the Strategic Road Network, the DOR identifies its maintenance
needs through an Annual Road Maintenance Plan. The road sector development

strategy provides adoption of the planned road asset management system for
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sustainable, reliable and safe road transport operations through prioritized repair,

maintenance, rehabilitation and reconstruction of roads and bridges.
2.2 Green Road Concept

The Green Road Concept is the road construction approach in mountains with
minimum environmental damage to reduce the risks of landslides and erosion
(GTZ/SDC, 1999). Mass balancing of earthworks is not always possible within
the cross section alone. Sometimes the excess soil has also to be carried somewhere
along the longitudinal alignment. Excess excavated material has to be properly
placed and compacted at specified tipping sites. Fixing the road centre line in a
Green Road is a very technical. If the centre line is not properly located it may

result in massive excavation. Below are some important features of a Green Road:

-  Alignment selection with geotechnical consideration to avoid risk of
landslides

—  Low initial design standard and geometry to minimise cost

—  Well integrate into the environment and aesthetic looking

- Labour-Based approach without use of heavy equipments and blasting

—  Ecological preservation of forest areas and wild life

- Preservation of natural drainage system in watersheds

- Avoid water, air and noise pollutions

- Preserve archaeological, historic, religious and cultural sites

- Minimise negative impacts such as, erosion, borrow pits etc

- Generate employment opportunities with equal rules for men and women
- Improved access to education, health, and governmental facilities

Green Roads avoid expensive civil engineering structures, promote the use of
local resource and utilize excavated materials such as, stones, gravel, topsoil etc.
But some gabion wire, concrete pipes and small amount of cement for culvert

structures has to be procured from nearby market.

qataE, 3w $ .



R

2.3

2.4

Labour-Based Approach

The labour is one of the largest resources of developing countries. By adopting
labour-based construction methods, about two-third of the total expenditures on
road construction can be paid to the local people. The approach is suitable if
proper design and techniques are selected during planning stage. Labour-based
method also requires good management. Labour should be available locally in
sufficient numbers. Transporting the labour force to and from worksites can
cause problems. Labours are employed from the nearby villages up to two hours
walking distance and they can return back to their homes after the works.
Appropriate tools and equipment are needed to achieve quality output. Local
labourers may need some training to understand the method of work valuation
and payment system. Construction skills learned by the local people can also be
utilised for other infrastructure works. A number of district and feeder road
projects in Nepal have tried labour-based construction approach with small scale
retaining and drainage structures to provide employment opportunities to poor
communities (RAP, 2000). Use of local resources during construction can lead to

the sustainable maintenance of the road.
Staged Construction

Green Roads are for the rural areas where the traffic volumes are low. Such roads
are constructed with minimal survey and design. Only typical designs of retaining
structures and water management structures are used. Green Roads can be
upgraded from a fair-weather earthen road to an all-weather bituminous road if
the traffic volume increases to required level. Environmental and socio-economic
studies will be required to justify the upgrading. Construction is done in following

four phases:

- Trail along potential road alignment (1m-2.5m)

- Track with gradual widening of the trail (2.5m-4.5m)

- Road with retaining, drainage structures and bio-engineering

- Paved Road with surface drainage including bio-engineering
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4 Road Finalisation
+ Bio-engineering

3 Road Construction
+ Structures

2 Gradual Widening to Track

1 Opening of Trail

Figure 2. Staged construction approach

Its policy states a staged construction approach for feeder roads to ensure that the
maximum benefits are achieved from limited initial traffic volume and limited
financial resource. The design standards (DoR, 1997) provide threshold traffic

levels at which upgrading should be considered with following characteristics:
—  Fair-weather, single lane, earth road with a typical AADT of about 20

—  All-weather gravel road with a traffic volume of about 50 AADT and above
with improved geometry, widening, retaining and water management

structures

—  All-weather bituminous road with further improved curves, culverts and

bridges, and better provision of retaining and water management structures

Further, the road alignments that are high up in the landscape tend to be more
stable than alignments low down the landscape. This is because of the landslides
coming down from the above and undermining from below, as the river scours

away at the base of the slope.
3. Bio-engineering
3.1 Use of Vegetation and Nature-based Solution (NbS)

The bio-engineering in road construction started in Nepal 45 years ago from the

Dharan Dhankuta Road, supported by the UK government It was also applied in
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the Lamosangu Jiri Road Project at the same time constructed with Swiss

assistance. Before 1994, the use of bio-engineering was only restricted to only few

projects working on small road sections. The bio-engineering experience is

documented in a reference manual and site handbook on roadside bio-engineering

in Nepal (DoR Roadside Bio-engineering,1999). The projects which used bio-

engineering in major scale in the past are named below:

a)

b)

d)

Dharan-Dhankuta Road: The Dharan-Dhankuta Road (50 km) was
constructed between 1977 to 1983 under UK Government assistance.
Extensive research work was carried out and different types of bio-
engineering techniques were developed. Many bio-engineering sites were

established along the road to control landslides and erosion.

Lamosaghu-Jiri Road: The Lamosangu-Jiri Road (110 km) was constructed
under Swiss Government’s assistance in 1985. The road construction was
purposely made labour-intensive to provide local employment. All main
structures were executed in gabions. Bio-engineering techniques was

applied to stabilise slopes along the alignment.

Charnawati Rehabilitation Project: This was an effort undertaken to
rehabilitate a road section heavily affected by a flood in the early monsoon
season of 1987. Innovative techniques for the construction and maintenance
of roads. such as anchoring, drilled subsurface drains, and flexible river
protection and bio-engineering were introduced. Construction work during
the project were divided into river control work, drainage work, slope
stabilization work and road rehabilitation. The bare surfaces of the slides

were treated with bio-engineering measures.

Road Maintenance Project (RMP): Bio-engineering component under Geo-
Environment Unit of DoR was supported by the British government.

Outputs of the RMP Bio-Engineering Component were as below:

—  Improvement of skills in bio-engineering was done by training and

demonstration.
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Expansion of the capabilities of Nepalese consultants and contractors
to apply bio-engineering through training and encouragement of the

private sector.

Introduction of bio-engineering works in programs by all Division
Road Offices.

Provision of guidelines for roadside management with road neighbors

in rural areas.

Development of rate analysis norms, standard specifications and

technical manuals.

Determination of the long term management requirements for

roadside vegetation

Rural Access Program (RAP): RAP was implemented during 2001-08. A
feeder road was constructed from Hile to Bhojpur with extensive bio-
engineering and innovative methods of community participation called
Road Building Groups (RBGs). The second phase of the Rural Access
Programme (RAP2) commenced in October 2008 and was completed in
September 2013. It focused on constructing District Roads adopting bio-
engineering and the community-based construction methods. RAP3 also
included the scope of Bio-engineering and tree planting activity in the down

slopes to provide a safety barrier against vehicular roll-off.

The bio-engineering techniques used in the Nepal road sector are from standard

international methods but adapted to local conditions emerged from the research

phase. Emphasis has been given to techniques which improve slope drainage.

Major trials were done on roads such as the Dharan-Dhankuta Road and a

number of techniques were identified as the optimum solutions on specific sites.

This was made by use of demonstration, awareness-raising, information provision,

training, budget programming and provision of technical advice. The design

specification of bio-engineering measures has now been established in the Nepal

road sector (Section 2800 of DoR/ Standard Specification-2078).
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3.2

Bio-engineering combines ecological principles, engineering techniques, and
community engagement to create safe, sustainable roadside environments that
support both transportation infrastructure needs and the health of surrounding

ecosystems (Howell, 1999).

NbS is a sustainable approaches that utilise nature and natural systems to address
various environmental challenges and provide benefits to both human well-being
and biodiversity and commonly used to tackle issues such as disasters caused by
natural events and climate change (IUCN, 2020). Relatively shallow and small-
scale problems are usually confined to cut and fill slopes of roads and are most-
suited to NbS treatment. Larger roadside landslides are usually dealt with using a
combination of civil works and NbS. The NbS relies on the civil works to create

geotechnical stability and through drainage management and erosion protection.
Selection of Techniques

All deeper-seated problems are first addressed by retaining walls and drainage
structures and appropriate bio-engineering techniques are applied in combination.
Provisions have to be made for nursery as well as collection of plants, cuttings,
seeds etc. Local people are encouraged to establish nurseries by providing them
required technical advice and support. Bio-engineering incorporates readily

available indigenous skills and knowledge of local people including women.

Table 1. Bio-engineering techniques and their functions (DoR Reference Manual ,

1999)
SN Techniques Engineering Functions
1 | Planted grass horizontal Armour, reinforce, reduce speed of runoff, catch debris
2 | Planted grass vertical Armour, reinforce, drain surface water, drainage
3 | Planted grass diagonal Armour, reinforce and compromise of grass line planting
4 | Planted grass random Armour, reinforce, limited function of catching debris
5 | Grass seeding Armour, reinforce, limited function of catching debris
6 | Shrub and tree planting Reinforce, anchor and support a slope
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7 | Shrub and tree seeding Reinforce, anchor and support a slope

8 | Bamboo planting Reinforce and support a slope

9 | Brush layering Catch debris, armour and reinforce, slope drainage

10 | Palisades Catch debris, armour and reinforce, slope drainage

11 | Live check dam Catch debris, armour and reinforce the gully floor

12 | Fascines Catch debris, armour and reinforce the slope

Reinforce, armour and protected gully beds

13 | Vegetated stone pitching

Careful site assessment with attention to detail is the key to success in selecting
the techniques for slope management. Without an understanding of the exact
processes at work in every part of a site, it is not possible to design effective

measures to resolve the problems which occur under extreme rainfall events.

A simple and prescriptive system to determine or check the treatments required
based on the site assessment is given below in Table 2 (DoR Bio-engineering Site

Handbook, 1999).

Table 2. Choosing a bio-engineering technique

Start
@ |2® (2@ > @) > (e) > (f) > (g
Slope | Slope | Material Site Potential Functions Technique(s)
angle | length | drainage | moisture problems required q
Good Damp Eros19n, . Armour, . Diagonal grass lines
slumping reinforce, drain
> 15 Dry Erosion Armour, reinforce | Contour grass lines
1 Downslope grass lines and vegetated
metres Slumping, Drain, armour, stone pitched rills or
Damp . - .
Poor erosion reinforce 2 Chevron grass lines and vegetated
stone pitched rills
Dr Erosion, Armour, Diagonal grass lines
Y slumping reinforce, drain 8 8
1 Diagonal grass lines or
> 45° Good Any Erosion Armour, reinforce | 2 Jute netting and randomly planted
grass
Slumping, Drain, armour, |1 Downslope grass lines or
Damp . . . .
<15 erosion reinforce 2 Diagonal grass lines
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1 Jute netting and randomly planted
metres Poor Erosion, Armour, grass or .
Dry . . . 2 Contour grass lines or
slumping reinforce, drain X .
3 Diagonal grass lines
1 Horizontal bolster cylinders and
shrub/tree planting or
515 Good . Armour, 2 Downsl'ope grass lines and vegetated
metres Any Erosion reinforce. catch stone pitched rills or
? 3 Site grass seeding, mulch and wide
mesh jute netting
1 Herringbone bolster cylinders &
Poor An Slumping, Drain, armour, shrub/tree planting or
Y erosion reinforce 2 Another drainage system and
shrub/tree planting
1 Brush layers of woody cuttings or
2 Contour grass lines or
Good 3 Contour fascines or
30° - An Erosion Armour, 4 Palisades of woody cuttings or
450 <15 Y reinforce, catch |5 Site grass seeding, mulch and wide
mesh jute netting
1 Diagonal grass lines or
2 Diagonal brush layers or
3 Herringbone fascines and shrub/tree
metres Slumpin Drain, armour, planting or
Poor Any ping, 2 > |4 Herringbone bolster cylinders &
erosion reinforce .
shrub/tree planting or
5 Another drainage system and shrub
/tree planting
1 Site seeding of grass and shrub/tree
An Good Any Erosion Armour, catch planting or
Y 2 Shrub/tree planting
. . 1 Diagonal lines of grass and shrubs
Slumping, Drain, armour,
<30° Poor Any erosion catch [rees or
2 Shrub/tree planting
<15 Any Erosion Armour, catch | Turfing and shrub/tree planting
metres
Planar sliding | Support, anchor, |1 Large bamboo planting or
Base of any slope or shear failure catch 2 Large tree planting
3.3 Selection of Species
Different plant species are used for the bio-engineering techniques. Abundance
of pioneer colonizing species is available near the vicinity of road alignments. It
is possible to use a large number of appropriate species for which seeds are
available in country. Mainly, the following points should be considered during
selection of species to perform the required bio-engineering functions:
- Suitable species for the environmental conditions on site
- Performance of the required functions on site
- Useful to local farmers
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- Availability of species at the right place and in the right quantities

—  Use of fast-growing species for rapid establishment

Figure 3. Grass plantation in mine haul road in Tokadeh, Liberia (before and after 3

months)

The final choice of species, according the technique for which they are to be used,

and the site characteristics are determined by altitude and moisture. The technical

part involves the selection of the right means of plant propagation, and site

suitability. Examples of local species and their effective depths of rooting is given
in Table-2 below.

Table 3. Species and their effective depths of rooting

SN| Plant type Example in Nepal Rooting depth (metre)

Dubo Cynodon dactylon

L |Small grass Kikiyu Pennisetum clandestinum 0.10
Kans Saccharum spontaneum

2 |Large grass Amliso Thysanolaena maxima 1.00

3 |Large bamboo |Malbans  |Bambusa nutans 1.00

4 |Shrubs Dha'nyero Woodfo1"d1a fruticosa 150
Bhujetro Butea minor

5 |Trees Kh.ayer Acacia catechu - 2,00
Utis Alnus nepalensis

3.4 Integration of Climate Resilient Nature-based Solutions

Slope stabilisation requires a number of engineering functions to be fulfilled.

Because of the complexities of the site both civil and bio-engineering techniques
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are required to serve the purposes. Therefore, a combination of civil and bio-
engineering offers the most complete solution to the roadside slope management.
But the road engineers should be familiar with the principles of bio-engineering
systems and civil engineering systems. Priority should be given to nature-based
solutions (NbS) as far as possible. Figure-4 below shows the combination of civil

and bio-engineering techniques used in BP highway and Prithivi highway in

Nepal.

Figure 4. Combination of civil and bio-engineering techniques in Nepal road

The strength at various stages of life for bio-engineering and civil engineering
structures is different. Vegetations take few years to reach maximum strength. As
the relative strength of engineering structures decrease, the relative strength of
plant structures increases. Graph compares the performance of each type of
structure and not their actual strength. Jute net and grass can be used in
combination to perform a catching function. The capacity of the jute net to retain
soil is very high at first. With time the jute decays and weakens the net and
consequently its soil-retaining capacity decreases. In contrast, the capacity of
grass slips to retain soil increases as their root systems develop. As the relative
strength of the jute net declines, the relative strength of the grass increases and
the soil-retaining function of the jute net is handed over to the grass. To protect a
slope from a shallow planar failure, a retaining wall is provided to support the toe
but also requires bio-engineering measures to armour against erosion. Civil and
bio-engineering structures served complementary functions on the same site.
Additionally, the improvement for climate resilient road construction and

maintenance can be achieved by incorporating:
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—  Resilient designs and better construction standards.

—  Raising infrastructure works above the projected high flood level in low-

lying flood prone areas.

—  Ensuring faster restoration and mitigation of damage after natural disaster
events through regular maintenance activities and increasing frequency of

periodic maintenance.
—  Increasing capacity of side drains, cross drains and embankment height.

—  More resilient bridge structure should be designed with higher return

periods to accommodate increased flood volumes.

—  Providing additional protection works to resist erosion and scour for roads

built in low land and in close proximity to adjacent rivers.

— Review of specifications for construction materials to increase their
resilience to the impacts of increased rainfall, increased flows and

fluctuations in temperature variations.
3.5 Maintenance and Monitoring of Bio-engineering

Bio-engineering maintenance is a part of roadside support maintenance which
maximise its engineering contribution and its appearance. Routine maintenance
involves protection and care of plants. It is required continuously because of
environmental effect. The normal activities are weeding, mulching, grass cutting
and protection from fire, grazing and theft. The length workers can carry out
routine maintenance activities. Preventative maintenance is required to adapt the
geophysical environment and covers all other bio-engineering activities of
roadside support maintenance. Preventative maintenance is more complex than
routine maintenance. The normal activities are thinning of shrubs and trees,
repair of vegetation structures, vegetation enrichment and removal of unwanted
shrubs and trees. The ideal bio-engineering site should maintain the following

features:

—  Trees with deep roots for anchorage.
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—  Trees should be pollard or coppiced so that their weight does not surcharge

the slope.
—  Shrubs forming an intermediate level shallower than the tree roots.
—  Grasses to prevent erosion of the soil surface.

Monitoring of bio-engineering works includes regular site inspections and
assessment of the structural performance of both the civil and vegetative
structures. This involves evaluating the performance and effectiveness over time,
focusing on elements like structural integrity, landslide and erosion control, and
environmental benefits. This process also includes assessing plant survival rates,
establishment periods and benefits under different climate scenarios. It is
necessary to evaluate and quantify the saving in road maintenance budget by

using bio-engineering techniques through piloting and research projects.
Case Example of Bio-engineering in Sankhu-Palubari-Nagarkot Road

The ADB funded Earthquake Emergency Assistance Project (EEAP) supported
the Government of Nepal to accelerate recovery and reconstruction following the
devastating earthquake of 25 April 2015. Extensive road blockages and
inaccessibility for a few weeks were seen in the in the days after the earthquake.
The obstructions were caused mainly by landslides, which washed out some road
sections completely. About 135 km of strategic roads and about 450 km of rural
roads damaged by the earthquake and landslides were rehabilitated. Project roads
and bridges had built back better features for road safety and climate resilience.
All outputs assured to be disaster risk resilient. The project was planned to be
implemented over a three year period. The estimated cost of the project is $232
million. The underlying principle of the government’s recovery and reconstruction

(R&R) policy is to build back better.

Sankhu - Palubari — Nagarkot Road (10 km) was one of the road out of 17 district
being carried out for reconstruction under ADB Loan 3260: Earthquake
Emergency Assistance Project (EEAP). The road alignment starts from
Shankharapur Municipality Ward No. 11 of Kathmandu district and passes
through Sankhu, Palubari, Kattike and finally reaches to Nagarkot of Kavre
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district. This road provides access to market, education institutions, and health
center and government service offices. In addition it is also a potential heritage

route to religious places of Sankhu and tourist route to Nagarkot.

Shalinadi Chowk_Sankhu

= Kattike Bazar

Palubari

Figure 5 - Alignment of road

The road was designed for upgrading to alweather paved standard with following

improvements:

- Widening of road width

- Improvement of high grade

- Provision of passing bays incertain intervals
—  Cross drainage and side drains improvement
- Road geometry improvement

- Bio-engineering works

The road was designed to all weather type of district core road network standard
of general width of 5.25 m with 3.75 m carriageway including 0.75 m shoulder on
either side and with vehicle-passing zone at designed intervals. In order to
manage the surface run-offlined drain was being carried out with cross-drainages
at frequent interval focusing to be located at vertical intersection valley points.
Consideration was given to safe discharge of the drainage outlets in natural
gullies. Type of crossings were been determined keeping view of nature and

characteristics of gullies, river, stream and spring.
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Figure 6 - Bio-engineering work in Sankhu-Palubari-Nagarkot Road

Summary of civil engineering and bio-engineering works are presented in the

following Table-3 and Table-4.

Table 4 - Civil engineering works

SN Items Cost (NRs) Waitage (%)
1 | Earthworks for widening 10,401,380 6
2 Retaining structures 52,187,440 30
3 Drainage structures 17,870,463 10
4 Pavement works 57,676,781 34
5 Others 30,909,205 20
Total 169045269 100

Table 5 - Bio- engineering works

SN Items Cost (NRs) Waitage (%)
1 | Supply of plants 2,332,584 30
2 | Plantation 3,545,310 46
3 | Fencing 823,081 10
4 | Structures 106,756 2
5 | Others 885,004 12
Total 7,692,735 100
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Portion of bio-engineering work in comparison with civil engineering work in
Sankhu - Palubari - Nagarkot Road was only 4.35%. The implementation of bio-
engineering has already produced good results and this will improve the condition
of roadside slopes reducing maintenance costs. Local people were involved
during implementation to promote income generation activities. Bio-engineering
techniques have shown to be reliable and cost-effective. From the experience of
this road, it is recommended that a minimum of 5% of the total cost should be

allocated to implement bio-engineering in road sector contracts.
4. Conclusions

The sustainability of mountain roads depends very closely on careful alignment
selection and slope stabilisation. Slope stabilisation works can be made more resilient
and cost effective using locally available materials and skills. Bio-engineering work is
considered one of the most sustainable measures for slope protection, as it provides
environmental-friendly and cost-effective. Extensive use of nature-based solutions
(NbS) in road sector can reduce disaster, protect biodiversity, improve watershed

management and also attract international carbon financing.

Resilient roads can be constructed by incorporating proper design, better construction
standard and inclusion of bio-engineering. Bio-engineering can be combined with
civil engineering structures to enhance strength, drainage and slope stability. They
offer comprehensive solutions to a wide range of slope instability problems when
combined with appropriate civil engineering measures. They also produce better
economic and environmental results and the techniques are flexible and are able to

recover from damage.

Department of Roads should prioritise on research activities to promote bio-
engineering and develop a policy on disaster management and climate change
adaptation for road construction and management. Improved preparedness is
necessary in road sector to cope with impacts due to climate change. It is necessary to
transform some changes from geotechnical strategies to bio-engineering strategies to
adapt climate change impacts. The combination of live vegetation and geotechnical

engineering that is strategically planned and designed together can be used to perform
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a variety of useful engineering functions for the benefit of nature, people and the

economy.
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Safe System Approach: Smart Mobility and Road Safety
in the Workplace with a Strategic Focus on
the Nepali Context

Er. Pravat Kumar Jha

Former Deputy Director General, Department of Roads

1. The global and regional imperative of occupational road safety

The evolution of transport systems and the expansion of the global workforce have
rendered road safety in the workplace a critical priority for sustainable infrastructure
development and public health. Across the globe, work-related mobility is not merely
a logistical necessity but a significant epicenter of occupational risk. The International
Labor Organization (ILO) identifies that nearly three million workers perish annually
due to work-related accidents and illnesses, with traffic incidents accounting for
approximately 25% of all work-related deaths. In more specific regional contexts, such
as Europe, the European Agency for Safety and Health at Work estimates that road
crashes are responsible for up to 40% of all occupational fatalities. This data underscores
a profound reality: for a significant portion of the global workforce, the daily journey
to and from work, or travel undertaken as a formal part of job duties, represents the

most hazardous period of their lives.

This crisis is disproportionately concentrated in the Asia Pacific (APAC) region.
Despite serving as a global engine of economic growth and technological innovation,
the region is simultaneously shadowed by a severe road safety burden. Annually, an
estimated 1.19 million people die in road traffic crashes worldwide, and the Asia
Pacific region accounts for a staggering 59% to 60% of these fatalities. The World
Health Organization (WHO) highlights that the South-East Asia Region alone
accounts for 28% of global road deaths, maintaining a fatality rate that consistently
exceeds the global average. In South and South-West Asia, the fatality rate has been
recorded at 20.3 per 100,000 population, while South-East Asia sits at 17.8 per
100,000—figures that are starkly higher than those in high-income economies.
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The intersection of labor and road risk is particularly evident when examining the
demographics of these casualties. WHO data indicates that two-thirds of all road
traffic fatalities occur among individuals of working age (18 to 59 years), making road
crashes the primary threat to the region’s most productive demographic. The
connection is twofold: it includes travel en mission, which is essential for logistics,
sales, and service industries, and travel in itinere, the daily commute. For many workers
in the Asia Pacific, this vulnerability is amplified by the archetype of the “Vulnerable
Worker,” an individual who occupies a dual status as a vulnerable road user (VRU)—
such as a pedestrian, cyclist, or user of a motorized two-wheeler—and a member of the
workforce. In many Asian nations, including Vietnam, Thailand, and Indonesia, the
explosion of motorcycle ownership has placed millions of gig economy and informal
sector workers on congested, often unsafe road networks, where VRUs account for up

to 66.5% of all road deaths.

The economic imperative to address this issue is equally compelling. The Asian
Development Bank (ADB) estimates that road crashes cost its developing member
countries approximately $96 billion annually, with the economic burden ranging from
2% to 6% of a country’s Gross Domestic Product (GDP). These costs are not abstract;
they represent lost productivity, strained healthcare systems, and the descent of
families into poverty following the death of a primary earner. Consequently, managing
road risk is a core business responsibility that enhances operational resilience and
corporate reputation while mitigating financial losses from vehicle damage and

insurance premiums.

Table 1: Global and APAC Road Safety Statistics Comparison

Metric Global Estimate | Asia Pacific Region

Annual Road Deaths 1.19 million 60% of global total
Work-Related Deaths ~3 million total | Highest global mortality (63%)
Traffic % of Work Deaths 25% (Global) ~40% (Select high-risk areas)
Working Age Fatalities N/A Two-thirds of all road deaths
Economic Cost N/A 2% to 6% of GDP

VRU Fatality Share N/A Up to 66.5%

The conceptual framework of the safe system approach
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The Safe System approach represents a fundamental paradigm shift in road safety
management. Historically, traditional road safety models focused heavily on the
individual behavior of transport users, often assigning primary blame to the driver or
pedestrian when a crash occurred. The Safe System approach, which originated with
Sweden’s “Vision Zero” initiative, challenges this perspective by recognizing that road
crashes are a consequence of inadequate or poorly designed systems rather than purely

individual failure.
Fundamental principles of the safe system

The approach is built upon four core principles that dictate how a safety-centric
transport environment should be designed and managed. The first is the Principle of
Fallibility, which acknowledges that human beings are inherently prone to making
mistakes. In a Safe System, the focus is not on perfecting human behavior but on
designing a traffic environment that is “forgiving” of these errors. The second is the
Principle of Vulnerability, which recognizes that the human body has a limited
capacity to withstand the kinetic energy released during a crash without suffering

serious injury or death.

The third principle is Shared Responsibility, which moves away from individual
culpability and establishes that responsibility for road safety lies with everyone involved
in the system: designers, builders, vehicle manufacturers, fleet managers, and road
users. Employers, in particular, have a moral and legal duty to ensure that the transport
tasks they mandate are conducted within a safe environment. Finally, the Principle of
Comprehensive Approach or Redundancy ensures that all parts of the system—
infrastructure, vehicles, speeds, and users—are reinforced so that if one part fails, the

other components protect the individual from a fatal outcome.
The five pillars of action

To operationalize these principles, the Safe System approach utilizes five functional
pillars. The first pillar, Road Safety Management, focuses on institutional capacity,
inter-agency coordination, and data-driven policy making. The second, Safe
Infrastructure Design, emphasizes creating road environments that naturally manage

speed and separate conflicting modes of transport, such as raised crosswalks and
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protective barriers. The third pillar, Safe Vehicles, advocates for the adoption of
advanced safety technologies, such as anti-lock braking systems (ABS), airbags, and

driver assistance systems (ADAS).

The fourth pillar, Safe Road Users, involves education, training, and strict enforcement
of regulations—such as helmet use and seat belt compliance—to encourage responsible
behavior within the system. The final pillar, Post-Crash Response, focuses on the
efficiency of emergency services and medical care to minimize the severity of injuries
and prevent secondary deaths after an incident has occurred. By integrating these
pillars, the Safe System targets the achievement of the 2030 Agenda for Sustainable

Development, which aims to halve global road deaths and injuries.

Table 2: Traditional Approach vs. Safe System/Vision Zero Paradigm

Feature

Traditional Approach

Safe System Approach

Responsibility

Primarily on the individual
road user

Shared among designers, managers,
and users

Human Error

Blames the user for crashes

Recognizes error is inevitable;
designs for it

Primary Goal

Reducing crashes to
“acceptable” levels

Elimination of deaths and serious
injuries

. . Manufacturer/Owner Integrated safety layer
Vehicle Design responsibility (Active/Passive)
Infrastructure Maximizing throughput and | Error tolerance and speed
flow management
Post-Crash Variable healthcare response | Integral part of the safety system

Smart mobility: technologies and their impact on workplace safety

Smart Mobility refers to the strategic integration of advanced technologies, real-time
data, and innovative service models into the transportation ecosystem. Its objective is
to create a network that is not only efficient and sustainable but fundamentally safer
for all users, particularly workers who are exposed to the road environment daily.
Within the framework of the Safe System, smart mobility acts as a catalyst for risk

reduction by mitigating human error through automation and data-driven insights.
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Associated technologies and infrastructure

A core component of smart mobility is the development of Intelligent Transportation
Systems (ITS). These systems utilize sensors, cameras, and data processing to manage
traffic flow in real-time, detecting incidents and proposing alternative routes to avoid
hazardous congestion. For example, Japan’s Vehicle Information and Communication
System (VICS) has provided drivers with real-time traffic data for decades, while
Singapore’s system uses Artificial Intelligence (AI) to predict traffic patterns and adjust

signal timings dynamically.

The Internet of Things (IoT) enables Vehicle-to-Vehicle (V2V) and Vehicle-to-
Infrastructure (V2I) communication, creating a “cooperative awareness” where
vehicles share speed and location data with each other and with road furniture. This
allows for dynamic adjustments to traffic lights based on weather or traffic conditions,
significantly reducing the probability of collisions. Furthermore, Autonomous Vehicles
and those equipped with Advanced Driver Assistance Systems (ADAS)—such as
Automatic Emergency Braking (AEB) and Lane Departure Warning—act as
automated safety nets that can intervene faster than a human operator to prevent rear-

end collisions or lane-change crashes.
Benefits for occupational road safety

For companies managing fleets, the implementation of In-vehicle Telematics provides
unprecedented visibility into driver behavior. Telematics systems can detect unsafe
habits such as speeding, harsh braking, or rapid acceleration, allowing for real-time
feedback or targeted coaching. Companies like Shell have integrated these solutions to
foster a stronger safety culture and identify risky habits before they lead to serious

incidents.

Moreover, Route Optimization applications use predictive algorithms to calculate the
safest paths, minimizing exposure to high-risk intersections and reducing the pressure
on drivers to meet delivery times through risky behaviors. By smoothing traffic flow
through automatic synchronization, smart mobility also helps reduce driver fatigue
and psychological stress—factors that are major contributors to human error on the

road.
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Table 3: Core Technologies of Smart Mobility and Safety Functions

Technology Category | Specific Systems Primary Safety Benefit
ITS VICS (Japan), Smart Urban decongestion and real-
Traffic (Singapore) time hazard alerts

Cooperative awareness and

V2X Communication | V2V, V2I via IoT sensors | . .
intersection safety

Identification of blackspots and
route optimization

ADAS (AEB, Lane Assist, | Compensation for human

Al/Big Data Predictive safety analytics

Automated Safety ABS) error/distraction
- Telematics and GPS Real-time behavior correction
Fleet Monitoring . o
tracking and monitoring
MaaS Platforms Grab, GoTo, super-apps Multi-modal integration and

reduced car dependency

Public policies and international regulatory frameworks

The establishment of public policies and regulatory frameworks is essential for
ensuring that road safety is prioritized across all sectors of the economy. International
legislation provides the bedrock for national strategies, creating a standardized set of

expectations for employers and governments.
The foundation of international labor standards

The International Labour Organization (ILO) provides the foundational framework
through the Convention on Occupational Safety and Health (C155), which
establishes road safety as a core component of employer responsibility. This convention,
ratified by over 60 countries, emphasizes that employers must take preventive measures
to protect workers during all work-related activities, including travel. This is further
detailed in ILO Recommendation R194, which focuses specifically on travel-related

safety and is particularly relevant for nations with large informal transport sectors.

In the European Union, Directive 89/391/EEC mandates that companies include road
safety in their occupational health and safety (OHS) programs. Additional regulations,
such as Regulation (EC) 561/2006, set strict limits on driving and rest times for
professional drivers to prevent fatigue-related crashes. Many companies worldwide
are also adopting ISO 39001, an international standard for road traffic safety
management systems, which provides a structured approach for identifying risks and

implementing evidence-based interventions.
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Diverse regulatory landscapes in the Asia Pacific

The Asia Pacific region presents a varied regulatory landscape, ranging from highly
advanced systems to emerging frameworks. Japan’s Road Traffic and Safety Act
places clear legal responsibility on companies for the training and monitoring of
employees who operate vehicles for work. Similarly, Australia’s National Road Safety
Strategy 2021-2030 is rooted in the Safe System approach and sets ambitious targets

for reducing road trauma through mandatory safety audits and policy implementation.

In contrast, rapidly motorizing nations like India have recently enacted the Motor
Vehicles Act 2019, which establishes stringent certification requirements for
professional drivers and mandates that companies develop comprehensive safety
programs. South Korea has addressed the economic root causes of unsafe driving
through its “Safe Rates” movement, recognizing that low freight rates often force
truck drivers into unsustainable and dangerous working practices, such as excessive

hours and speeding.

Table 4: Regional Regulatory Comparison for Occupational Road Safety

Country/Region | Primary Legislation/Strategy I;:g; tl;eatures fononk place
Sweden Vision Zero / Zero-tolerance for deaths;
Arbeidsmiljolagen mandatory safety plans
Australia National RS Strategy 2021-2030 Mandator.y aqdlts; Health and
Safety legislation
Japan Road Traffic and Safety Act Co.rp.orate resp 0n.31b1hty for
training/monitoring
Sineapore Workplace Safety and Health Tripartite approach; risk
8ap Act (WSHA) management for all driving
South Korea Safe Rates System Ecgnomm mitigation of
fatigue/speeding risks
India Motor Vehicles Act 2019 Professional driver certification;
safety program mandates
Colombia Resolution 1565 of 2014 Mandatory Strategic Road
(PESV) Safety Plans for companies
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National strategies for occupational road safety

National strategies serve as the blueprint for coordinating efforts between government
agencies, the private sector, and civil society. Successful strategies must be
multidisciplinary and data-driven, ensuring that interventions are tailored to the

specific needs of each economic sector.
Strategic planning and coordination

A critical element of any national strategy is Inter-institutional Coordination. In
Singapore, the Workplace Safety and Health Council (WSHC) operates as a tripartite
body involving the government, employers, and trade unions to promote safety
through guidelines and industry-specific programs. Similarly, Australia’s National
Road Safety Partnership Program (NRSPP) acts as a knowledge bank, facilitating

the exchange of best practices between over 50 leading companies.

National planning must also include rigorous Risk Analysis and Blackspot Diagnosis.
Authorities in China increasingly utilize big data analytics to identify high-risk road
sections, while companies in Germany are required to submit periodic reports on
mobility risk factors to the Federal Road Safety Agency. These analyses allow for the
implementation of targeted infrastructure upgrades and enforcement campaigns that

directly benefit commercial transport safety.
Incentives and training programs

Governments use various incentives to encourage companies to invest in road safety.
In Australia and New Zealand, businesses that implement robust safety management
systems can access Insurance Premium Reductions or levy discounts. The Japanese
government provides subsidies for the adoption of safety technologies, such as ADAS
and telematics, while Mexico offers preferential treatment in public contracts to

companies with strong road safety records.

Education and training remain fundamental pillars of national strategies. Modern
programs go beyond basic licensing to include defensive driving, fatigue management,
and simulations of emergency situations. In Japan, simulators are mandatory for

corporate vehicle drivers, a practice that has been shown to reduce work-related crash
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rates by 20%. Targeted training programs, such as the AIP Foundation’s initiatives in

Cambodia and Thailand, focus on the most vulnerable commuters, such as factory

workers who rely on collective transport.

Table 5: Successful National Strategies and Reported Outcomes

Reported Outcome /
Strategy Type Exemplar Country Benefit
. . New Zealand (Road to | Safety-first mindset across
Comprehensive Planning
Zero) corporate sector
Inter-agency Coordination | Singapore (WSHC) Integrated risk management
across all sectors
. . 30% reduction in crashes
Technology Incentives Japan (MLIT Subsidies) through ADAS
- o L
Industry Benchmarking UK.(Drlvmg for Better | 30% red.u.ctlo.n in incidents
Business) for participating firms
Vulnerable Group Focus Cambod'la (AIP Safer fe'lctory commuting via
Foundation) collective transport
. South Korea (Safe Reduced pressure for
Economic Root Causes . . -
Rates) speeding and fatigue driving

6. The state of road safety in Nepal: an analysis of the crisis

Nepal faces a severe and escalating road safety crisis that has become a major barrier
to its sustainable development and economic growth. Over the past 15 years, casualties
from road crashes have surged by 155%, rising from 1,131 in 2008 to 2,883 in 2022. If
these trends persist, annual fatalities are projected to reach 4,500 by 2030, meaning an
average of 12 lives lost daily on Nepali roads. The economic toll is equally staggering,
with fatalities and serious injuries costing an estimated $3 billion in 2021—equivalent
to roughly 7% of Nepal's GDP, a figure that surpasses the country’s total healthcare
expenditure of 5.4% of GDP.

Data discrepancies and the under-reporting issue

A fundamental challenge in addressing road safety in Nepal is the lack of reliable,
standardized data. Significant discrepancies exist between official police records and
estimates from international health bodies. In 2021, while official country statistics

and the Global Burden of Disease reported approximately 2,000 fatalities, the WHO

qataE, 3w $ RY



%

estimated the figure to be near 8,000, representing a fatality rate of 28.2 per 100,000

population—well above the Asia Pacific average of 15.2.

Research utilizing the Community Crash Recording System (CCRS)—where local
record keepers like shopkeepers document crashes visible from their premises—
demonstrates the depth of this under-reporting. In a 12-month study, community
record keepers documented 110 crashes, while police records for the same period and
locations captured only 23. The reporting rate was particularly low for minor injuries
(7.1%) and property damage (11.6%), suggesting that traditional records fail to capture

the full socio-economic burden of “fringe” incidents.

Table 6: Nepal Road Safety and Infrastructure Overview

Indicator Value / Status

Estimated Fatality Rate 28.2 per 100,000 population (WHO 2021)
Reported Fatality Rate ~6.6 per 100,000 (Official 2021)

Annual Economic Loss ~$3 Billion (7% of GDP)

Motorcycle Crash Share 35.5% to 38%

Pedestrian Fatality Share 24.8% to 27%

Strategic Road Condition 60% in “good” surface condition

iRAP 3-Star Rating (Roads) 17% to 32% (depending on user type)
Registered Vehicles >3.5 million motorized vehicles

National strategies and regulatory framework in Nepal

Nepal has committed to international goals, including the UN Decade of Action for
Road Safety 2021-2030, which aims to halve road deaths by the end of the decade. To
achieve this, the government has developed several policy frameworks that incorporate

the principles of the Safe System.
The Nepal road safety action plan (RSAP) 2021-2030

The RSAP serves as the primary strategic document, focusing on the five pillars of the
UN Global Plan. It aims to reduce annual fatalities from an average of over 2,000 to

approximately 875 by 2030. Key priorities include stricter vehicle fitness tests, control
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of cruising speeds for heavy transport (buses and trucks), and the enhancement of
pedestrian facilities. The plan also calls for a “Paradigm Shift” in traffic law, moving
from punitive enforcement toward a public-living approach centered on the Safe

System.
Workplace-specific priorities within the RSAP include :

o Driver Fatigue Management: Promoting adherence to legal provisions that
require two drivers for long-haul routes or mandatory breaks at designated

locations.

«  On-Road Worksite Safety: Under the Civil Code, leaving worksites unsecured is
a criminal offense. The RSAP mandates proper fencing and signaling at all
construction sites, requiring these standards to be integrated into formal

contracts.

«  Post-Crash Response Training: Prioritizing trauma-care training for medical

personnel and first responders to improve the survival rates of crash victims.
The Nepal labor act 2074 (2017)

The Labor Act 2074 is the principal legislation governing occupational safety and

health in Nepal, establishing clear responsibilities for employers across all industries.

o Safety and Health Committees: Section 74 (and 79) mandates that any
establishment employing 20 or more workers must form a Safety and Health
Committee. This committee is responsible for evaluating safety arrangements

and notifying authorities if the employer fails to address hazards.

«  Employer Duties: Employers must maintain a hazard-free workplace, provide
necessary Personal Protection Equipment (PPE), and ensure the safe handling

and transportation of dangerous substances.

o  Protections for Transport Labor: Section 86 provides specific rules for the
transport sector, including a strict prohibition on alcohol consumption for 12
hours before driving until the final destination is reached. It also mandates

rotational driving for long-haul passenger vehicles.
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o Female Worker Safety: Section 33 requires employers to provide safe
transportation and security for female employees required to work before sunrise

or after sunset.

Table 7: Key Safety Provisions under Nepal Labor Act 2074

Provision Legal Requirement / Limit

Standard Working Hours 8 hours per day; 48 hours per week

Maximum Overtime 4 hours per day; 24 hours per week

Overtime Pay 1.5x the ordinary wage rate

Safety Committee Mandatory for establishments with 20+ workers
Alcohol Rule (Transport) Zero consumption 12 hours prior to/during duty
Accident Insurance Rs. 7 Lakh coverage, paid by the employer

Rest Interval 30 minutes after 5 continuous hours of work

Smart mobility and ITS initiatives in Nepal: 2025 and beyond

Nepal is currently transitioning toward a more modern, technology-driven transport
management system. While the basic infrastructure is still being developed, several

key projects and trends indicate a significant shift toward smart mobility.
Intelligent traffic management and data systems

The Kathmandu Sustainable Urban Transport Project (KSUTP), supported by the
Asian Development Bank, is introducing a self-adaptive Intelligent Traffic System
(ITS) in the capital. This system will cover 37 traffic points across 26 junctions, utilizing
live CCTV video and wireless data to manage congestion and curb violations such as

over-speeding and lane deviations.

To address the critical data gap, the Road Accident Information Management System
(RA-IMS) has been deployed by the Nepal Police and DoTM. RA-IMS includes a
mobile application for on-site data collection by traffic police and a centralized server
for analysis, aiming to identify crash patterns and contributing factors with greater

granularity than traditional paper registers.

qaieam, 3% $



The rapid leap to electric mobility (EV)

Nepal has emerged as a global frontrunner in EV adoption, driven by the logic of its

domestic energy production. Over 90% of Nepal’s electricity comes from hydropower,

making EVs the most cost-efficient and logical choice for decarbonizing the transport

sector.

Market Transformation: In the fiscal year 2024-25, electric vehicles accounted
for 73% to 76% of all newly imported passenger cars, jeeps, and vans. Even light
commercial vehicles, such as small pickups and delivery vans, saw a 50% electric

market share.

Infrastructure Depth: As of mid-2025, over 60 public charging stations have
been installed by the government and private operators, with a national network

expanding along major highway routes.

Inclusive Transition: The Sustainable Electric Transport for Nepal (SET4NPL)
project focuses on scaling electric public transport, such as electric micro-buses
(EMBs). A key element of this transition is training Safa Tempo drivers—

particularly women—to operate modern electric micro-buses, ensuring that the

modernization of the fleet is socially inclusive.

Table 8: Major Smart Mobility and Sustainable Transport Projects in Nepal

Project / Initiative Implementing Agency | Core Safety/Efficiency Benefit

KSUTP ITS MoPIT / ADB Real-time traffic visualization
and control

. Digitalized crash reporting and

RA-IMS Nepal Police / DoTM blackspot ID

SET4NPL Mitigation Action Facility | ELcctrification of micro-buses;
women driver training

BRT Pilot Kathmandu Metro / ngh—capa.aty, safer mass transit

MoPIT along corridors

Fleet Telematics Delta Tech / GeoMate Reél_t.lme monitoring of B2B
logistics fleets

Smart Card Licensing | DoTM .Imprgved y egulation and driver
identification
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9. Corporate responsibility and the gig economy in Nepal

As digital platforms reshape mobility, the distinction between formal and informal
employment has become a critical focal point for occupational road safety policies.
Multinational corporations and digital platform companies in Nepal have introduced

innovative programs to protect their workforces.
Ride-sharing safety: Pathao and inDrive

Platform-based delivery and ride-hailing services are dominant in urban Nepal.
Because these workers often operate as independent contractors, they fall into a
precarious middle ground with limited OSH oversight. To address this, platforms like

Pathao have implemented extensive safety frameworks :

«  Mandatory Safety Training: Riders must pass online safety assessments with a

score of at least 80%.

o  Comprehensive Coverage: The ‘Pathao Benefit Program’ provides income
security, medical insurance, and accidental death coverage for both riders and

passengers.

e Quick Response Team (QRT): Pathao operates a 24-hour team to investigate

incidents and provide swift assistance during emergencies.

. Helmet Distribution: Countless helmets have been distributed to ensure both

riders and passengers adhere to safety regulations.
Multinational corporate initiatives

Large-scale enterprises like Unilever Nepal and Coca-Cola Beverages Nepal integrate
road safety into their core operational values. Unilever’s “Drive to Zero” program
focuses on six high-risk countries, utilizing technology to reduce fatalities. In
collaboration with industry bodies, they developed a Commercial Vehicle Code of
Conduct to improve standards among third-party logistics providers. Coca-Cola
Hellenic’s fleet safety policy sets safety as a primary criterion for vehicle selection and
journey planning, ensuring that all company vehicles are operated within designated

load limits to prevent mechanical failures.
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Table 9: Comparative Analysis of Corporate Road Safety Features

Company Sector Key Safety Feature Impact on Workplace Safety
Pathao Gig Economy QRT and Benefit Income security; 24/7 incident
Program response
inDrive Ride-hailing SOS.button; location Passenger and rider
sharing emergency support
Unilever | EMCG Together for Safety Culture of sgfetY.across
program manufacturing sites
Speed governors (60 Reduced high-speed crash
Coca-Cola | Beverages km/h) risks in fleets
RichLand | Logistics GPS apd behavior Measurablsgams in driver
coaching accountability
. Continuous feedback loop for
Shell Energy A27 Fleet Solution driver habits

10. Evaluation, monitoring, and continuous improvement
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The success of any road safety strategy depends on the ability to measure its effectiveness
and make data-driven adjustments over time. This process is particularly critical in the

Asia Pacific, where economic conditions and mobility patterns are rapidly evolving.
Key performance indicators (KPIs) and auditing

Effective evaluation requires the use of standardized Key Performance Indicators
(KPIs), such as crash rates, injury severity, helmet compliance, and average driver
speed. In Australia, companies are legally obligated to report these indicators annually
and are often audited by NRSPP-certified external bodies to ensure compliance with

the Safe System approach.

Companies like FedEx and UPS implement quarterly reviews of their telematics data,
identifying risk patterns and updating training modules to address observed behaviors.
In Sweden, under the Vision Zero framework, authorities review reports from
companies to adjust national awareness campaigns and infrastructure policies. For
Nepal, the Community Crash Recording System serves as a vital tool for validating

official reports and identifying deficiencies in existing police data collection methods.
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11.

Infrastructure safety and worksite surveillance

Continuous monitoring also extends to the physical work environment. The
Department of Roads (DOR) 2080 Guidelines in Nepal mandate that project
directors establish OHS units to monitor construction site safety daily. These units
conduct health surveillance and manage the “Permit to Work” system for hazardous
machinery. Regular road safety audits, as proposed in the NRSAP, are essential for
identifying engineering defects—such as the high-risk horizontal curves—before they

result in casualties.
Nuanced conclusions and strategic recommendations for Nepal

The integration of the Safe System approach and smart mobility within the Nepali
workplace requires a multifaceted strategy that addresses infrastructure deficiencies,

data fragmentation, and the unique challenges of the informal economy.
Strengthening the institutional and legal framework

To overcome the inactivity of existing bodies, Nepal should establish an empowered
and autonomous National Road Safety Council under the chairmanship of the
Minister of Physical Infrastructure. The long-pending Road Safety Bill must be
promulgated to provide a robust legal framework for enforcing safety standards across
both the formal and informal sectors. This law should include provisions for a dedicated
Road Safety Fund that covers the medical treatment and rehabilitation of crash

victims, ensuring that survival does not lead to financial ruin for the worker.
Bridging the formal-informal safety divide

The government must develop innovative “Platform Responsibility” regulations that
standardize the safety initiatives already introduced by companies like Pathao. This
includes mandating accident insurance for all gig workers and ensuring that digital
algorithms do not create time-based incentives for risky behaviors like speeding. For
the informal sector—such as owner-operator truck and bus drivers—community-
based training networks and NGO-led programs like the AIP Foundation’s “Vulnerable

Commuter” training should be scaled up to provide essential defensive driving skills.

(oK qatem, Sie ¢



Maximizing the leapfrog potential of smart mobility

Nepal’s rapid EV adoption provides a unique opportunity to lead the region in clean
and safe transport. The electrification of public transport fleets should be accelerated
through concessional financing for heavy vehicles like buses and trucks. Furthermore,
the ITS initiatives in Kathmandu must be integrated with the RA-IMS data to create a
“Live Visualization” of road risk, allowing authorities to dispatch emergency services

within the “Golden Hour” of a crash.

By adopting the principles of fallibility, vulnerability, and shared responsibility, and by
leveraging the power of hydroelectric-powered mobility and digital monitoring, Nepal
can transform its transport system. The goal of a 50% reduction in road fatalities by
2030 is ambitious, but it is achievable through a comprehensive, systemic approach
that prioritizes human life over cost and speed. The investment required is significant,

but the dividend in protected lives and economic stability is immeasurable.
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Managing Road Network Information for
Asset Management in Nepal

Er. Rajendra Raj Sharma g

Road asset/Maintenance Management Advisor, Department of Roads

1. Introduction

Road Asset Management is a systematic process for maintaining, upgrading, and
operating road infrastructure assets such as pavements, bridges, traffic signs, signals,
and safety barriers. Its main objective is to ensure good performance of these assets

while minimizing their total cost over the entire service life.

An effective road asset management system depends on a well-structured and reliable
information system. Such systems are usually developed using computer-based
database management tools that store and organize comprehensive information about
the road network. This includes data such as road length and width, structural features,
road furniture, pavement condition, traffic volumes, construction and maintenance
history, and relevant climatic information. In modern practice, these databases are
often spatial (GIS-based), meaning that all data are linked to specific geographic

locations and the physical layout of the road network.

The main component of a road database is the road network itself, which represents a
set of locations connected by roads. In mathematical terms, this network can be
represented as a graph, which is a simple way of showing how different points are

connected.

In this representation, each location is called a node (or vertex), similar to a point on
a map. The roads connecting these locations are called edges, which are lines between
the nodes. These edges can also have values assigned to them, called weights, which

represent factors such as distance, travel time, or cost.

The diagram below shows an example of a small road network represented by a graph.
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Figure 1:A Graph representing a Road Network
In a road network graph:
«  Nodes represent towns or cities
«  Edges represent roads
«  Weights represent distance, travel time, or similar measures

In practice, information about the road network—such as its geometry, condition,
traffic, and administrative details across a country—is stored in a relational database
made up of interconnected tables. Together, these tables form a structured digital
representation of the road network graph, which supports efficient storage, analysis,

and decision-making in road asset management.

2. Road Database System of the DOR
At present, the Road Database of the Department of Roads is integrated with a
computer system called the Annual Road Maintenance Plan. This system contains
several data tables, and information about the road network is stored in a single table,
similar to the one shown below.
Table 1: Existing Road Network Database Sample
Road | Road_ . . link_ | Link_ | Link .
S.N. Class | refno Road name |Link Code Link Name from to |Length Division | ...
20 | NH | NHo1 [F3UWeStInp01.029 |Pathlaiya-Chure  |367.63| 386.97 | 19.34 | Hetauda
Highway
East-West
30 | NH | NHOI |, NHO01-030 |Chure-Ratmate 386.97| 391.36 | 4.39 | Hetauda
Highway
31| NH | NHot [FSUWESt 101 031 [Ratmate-Hetauda  [39136] 3967 | 5.34 | Hetauda
Highway
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32| NH | NHo1 [FASUWeStINH01032 [Hetauda-S. Khola | 396.7 | 402.08 | 538 | Hetauda
Highway
Madan . .
258 | NH | NH09 [Bhandari  [NH09-015 |F1Pal Madhi- 367.57| 421.84 | 54.27 | Hetauda
. Hetauda
Rajmarg
Madan .
259| NH | NHO9 [Bhandari  |NH09-016 gﬁ“ﬁak(’t -Damaral ) 84| 497.82 | 75.98 |Bharatpur| ...
Rajmarg 4
Kanti Chaughada -
431 | NH [ NH37 Rajpath NH37-001 Makawanpur Gadhi 0 11.31 | 11.31 | Hetauda
463| NH | NHa1 [TOBUVAR N 003 [litpur - Pathlaiya | 18.47 | 25.36 | 6.89 | Hetauda
Rajpath
Tribhuvan .
464 | NH | NH41 . NH41-004 |Hetauda - Samari 25.36 | 28.67 | 3.31 | Hetauda
Rajpath
In this system, the basic unit of the road network is called a “Link,” which represents a
segment of a road, highway, or route. All information related to that link is stored in a
single row.
3.  Understanding the core problem
While the current database system appears adequate at first glance and has served well
for several years, several problems have emerged when it is used for network analysis
and planning—especially when integrating with advanced systems and performing
complex queries.
Some of the key issues are outlined below:
e  Overlapping road sections
In the example above, the road section between Pathlaiya and Hetauda belongs to
two highways: the East-West Highway (NHO001) and Tribhuvan Rajpath (NH041).
In the existing database, to avoid duplication, the Tribhuvan Rajpath link between
Pathlaiya and Hetauda is omitted.
This results in incorrect chainages—for example, Hetauda’s actual chainage along
Tribhuvan Rajpath is 54.43 km, but the database shows only 25.36 km.
Similarly, overlapping sections cause incorrect road lengths. The actual length of
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Tribhuvan Rajpath from Sirsiya to Tripureshwar is 186 km, but the database
shows only 157 km.

e  Lack of route continuity

A particular road or highway route consists of several links that are not
continuously connected. This distorts its actual shape in visual geographical
representation and other reporting documents. On the other hand, if one road is
deleted to avoid duplication, the continuity of route chainage is lost, which is

unacceptable for operational and maintenance purposes.
e  Misrepresentation of road alignments

To avoid overlapping, some roads are incorrectly represented. For example, in the
current system, Kanti Rajpath (NH037) starts 5 km east of Hetauda, whereas in
reality it should start at Hetauda.

e  Duplicate node names for different locations

Several junction points share the same name despite being physically different
locations. For example, names such as Hetauda, Janakpur, Birgunj, Kathmandu,

and Narayanghat are used for multiple nodes spread over large areas.
e  Lack of geographic coordinates for nodes

There is no precise location information for nodes, creating confusion about

where a link physically starts and ends.
e  Confusion in ownership during overlaps

When national roads overlap with provincial or local roads, the database cannot
clearly show which agency owns which pavement, leading to management and

maintenance confusion.

These issues can be seen in the example of the East-West Highway (NH001),
Madan Bhandari Highway (NHO009), Kanti Rajpath (NH037), and Tribhuvan
Rajpath (NHO041), which share overlapping sections near Hetauda and Pathlaiya,
as shown on the map. If each route is digitized separately with its own chainage,

the shared portion is counted multiple times, resulting in an inflated total network
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length.

In this example, the 29.07 km section between Pathlaiya and Hetauda is counted
twice—once under NHO001 (East-West Highway) and once under NHO041
(Tribhuvan Rajpath). Similar overlaps occur between NH009 and NH037, and
between NH001 and NHO009.

e  Wrong value of distance along certain highways

Based on the current database, is total length of Madan Bhandari Highway (i.e
distance between its end points) NH009 only 1078.94 km? Or its actual length is

far more than that?

To Samar 3.31km

To Lother,35.47km

NHOO1 NHO41

Pathlaiya

NHO41

To Jitpur 8.89%km

Figure 2: Sample Road Network
4. Resolving the problem

Recently, the Department of Roads (DoR) of Nepal has been improving its road

information systems to support better planning, maintenance, and asset management.

The issues discussed above can be addressed through a Road network database design
based on a physical network model, with references the road links from a logical
network model. This approach can be applied to prepare a reliable road inventory

within Nepal's Road Asset Management System framework.

The core idea of this system is that information about the physical road network is
stored in two main tables: one for nodes (junctions and endpoints) and another for
physical road segments(the segments are like links but we are using this word not to
get confused with the concept of links as in the existing database). A third table then

provides logical references linking these two tables.

q0g galaw, 3w $



In practice, the first two tables are used most frequently for data entry and updates,

such as during the preparation of the Annual Road Maintenance Plan. The third table

is mainly used to extract, analyze, and report information from the physical network

without altering the underlying data.

Table 2: Physical Network vs. Logical Routes

Physical Network

Logical Routes

Represents the real pavement on the ground

Represents road names/numbers used

administratively

Stored as unique segments and nodes

Stored as references over physical segments

No duplication

Can share the same segment (concurrency)

5. Physical Network Model

The physical network model consists of a system of nodes and segments. The entire

road system is broken into small unique segments between nodes that have unique ID

and location information. This layer represents what exists physically. Every metre of

pavement appears only once in the database, regardless of how many routes pass over

it.

Each segment has:

e  Segment ID

e From-Node and To-Node

e  True length

° Geometry

Table 3: Nodes Example
Node ID PlaceName Longitude Latitude
1234 Pathlaiya 84.980744° 27.199230°
2345 Chure 84.997763° 27.357683°
3456 Ratmate 85.024213° 27.386030°
4567 Hetaunda 85.033595° 27.430890°
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5678 Saraswatikhola 84.983339° 27.447384°
7890 Chaughada 85.073052° 27.404962°
Table 4: Segments Example
Segment - . s g
Segmentld |From Node |ToNode Segment Name Length,km Division/Authority |District IRI |...
9876 Pathlaiya  [Chure Pathlaiya-Chure [19.340 Hetauda Bara
8765 Chure Ratmate Chure-Ratmate  4.390 Hetauda Makwanpur
7654 Ratmate Hetaunda Ratmate- 5.340 Hetauda Makwanpur
Hetaunda
6543 Hetaunda |Saraswatikhola Hetaund'fl— 5.380 Hetauda Makwanpur
Saraswatikhola
Hetaunda-
5432 Hetaunda [Chaughada Chaughada 5.500 Hetauda Makwanpur

These tables represents what exists physically. Every metre of pavement appears only

once in the database, regardless of how many routes pass over it.

Every year or any other time of updating the road database it is the segment table that

is updated and not the route table.

5. Route Definition Using Referencing
Routes or Roads such as NH001, NH009, NH037 or NHO041 are not stored as
independent polylines. Instead, a route is defined as an ordered list of physical segments
with measures.
Table 5:Routes Example
Road_ . From To Link | Division L.
refno Road name Link Code| Segment Name Chainage | Chainage | Length | /Authority District [IRI]...
NHO01 |East-West Highway [NH001-029|Pathlaiya-Chure 367.630 [386.970 |19.340 |[Hetauda (Bara 01]0
NHO001 |East-West Highway [NHO001-030(Chure-Ratmate 386.970 [391.360 |4.390 [Hetauda [Makwanpur | 0 | 0
NHO01 |East-West Highway [NH001-031|Ratmate-Hetaunda  [391.360 |396.700 (5340 |Hetauda |Makwanpur| 0 [0
NHO01 |East-West Highway ~[NH001-032| 124" 396700 [402.080 (5380 |Hetauda |Makwanpur | 0 |0
Saraswatikhola
NH009 |M.BhandariHighway [NH009-015|Chaughada-Hetaunda [416.340 |421.840 [5.500 |Hetauda |Makwanpur| 0 [0
NH037 |KantiRajpath NH037-001|Hetaunda-Chaughada (0 5.500 5500 |Hetauda |Makwanpur| 0 |0
NHO041 |Tribhuwan Rajpath  [NH041-004|Pathlaiya-Chure 25.36 44.700 19.340 |Hetauda |Bara 01]0
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NHO041 |Tribhuwan Rajpath  [NH041-005|Chure-Ratmate 447 49.090 4390 [Hetauda [Makwanpur| 0 |0

NHO041 |Tribhuwan Rajpath  [NH041-006|Ratmate-Hetaunda ~ [49.09 54.430 5340 |Hetauda |Makwanpur| 0 | 0

Here, several routes use the same physical segments, but their chainages differ. The

pavement exists only once, yet route continuity is fully preserved.
6. How Chainage Works

Chainage is no longer stored as a permanent geometry attribute. Instead, it is derived
dynamically from the route-segment mapping table. It is calculated as cumulative
measures along referenced physical segments. Thus, chainage remains continuous for

each route, even when overlapping with other routes.
7. Asset and Event Management

Assets and events (pavement condition, traffic volume, accidents, bridges, culverts,
etc.) are stored against each segments using from-km and to-km values and extracted
into routes table as required. The appearance of the table is almost similar to the one

in current database with some small modifications. See tables 4 and 5.
8. Correct Calculation of Network Length
Two different metrics must be distinguished:
Metric Meaning
e  Total Physical Network Length-Sum of all unique physical segments
e  Total Route Length-Sum of all route chainages

The first gives the true national road length. The second is used only for route-based
reporting. This distinction eliminates the long-standing confusion in Nepal about

“why total length of the network keeps increasing without building new roads”
9. Benefits for Nepal

Implementing this model will:

e  Eliminate false inflation of road length.

e  Provide a strong backbone for RAMS, HDM-4, and PMS.
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10.

9%

e  Ensure consistency of pavement and asset records.

e  Support future ITS and navigation systems.
e  Allow transparent ownership of overlapping roads.
Conclusion

Overlapping road sections are not a defect of Nepal’s network — they are a natural
outcome of historical development. The real problem lies in how the database is

designed.

By adopting this improved database System with physical network segmentation and
route referencing, the Department of Roads can build a modern, internationally

compatible road information system that is accurate, scalable and future-proof.

This approach does not require expensive software; it requires only a change in thinking

— from “roads as lines” to “roads as routes over a physical network”.
Final thoughts from this system are:

o Assets belong to segments.

«  Routes are just collection of references to segments.

o  Chainage is derived — not stored.

It is time for Nepal’s road database to make this conceptual leap.
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IS G | AHAGRIR T g, aoie Tafd g, FHeN a= Jawe 0
YEENHT BRI O TAHRES HUNR AT Whl | HANRK T A9
AT HRU A AHEeEe ol Alish T Gaies and 02 ared g |
TATIR AT AT AU ANIH ST STATATI T ST FhATHard Jcael
T AYA TT ®IA A9 T | faga, I, AT 9O TuR 4 dqaeg ga
JcqEeHcd S, HAT (G B, AN =g+ T SHBeT ©IH A% dfg ged g
e | AATASEdT A9 Fagaeid AAHeEdT [aaRetd! Aaid T J8H! TG A3
TG TP g T | Aa%E TAERDT BRI I &THATH! 0 TN g T9e,
forshT wre, AT A G TH T AFfeqE I (FEd AR, T SR,
Fpfouss araard) |/ ARy @ A qEer R geg | avere wwm e
HAUTEET T TSI, Ueael T Faac HHAR FArs, FH—TGT IcaaTah
FAHET ST T WAeqd] fAdrers UersT B TG | TR YA Faigent
BRI TG (Households) ™ M il &N AR g | ToEld rerlael e
TeTS, AT AaTF TR HHAR TS T AEaTHhl S TR FEHTar
TS TEE | U ATITHT THEAT §4T B IR AT IR S e |
AR AAAET AT GHT T M TSTITHT 3 Tareed AT TEe WA S5
T AR AT ATqHTA Ui T anfdiss wfafafesr iR ser areg |

gl qataR oo i fuesta geTd qHa Ud ook daer
aqaie W o e M aHEeT gee, T, e, 98w T s
AT T FFT GEA TF SAARdd R I ABEg | AdEH qHEHT A
MTENT T Il qEreaR e AaRed A1eR 87| q@gR Icameiierdn Jel
fafte andl, afed, yeey, Aidieed sear fafiafey o qEtae T e s w
T AT 21| o= ST “Lifelines: The Resilient Infrastructure Opportunity” TH®H
Yidaeel Jeameiiel qadeels e 9o A1 bl Hud WA A9E WiHEen
fovem, =rqmm, TaEd T SAAHASET QYR SEaw@ (lifeline) T TIAT SATEIT
TR G| AT TA TIH AT NUH AIHeTl AN TATER (Resilient
Infrastructure) T TN & &l aifds qur qrniere A e T we qe
FidaaTel Jeol@ TRD! G| F TAER T AELARAH JeAeiied=aT AT
I AN B 3 YA /A B Afegg | Il qATERAr MU § S|
TSNS HRA ¥ T TR el TH g ATA TRTHT T | ST, HRA
T ifrEarHT fagd e faaa gar wideais m dewl Ud A T T
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AOPRT T AE R H | A B S e e s
IR fAeTasRy 39 WAITTETH SEUHT A Yoo ) | AN Jedreie QAT
AT T ANa—yrEs T e et arar ar1 S wEter e
VB! HAd [G9F TEH TSR T AA BEA, A Icagen, waraef,
frwTrdt T Tt g i T e ot B S, gee, weaes, Foig
yRar T R cuaeaens Uhidd ©E UR TS A0 9o RgewT yRies
T FeAHIMNATTHT TR T STy Sorerstear Freprasiier Teeesr o
ForreaT yrEsr T et gue @

Uiegedl AHAT WOHT AWNA  A=aied FrEaeed geameferdrens e
Hecaqul ATATHHT TIAT T Tl G| A Greliaeed &g Aad =g,
e qiEad damed T R w1l aeraE dieasr g
Rfer, TwmEel ¥ T wiasy i Seamefa gatar suferd @ v s
fEum! g | faug Sifgw =it anft IveTE FrierE!, ¥ TEEHd JIady
aRad weeardl WerEtg (UNECCC) srmaiiasm! YR geetiar qer [ e weaer
I JATIRH ARG SE [T G|

A TESIGATTS S8 WU B A1 Whided T TAdg—HRd el A
fa T T A T gl R00% WA A 4R T Ew
Y TIHT HROT Sl HEAT a1 i fd ST | G| 98 &9y T geg,
QY ST AT T IR, %3 ST WS WC| AH 9,233,886 9T WY I BIAT T
3,3%,990 92T W Al ©IAT @Afd qUHT {97 | q9aes e, e e,
T, USH T AT TATIREEH A% @fd WAT | Iqae qrisies, Aifded T qaar
AT FRA © G FUE gFHEaEr 9uel ) el ey, fQen, awer ud
qiepiass TEIEMET Afd q7aT WHeesh! S T Ha=aa-a § Jeael q6 7
AT | Ty QATERAT AU &l e Tareed ar FHiad Wil w1 faemeas e
WOHT AldhT BROT fAardiEed! 9@ Wied T WAl HFIHT B B,
JIRT, SR, T T @i &4 T 9T | B &b g [haraed!
AT T P IeAE JHIET WAl | JEUMEE a8 Gaf Jedrad T AUSHICAT & T4
W e & gied gat faeelt Hgr T AT AT w8 g feedtE s
T AGLT AN T S(ebg WOell W ST | 9ehvael diedhided qedar U
Vfdeiie Ae—HaT aHdeT 3=HEe 91 A8 WU | SeREICAlg &g oMU
2050 Hiide q© T TYHI YHFIAE U L THeDT & 9l |
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g, 2059 TS 0-93 AHF T A qo7 AT AT aW(hT BRI Icaat
G T AR T4 YR TGN Heg T 9 Q6 ST 99T WU | 9#, Aot <
AT T I TOAUET T IA A | WS FAAHT U GV WY, T a1 Iferer
ool ETET YT | FINT ARG ARG JAIEd 9A | e 3 ge
FEQH! AN Bl R AT | A (g, SR =IATHR0T T Sqaeend e Wi omh!
URMPE AEIITATAR TG BRI il R, e §ea, T@wed &g, H adr
T, qACHIIAHT TATIHT S0 W& 98 && HUS CUANTET Tl & quhl
T |

AT ATIAHTAT HRAGSAAT &5l drrportal.gov.np AT HAAEEH THI TEATS
ATEAR Ufegeetl q0 afHT Fafer (R0 Jo@ § TR 069 T 3 TAGH)
W fAUEET ¥R,50% FeT UeAr HUHT gl o HeAEe 1%,0%3 B A, &20
SAT AU, 36,829 S HEd WUHT G| [HUEST HeAEe 6,RY,859 Wee
T AT ACIET WUHT P AT 3,0%,30% AT HAiGE A T Fgloa=
FATIHAT AT, AR, [+, AN, a7 Seell, FASHATS, FAGY T FAER. ATHATSEA
forqeer SHYE, AR, B, 9eEe T SfEmNar aeis A e gl
3033 W gl HRE Y00 WiFHdH AW TeAeEd BRI &8 TR ATHH!
HY T BT 30,0 o FAAND! TR sRERH! AMAH &ld Ul g | A qeded
o agR T aEdie® qaH ©IAT Scaefid Ul &l wiasaes e
QTF@IT‘T EERSISIENIC] ‘E‘?‘HT{ (Resilient Infrastructure) s ST FHeadl TH
AIEE 7 |

Jeqiier QETaRe! Jgivasd qa:

A T AFTAATE AR TS AecaqU ATIR [AER g1 q€ah, I, &,
AR, @A, & (e, Tareed qar 9 qERees Hae &5 adweat
qafy wE | AR S UREdH, Wikl 6ug, Seded 9fg qen dg
GEaHTThT BRI TAIREEHT RATHAT MR SHIdeE afte TuhT g | Faers
TR T4 dfgeat arg Ieamefil Tafara! daaren fFwe wuw g1 9g®
TgEE fug ifew wriEr FEtadd oA qataR st @ w5
AU RigT=de® 9 Gt gl o Rgraeed qHaRars Had R’ sdifas
G g guadd R, guier T oRRufemer aRads ga e e
AP BT AT AT THT G| il qataeh! qieen Rgra Ffeear
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@12 (Continuous Improvement) Bl | F9 RFAATAR ST ATHA, FHEAT T
feugTe oE EeT Wi qafeR qomeiiers et T GeTe Waer g o
T g e wue | gwwr 9, $4 G i vuuly e e T
AURASHT ®IET T2l At gUR e eue | ayge wei, qears T
ATAITHT TANT T TAIRET THATTET SARGHH! Ao T A(heg | IITEa
TUENT AN §4 | HElB (G, TR FEE, A6 qur S e
STET J4T6® AT T GATdeh! TARTETE FRIT JOmedl TA=1 9 Aicbrg | a9
RG] G T TATAR AT AETHT g &l A T4 Alobeg | T8l TAER
YUTATATS “THIE” T THEHT S | IJeameiier Faiee! el Heeaqui fgrea
“HIHA FLEAT (Proactively Protected) BT | FH RgT=cel THEAT ATqUIe HA FHTET
Glow IFRETT qEMa] S e GHET ATIT AR a1 T &ld & T4
A AR I FUH WIS 7 | T ATGOH “YH—g—hel” Hel I qH
A g | AWET A AT HA T AR WgEledl W U Ah gl At
o AT G ol T T SSgT MRAue | IEETHT < el Fifare
&P BT AT WA ST (A0 & [dieedrs aial [HaAr srs-, e
™ AN T a1 I FeEdls 9es SIS sgawdl g | A9 TEadnient
JI AUASET qAHERD! AT g T [Auea! FwsT g qetad @fd =a
Y | TG GUNTS YU WA FASEH, SR ©H A1 qor s
T 9 Heca Ul ANEH RANE |

IAMIN  TAIRET FEragenr dHl Hecaqu q&  “AraiEaiuE  Uahidhd
(Environmentally Integrated ) gd B ag Rgrad qg‘fﬂ'l'{ T =T AR
GeeE Wi RE ypfadw gewd W gwnm Wie gl angfe e
TR A% Higshe T RHEH] TR WHidd T T TR 2rae |
an?f Afeel “gRA—Har ‘E'fﬂ'l'{’ (Green—Blue Infrastructure) T STALURM AH I
I MH G| AW ATEIRGIER €, T, T@L, S 4 TFaE g
TURAATS JATaRET e e T{Ue | ITEEHT AN GeHT a1l (a0 T
el ol HiH AT R T wHig g1 GHr qgr aninr T qe b,
AT BRATAT &1 TAT A T T T (e GLATEE TAFUAT ! sqaedd
AH TEHN g | TEA TS Fleadel e fEr 9wy, s6d
Uil Ariare A, 9T T T AEeIE 98 T WART I AHaT e | a9
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AT i B TGHT S BT T qHa @ U e |
SIRIEHIS] qﬁaﬂﬁ EEal ﬂ%c_clqﬁ Rrgra g T o= (Socially Engaged )
g1 BT TAtaRH e ST WiHGeEh! e 9es ¥ G Sy al, Ie
TgET Arol, AT T ALEqITH FHEAHT Wihd GEHINar ATaeas® gogg | ool
T GHEEAS qAgR [@hE YA GeWill 05, Ieed aguid
AYTCAB! WA [AHET g | FAT YA BT GLAT T JATH
AT TEAN AL | ISR AT MSH FHAT g @I ATASTHAIEEHT
JIARRT AHITHT TET T T ARETArs saaedoash! e fgvg | At
JleEdls AEIEH AN T AEHN YT AT W A2 FeaT a1 a1 a6
AT TebTel AT T ereg | WW@@H&WWW@W
A R Eau s W gy | AR W [SEHATd (Shared Responsibility )
FI Rgrad ANe dXaeedE 98-ad ¥ 9edidls Hed [arg | JardaET
FH-ad 9e, [@gd, I H, @RI a9 T Sqaedad S&dl Mpaed aH-ad
T GEHIHT ATIRHAT HH THTs, | AlaH Rgd “Aqmaeiia I=ar (Adaptively
Transforming ) B AT AT HUHT ‘Efm BEEENSIES IRET T Aioh
TEIHAT gAY | TAdG URAGH, Sl qlg AT G GReAdADT BRI
AT AT TG T | Al qAa fSome &t wiesaar fFredre =1 qieari 1=
e FE T9Y A g | SELHT ARl o, FSh a1 Haeedls

NN

‘ﬁwﬁw’mﬁwrﬁwwﬁwgﬁ%ﬁzﬁgmﬂﬁﬁwqﬁaﬁ?@
ot Io1g a1 Aeg I Gibreg | TG TEHER T ABeelier qarar
&l drEHe 'qA e o, e T WEes a9 9959 |

i TAFHT Hallegatte et al. ™ TATIR ICATHLNATATS A AEHT SATEAT THT B |
qfgell qEAT Mifde Graide! Jeaefierar (Physical Asset Resilience) T8 | faug
AGHH! FAA T T, el T QAT GAER [FHH0 IeqHiradie! qige
oid B Wew, T, Frga wge ety et et s T ueddd oA sedige
SHT FHAT T e, SR A T Fel,/ AT GG FH G A & |
AHT TEHT AT YUl IeATLNAT (Service System Resilience) | %QEFFJ
U Fqgd Ud GA@EE (network) < ATICHTAT ATEATAT U A1 TATEATS
TR f& o eTHar TgUe | SRTEX0h! TIAT A AGIHT BRI Hed I e
VAT 9 ABfeTd Tgh AP U], TMthdh SIEHRHT ASH T ATTAHIAA
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AT MBI Tord WEHAART  ACEATT IO €OHT ST FoA, Haq A GRad
g9 | I qeTHT WQ_Gﬁ FFUIHT BT AT &TTAT TATS (Cascadingeffect) ferear
7T 37| @R Scarfierdar TEr dE eyt safd AR
Jearefierar (User Resilience) & | Wﬁwwmﬁﬁ, ‘EI'{EJ;&, EZERIE
T AT Sl AT Feeg ¢ U Ahfeqd T AU e T BT e
& 9o auar SISy | SRRl antl Aeiw HRU ae(3) feT Tl
W ERAT AR WA a1 S g, GUETT @ ISR TRUH! § T AEvdd
G WEA g A AT 2 e ol e s g9 | A sty
T 9% a4 WAl M HqEAC ATATS [&F6 JUmell AN T, JNETHAT T30
T TRUHT g T IHf0d AU Gia g 9 qaay 9 949 aw7 g4 T AfdE
Al FH Eg | A qATIR FeATTeNeraretrs SHefel Taee SRerTehl Jeareferdrsh]
TN A AT TAIRET LT T GO T (@R Ha%g gaf I Jwicas
TOHAT AT o a AR ] ST ged AW 791 g |

Ar—Soriie  qEtaR gREaasT STeee:

fra® Y ST eea w9 GAEHed J9rd 9 81| A qeiad
afedrd, Sfeet Y—amrae qo1 0 Fiifers ST TaTaR BB wa@ s
TR EHT G| AT @IS, TIHAAT U Gaaeiier TR Ia Jumeiisnt s
AT BTl T WRTEl 4Tl A, R, a9 ffHa fEwie (GLOF)
T TR T AATE g | A SRGAT T FHATIAA 2led, Todl qed
TR | T A AEEHT T G A A9%g g, @S] BRTHR
R e ffEg T w SoEe qedd g1, SERas Fege

B, IIANTEET TN SAIRHFHIAT FFL [ A€ GOl §oeg | Hereawq Ieure,
AWM qIT HFGL T TS ORANAR, A=A &7 q AT w7 e
BYHT YT B |

AU ATH T IS HEaUE AT 79 sia@l (lifeline) THT WTHTC AUgaHT
AT I FAATHT T T YA A@AAF gog | AR AT T At
Feqg, faeqa waew qur TEEd, ean d e et ey v aesie
AN, 9o ATARETRAT T4 AIIEUS T AT el §-91T faebiegd &l =g, @t
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QAT STET el Jedreiier Tt AT FanT T | T qur e
HIAS AN TE ACHT AAH (Terrace) T, TRA TRIH Aefaear T a9
YTEATD! ARG el T 9-817 BH §og | TAH TR T qA=0MHT Arened 4t
IS SAMARe Wk Wigar qatar i T fFwed g

T qar TRl A AfeHeE THATEHr MRUET gl S Wil ant
e, el TET gFUT Ael FrearsT W | Seay dRadad A SigAdrs a9

ARTET ST AUBT AZ—SAGH HEATFTHT AT ATAADT THAT T HATwaa
T A g |

e T ATER! GEAAT SGH HUHT &0 Ieq—ardl Fiarer Torant Hafresr
ATAITHAT SAUHT G | TEAT AT IoF, HEIH T HH Talahl ATIRHAT ST
FET T SEGAH FET ACE TGP U g | SIHTR  SAAT g
YIEIH, HIE—IEA (soil nailing), GFT AMeeS (rock bolting), T ASATIT LA
(Anchoring) AT SEar giatdeE YRt Tl_:fqaﬂ Wﬂ’ﬁﬁ, %EF—W, qdg bl
=T, € FoeAr qur smEedrd T (river training) T JIT<H I AR
EIRT FGH FHH T G THIG | F U GHIH F U GSH @UeHr fug
ATST G WD ATIARTA AAHTd FUTRATHT T I, FEA9g saaedmas q+eg
THepTaET T T R GHTE T, 0 9@ a1 FHARTAR el T SHB TR
SEET T, Wﬁﬁ%ﬁ%ﬁﬁ?ﬁﬂﬁwaﬁﬁmﬁ
o foreqa Wﬁmwmlﬁmﬂmﬁwﬁww
T T2 g | angfe 99R, 3 ¥ RAe—ite vfaftees aemnter iR
T gefad i afesmer wecaat anee i 9@y | geerha aredtad a6
(Real Time) HT SREHHT FAGEAT UAT WS Al | TqA HUiabdiarg F&r
TwEr i o T wwEsrd Sifem =i TEifa any T 9ednT RATeE |
TEH WHAH T T8 T FHREAS IR T, TR Sirgdsb! o fad
TAT ATCZ JATIR AT GAE T HIAHAT first responder HI TIHT TATUAHD] T
T Febeh! WUSH TA#ca T RFHE! WiaT 5 g7g |

ATARE HITHT I T T gl FrEoliie 0D BRI Jqree Jeareie
QAT SN SEHBEAT H S AU ove T | T8 AT
WHFRH YAE AA T TG WUH (ol &A% 96 Fewiiar Juner g |
foslt & wesbrd 1 qatereT Seariicrarens yaE T A gar, aeaE
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Frareer R, fifara farar, T Sigw—vfawas! - stewiear &em e
T smav® gl Soareiia wEeR WA WEW g WUE desed— st
TEIET (PPP) ATLRUNGT THEHT HATEA ol AT AR T FEanT
T | TG TR T S e e ¥ wiathers! =ariiee stghis g T
4 T IEEE qEtuR v qnf des | A, Sody e Saer T
THHTAA BRI GF-AH! AHEahd T gHEd T THeE Abeds g |
Ufegectl THT WEAWES, M T T GHIERT GEIRCEAT AT St
IRAHTEE ThedTEs TAe g4 AUHET gl T GHEE, AEdr T
HHAaHT THEHT TeHINAT TAIRITAHT AT TS T A, ST T
A T wEd T S, WHEE-ATRG S g JoRamed T
TR FETS, STEel 4T T Ieamefied qatar o Fecadul Jne TRass |

AT ST T I FHTET T A U T T HEqNTT eI Lo
M & AEad gl qEER ey, FE, wHaeeiR T Siew g
FEE=T BT T A(E(eb] THEDR] BT~ GLbh! WD g A= g |
T, WU T TG qEErT FHrAd T bl FAER (BT GRBIT SAqerverT
TS | T TR STHapTeld AT e WHAITHT Scareie qaraies €8
TAHEFATHT T AT FHTELT THTe; | ATHISE, ATMAH TA0 ATAEoig FHEaswh] 6
g1 ATIRAT ANAOHIT Trafiebar el e | qEF o S
RATST WA TET Ieaeiadiels Aard AIEUSH] T AT YT T6 ATa9qH
P AN FeameNerar Faer Y HGd TG A /A gg | e s
qod Y AT FEwarg HeTE I A 9 AT 2e | AT daedsi JeT
FFT A ATHAT AT @A T O AE9a9% g | qagR ST T A0
T FHRTAH! SHAT O Iedeied gaue |

faepTa AreEREEe Scareiiet i T91 AT qoH, Wated dHar Avatg, T
AR —Y TT IAIAH ANGITATRT GedRT AT dFg| TeuT T THA
B AT HATITR SROH FeaefieT GaTah! ATROMTS ATCHaT T
T

ER S 9REE qor gearse [t e, A aur wefhar draia

AL (Nature-based Solutions) I AN ALTAT—ATAGT T HEcaqU TATERHT
A ST EEAaaT (FEd =H7) WISehl U= qe farehl Are—grereBiie
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a9 aHar diiely, W9 EEE T At i aeEeEh
SR HATST TUeliels 956 T AA SR q91 Icameliad qarer faswe gied
T e |

e

AT Sl TESAGHITS T MARAST AIHH O T Jearefiie qaie o
fair anfder afg, e qRean T Siaear. aWafger e Mar 2l Saary
qREd, ST, A T SR WGH HATHT HRIT AR JEH g daEe
YeAET i Aid A B, AYAL TUH Ao, AHISE T HATET LA G
TAE U & |

Al ¥ SOHIHT/ANNE ST AR GHAH Avaiga We fodqae | Scameia
qEtaR T e Bae W aE T G| e S wei,
FESHE— S qeEil (PPP), FEFEIE /i 9973, T WA GHIES!
FEIRTERT AT 9, T T T qea=d! 9H-ag a9 i, AT T Frmaa]
T BAAT WA (AR Feameliarar T e giiE T @ty |
eof i

A THR (08 ) | TUTAH! g |

T THR (R00Y) | U8 FRgH =TS T SaedmTT UA, 200Y

Sendai Framework for Disaster Risk Reduction 2015-2030,UNDRR (2015).

Principles for Resilient Infrastructure, UNDRR.

World Bank (2019). Lifelines: The Resilient Infrastructure Opportunity.
Nepal Disaster Report,2024.

DRR Porta,NEOC.

OECD (2018). Climate-Resilient Infrastructure.

LN e Mmoo < w2

Asian Development Bank (ADB). Disaster-Resilient Infrastructure in Asia and the

Pacific.
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g9, 0% AqTA 33 39 T AT (AT AGATAT Terehl fafaad STAT TIIAT TUHT &7 |
04 AT HiET 9 T IR T FERT AT IR FATHT FUieard fafq=T e ua &redr
gtatafesed T Ferfaare Teu®l fqam™ 0¥S a8 Fefea T qurer (9T sqaardy
TEATE AT (AT aardT HeTeerd T qiRore TRUHT {27 | 8Tl 787 Herse F qeqshep
3R ENR WwT 4T AT Sqariiesd! Ush AT @Ial STl AT (9T eaaqriTesel
g feaer anfn PR w3 aTuert o | aTe Herha! (HATT SN 0 @9 TwT Terdars
ISR [SUHT ATHE B | ATAEEEH dHdl [dhTd T Irileedls 3&7 aArsd aHd
HETEH AT GHIHT (G~ #aHH Gered e ATTH @ | (FA eaeadry J47 uF
FTAA AR AT ARTHE ATHT THT 31 ARPRATs ol A¥hTd o ToT ATaeaeha
IMAR TATGHAS FUHHA AT e ATCH B | HETHHH ATl B0 (AT
TAATAEEHT T (el TeTAT Hecd Ul (uiaes afq g3 U | TSt faaT werey
Hqelheb! AU FoiT TR FTAT TS g T AT Haamdr ArieseT AT Teaeh!
fawer 21 | fHTor raariiesdt FRTET (a1 THg FaTee! qikabed T T Alhad S e
W TRIFRATATEE AR HSTebebl AaTHT A BTHT ATl ATHEEh] HgHT i
foreiamsy afed &% =HIta a afTuert | EaTdie Tharare AT Al FAaare IR
IS ¥ B T+ A1l I HeTdud T9H 3 |

HETHEH THE Ie¥de® el THINH S |

) TAHOT FEaEEEs TONTG ®YHT Al B T S9Tel AHT aardeEdrs
THGAAT AT [qieed! AEAqNgE feas! deq, afwalg ¥ fae@ T qar [arer
fraTor SrETTEEd! AtaoE QT Weell AT IUMTH! TWRH! T JIR I |

(x) AT JRANTH THEEHAT 970 TERAE GHI-FHIH a6 T+ Aifq, o\ T
fagreaeTs T saaariiesd! feddT | A9y qradred 9, = T+, Fa=d-
T RIS, [TATIT el fqafasmar aar TR Sidqs, FRIT A1E qeraTaedl
qHA T, THIET TAEE 8als ArRIaT TP HIAH THEHT AT J9Te bR T
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a1 Fadwdr a1 Hemany gt 99 W, fafae edr, SR, Sahd atasd
HATATSTAT T T HTAAT TATAHRT JIHET AT |

IR FATH [FpTE AT HTaSIieh (AHIT PIEAT AT IURTH HEcd Il ARTET
T gATl (qehTHeT AT ader qoT foebraehl MqaT AHeET q97 FHATTHRA THUH
AT LHRFT el At (0T Fraawadr Aifd, o, Fraare 9 faerad
fatea 7 fAToT sEardEsdl MR ae a@Ee T IaEEnl g TR FHATTERS
gATSA AU WFRFT Ahraedd [TPpeEat FAWaNT @l qEedd g al
I TR JALA T8 |

fafi=T TeTeT AMed, & q97 F=Rited TRET A FTqEdl 9 Ted
HETHE, T 97 [HepTaesd! FeardT U T, &l (MbaeEai §47 qved waq
T T ATAT AT (=R ATEA-EAERT (AT HATEATEATS TG 287 T THTIBI
FATSA T ATl (A SFaATEsdl FAET (GhE T Ted e s |
a7 AT Eardie! 99, A9 T Feqaren! Atagig T faeelT AT eeadeeaT
gireqdT T &THAT Ffgert AT JaT T |

Tl 9T SeETiieEarg Greated 9, #el 9 qdr TATT e Sedr
FRTEE AT Afthcagedls Irad PR, JATTH, HaqT ATfe Ta T q4r
AFITRATHATAR FHATead (b R T |

T ATZAA AT Tt T ATeRTad JepSTET SWATHT O, W ¥ g9l FEdRT T |
qrffess ®qAT [THT FFEEAEE T WETEHEl SRl I HOEeers  ATgA
AT THETH] AT T TIA T |

HAGAEEATS (45 ATTH FLTEE A del I3 T AW qXehTel JTHANT T+ T3
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AW ME FSH AT ST TG qFaal qaiee

(Land Parcel Management Issues in Public Road Construction in Nepal)

- e T e w ,@5
AT FOEE, 988 [@HRT

AGI:

AESNE TS TATURAls d-d TaraR AT q91 Fe-sl GHd ATIRST T
RTET §aT WEwH® qeSHH! Adled qHEEed a7 AR R aweaee
HA ATCHETT T §rgg | T WG Feelieere GHEarel qSa Al Hai,
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TE TR G | WSHh A T HTAUAAS FEAHI T e A,
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TP ol:

Wﬁﬁﬁ ge® (Public Road), ST €AY (Land Parcel Management), ?ﬂﬁ'qcﬁ
(Compensation), &AMIHR (Right of Way) |
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930 qaieam, 3% $



TRCATT D! G | ATATTHT ATES e GSHAT gog, FA A AIdHT TR
THIST ITIHMAT A IATIHT FHA AT IEAeeds 9Hed dAEeds § | -drd
Y TATGR IHTE T qFedIITa Fovwal 88 oold [Hars T AT g T
EH! I Al BF 9SF RS [@AHE T HAeITaH] ARl AT Um!
T | US® YATUR L@IcH® FH{dh! LT WUHI THD! AT TIT SqLETITH
THITAE TIAT A= ThRET Wiates T TeHHE Acadee ard- T g |
e AareH, T8 TRTeaaid! Aeda, qeeddr Aedad, faeqa Ao Jidasd
AT, SHT AT, ATTA edichT qaT o TEAL el SRITAT T TATEHT
g s YRt qaree® FEe wege | o 9aree® Hed W Sqae AT
FATEE SCHR CIHT ! g |

TSH JATIRAT T STACAIAN T [Fade Bl Tadet: i
AESH (AT qAT STATAIAHT A S W T S GAAHT GFe-eHl T8
FAHHT W@ FIT aEIeE a9T TAGFee EH e |

AT WA 9 Y A TR ghels Wiei® ghb! €A Jeold TRTHT
T | TG URIH SUER (Y)W AEAHE BawT o Aed TohA FA AR
rafe AR T, IE T A7 Al G S0 9% B WBTE Fel AT
Tt T G 9 Seor TREHT g | I TG, T R SR () /OITERT
() FA A Fasr @it Tsaer $ 9 oot grafa afireer et
Al ATIR T BRI YT SHISH gg W Soad RS |

AESHE 9SH UF R039 UREW g A wEerd qoent (R sgeen)
R0R9 o & W B GLBRET AT TTGAAT GEAT G T 007 Sgepant =
T & AT F TeHelrs ToTHRT 9+l St T T T AT o 2t o
q¥, fem ufey coear s qeunteRT M T W WUt JiHE caae et wae
T, TGUTey el AT ST =1 96 B8l F hREH! g B e,
CIEIN ST TAET SEAID! AW BN Adae Hel e Tadmen!
ST T, WA F cARBH! T A1 T I WGl Sl S S n fe
T HUAT & Y BT TR AT Ta€d S a7 W8 A SAhellg (4 Jadreb]
ST T 91 | I Ul THNIHT & AT TTAN T AoTANTT gt st
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