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Abstract

Floods often cause enormous damage to lives, property, and infrastructure. Sudden
floods frequently occur in the Himalaya under changing climates. This study, focusing
on flood issues in the mountains of Nepal, aimed to identify safe and at-risk houses and
the availability of routes for emergency evacuation and to analyze the relationships
between the inundation risk and socioeconomic situation. This study chose three
settlements (Masinabagar, Laltinbazar, and KIl-sing) in the Seti River basin (Kaski
District) because these settlements are densely populated and situated in the sub-urban
area along the river, and 11 settlements in the remote rural area in the Tamakoshi river
basin (Dolakha District). Detailed hazard maps were created based on the results from
aerial vehicle (UAV) photogrammetry and the Hydrologic Engineering Center River
Analysis System (HEC-RAS). Agisoft Photoscan (v.1.4.0) and ArcGIS (v.10.2) were
used for the mapping. For inundation mapping, the flood level (peak discharge) was
assumed to be the same as that observed on May 5, 2012, i.e., 1450 m?3/s for the Seti River
basin. In the Tamakoshi River basin, peak discharge from the Department of Hydrology
and Meteorology (1940 m3/s) was used for inundation mapping. The return period is
expected to be 50 years for the Seti River and 10 years for the Tamakoshi river basin.
Evacuation route mapping was done based on the UAV photogrammetry, toposheets, and
field surveys. The questionnaire, focus-group, and key-informant surveys helped identify
the socioeconomic situation in both basins.

In the Seti River basin, inundation maps showed a maximum depth of inundation
water level of 13 m in Masinabagar, 17 m in Laltinbazar, and 21 m in KI-sing. In
Masinabagar 268 among 466 households (population: 976 among 2303) are situated in
the inundation area. Laltinbazar with 232 of 329 households (population: 1800) is located

either on the floodplain or along the slopes with a small relative height to the river water



surface. Similarly, 68 households are situated in the inundation zone in KI-sing
(population: 786).

This study suggested that both the existing pedestrian routes and new pedestrian
routes to be created can be used for emergencies. In Masinabagar, 27 new evacuation
routes are suggested to be created, in Laltinbazar, 25 routes, and in Kl-sing, 9 routes
should be created. This study also found that all the Masinabagar, Laltinbazar and KI-
sing areas are highly susceptible to future flooding.

The socioeconomical survey result highlighted that low-income residents,
primarily migrants and laborers, were in the danger zone near the riverside. Highly
impoverished and immigrant households were at the highest risk for both factors: income
and migration (p<0.001). The locations of laborers’ houses were also significantly
correlated with inundation risk (p<0.001). The relationship between occupation and
income was statistically not significant (p<0.839).

In the Tamakoshi River basin, the inundation maps showed that Gongar, Singati,
Jagat, Bhorle, Jamune, Kattike and Tamakoshi are highly susceptible to future flooding.
The maximum inundation depth was calculated as 19 m in Gongar, 10 m in Jagat, 6 m in
Bhorle, 10 m in Jamune, 39 m in Singati, 14 m in Kattike, and 19 m in Tamakoshi. In
Singati out of 659 houses, 220 houses are situated in the inundation zone. Of the 17
houses in Kattike (population: 61), 6 houses (population: 23) are situated in the
inundation zone. In Tamakoshi all 6 houses (population: 17) are situated in the inundation
zone. It was suggested that the number of evacuation routes that should be newly created
was 9, 25, 3, and 2 in Gongar, Singati, Kattike, and Tamakoshi, respectively.

To evaluate the proposed evacuation routes, walking speed of 31 resident
volunteers were measured on five experimental routes. The people walked on the routes

were classified into four groups: <15-years, 15-40-years, 40-65-years, and >65-years old



groups. The result showed that the average evacuation speed was 2.28 m/s for the elderly
group (>65 years old), 1.95 m/s for middle-aged group (40-65), 1.09 m/s for adult group
(15-40), and 1.22 m/s for child group (<15). Based on the results, the adequacy of the
proposed evacuation routes was evaluated.

This study developed an evacuation system by considering short-term and long-
term measures. Land located outside the inundation area and at a higher altitude was
assumed as safe places for temporary evacuation; however, most such places do not have
shelters. Establishing adequate evacuation routes and shelter houses is one of the most
pressing needs. This study suggested an implementation of a mobile phone-based early
alarming system, which is cost-effective and easy for all areas connected to the network
coverage. Results in the Seti Khola basin showed that 98% of the interviewed households
have mobile-phone handsets, indicating the realization of the mobile phone-based early
alarming system. This study also found that most riverside residents in both river basins
remain unaware of the preparation and risk associated with flood emergency evacuation;
thus, adaptive capacity-building strategy programs, disaster preparedness training, and
evacuation drills must be urgently incorporated.

This research contributes to flood-disaster mitigation, and the proposed evacuation
system will help save lives. This study recommends applying a combined approach that
uses flood modeling and socioeconomic surveys to other parts of the Himalayan region

and impoverished areas around the globe.
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Chapter 1 Introduction

1.1. Flood risk mitigation and flood forecasting in the world

Floodplains of many rivers around the world have been considerably modified due
to various global issues i.e., population and economic growth, and degradation of
ecosystem services. Floods can cause detrimental consequences on society, the economy
and the environment in many parts of the world. On average, about 21 million people
worldwide are affected by river floods each year (Luo et al., 2015).

According to Juarez-Lucas et al., (2019), flood management means adopting
strategies that can lower the effects and likelihood of flooding. Effective flood
management systems should have the ability to adopt flood control measures that work
in terms of reducing the level of damage caused by flooding. The measures include both
structural and non-structural measures (Juarez-Lucas et al., 2019; Li et al., 2016).
Structural measures are commonly used to decrease the risk of flood hazards by means
of controlling flow of  floodwater ina particular area, whereas non-structural
measures supplement the structural measures with the aid of keeping people safe from
flooding through better planning and management (Juarez-Lucas et al., 2019; Kovar et
al., 2014; Li et al., 2016). Bubeck & Thieken, (2018) also says that a credible flood
control system should include structural and non-structural measures of flood
management.

Depending on the type of floods, one or more structural measures can be used to
manage flood hazards. As mentioned above, only structural measures are not enough;
effective flood management includes the use of non-structural measures which include:

use of natural systems, mapping of risks, early warning system and forecasting of flood



hazards, emergency plans, land use planning and zoning, building and construction
standards and codes in the flood prone areas and relocation (Martinez et al., 2020).

Adequate warnings allow people to protect themselves and their property from the
harmful effects of floods. Flood risk management systems (FRMS) emerged as a response
to the increase in floods and to satisfy community safety and property-protection
expectations (UNISDR & WMO, 2015). These FRMS are based on the execution of
systematic actions of preparedness, response, recovery, and mitigation. Flood risk
assessment, analysis, and reduction through suitable policies and practices are developed
within FRMS as a combined effort between decision-makers and experts (Schanze et al.,
2006).

According to Rosbjerg et al., (2013), the implementation of a flood risk plan
requires knowledge of water levels or flood peaks. Two types of flood predictions are
required. One is the prediction of floods in terms of magnitude and timing at a particular
location, together with its inundation extent during its occurrence (i.e., flood water level).
This type of prediction is often required in short-term flood preparedness systems to raise
timely flood warnings. The second one is the prediction of a high-water level or peak
discharge likely to occur in the future i.e., improving knowledge of the frequency of
occurrence of floods of different magnitudes.

Asian countries such as Thailand, India, Nepal, China, and Japan have been
encountering floods in many regions. Different countries have different flood
management approaches to prevent and mitigate flooding events to reduce the impacts of
such hazards (Nguyen et al., 2021; Thanvisitthpon et al., 2018). The ancient flood
management practices of China started 4000 years ago and focused on building canals to
prevent flooding. China had also built upstream reservoirs for the sake of storing water.

From then until now, these structure-based strategies were modified to cope better with



the emerging risks. All strategies and approaches adopted failed after the Yangtze River
flooding event in 1998 (Du et al., 2019). This event acted as an alarm that revealed the
only structural measures cannot solely mitigate flood hazards. Therefore, the most recent
policies and guidelines regarding flood management encompass both structural and non-
structural solutions and measures (Lei et al., 2022). Examples of non-structural solutions
are modifying land use by converting urban and agricultural lands to forests, resettling
people in safer areas, providing an emergency plan, and developing new strategies to
protect the environment (Lashford et al., 2019).

In Japan, old approaches implemented to manage floods were similar to those of
China, later this approach was also insufficient; therefore, a new concept was developed
focusing on the idea of directing flood water to the sea (Luo et al., 2015). However, this
method damaged river morphology and ecosystems. Since then, this approach was
changed and shifted towards the execution of the concept of integrating rivers and
constructing dams. Additionally, the increase in flood occurrences that are associated
with typhoons initiated the Green Dam concept which counts on forests to control floods
(Kimura et al., 2018). Moreover, the Japanese Ministry of Construction’s River Council
has introduced many policies that are part of the flood preparedness phase, to protect
vulnerable areas against extreme floods. The main aim is to develop as land use
management, planting trees, and warning people while conserving the environment (Luo
et al., 2015).

The Netherlands is considered one of the world’s most vulnerable countries to
floods: due to a large land proportion, approximately 60% of the territory susceptible to
floods (Wiering & Winnubst, 2017). Different strategies had been adopted to reduce the
risk of these flood-prone areas by implementing the Delta works. The country

experienced a serious flood event in 1953 which created an urge to establish the “Delta



program” for flood management. The program suggested and implemented structures
such as storm surge barriers, dikes, and coastal dunes as a mitigation measure to flooding
and storm surges (Malecha et al., 2018). Later on, a reassessment of the strategies was
conducted and several science-based evidence indicated that the hydraulic baseline
conditions seemed to be more intense than the pre-assumed ones. The debate was
intensified by the flooding events of the Meuse and Rhine rivers in 1993 and 1995,
respectively. The rise of water levels in these rivers, which affected the built dikes leading
to its failure, triggered the development of new strategies (Hoeksema, 2007).
Accordingly, the second Delta Committee was established in 2009. Its Act was then
approved in the Dutch Senate in 2011 and was also funded by €1bn per year. The core of
the program was resilience which aims to accomplish adequate measures that balance
between protecting, preventing, and preparing against current and future events (Stive et
al., 2011). The two main approaches that are being implemented by the program are the
“Building with Nature" concept which involves coastal aspects and the “Room for the
River” concept which is concerned with river aspects (Klijn et al., 2018). The concept
behind these strategies was to encourage flexible building and make the foundation of
flood protection infrastructures through natural procedures and also to consider
sustainability while planning for land use.

The UK has a more cohesive flood management framework, supported by law and
overseen by a government department. Flood management in the UK incorporates local
communities and has policy and resource mechanisms to incorporate inputs from local
communities (Forrest et al., 2018). It has a mix of 'top down' and 'bottom up' management,
with each Local Resilience Forum connecting those two flows of information and

proceed.



1.2. Background

Climate-induced natural disasters and extreme events are escalating with the
increased variability of climatic parameters due to climate change (Devkota et al., 2014).
Within the past decades, glacial lake outburst floods (GLOFs) endanger thousands of
people, hundreds of villages, and basic infrastructure such as trails and bridges
(Kattelmann, 2003). Climate change has increased the threats of global flooding disasters,
as indicated by the rising frequency and greater spatial coverage during the last decade
when compared to those observed in previous decades (Elalem, 2015). Global warming
is generally expected to increase the magnitude and frequency of extreme rainfall events,
thus potentially impacting riverine disasters (Dankers et al., 2008). Furthermore,
increases in air temperature and heavy rainfall on a regional scale also influence flooding
frequency and intensity (Field et al., 2014). Floods often cause enormous damage to lives,
property, crops, and infrastructure, and the number of casualties by floods could increase
in the future (Mirza, 2011; Hirabayashi et al., 2013; Towfiqul et al., 2021).

Nepal, a country characterized by the occupation of the central part of the
Himalayas, is extremely vulnerable to natural disasters due to its fragile geology and
topography such as steep slopes and high relief as well as a monsoon climate. Intensive
rainfall caused devastation due to floods and landslides in the major parts of the country
(Paudel et al., 2003). Recent flood disasters in Nepal have been the result of a
combination of a fast-growing vulnerability of the local population and variable, possibly
changing climatic conditions (Delalay et al., 2018). Nepal is severely flood-prone and
ranked as the 20th flood-affected population in the world, and the frequency and intensity
of natural hazards are increasing (Rai et al., 2020).

Institutional factors of disaster risks have rarely been studied for GLOFs, which

are threatening high mountain regions such as the Andes, Alps, and the Himalayas



(Thompson et al., 2020). Exacerbated by climate change, much of the focus in the
Himalayas so far has been on GLOF risk anticipation. However, flooding events are
common in the lower region such as the hill area and Terai area in Nepal.

Flash floods are severe flood events that are caused by intensive rainfall, dam
failure and GLOFs. They can also be caused by the failure of artificial dams, poor
management of hydraulic structures, rapid melting of snow and ice, quick release of
stored glacial water, and others (Shrestha et al., 2008).

As measures against such events, several flood early warning systems have been
established in Nepal over the last decade, helping reduce the number of people affected
and killed by floods. However, there are still challenges in communicating flood warnings
to the most vulnerable (Shrestha et al., 2021). Therefore, flood management planning is

an urgent need for Nepal.

1.3. Hazards related to heavy rainfall

Intensive rainfall is a common cause of flash floods, which may last from one day
to several days (Shrestha et al., 2008). Monsoons, responsible for a large fraction of the
annual rainfall of the Himalayan region, are the most crucial mode of seasonal climate
variation. As increasing air temperature is leading to an increment in atmospheric
moisture, the monsoon precipitation is projected to become more intense in the future
affecting larger areas (Christensen et al., 2013). Numerous studies (Nayava, 1974;
Higuchi etal., 1977; Acharya et al., 2018) show that the monsoon accounts for about 80%
of the annual precipitation in Nepal. Monsoonal rainfall is very important in terms of
sustaining the livelihoods of the people in the Himalayas; however, intensive monsoon
rainfall or cloudbursts can cause devastating flash floods and cascading disasters

(Shrestha et al., 2008). Events such as landslides, debris flows, floods, and the destruction



of agricultural land in the HKH region are costing hundreds of lives, billions of dollars
in wealth, and investment in expensive infrastructure every year.

Flood alone is responsible for almost half of the water-induced disasters, claiming
about 100,000 people and impacting 1.4 billion people worldwide in the last decade of
the 20th Century (Jonkman, 2005). Floods have hit Nepal numerous times, for instance,
the 1993 flood across Nepal killed 1170 and damaged 32,765 buildings, pouring almost
4.8 million m? of sediment into the reservoir. Similarly, the Koshi flood in 2008 displaced
around 65,000 people in eastern Nepal, the 2012 Seti River flood claimed 72 lives (Kargel
et al., 2013), and the flood in 2017 resulted in an overall loss of $187.9 million (Gautam
et al., 2018).

Many studies suggest that extreme events are observed mostly in the major rainy
period (Kattel et al., 2018; Shrestha et al., 2019). The recent devastating flood destroyed
259 enterprises, and 508.74 m? cropland, displaced hundreds of families, and claimed
several lives in Melamchi (Maharjan et al., 2021). This flood was triggered by the high-
intensity rainfall in late pre-monsoon. The occurrences of Cyclones Phailin, Hudhud, and
Feni in October 2013, October 2014, and April 2019, respectively, suggest that the
frequency of extreme events in another season is also increasing in the recent decade. For
instance, recent cases of heavy rainfall in October 2021 adversely affected thousands of
hectares of paddy plantations, inundated airports, blocked highways, and killed several
people throughout the country.

Climate change can influence precipitation patterns as it affects the land-sea
temperature contrast, atmospheric aerosol loadings, atmospheric moisture content, land
cover and land use, and other factors. Numerous climate model projections display that
the monsoon will have a longer duration because of early-onset and later retreat although

many models predict that the monsoon circulation weakens (Christensen et al., 2013).



1.4. Glacial lake outburst floods (GLOFs)

Glacial lake outburst flood (GLOF) is a prominent water-induced hazard in many
parts of the world including Nepal. It is defined as a catastrophic outburst from a
proglacial lake, typically from a moraine-dammed lake. It occurs when the hydrostatic
pressure exceeds the restraining lithostatic pressure due to lake water overflowing and
the erosion of the moraine dam (Richardson et al., 2000; Bajracharya et al., 2020).
GLOFs, usually with very high traveling speeds ranging from tens of km to more than
100 km per hour, are responsible for serious devastations in terms of loss of life,
livelihoods, and properties, and the socioeconomic disturbance is yet another challenge
to go through (Vuichard et al., 1987; Richardson et al., 2000; Worni et al., 2014;
Bajracharya et al., 2020). The accelerated rate of glacier melt in the Himalayas as well as
the alarming high emission scenario projections will lead to an increment in the size and
number of supraglacial lakes that advance and merge to form a bigger glacier lake with
loose dammed moraine (Field et al., 2012; Worni et al., 2014).

Nepal has several scars because of GLOFs in the past years: at least 26 GLOF
events have been experienced in Nepal since 1977, of which 14 of them were supposed
to be originated from Nepal itself (Bajracharya et al., 2020). GLOFs on 3 September 1977
and 4 August 1985 in the Mount Everest region of Nepal have dramatically modified
channels and valleys in the region by eroding, transporting, and depositing huge
quantities of sediment for tens of kilometers along their flood paths (Cenderelli et al.,
2001). Moreover, Dig Tsho GLOF on 4 August 1985 destroyed many properties including
bridges, tens of houses, and a nearly completed hydroelectric power plant (Vuichard, et
al., 1987; Khanal, et al., 2015). Tampokhari's outburst in 1998 also claimed considerable

loss of lives, and infrastructural damage, and adversely affected livelihoods (Khanal, et
8



al., 2015). The Ci-RenMa-Co (Zhangzangbo) outburst in 1981, which originated in the
Tibet Autonomous Region, adversely affected the downstream areas in Nepal leading to
significant destructions to the Nepal-China Friendship Bridge, Araniko Highway,
Sunkoshi hydropower dam, and the transport services with an economic loss of around
USD 3 million (Mool et al., 2011).

History shows that in Nepal at least six major GLOFs have occurred including two
smaller events not mentioned that had occurred before 1962 (Byers et al., 2020). Nepal
consists of 2,070 such glacial lakes, of which 21 are found to be potentially dangerous
glacial lakes (PDGLSs) (Maskey et al., 2020). Very few PDGIs in Nepal have been studied
and gone through some treatment to reduce future disasters. Tsho Rolpa Glacial Lake was
studied in detail by the combined effort of the Water and Energy Commission Secretariat
(WECS), and the Japan International Corporation Agency (JICA) (Kazuhisa et al., 1997).
Although the lake level was suggested to be lowered by 4 m, the lake was lowered only
by 2.8 m in late 2000 (Reynolds, 1999; Rana et al., 2000; Mool et al., 2011). Glacial Lake
Imja Tsho was also lowered by 3.4 m in 2016. Some researchers (Hambrey et al., 2008;
Watanabe et al., 2009; Fujita et al., 2013) have concluded that the Imja Tsho is relatively
stable, and no immediate danger of catastrophe was detected. A study by (Maskey et al.,
2020) shows that the lake area of Thulagi has increased to 0.94 km?in 2018 from 0.72
km? in 1988 and the Lower Barun which was 0.64 km? in 1989 has increased to 2.0 km?
in 2018 depicting how fast PDGLs are advancing. Chen, 2022 (Chen et al., 2022)
developed a new framework for GLOF exposure and impact assessment. They applied
the framework to Tsho Glacial Lake for different GLOF scenarios and worst-case
scenarios.

History depicts that there is an increment in the frequency and magnitude of GLOFs

in recent decades with catastrophic consequences. If the climate continues to change at



its present speed, rates of glacier mass loss, fragmentation and shrinkage, and the
formation and advancement of glacial lakes will increase more, which could escalate the
occurrence of GLOFs and may affect the hydrological regime of the region that ultimately
affects the ecosystem services (Bajracharya et al., 2020). The GLOF caused severe
damage to 77 houses and 3 bridges downstream of Bhote Koshi and destroyed the intake
dam of the Upper Bhote Koshi Hydropower Project in Nepal. The 2016 GLOF damage
sits within the area affected by the Gorkha earthquake (magnitude M 7.8 in 2015), where
extensive landslides and rockfalls were triggered on the slopes, and some landslide
deposits even blocked the river (Khanal et al., 2015; Guo et al., 2017). GLOF from the
small glacial lake GBTSC also caused a serious disaster, which recalled us of the need
for reconsideration of the small-lake-induced GLOF hazards after earthquakes (Liu et al.,
2020).

Socioeconomic vulnerability assessment is another critical component of
comprehensive flood risk assessments, which are aimed at estimating a loss of life and
economic damage (Khanal, et al., 2015). Social vulnerability highlights differences in the
capacity to prepare for, respond to, and recover from disasters related to time, social
groups, and demographic characteristics (Hummell et al., 2016). The International Centre
for Integrated Mountain Development (ICIMOD) researched the socioeconomic
vulnerability of communities potentially affected by GLOFs (Mool et al., 2011). In
particular, Nepal has experienced multi-hazard risks and socioeconomic losses in the
recent decade (Aksha et al., 2019). Furthermore, riverine floods are one of the major
weather-related disasters in Nepal, affecting agriculture production and physical

infrastructure (Pathak et al., 2020).
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1.5. Landslide dam outburst Flood (LDOFs)

The surge of large landslide debris into a river is one of the most important
conditions for this kind of disaster. Such debris temporarily blocks the water flow and
creates a reservoir in the upstream reach. When the water level rises above the dam or
when the weight of water exceeds the holding capacity of the created reservoir, the dam
bursts to cause a flash flood downstream. Such dams are commonly formed in very steep
and narrow valleys where there is less space for the spread of landslide debris. Apart from
heavy rainfall, soil erosion and earthquake are responsible for the sliding of large
landmass from the steep topography into the rivers in the narrow valleys (Shrestha et al.,
2008; Baniya et al., 2019; Thompson et al., 2020). Several hazards have happened in
Nepal due to LDOFs. On May 5" 2012, a flash flood in Seti killed 72 people. This
disaster is also supposed to be initiated by rockfall/avalanche in the Seti River gorge
impounded meltwater and spring snowmelt water (Regmi et al., 2012; Kargel et al., 2014;
Oi et al., 2014).

A rainfall-induced massive landslide occurred at Jure Village on 2nd August 2014,
claiming the lives of 156 people. This landslide blocked the Sunkoshi River completely
forming a 3-km long and 300- to 350-m wide lake with a volume of 8 million m? that
took nearly 12 hours to fill the lake and overflow the debris dam. The lake affected five
Village Development Committees (VDC) including a highway, school, health post, postal
service, police station, VDC office, and temple upstream (Acharya et al., 2016). After the
Gorkha earthquake in 2015, Nepal received several aftershocks, which weakened the
steep hillslopes (Kargel et al., 2015). On May 24", 2015, the damaged slope failed and a
landslide mass blocked the Kali Gandaki River. Fortunately, casualties were prevented
because officials were quick in evacuating the low-lying areas of Beni and Maldhunga

(Bricker et al., 2017).
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1.6. Snow and ice Avalanches

An avalanche is one of the hazardous natural disasters in mountainous terrain like
the Nepal Himalaya. Avalanches are highly dependent upon fixed and varying properties
of the topography and snow cover. Slope, curvature, elevation, and aspect of the
topography are some determining fixed variables whereas new snow, wind, rain, and
liquid water content and snowpack properties are the major varying parameters (Ancey,
2001). Avalanches affect lives, livelihoods, and infrastructure worth millions of US
dollars. On average 250 people die every year because of avalanches in the world
(Schweizer et al., 2015).

The average annual death caused by avalanches in Nepal is not documented
properly. An earthquake-triggered ice avalanche in 2015 in Langtang claimed over 350
people (Kargel et al., 2015). In the same year, 23 people died in the Everest region, where
16 people had already lost their lives by another avalanche in 2014. The Annapurna
region often experiences snow avalanches. One of the avalanches killed 7 people on
October 10, 2018, and 7 people on January 17, 2020 (Thakuri et al., 2020). The 2012 Seti

flood was also associated with the avalanche upstream (Kargel et al., 2014).

1.7. Flood disaster in Nepal

Flood is regarded as one of the oldest and most devastating natural disasters in
human history (Ferreira et al., 2011; Sanyal, 2004). Changes in land use land cover
patterns and rapid population growth around the world have significantly increased the
vulnerability towards floods typically since the mid-20"" century (Rimal et al., 2018).
During the 1950s, about 2% of flood events were recorded, and thereafter it started rising
vigorously in recent decades, such that 3.9%, 6.6%, 13.2%, 21.9%, and 52.2% for the
1960s, 1970s, 1980s, 1990s, and 2000s, respectively (Dewan, 2015a). Flood incidents

alone accounted for more than two-thirds of hydrological disasters in 2012-2014 and
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90.9% in 2015-2016 during 2012-2014 (Guha-Sapir et al., 2014) (Guha-Sapir et al.,
2015).

Floods adversely affect the lives and livelihoods of the people with the destruction
of infrastructure, cropland, economic empires, and billions of properties (Dewan, 2015b;
IPCC, 2007; Mirza, 2011; MoHA, 2019). South Asian countries ,i.e., Nepal, Bangladesh,
Afghanistan, and India yearly experience floods as they are traversed by the rivers and
the tributaries of the rivers, mostly originating from the Himalayas, and people in the
floodplains of South Asia suffer through their negative impacts (Dewan, 2015b). The
frequency of flooding events is increasing in the South Asian region; for instance,
Bangladesh experienced five big floods from 1987 to 2007. Cases are also significantly
increasing in Pakistan and India (Mirza, 2011). Likewise, a flood inundated a large area
of Gujarat in July 2005 killing 132 people (Mirza, 2011). Out of all Asian floods, South
Asia alone accounts for 33%, with 50% fatalities. Nepal, being fifth in rank based on
flood events in South Asia, accounts for 7.2%, 7.4%, 3.1% of fatalities, victims, economic
losses, respectively whereas India is the number one country to be affected by the floods
in South Asia (Shrestha, 2008).

Another report (UNDP & NSET, 2009) mentions that out of 5 million Nepalese
people were affected by natural hazards between 1971 and 2007, of which 68% were
flood-based. Between 1982 and 2014, floods and landslides killed nearly 9000 Nepalese
(DWIDP, 2013; MoHA & DPNet-Nepal, 2015).

Floods in Bagmati and others rivers in 1993 due to heavy rainfall brought
devastating effects on lives, properties, and infrastructures of Central Nepal. The
Kulekhani River basin received 540 mm of rainfall in just 24 hours. This flood with
cascading disasters like landslides killed 1170 people including four Chinese engineers

and sabotaged 32, 765 homes. In addition, major bridges and highways linking
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Kathmandu to the rest of the country were destroyed. Districts of Sarlahi and Rautahat
also experienced major floods in the same year (MoHA & DPNet, 2009). The breaching
of a flood control embankment along the Koshi River on August 18, 2008 adversely
affected both Bihar, India, and eastern Nepal. Over 90% of its discharge started to flow
through the abandoned river courses. Around 65, 000 in Nepal and more than 3 million
people in Bihar were directly affected by the Koshi Flood in 20,2008, 284 people from
the Saptari District and 43,917 people from Sunsari were displaced in Nepal while Bihar
was affected badly and people from Bihar even had to stay in refugee camps set up in
Nepal for weeks, and then they returned to Bihar later (MoHA & DPNet, 2009). Floods
and landslides in West Nepal in September 2008 killed 40 people, many people were
injured and 47 people were claimed to be missed. Kailali, Kanchanpur, and Bardiya were
the most affected and damaged districts while districts such as Dadeldhura, Dang, Salyan,
Doti, and Gulmi were also found to be significantly affected by floods and landslides in
the same year (MoHA & DPNet, 2009). Flood in 2017 leading to an overall loss of $187.9
million (D. Gautam & Dong, 2018; Thapa et al., 2020). The recent devastating flood that
destroyed 259 enterprises, and 508.74 m? cropland, displaced hundreds of families, and
claimed several lives in Melamchi which was caused by high-intensity rainfall in late
premonsoon (Maharjan et al., 2021).

A recently published IPCC report elucidated that changing climate has caused
multiple changes throughout the world. Increased warming, extreme precipitation and
associated changes have caused mountainous terrain to experience cascading
consequences of floods, landslides, and other hazards. More than 70% of 700,000
disaster-related deaths between 2005 and 2014 occurred in mountainous regions and are
associated with compounding multi-hazard events (UNISDR & WMO, 2015). The 2015

Gorkha earthquake that claimed almost 9000 people triggered over 24,000 landslides
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which amplified the disastrous effects of the earthquake. Another event, triggered by the
heavy rainfall in 2013 in the Garhwal Himalaya, destroyed over 200 buildings and killed
several people because of landslides and flash floods (Bhambri et al., 2015). A recent
flood event in February 2021 in Chamoli District of Uttarakhand killed 70 people and
sustained more than 100 injuries, was found to be caused by a glacial lake outburst flood
in the initial investigation. However, later Shrestha et al 2021 concluded that it was
caused due to rapid fluidization of ice from the kinetic energy of the rockfall uniting with
a stream down.

Multiple hazards hit Nepal every year with many human casualties, billion worth
of properties, and significant socio-economic disturbances. Geological features,
geography, changing climate, unplanned urbanization and environmental degradation are
regarded as the major factors contributing to the disasters. According to MoHA, (2019),
out of 6,381 disaster incidents in 2017-2018, 968 lost their lives, and 3, 639 were injured
where 94% of NPR 6.84 billion was accounted for by fire hazards alone. Apart from fire
hazards and lightning hydro-meteorological accounts for a large number of casualties and
causes significant damage, mostly during the monsoon season. Out of 968 disasters flood
alone has accounted for 183 deaths, landslide accounts for 161 deaths, and 30 people lost
their lives due to heavy rainfall: 38.64% accounts for hydrometeorological hazards
(MoHA, 2019).

Nepal has recived several scars because of GLOFs in the past years. Twenty-six
GLOF events have been experienced by Nepal since 1977, 14 of which them were
supposed to be originated from Nepal itself (Bajracharya et al., 2020). GLOFs on
September 3™, 1977 and August 4",1985 in the Mount Everest region of Nepal have
dramatically modified channels and valleys in the region by eroding, transporting, and

depositing huge quantities of sediments for tens of kilometers along their flood paths
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(Cenderelli & Wohl, 2001). Moreover, Dig Tsho GLOF on August 4, 1985 destroyed
millions of properties including bridges, tens of houses, and a nearly completed
hydroelectric power plant (Vuichard & Zimmermann, 1987; Khanal et al., 2015).
Tampokhari's outburst in 1998 also claimed considerable loss of lives, and infrastructural
damage (Khanal et al., 2015). Another event, the Ci-RenMa-Co (Zhangzangbo) outburst
in 1981, which originated in the Tibet Autonomous Region, adversely affected the
downstream areas in Nepal leading to significant destructions to the Nepal-China
Friendship Bridge, Arniko Highway, Sunkoshi hydropower dam, and transport services
with an economic loss of around USD 3 million (Mool et al., 2011). Several hazards have
happened in Nepal due to LDOFs. A rainfall-induced massive landslide occurred at Jure
Village on 2nd August 2014, claiming the lives of 156 people. This landslide blocked the
Sunkoshi River completely forming a 3 km long, 300-350 m wide lake with a volume of
8 million m3 that took nearly 12 hours to fill the lake and overflow the debris dam. The
lake affected five Village Development Committees (VDC) including a highway, school,
health post, postal service, police station, VDC office, and temple upstream (Acharya et
al., 2016). After the Gorkha earthquake in 2015, Nepal got several aftershocks, which
weakened the steep hillslopes (Kargel et al., 2015). On May 24th, 2015, the damaged
slope failed and a landslide mass blocked the Kali Gandaki river, a day later it got
breached Fortunately, casualties were prevented as officials were quick in evacuating the
low-lying areas of Beni and Maldhunga (Bricker et al., 2017). Moreover, an earthquake-
triggered avalanche in 2015 in Langtang claimed over 350 people (Kargel et al., 2015),
in the same year 23 people died on Everest, where 16 people had already lost their lives
in 2014 (Thakuri et al., 2020). Moreover, the Seti flood of 2012 was also associated with

the avalanche upstream (Kargel, 2014).
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1.8. Disaster risk reduction, mitigation, and planning policies in Nepal

Nepal is exposed to multiple hazards, which create a multitude of disasters
throughout the country (MoHA, 2019). As a country with diverse typography, complex
geology, and highly varying climate, Nepal is experienced many natural and human-
induced hazards. In a global comparison, Nepal ranks 4th in terms of climate risk
according to the Global Climate Risk Index which assesses the impacts of meteorological
events concerning economic losses and human fatalities (Eckstein et al., 2019).

Also, the country of Nepal ranks 11th in terms of global risk for earthquake
occurrence and impact and the country is in the top 20 of all the multi-hazard countries
in the world (UNDRR, 2019). More than 80% of the population is exposed to the risk of
natural hazards (MoHA, 2017) which include earthquakes, droughts, floods, landslides,
extreme temperatures, and glacier lake outburst floods (GLOFs). Hydro-metrological
hazards, including droughts and floods, have already caused widespread damage, and loss
of livelihoods, lives, and property, but the intensity of such hazards is expected to
increase in the future (UNDRR, 2019).

Although, Nepal is one of the most disaster-prone and vulnerable countries in the
world, studies, policy analysis, and field experience show that community-led initiatives
of disaster risk resilience are not well recognized (Pandey, 2018). Nepal has prepared
various disaster plans and policies at the national, provincial, and local levels. However,
there are major gaps in disaster risk preparedness, with annual floods and landslides
continuing to be responsible for the loss of lives and heavy infrastructure damages (Vij
et al., 2020).

Effective policies for disaster risk reduction (DRR) can reduce the loss of life and
property caused by disasters (Williams, 2011). Some governments have successfully

adopted and implemented DRR policies, but others leave their citizens highly vulnerable.
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Many factors explain these differences in how countries adopt disaster risk reduction
policies, including financial constraints, variations in the level of risk, and the significant
technical and organizational challenges inherent in DRR (Williams, 2011). As a post-
conflict country in the early stages of democracy with a weak system of governance,
Nepal offers an interesting case study on DRR implementation (Jones et al., 2014). The
political competition and the quality of a country’s institutions play a key role in
determining the effectiveness of disaster risk reduction (Williams, 2011).

Nepal’s disaster risk reduction program is guided by the Sendai Framework for
Disaster Risk Reduction (SFDRR) 2015-2030 (UNDRR, 2019). The four priority actions
of the SFDRR to prevent new disasters and reduce existing disaster risks are: (i)
understanding disaster risk; (ii) strengthening disaster risk governance to manage disaster
risk; (iii) investing in disaster reduction for resilience; and (iv) enhancing disaster
preparedness for effective response and "Build Back Better" in recovery, rehabilitation,
and reconstruction (Dinanath et al., 2020).

There is some clarity on the roles of departments in hazard monitoring and
forecasting (MoHA, 2019). For example, the Department of Mines and Geology (DMG)
is responsible for monitoring earthquakes in Nepal. Forest fire and air pollution are
monitored under the Ministry of Forest and Environment (MoEF). The Department of
Hydrology and Meteorology (DHM) has developed a 3-day flood forecasting system and
provides weather forecasts and flood early warnings. The Department of Water Resource
and Irrigation Department of Hydrology and Meteorology (DHM), and Department of
Mines and Geology (DMG) have put together hazard maps for different parts of the
country (Dinanath et al., 2020). However, there is no clarity on how any of this
information will be used at the local level for disaster management during disaster and

post-disaster.
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The Disaster Risk Reduction and Management (DRRM) Act, 2017 came into
action, replacing the response and relief-centric law, the Natural Calamity Nepal Disaster
Report 2019 Page 2 Relief Act, 1982 (MoHA, 2019). The new Act provides a
comprehensive outlook to capture different dimensions of disaster risk management
(DRM). It is a more progressive approach to reducing and managing disasters by
introducing the ‘whole of society approach in disaster risk management. Based on the
disaster risk reduction and management act 2015, the highest body for disaster risk
reduction is the National Council for Disaster Risk Reduction and Management
(NCDRRM) which is under the Prime minister of Nepal (Rijal et al., 2020).

According to the Nepal government, during a period of 45 years (1971 to 2015), a
total of 22,372 disaster events have been recorded. Hence, annually, Nepal is exposed to
about 500 events (Nepal et al., 2018). After the major floods and landslide disaster of
July 1993 in which 1336 people lost their lives and 85,451 families were affected. The
Government of Nepal has been serious in the management of natural disasters in the
country. Therefore, the government prepared National Action Plan on disaster
management in 1996 which specified priority activities to be undertaken in the field of
disaster management to be implemented by the concerned agencies (Tuladhar, 2012).

Since May 19™" 2015, the Government of Nepal has taken firm steps toward
transitioning from the relief phase to the recovery phase. Following the enactment of
(NRA) Act on December 20", the National Reconstruction Authority NRA was
constituted on December 25", 2015 with a mandate to manage, oversee and coordinate
recovery and reconstruction work in the earthquake-affected districts (MoHA, 2017,
UNDRR, 2019).

Nepal’s Constitution, for the first time, mentions Disaster Risk Management

(DRM) under Article 51 and Schedules 5 to 9 and has assigned DRM as a concurrent
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responsibility of the three tiers of the governments, particularly of the local governments.
Article 51 stipulates policies that the state shall pursue concerning DRM. For instance,
the sub-article G which relates to “policies concerning protection, promotion and use of
natural resources,” does mention that the state shall formulate policies related to the
development of sustainable and reliable irrigation through the prevention of water-
induced disasters and river management. On September 24" 2017, the legislative
parliament unanimously passed a new Disaster Risk Reduction and Management Act,
2017 (MoHA, 2017). In many respects, the Act is considered more progressive and
comprehensive than the existing Natural Calamity Relief Act, 1982 since it also
recognizes risk reduction as an important and integral part of risk management. The
government of Nepal is recently developing the National Disaster Risk Reduction Policy
(NDRR) and the Strategic Action Plan aligned with SFDRR: one that will replace the
NSDRM, 2009. The new NDRR Policy and Strategic Action Plan will serve as a road
map to guide the future course of action for DRM in Nepal till 2030. There is hope that
these two policy documents will serve as a turning point for Nepal to be a disaster-

resilient nation.

1.9. Motivation and research objectives

A few studies have been already done in these study areas but there is no detailed
studies. have been done. The Seti River basin has attracted many scientists because of for
the GLOF, land-use, tourism, and other aspects but no studies focused on household-level
inundation survey as well as evacuation route identification. In Dolakha, UNDP and
ICIMOD had calculated inundation values but they did not focus on the community-level
detailed hazard map and evacuation-route identification. Besides that, anthropogenic
activities such as unplanned settlement, encroachment of riverbanks, and unplanned

construction are more serious issues in downstream communities in both riverside.
20



This study aimed to (1) estimate the inundation area by future floods using HEC -
RAS to identify vulnerable locations and houses in three settlements in the Seti River
basin, Pokhara, and thirteen settlements in the Tamakoshi River basin, Dolakha; (2)
create an evacuation route maps in potentially dangerous sites for emergency use; and (3)
analyze the vulnerability situation in term of socioeconomic context of the people
residing in the areas prone to inundation. This study also identifies and develop
evacuation routes and suggests a safe place for temporary evacuation and shelter houses.
Based on these analyses, a series of flood risk reduction strategies and measures will be
identified and recommended.

The entire Himalayan region is very fragile and susceptible to multiple hazards. It
is geologically unstable and highly prone to seismic events. Recently the climate
variability and change processes are adding a new and hitherto unknown dimension to
hazard, vulnerability, and risk scenarios in the mountain region. The total number of
disasters and their frequency, intensity, and impact is increasing day by day in
downstream communities. | choose these two river basins because both originated from
the high Himalayas regions and have a high risk of GLOFs and landslide dam outburst

flood (LDOFs).

1.10. Thesis structure

This study was designed to understand flood disasters and risk assessment of the
Seti River basin and Tamakoshi River basin. Chapter 2 provides a detailed description
of the data and methods used to achieve the aims of the research. Chapter 3 describes the
results from: the Seti River basin for understanding the flood risk assessment and
potential evacuation routes. A UAV (drone) survey, HEC-RAS modeling, inundation
mapping, and socioeconomic surveys and their relationship are presented in the chapter.

Chapter 4 describes the result of the Tamakoshi River basin in the same issues as Chapter
21



3. Chapter 5 compares the results with discussion of the two study areas, evacuation
routes and evacuation time, and flood scenario of both river basins. Finally, conclusions

are presented in Chapter 6.
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Chapter 2 Methodology and Study area

2.1. Selection of Study area

2.1.1. Seti river basin, Pokhara

Pokhara (Figure 2.1) is situated approximately 200 km west of the capital city
Kathmandu in Kaski district, Gandaki province with an area coverage of 464.24 km?.
Pokhara Metropolitan city was formed in 2017 with 33 wards. It is the largest
metropolitan city in terms of area and the second-largest in terms of population with a
population of 4,13,397 according to CBS data of 2011 AD. It is surrounded by Madi and
Rupa Rural Municipality in the East, Annapurna Rural Municipality, Parbat and Syangja
districts in the west, Machhapuchchhre, and Madi Rural Municipality in the North, and
Syangja and Tanahun districts in the South. The elevation ranges from 827 to 1511m. It
has a humid and sub-tropical climate with an average annual temperature of 21.9 °C and
mean annual precipitation of 3899 mm, but the nearby station Lumle has a very high
mean annual precipitation of 5515 (CBS, 2019).

The flat morphology of the Pokhara plain is striking. The plain slopes gently to the
south, with a general longitudinal gradient varying from 32%. upstream to 9%o
downstream (Fort, 1987). The average annual precipitation in Pokhara is 3951 mm, with
amounts exceeding 5000 mm north of the valley due to orographic amplification, which
makes the south Annapurna front zone the area with the highest annual precipitation in
the country(Fort et al., 2018). The Seti River is the major river flowing through the
Pokhara. Many gorges and Canyons are created by the Seti River and its tributaries in
and periphery of Pokhara as easily soluble calcareous materials are abundant there.
Pokhara Valley has the intermontane fluvial basin spread around the midstream of the
Seti River in the Lesser Himalaya (Gautam et al., 2000). It is filled with the quaternary
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age layered clastic deposits (gravel, silt, and clay), loaded from the Annapurna Mountain
ranges, most likely by a series of Catastrophic debris flows (Yamanaka et al., 1982). The
geology of Pokhara Valley can be categorized into seven formations; Begnas, Siswa,
Tallakot, Ghachok, Phewa, Pokhara, and Rupakot formations (Yamanaka et al., 1982).
In the last few decades, Pokhara has been frequently exposed to multiple hazards
such as floods (e.g., Seti flood in May 2012), sinkholes (e.g., several sinkholes in Armala,
Pokhara in November 2013), land subsidence, landslides, fire, and earthquakes. It is
believed that Pokhara itself was formed by the deposits from past catastrophic floods. As
Pokhara is surrounded by beautiful Annapurna Mountain range sand hence, cascading
effects because of hazards in the mountains can also adversely affect the Pokhara, for
instance, the 5™ May 2012 Seti Flood originated from the mountains. The fragile geology,
unstable steep slopes, deep gorges, heavy rainfall, and dense settlement over weak
geological structures are responsible for multiple hazards in Pokhara Valley (Rimal et
al., 2015). Despite the 2012 flood event and several warnings by scientists for more yet
bigger scale future floods in the Seti valley, the fluvial risk is may bigger and more
disastrous by socioeconomic activities such as unplanned settlement, encroachment of
riverbanks, haphazard construction, unplanned schools, drinking water, and hydropower
projects in potential flood hazard areas in addition to the increased impacts of climate

change on geological and hydro-metrological hazards (Gurung et al., 2021).

2.1.2. Tamakoshi river basin, Dolakha

Dolakha District (27° 28’ to 28° 0° N & 85° 50° to 86° 32’ E) lies in the Bagmati
Province and is approximately 181 km northeast of the capital city Kathmandu. It covers
an area of 2,191 km? and has a population of 186, 557 according to the National Planning
Commission Secretariat Central Bureau of Statistics Kathmandu Nepal, (CBS, 2011)

(Figure 2.1). The study area covers Bhimeshwor Municipality, Kalinchowk rural
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municipalities, Gaurisankar rural municipalities, and Biju rural municipalities. The study
area is well accessible because the Charikot-Lamabagar Highway links with the major
cities of the country. The highway runs 365 days and passes through Charikot, the distinct
headquarters. The elevation of the district ranges from 732 to 7,134. m a.s.l. (Kandel et
al., 2019) . It has a humid subtropical, dry climate with an annual mean temperature of
15.02 °C and yearly precipitation of 2353.2 mm (CBS, 2019).

Several elevated mountains and deep river valleys are spread throughout the
district. Geologically, it moves up to the Higher Himalayan Range in the north and
reaches the midlands in the south, with the major portion covered by the Higher
Himalayan Range. Migmatites, Gneisses, Schists, and marbles are very common types of
rocks in the upper region of the district while schists, gneisses, phyllites, and marbles are
abundant in the region between 2000-5000m (Kandel et al., 2019).

Dolakha district is often hit by numerous natural hazards. It is typically adversely
affected by Landslides, and in addition, the situation was exacerbated by the Gorkha
(Mw) 7.8 and Dolakha Mw (7.3) earthquakes in 2015 (Schwanghart et al., 2016; Thapa
etal., 2018; Qi etal., 2022). 1479 landslides were triggered by the 2015 earthquakes with
total landslide area coverage of 7.89 km2 and a landslide volume of 0.06k m3 (Martha et
al., 2017). However, other disasters such as floods, LDOFs (Uhlir, 1998), and soil
erosions cannot be ignored (Thapa, 2020).

In this study, Gaurishankhar Rural Municipality with nine wards is considered. It
is named after the holy mountain GauriShankhar. It has an area of 681.39km? and a
population of 17,062 based on CBS 2011. This rural municipality is also the home of one
of the largest glacial lakes, Tsho Rolpa Lake. Disasters in this rural municipality are
common as this municipality comprises fragile geology, rivers, cryosphere, and

centralized settlement overburdening the specific places (CBS, 2011). The settlement of
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Gongar has the hydropower facilities for the Upper Tamakoshi Hydroelectric Project
company. This is the near-complete 456 MW project, the largest hydropower project in
Nepal, or the project that will generate a power output equivalent to two-thirds of Nepal’s
current power generation. Therefore, maintaining and protecting the facilities will be

important for the country of Nepal.
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2.2. Methodology

This research prepared a detailed hazard map with combined approaches of an
analysis of photographs taken by a drone (UAV), remote sensing, field survey, and
HEC-RAS modeling. Interview surveys and questionnaire surveys were conducted to
understand the current situation of the area and to identify the settlements that high risk
of flood. This research follows the two major methods for the Seti river basin: (1)

inundation mapping, and (2) Socioeconomic survey (Figure 2.2).
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Figure 2.2 Conceptual flowchart of the methodology employed for Seti river basins.

[ used the same two methods for the Tamakoshi river basin: (1) inundation

mapping, and (2) Socioeconomic survey (Figure 2.3).
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2.2.1. Inundation Mapping

2.2.1.1. HEC-RAS Model
Hydrologic Engineering Centers River Analysis System (HEC-RAS) software was
developed by the United States Army Corps of Engineers (USACE). Geographic
Information Systems (GIS) are successfully used to visualize the extent of flooding and
also to analyze the flood maps to produce flood damage estimation maps and flood risk.
In the present study, flood hazard maps were obtained by using HEC-RAS, HEC-
GeoRAS, and ArcGIS. The methodology for developing a flood hazard map can be get
by three phases: (a) preparing a digital elevation model using ArcGIS, (b) simulation of
flood flows using HEC-RAS, and (iii) preparing flood risk maps by at combine. HEC-
RAS model needs details of river cross-sections and streamflow data. HEC-RAS
calculates the water levels’ variation and water level with help of a digital elevation
model (DEM). Spatial data like Geometric data, flow data, critical water depts, and others
have been obtained using HEC-GeoRAS (Arc-GIS extension) and these data are then
transferred to HEC-RAS. The results obtained from the hydraulic model can be converted
to GIS format by using HEC-GeoRAS and thus flood mapping and flood depth maps can
be obtained.
| used the existing topographic maps and detailed 5-m contour intervals DEM. The
cross-section data and riverbank locations at intervals of about 50 m were collected using
topographic data. A handy GPS device was used to obtain the coordinates points.
Topographic maps of the study area (sheet no. 2786-01D,2786-05A, 2786-05B, and 2786-
05C of scale 1: 25,000) were collected from the Survey Department of Nepal. HEC-RAS

6.1 was used to calculate water surface profiles and ArcGIS 10.2 was used for GIS data
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processing. This study used Manning’s Roughness Coefficient for different land use,
which is as follows:

Q=1 ARESY2 (1)

where Q = discharge (m®/s),

A = cross-section area (m?),

R = hydraulic radius (m),

S = friction slope and

n = Manning’s Roughness Coefficient (Chow et al., 2010).

The cross-section point filter was used in order to remove the duplicate points or
the high number of points (over 1000) created across some cross-sections as the GIS
system generated it. The inundation mapping was based on a peak discharge value of
1450 m3/s (Kathmandu University, 2012) for the Seti River. Similarly, | used peak
discharge of 1940 m3/s for Tamakoshi River (taken from the rainfall data at Busti Station
from 1970 to 2006 rainfall data).

The HEC-RAS model used to calculate the inundation area has a corresponding
extension in ArcGIS (HEC-RAS v.4.1.0). Google Earth (GE) was used for the geographic
coordinate system with the WGS84 datum. One of the main inputs for the HEC-RAS was
a Triangulated Irregular Network (TIN), a type of DTM. A flood inundation map was
prepared using both the topographic maps from the drone survey and the DGPS survey
at 1-m contour intervals. A DEM map was also prepared at a 1-m contour interval to

delineate watershed boundaries.
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Figure 2.4 Schematic diagram showing HEC-RAS component (USAF, 2002)

2.2.1.2. UAV (drone) Photogrammetry

In the first stage of the drone-based aerial survey (DJI Phantom 4 Pro), the ground
control point (GCP) locations were finalized. The flight route was planned using Google
Earth (v.2.3) to help determine the overall flight number, height, estimated time, and
image percentage overlap. GCPs must be visible from the nadir view of the drone and
evenly distributed to achieve a uniformly high accuracy throughout the study area.

In the Seti River basin (all three settlements), after the 21 GCP locations were
identified and finalized, they were marked with a 60 x 60—cm red flag and white enamel
cross to assist with drone image identification. The center of the white cross was marked
as the GCP, and the .kml file of the site was imported into the Drone Deploy software.
The flight plan was set for a front overlap of 75% and a side overlap of 70% at the height
of 55 m. A total of 25 flights were flown.

A differential GPS survey (Stonex DGPS) of the established GCPs was carried out
to identify their proper position. The easting, northing, and elevation of the GCPs were

also measured, and 21 points were utilized for 3D georeferencing. After the geotagged
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images were captured onsite, they were processed to obtain a digital surface model
(DSM), contour lines, a digital terrain model (DTM), and orthophoto maps. A DEM is a
bare-earth raster where non-ground (man-made) features such as roads and buildings are
not included.

DEMs are useful for hydrological modeling, surface analysis, and soil mapping. A
DTM is a 3D model visualizing surface elevation data; its structure is based on a TIN
composed of vector data. A Triangulated Irregular Network (TIN) represents the terrain
surface as a set of interconnected triangular facets. The TIN structure is a vector-based
alternative to the traditional raster representation of terrain surface Digital Elevation
Model (DEM). A DTM reinforces a DEM by including man-made features of the bare-
earth terrain. Irrelevant images were removed before processing with Agisoft Photoscan
(v.1.4.0). The overlapped and geotagged images were processed using image matching
algorithms, i.e., the SIFT (Scale — Invariant Feature Transform) algorithm. The SIFT
algorithm is used to detect and describe local features in digital images. The output data
from the initial image processing represent the tie points that were initially matched by
the algorithm. These tie points were generated by matching the same features within the
overlapped images. Subsequently, point cloud and mesh processing was carried out. The
dense stereo matching algorithm generates 3D-textured point clouds to replicate the
ground surface. These points were triangulated to obtain the 3D mesh of the project area.
The output accuracy of the DSM was modified according to x-Ground Sampling Distance
(GSD), where GSD is the distance between the centers of two adjacent pixels in the photo
and x is a multiplier. The DTM was generated as per requirement. It is a mathematical
model of the ground surface, most often in the form of a regular grid, in which a unique
elevation value is assigned to each pixel. The contours derived from the DTM were used

to prepare the topographic map. Major and minor contours of 5 and 1 m were used for
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this research, respectively. Government data have not been updated and for the detailed
survey, the accuracy is not sufficient. So, UAV data are more accurate and reliable for
this type of detailed survey. A georeferenced orthophoto was also generated (Figure
3.1). Houses, roads, rivers, and other features were digitized and integrated with the
contours to prepare the final topographic map of the project area using ArcGIS (v.10.2).
In the Tamakoshi river basin, the flight covered a front overlap of 75% and a side
overlap of 70% at the height of 100m. A total of 7 flights were flown in Singati and 5
flights were flown in Gongar. | used a detailed 5-meter contour for Singati and Gongar.
The houses, bridge, road, and riverbank all are marked with the help of drone photos in
two settlements. In other settlements, GPS was used for obtaining the coordinate points.
Major contours of 20 m were used for the rest of the settlements. A georeferenced
orthophoto was also generated (Figures 4.2 and 4.4). Houses, roads, riverbanks, bridges,
temples, and other features were digitized and integrated with the contours to prepare the
final topographic map and toposheet from the survey department of the project area using
ArcGIS (v.10.2). All topographic map components were in the standard format (land use
map 1996 corrected in 2021) as provided by the Government of Nepal.
2.2.1.3. Evacuation-Route Mapping
2.2.1.3.1. Extracting an existing road network
This study extracted the road network (for pedestrians) of three settlements using
data from an orthophoto digital map using ArcGIS 10. First, the length and width of each
road were obtained and measured from a digital map. Next, the road width and length at
some sites were measured again in the field to confirm the data from the digital map.
Afterward, the number of people able to use the existing road at once during a flood
hazard was determined. Finally, a new evacuation route was suggested, depending on the

existing topography and population.
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2.2.1.3.2. Suggesting a new route in Seti River basin

The evacuation route for pedestrians was based on UAV photogrammetry and the
shortest route with respect to the existing road network. During the field survey, local
people were asked about the nearest safe site during flood occurrence. At first, existing
road conditions were inspected and measured manually in all three settlements
(Masinabagar, Laltinbazar, and Kl-sing) to identify all possible routes for assisting with
the traffic flow from the origin (disaster area) to the destination (safe area). The
inundation risk area was initially identified. Afterward, the disaster vulnerability areas
that needed evacuation plans were identified. Then, the safe place and exit route were
located using the drone photos obtained via ArcGIS. The shortest and easiest route from

each house (origin) to a safe location was determined.

2.2.1.3.3. Evacuation route mapping in Tamakoshi River basin

The evacuation route map was based on UAV photogrammetry, toposheet, land use
landcover map, fields survey, and the shortest route, according to the existing road
network. During the field survey, local people were asked about the nearest safe site
during the occurrence of floods or any other disaster. At first, existing road conditions
have inspected in all settlements along with Tamakoshi River, to identify all possible
routes for assisting with the traffic flow from the origin (disaster area) to the destination
(safe area). The inundation risk area was initially identified; the disaster vulnerability
area was identified subsequently, for which an evacuation plan was needed. Then, the
safe place and exit route were located using the drone photos in Singati and Gongar and
the rest of the area | combine the topographic map and field survey data to obtain results
via ArcGIS. The shortest and easiest route from each house (origin) to a safe location was

determined.
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2.3. Socioeconomic Survey

Primary and secondary information was used to prepare community profiles and
assess the vulnerability of the three settlements. Published and unpublished documents
containing relevant information were collected and reviewed. The questionnaire survey
covered all households within 100 m from each side of the river in Masinabagar,
Laltinbazar, and Kl-sing (Seti River basin).

Basic income information, migration status, family size, education status,
knowledge of hazard risks, evacuation sites, primary occupations of the head of
households, and house type (permanent or temporary) were collected from the heads of
the households. Migrant or non-migrant statuses were based on a 20-year residency
period. Such a survey was necessary for Masinabagar and Laltinbazar, where many
families had immigrated from different areas in recent years (Figure 3.1a). Per capita
incomes were categorized based partially on a United Nations criterion (Kochhar,
2015)(Imai et al., 2016), in which low income (i.e., extreme poverty) was defined as an
annual income of < 1025 USD, lower-middle-incomes were those with a per capita gross
national income between 1026 USD and 3995 USD, upper-middle-incomes were between
3996 USD and 12,375 USD, and high-incomes were those > 12,375 USD.

Focus group discussions in two settlements of Masinabagar and Laltinbazar were
conducted in November 2015 to collect information on community-level problems faced
after the 2012 flood, infrastructure development, and other related activities, institutions,
hazards, risk evacuation sites, and refugees. Lecturers from Prithivi Narayen Campus,
Pokhara, a local primary school teacher, and NGO staff helped as facilitators. There were
12 participants in Laltinbazar and 43 in Masinabagar. The discussions ranged from 1 to

3 hours about flood risk, mitigation measures, and preparedness.
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The questionnaire survey covered 10 houses in Gongar, 28 houses in Purano Jagat,
5 houses in Jagat, 10 houses in Manthali, 3 houses in Jamune, 4 houses in Suri Dobhan,
10 houses in Bhorle, 4 houses in Olitar, 66 houses in Singati, 17 houses in Kattike and 6
houses in Tamakoshi (total 163). | chose a face-to-face survey.

Furthermore, teachers, administrative officers, local political leaders, NGOs,
international non-governmental organizations (INGO) staff, and FM radio employees
were interviewed to collect information on flood disaster challenges and future disaster
mitigation efforts. These members actively participated in the 2012 relief distribution
program. A checklist was prepared to record the information gained through these

interviews.

2.4. Future Flood Scenario (Return Period Calculation)

Water and Energy Commission (WECS) has published a regional hydrological
analysis report in which the flood flow in any river of catchment area below 3000 m of
elevation is given by:

Q2 = 1.8767 (A+1) ~0.8783

Q100 = 14.63 (A+1) 70.7342

where suffixes 2 and 100 stand for the return period in number of years. The flood
flows for any other return period T is then given by:

QT =exp (In Q2 + Sa)

where S is the standard deviation of natural logarithms of annual floods and «
stands for a standardized normal variant for return period T. S can be calculated as:

S =In (Q100/ Q2) /2.326

Flood return period was calculated based on this equation.
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2.5. Topographic Map and Control Points

From Survey Department, Topographic maps of the project site, Sheet No. 2786-
01D, 2786-05A, 2786-05B, and 2786-05C of scale 1:50,000 and 2884-13A, 2884-16B of
scale 1:25,000 were collected. I could not obtain the control points of the site, so | use

GPS to locate the interviewed households in each settlement.

2.6. Tools (Software) for Analysis

For the study, GIS 10.2 and HEC-RAS 6.1 was used to calculate water surface
profiles and ArcGIS 9.3(demo version) were used for the GIS data processing. HEC-
GeoRAS is an ArcView GIS extension especially designed to process geospatial data for
use with Hydrological Engineering Center’s River Analysis System (HEC-RAS). HEC-
GeoRAS is a set of procedures, tools, and utilities for processing geospatial data in
ArcView GIS using a graphical user interface (GUI). The interface allows the preparation
of geometric data for import into HEC-RAS and processes simulation results. HEC-
GeoRAS 6.1 for ArcGIS 10.2 was used to provide the interface between the systems. These

software tools HEC-RAS 6.1 and HEC-GeoRAS were used in this research.

2.7. Calibration and Model Validation

The channel model was calibrated by adjusting the maximal ratio combining
(MRC) until the differences between the simulated and observed water levels at channel
stations were plotted (Hameed et al., 2013; Parhi, 2013; Imbenzi et al. 2015). The
observed standard discharge data collected by the Department of Hydrology and
Meteorology of Nepal (unpublished) from May 2011 were used as the input for the Seti
River. The MRC was iteratively changed within the minimum and maximum values

described in (Chow et al., 2010).
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The water surface results in every cross-section from each model were compared
with the observed water surface measurements. The MRC value that led to the least
discrepancy between simulated and observed values was taken as the calibrated value for
the channel (Figure 2.5).

The simulated high flood level was checked against the discharge volumes
observed at peak flood levels during the 2012 event for model validation. The selected
MRC values were 0.02 (adjusted) for over banks and 0.035 for the main channel (Chow
et al., 2010). For inundation mapping, the flood level (peak discharge) was assumed to
be the same as that observed on May 5, 2012, i.e., 1450 m3-s’t (Kathmandu University,
2012). Notably, the measured MRC (n = 0.02) was identical to the modeled value derived

by(Chow et al., 2010).

Input Manning’s value €—

v

Run HEC-RAS to compute
Discharge at every cross-section

.

Calibration/Validation No

Yes¢

Output map

Figure 2.5 Conceptual Framework of HEC-RAS model calibration (Garrote et al.,
2021).

As already mentioned, for the Tamakoshi river, | used the same discharge value of
1940 m3-s? (the highest maximum peak discharge recorded to the date on Busti station)
as an input value and changed the Manning's Coefficient iteratively within the minimum

and maximum values as mentioned in Chow and Maidment (Chow et al., 2010). For the
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validation of the model, I checked the simulated high flood level during high discharge

value with the observed high flood level in 2021.

2.8. Evacuation route time calculation

The formula proposed by Satoh et al. (2006) as shown in Figure 2.6 and Eq. (1),
which expresses the distance by the degree of inclination, is adopted in this study. Figure
2.6 shows the horizontal and slope distance and the possible resistance when a person
moves on a slope. The actual diagonal slope distance L is expressed using the horizontal

distance d and slope angle 4 as:

According to Satoh et al. (2006), while walking on a slope, a resistance of msing
occurs on the slope opposite to the travel direction for weight m. The total weight in the
case of a slope is set to m + msingd = m (1 + sind).

Based on this assumption, the pseudo-distance Lsim has been calculated as:

d .
Lsim = —— (1+sin@)...........ccooo... (2)

which shows the actual slope distance d/cosé multiplied by (1+siné), representing

the effect of the velocity change while moving on a slope. In this study, the pseudo-
distance considering the slope was calculated as follows:

1. The road route data were subdivided into unit links, and the road distance (d) was
calculated. The “unit links” refer to the links between the vertex and the vertex.

2. After calculating the road distance, convert the vertices of each unit road to points.

3. After finishing converting to the point, enter the corresponding elevation value (Z) for
each point.

4. This study follows the pseudo-distance Lsim by slope obtained using the formula:
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Lsim = (d / cos8)(1 + sin @) considering the speed reduction by (1+siné).

(slope = differencing vertical height/ horizontal distance*100)

5. This study used field data for the time taken simulation. The population was classified

into four groups: under 15-year age group, 15-40-year age group, 40-65-year age group,

and above 65-year age group. On August 14 -18,
2022 data were collected in 5 routes in
Masinabagar sections a and b. Walking speed data
was collected in seconds. Minimum 4 years to a
maximum of 78 years old people participated to
walk on a different slope. A total of 31 people
residing in the areas were asked to walk along the
designated routes to find out the walking speed on
the actual five routes: 19 people on route 1, 21
people on route 2, total 20 people on route 3, total
20 people on route 4 and total 20 people on route
5 were asked to walk through each of the routes
(Figure 2.7).

6. The walking speed of 60.49 m/s for <15 years

weight m

Figure 2.6 Calculation of inclined road

distance (L) using the values of horizontal
distance (d) ( Satoh et al. 2006)

age group, 52.30 m/s for 15-40 years age group, 78.90 m/s for 40-65 years age group,

and 123.89 m/s for >65 years was used (see details in chapter 5).

7. After calculating the walking time based on the data collected from the five routes, |

used a simple linear regression analysis for calculating the evacuation time for all

proposed evacuation routes. Simple linear regression is a linear regression model with a

single explanatory variable. That is, it concerns two-dimensional sample points with one

independent variable and one dependent variable (conventionally, the x and y coordinates
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in a cartesian coordinate system) and finds a linear function (a non-vertical straight line)
that, as accurately as possible, predicts the dependent variable values as a function of the
independent variable. The adjective simple refers to the fact that the outcome variable is

related to a single predictor. This equation is expressed as:

which describes a line with slope g and y-intercept a. In general, such a
relationship may not hold exactly for the largely unobserved population of values of the
independent and dependent variables; | call the unobserved deviations from the above

equation the errors.

Routes for
experiment

— 1
— 2
— 3
— 4
- »5

Figure 2.7 Location of the experiment routes to measure walking speed by age

group.
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2.9. Statistical Analysis

For the statistical analysis, | used the interquartile range (IQR). The IQR is a
measurement of the variability of the median. More specifically, the IQR tells us the
range of the middle half of the data. Another method | used for this study is the Kruskal—
Willi’s test. It is a nonparametric approach to one-way ANOVA. The procedure is used to
determine if there are statistically significant differences between two or more groups of
an independent variable on a continuous or ordinal dependent variable. | used a chi-square
test to compare observed results with expected results. A low value of chi-square implies
that there is a high correlation between the two sets of data. | used a simple linear
regression model to estimate the relationship between two variables (slope and walking
speed) for calculating the time for the evacuation routes as mentioned above.

| used SPSS version 17 for all statistical analyses. A Mann-Whitney U test,
Fisher’s exact test, ANOVA, and chi-square test were used to compare the inundation
values, the distance between houses from the river, and social parameters. Data are
presented as median (interquartile range), and p< 0.05 (two-tailed) is considered

significant in all analyses.

2.10. Limitation of the Study

It is possible that the model will not work properly in all sections. The centerline
of the river could not be surveyed because of the discharge and fast-flowing river. The
HEC-RAS model only assumes a fixed boundary of the river geometry and a one/two-
dimensional steady flow pattern for this research. The assumption of one/two-
dimensional flow may not be always a valid assumption. Manning’s ‘n’ is taken from the
table fixed on the observed river morphology.

But because of the stringency of the assumptions and the lack of evacuation

preparations, it can be a significant improvement in the current situation. | can contribute
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to increasing the sustainability of the region from almost nothing. One of the limitations
of this study is the lack of the ownership rate of mobile phones in communities with
different social characteristics. In Pokhara, even though there are many poor people,
many of them are employed by day laborers because Pokhara is the second-largest city
in Nepal with more job opportunities. Therefore, there is a possibility that the ownership
rate is high in Pokhara for the poor to obtain day laborer jobs through mobile phones. On
the other hand, the ownership rate in rural Dolakha with smaller job opportunities was
not examined in this study. The ratio of mobile phones should be increased. Regarding
the development of evacuation schemes for low-income people using SNS, the data on
mobile phone ownership in Nepal as a whole allows making an argument for the average
population. However, the necessity of developing different schemes at the community or

village scale is not fully discussed. Further research is needed in this regard.
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Chapter 3 Result 1: Flood Risk and Management in Seti River
basin (Pokhara) Kaski, District

3.1. Introduction

Climate change has increased the threat of global flooding disasters, as indicated
by the rising frequency and greater spatial coverage during the last decade when
compared to those observed in previous decades (Elalem et al., 2015). Global warming
is generally expected to increase the magnitude and frequency of extreme rainfall events,
thus potentially impacting riverine disasters (Dankers et al., 2008). Furthermore,
increases in air temperature and heavy rainfall on a regional scale also influence flooding
frequency and intensity (Field et al., 2014). Floods often cause enormous damage to lives,
property, crops, and infrastructure, and the number of casualties by floods could increase
in the future (Mirza, 2011; Hirabayashi et al., 2013; Towfiqul et al., 2021).

Monsoonal floods are a common hazard in Nepal, where glacier lake outburst
floods (GLOFs) also threaten human safety and wellbeing (Mirza, 2011). GLOFs can
cause catastrophic flooding in downstream areas, severely damaging property in addition
to causing loss of life (Mohapatra et al., 2003). Melting glaciers contribute to the
development of glacial lakes, which may in turn cause lake outbursts (Guhathakurta et
al., 2011). Minimizing loss of life and property damage is crucial and requires a better
understanding of glacial lake outbursts and their downstream effects (Halgamuge et al.,
2017). However, studies on GLOF events, moraine dam failure, peak discharge
measurement, and their downstream flooding are limited.

Unmanned aerial vehicles (UAVs) are a helpful tool for monitoring and
investigating disasters since they can source data from otherwise inaccessible areas.
Many recent studies are based on UAV applications for support and assessment of

disaster management (Restas, 2015; Garrett et al., 2018; Restas, 2018; Langhammer et
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al., 2018; Kim et al., 2019; Barba et al., 2019; Hildmann et al., 2019; Backes et al., 2019).
Furthermore, UAV platforms are nowadays considered valuable sources of data for
inspection, surveillance, mapping, 3D modeling, and the creation of evacuation routes
(Remondino et al., 2012; Maher et al., 2016; Langhammer et al., 2018). Most UAV
applications in hydrological research are used for stream and riverscape flood mapping,
all of which require continuous monitoring (Restas, 2015; Langhammer et al., 2018). In
particular, UAVs can assist with monitoring the state of dams, disaster tracking (Ridolfi
et al., 2017), provide evacuation guidance, and facilitate damage investigations, bank
erosion and volcano observation, flood-hazard modeling, and industrial disasters (Xiong
et al., 2016; Aljehani et al., 2016; Nagatani et al., 2018; Katayama et al., 2018;
Langhammer et al., 2018; Kim et al., 2019; Backes et al., 2019). Accordingly, UAVs can
generate an evacuation map over a relatively short period. However, limited research has
been conducted on GLOFs and flash floods in the Himalayan region and downstream
communities.

As unpreventable urban flood events have been increasing with the advancement
of technology, flood-vulnerable areas can be identified through 1D/2D modeling so that
losses of human life and property are minimized (Rangari et al., 2019; Rangari, et al.,
2019). The Hydrologic Engineering Center River Analysis System (HEC-RAS) model
was developed by the U.S. Army Corps of Engineers and has been widely employed in
studies of risk assessment, hazard risk management, and emergency response guidelines
in flood-affected areas (Tate et al., 2002; Pappenberger et al., 2005; Aggett et al., 2009;
Sarhadi et al., 2012; Hameed et al., 2013; Quirogaa et al., 2016; Khattak et al., 2016;
Demir et al., 2016; Patel et al., 2017; Kumar et al., 2017; Khalfallah et al., 2018; Kumar
et al., 2020; Hutanu et al., 2020; Farooq et al., 2019). HEC-RAS creates one-dimensional

(1D) and two-dimensional (2D) steady- and unsteady flow simulations (Sarhadi et al.,
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2012), and its joint use with GIS is essential to risk reduction programs (Khalfallah et al.,
2018).

Flood impacts are further exacerbated by increasing urbanization (Campion et al.,
2013; Mondino et al., 2020). This is especially prevalent in developing countries where
populations, economic activities, and housing are often concentrated in less desirable
flood-prone areas (Kumar et al.,, 2020). Various inaccuracies hamper public
understanding; for instance, if a major flood disaster occurs once every in a particular
period, no significant floods will occur for some time leading to a false sense of security
surrounding newly built dams and other structures. Moreover, the low-risk awareness of
residents living in flood-prone areas is usually considered one of the main causes of low
preparedness, which in turn generates inadequate responses (Tingsanchali, 2012); thus,
understanding disaster risk reduction, awareness, preparedness, and adaptation is a
challenge (Miceli et al., 2008; Tingsanchali, 2012; Boero et al., 2015; Tuladhar et al.,
2015).

Notably, a flash flood occurred on the Seti River in Pokhara, central Nepal, on May
5, 2012 as already mentioned. The flood killed 32 people, left 40 missing (presumed
dead), and displaced community buildings and vital infrastructures, such as suspension
bridges, electric poles, and potable water pipelines (Kargel et al., 2013). The discharge
rate of the flood at a nearby dam site was estimated to be 1450 m3.s (MoHA and DPNet-
Nepal, 2015). Since then, many studies have examined the actual causal mechanisms of
the flood, which have often been attributed to a fall of ~15 million m® of rock onto glacier
ice at the slope bottom of the Annapurna IV peak (Petley, 2012). Other researchers have
suggested that a rockfall blockage of the Seti River gorge occurred a few weeks before
the disaster (Petley, 2012; Kathmandu University, 2012; Bhandary et al., 2012; Dwivedi,

2012; Kargel et al., 2013; Dwivedi, 2013; Hanisch et al.,2013; Kargel, 2014; Evans et al.,
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2014; MoHA and DPNet-Nepal, 2015) and that a rock/ice avalanche from the northern
part of Annapurna IV (~7500 m) dislodged the previous rockfall dam when being swept
into the reservoir; however, studies focused on downstream communities are absent.
Recently, some researchers have focused on either modeling or social approaches
to disaster vulnerability. For example, social scientists have identified many ways in
which people respond to rapid onset threats from earthquakes, flash floods, tornadoes,
tsunamis, and volcanic eruptions(Lindell et al., 2015; Fraser et al., 2016; Lindell et al.,
2019; Makinoshima et al., 2020). A community-based early alarming system would be
more beneficial to be introduced because an effective response to the early warnings
greatly reduces causalities and loss of life (Walch, 2018). Some researchers focused on
tsunami-caused flash floods and investigate pre-impact hazard communication,
immediate post-impact expectation, household evacuation, public risk perception, and
behavioral intentions, (Apatu et al., 2016; Wei et al., 2017; Buylova et al., 2020).
However, thus far, the two have not been interconnected (Simonovic, 1999; Henk,
2001; Brouwer et al., 2004; Ghosh et al., 2012; Pardoe, 2012; Morss et al., 2016a).
Researchers have examined socioeconomic issues using community-based early warning
systems and adaptive capacity-building strategies (Smith et al., 2017). Other studies
focused on social vulnerability, disaster risk reduction knowledge, preparedness, and
adaptation and awareness programs for downstream communities (Rufat et al., 2015;
Tuladhar et al., 2015; Mavhura et al., 2017; Jamrussri et al., 2018). Research has also
focused on the policy-making process and challenges of implementation (Gentle et al.,
2012; Jones et al., 2014). While several studies focus on dealing with natural disasters,

modeling, and social aspects separately, no study has combined these three aspects.

49



3.2. Study Area

Pokhara (Figure 3.1) is located at an elevational range of 812 m to 1511 m. The
Seti River originates from the southern flank of Annapurna Himal. It flows down to the
Lesser Himalaya along the steep and narrow Pokhara Valley, which was formed by at
least two giant debris-flow events in the past (Yamanaka et al., 1982; Fort, 1987).

The study area is in the northern part of Pokhara City (Pokhara Lekhnath
Metropolis), categorized as a high flood risk zone. It is a marginal area close to the
populated city center. Recently, the local government introduced a city planning act in
Pokhara that strictly prohibited the construction of new houses within 10 m of the
riverside; however, no plan exists for those already living in this area. Furthermore, there
has been a rapid influx of migrants and the impoverished, thereby pushing legal
boundaries to their limits in settlements such as Masinabagar, Laltinbazar, and Kl-sing
(Figure 3.1). Thus, vital urban planning and management policies are needed to prevent
further damage. Accordingly, three methods have been employed in this study: (1)
inundation-route mapping, (2) evacuation-route mapping, and (3) a socioeconomic
survey (Figure 3.1), which will be detailed in the following section and will be discussed

in the following section.
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Figure 3.1 Location of the study area: (a) country of Nepal; (b) Kaski District; and
(c) three areas of Masinabagar, Laltinbazar, and Kl-sing. Boxed locations denote the

areas shown in Figures 3.2, 3.3, and 3.4.
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3.3. Results

3.3.1. Inundation Mapping

Flood-inundation and evacuation-route maps were prepared from Masinabagar to
Kl-sing. Figures 3.2 — 3.4 contain portions of the map for each settlement. Based on the
inundation maps showed a maximum depth of inundation water level of 13 m in
Masinabagar, 17 m in Laltinbazar, and 21 m in KI-sing.

Figure 3.2a shows that of the 466 buildings and non-residential structures, 268 are
situated within the inundation area in Masinabagar, including one school, two churches,
four crematoriums, 13 livestock farms, nine restaurants, and two warehouses. Of the 152
houses (including livestock farms), 95 are situated within the inundation zone. One
primary school (Shramik, grades 1-5) is located near the suspension bridge in
Masinabagar. The Shramik school is located entirely within the inundation zone. If a
flood hazard were to occur during the day on weekdays, the 70 students would be at
severe risk. Thus, the immediate relocation of this school is imperative.

In the left bank area shown in Figure 3.2b, the total number of households was 71
(total population 360), of which 33 houses and a few livestock farms are situated within
the inundation zone. There are 59 total households (population 274) in the right bank area
in Figure 3.2b, and all are situated within the inundation zone. Similarly, Figure 3.2c
displays another vulnerable location, where out of the 46 houses, 22 are within the
inundation zone (population 247). Lastly, Figure 3.2d shows a primary school located
between the Yamdi Khola and Seti River named Bal Kalyan Basic, which educates 172
students. Five of the school’s buildings are within the inundation zone; thus, they should

also be relocated as soon as possible.
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Figure 3.2 Inundation map in Masinabagar: (a) upper area; (b) central area; (c and d) lower
areas. Locations of the interviewed households are shown as safe houses and at-risk
houses.

Figure 3.3 shows the interviewed houses in Laltinbazar, where 232 of the 329 houses
(population 1800) are located either within the floodplain or along slopes with low heights
relative to the river water surface. Such topographic characteristics can lead to extensive
flood damage and loss of life or property. In Figure 3.3a, 59 of the 87 houses are situated
in the inundation zone, in addition to one lower secondary-level school (Ratna Basic,

grades 1-8). The school has 103 students, and four of its five buildings are within the
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inundation zone. Of the 242 houses located within the site shown in figure 3.3b, 173 are

situated in the inundation zone (1325 pop).

Legend

@ Safe house

® At-risk house
&  School

Inundation value (m)

] 425-850
] 850-12.75
B 12.75-17.00

Figure 3.3 Inundation map in Laltinbazar: (a) western area; and (b) eastern area.

Locations of the interviewed households are shown as safe houses and at-risk houses.
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Of the 210 houses in Kl-sing (population 786), 68 are situated within the inundation
zone. A deep gorge starts immediately outside the city (right edge of Figure 3.4), and if
a flood were to occur while the gorge was blocked, the expected area of water inundation
would expand. Within the area depicted in the right bank in Figure 3.4, there are temples,
houses, a community center, a research center, and a school. Of the 69 houses on this site,
45 are at risk of inundation. Of the 141 houses shown in the left bank in Figure 3.4, 23

are within the inundation zone.
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Figure 3.4 Inundation map in Kl-sing. Locations of the interviewed households are shown
as safe houses and at-risk houses.
Table 3.1 presents the flooding risk by building type for each location. In

Masinabagar, a total of 268 buildings that house a population of 1294 are in danger,
including 229 households, 13 livestock farms, 9 school buildings, 9 restaurants, 4
crematoriums, 2 churches, and 2 warehouses. The present routes of these residents are

insufficiently prepared for emergency evacuations, as previously stated. The situation in
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Laltinbazar is similar, where 232 buildings were within the inundation zone and exhibited
a population of 1240; these included 225 households, 4 schools, and 3 warehouses. In KI-
sing, the situation is slightly better; however, 68 buildings, including 32 households, 18
community centers, 11 temples, 4 crematoriums, and 3 research centers (total population

of 130), will potentially be inundated by flooding.
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Table 3.1 Safe and potentially inundated buildings by type.

Locatio Masinabagar Laltinbazar KI-sing
n
Status Tot Populat Tot Populat Tot Populat
Name al % ion Name al % ion Name al % ion
Househol 84. Househ 99. Househol 92.
d 167 3 old 96 0 d 131 3
School 7 3.5 School 1 1.0 School 4 2.8
Safe Livestock 1009 560 Commun 656
farm 9 4.5 ity center 3 2.1
Restaura
nt 12 6.1 Temple 4 2.8
Guest
house 3 1.5
100 100 100
Total 198 .0 Total 97 .0 Total 142 .0
Househol 85. Househ 97. Househol 47.
d 229 4 old 225 0 ds 32 1
Commun 26.
School 9 3.4 School 4 1.7 ity center 18 5
Livestock Wareho Research
Inunda ¢, 13 4.9 1294 use 3 1.3 1240 center 3 4.4 130
ted Restaura Cremator
nt 9 3.4 ium 4 5.9
16.
Church 2 0.7 Temple 11 2
Cremator
ium 4 1.5
Warehou
se 2 0.7
100 100 100
Total 268 .0 2303 Total 232 .0 1800 Total 68 .0 786

Source: Field survey in 2019

3.3.2. Evacuation Route

No flood hazard maps are available in the study area. There are no evacuation
routes designated by the city or central government. This study, therefore, identified the
existing pedestrian routes, which can be used as evacuation routes by the locals.

There is insufficient route space for all residents in an emergency evacuation
situation; therefore, multiple routes were suggested to reduce the traffic flow from houses

to safe destinations. Accordingly, this area requires appropriately planned and
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sufficiently broad evacuation routes. Our suggested evacuation route is for pedestrian use
only. Both the existing and suggested routes can be used in emergencies as evacuation
routes. Our suggested route is based on population, elevation differences, shortest
distance, and total length (see Table Al). The safe destination is situated a little far from
the settlement because research has suggested a place at an altitude at least 1 m higher
than the altitudes of existing houses. Based on the research | consider a place higher than

1 m as safe for immediate and temporary shelter (Table Al).

3.3.2.1. Masinabagar

The area displayed in Figure 3.5a includes 148 houses and a total population of 712
residents, all of whom are dependent on a single existing evacuation route (route number
8), which leads to a single main path to higher (safer) ground (see Figures 3.6a and 3.6b
and 3.6¢). Presently, the paths are barely wide enough for two people at the same time
(~1 m). The narrow main path (Figure 3.6a) has staircases, and hence it can get easily
clogged with slower children and elderly people. Thus, the evacuation route would be
severely inadequate in an emergency.

Therefore, | suggest that nine other routes be created for emergencies based on the
population and distance from each house to an evacuation route (see Table Al). Both the
existing route and the additional nine routes to be created can be used for emergencies.

The evacuation routes displayed in the left bank area in Figure 3.6b and Figure 3.6¢
serve a total population of 360 and are sectionally narrow and steep, making them
insufficient for the simultaneous use of the residents. The group discussions identified
that many people might be unable to evacuate in the future because of their limited
knowledge of the impending threat and the challenging evacuation route itself. In this
section, seven more potential evacuation routes (L1-L7) were identified, most of which

can be connected with the existing routes.
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Figure 3.5 Evacuation-route maps in Masinabagar: (a) upper area; (b) central area; and (c and d) lower areas.

The routes in black show the existing routes, and the routes in red color show the evacuation routes to be created.
Houses depicted in the same colors present those depending on the same evacuation route. Houses with white dots
in the center represent at-risk houses and without dots represent safe houses. The yellow color with a black dot
represents proposed shelter house location. Note that some houses where the questionnaire survey was not

conducted are also shown here.
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The right bank area in Figure 3.5b (total population 372) is the most vulnerable of the
entire area. There is only one extremely narrow (60—70 cm) and steep exit route (Figure
3.7c), permitting only one person to walk at a time. This route attains the river terrace
(>18 m than the inundated residence zone) but needs to extend more to a safe place (R1).

Five more evacuation routes are identified in this section.

Figure 3.6 Existing evacuation routes in Masinabagar (ad) and Laltinbazar (e).

(b) is a close-up of (a). See Figures 3.5 and 3.7 for locations (Photos: B.T.).

Compared to routes at other sites (with a total population of 113), one is slightly better
and broader (see Figure 3.5c). However, if residents cannot quickly receive flood
information, lives may be lost because the only exit point (route 1 in Figure 3.5c¢) is far
from the residence area. Therefore, three new evacuation routes should be created as soon

as possible.
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Similarly, Figure 3.5d displays a primary school where five people reside. In total,
172 students are present during the daytime. This location is between the Yamdi Khola
and Seti River. This study has identified one location that is suitable for an evacuation
route. There is no evacuation route currently available, and this should be addressed as

soon as possible.

3.3.2.2. Laltinbazar

The area shown in Figure 3.7a has a total population of 456 households which is
safe. As stated earlier, research suggests an altitude difference of more than 1 m is a safe
place. This study suggests that nine new evacuation routes be created, three of which can
be connected with the existing routes (routes 3, 6, and 8). Many houses along routes 4-9
are located in safe places. When evacuation is necessary, the residents in these safe places
would also evacuate. Therefore, the width of the evacuation routes should be wide
enough. The routes in black show the existing routes, and the routes in red show the
proposed evacuation routes. Houses with the same colors present those depending on the
same evacuation route. Houses with white dots in the center represent at-risk houses and
without dots represent safe houses. Note that some houses where the questionnaire survey
was not conducted are also shown here.

The area shown in Figure 3.7b has a total population of 1335. At present, there are
only two routes stretching toward the higher elevation (routes 1 and 7). Route 1 is used
only by 40 residents. On the other hand, route 7 is used by many residents. This route is
a narrow (0.8-1.1 m wide) passage with a steep exit (Figure 3.6e). As only one person
can pass at a time, this route is inadequate for the residents in the area. Therefore, research
recommends seven other alternative routes (routes 2 to 9 excluding route 7) for
emergency evacuations. There is no evacuation route in the right half of Figure 3.7b,

where nine evacuation routes should be created.
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Figure 3.7 Evacuation-route maps in Laltinbazar: (a) western area and (b) eastern
area. The routes in black show the existing routes, and the routes in red show the
proposed evacuation routes. Houses with the same colors present those depending on
the same evacuation route. Houses with white dots in the center represent at-risk houses
and without dots represent safe houses. The yellow color with black dot represents
proposed shelter house location. Note that some houses where the questionnaire survey

was not conducted are also shown here.
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3.3.2.3. Kl-sing

The situation in the left bank area shown in Figure 3.8 (total population 690) is far
better than elsewhere, as some routes to higher place exist; however, research suggest five
new routes and four new sections to be connected with the existing routes for emergency
evacuations. The evacuation route situation in the right bank area in Figure 10 is similar
to most of the other areas above. Only one path to higher place (R1) is available for 96
residents. Therefore, study suggest three new routes for an emergency. The residents can

use both the existing route and the suggested new routes as an evacuation route.
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Figure 3.8 Evacuation-route map in Kl-sing. The routes in black color show the

existing routes, and the routes in red color show the suggested evacuation routes. Houses
with the same colors present those depending on the same evacuation route. Houses with
white dots in the center represent at-risk houses and without dots represent safe houses.
The yellow color with black dot represents proposed shelter house location. Note that

some houses where the questionnaire survey was not conducted are also shown here.
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3.3.3. Cross-sectional profiles of emergency evacuation routes in the Seti

River basin

A cross profile of the proposed emergency evacuation route shows the starting point
of the route and the vertical or horizontal distance of the temporary safe place. Figure 3.9
showed the cross-sectional profiles of the evacuation routes of Masinabagar. The cross-
cross-sectional profiles show the height of the houses where people start to evacuate, the
height of safe places (destination), and the distance between the houses and the safe places.

Red symbols represent the houses and yellow symbols represent the location of the safe

places.
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Figure 3.9 Examples of the proposed emergency evacuation routes (Routes al0, bL1,
bR1, and C1) in Masinabagar. See Figure 3.5 for evacuation route number and location.
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Figure 3.10 shows the cross-sectional profiles of the evacuation routes in the
Laltinbazar section. Similarly, Figure 3.11 also shows the cross-sectional profiles of the

evacuation routes in the Kl-sing section.
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Figure 3.10 Examples of the proposed emergency evacuation routes (Route a3 and b5)
in Laltinbazar. See Figure 3.6 for evacuation route number and location.
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Figure 3.11 Example of the proposed emergency evacuation routes in Kl-sing. Route R 2
(Right side) and L 8 (Left side). See figure 3.8 for evacuation route number and location.
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3.3.4. Socio-Economic Survey

The percentages of households with annual incomes categorized as extremely poor
were 71%, 74%, and 52% in Masinabagar, Laltinbazar, and Kl-sing, respectively (Table
3.2). In total, 68% of people were in the extreme poverty class. In Kl-sing, 3% of the
residents belonged to the upper middle class. However, no residents from any settlement
belonged to the high-income group.

Table 3.2 Classification based on annual income (USD-person?) in the three settlements.

Household Masinabagar Laltinbazar | KI-sing Total | %
income (USD-yr!) | Total % Total | % Total | %

Extremely poor 295 71.0 236 | 74.0 |85 52.0 | 616 68.0
Low-income 93 22.0 78 [24.0 |36 22.0 |207 |23.0
Lower-middle 28 7.0 7 2.0 37 23.0 |72 8.0
income

Upper-middle - - - -l 5 3.0 5 1.0
income

High income - - - - - - - -
Total 416 100.0 |321 |100.0 {163 |100.0 |900 |100.0

Source: Field survey in 2019

Table 3.3 shows the number and percentage of heads of households engaged in
different occupations. The labor industry was the most popular, accounting for 85.4% of
the total employment of household heads, including 89.7% in Masinabagar, 96.0% in
Laltinbazar, and 54.0% in Kl-sing. Agriculture-based households varied from 0.0% in
Laltinbazar to 0.2% in Masinabagar and 0.6% in Kl-sing. Business-related occupations
were 6.0% of the total in Masinabagar, 2.2% in Laltinbazar, and 23.3% in Kl-sing. The
service sector employed 1.4% of household heads in Masinabagar, 0.6% in Laltinbazar,
and 6.1% in KI-sing. Recently, remittances have provided a sustainable form of income

for 2.6% of households in Masinabagar, 1.2% in Laltinbazar, and 16.0% in Kl-sing.
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Table 3.3 Major occupations of the household heads.

Oceupation Masinabagar | Laltinbazar Kl-sing Total %
Total % | Total % | Total %

Labor 373 | 89.7 308 |96.0 88 54.0 769 85.4
Business 25 6.0 7 2.2 38 23.3 70 7.8
Remittance |11 2.6 4 1.2 26 16.0 41 4.6
Agriculture |1 0.2 0 0.0 1 0.6 2 0.2
Service 6 1.4 2 0.6 10 6.1 18 2.0
Total 416 100.0 321 100.0 163 100.0 900 100.0

Source: Field survey in 2019

The percentage of migrants varied greatly; Laltinbazar maintained the highest

percentage (100.0%), which was followed by those of Masinabagar (96.4%) and Kl-sing

(62.6%) (Table 3.4). Altogether, 91.6% of the residents within the study area had

migrated within the last 20 years. The majority of migrants came from nearby districts

(Figure 3.1a) intending to survive off of the river’s resources, and they were generally

uneducated and unskilled laborers.

Table 3.4 Migration status of the study area’s residents.

Migration Masinabagar | Laltinbazar Kl-sing Total %
Status Total | % Total | % | Total %

Migrant 401 96.4 | 321 0.00 | 102 62.6 824 91.6
Non-migrant | 15 3.6 0 0.00 | 61 37.4 76 8.4
Total

household No. | 416 100.0 | 321 0.00 | 163 100.0 900 100.0

Source: Field survey in 2019
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3.4. Discussion

3.4.1. Inundation and Evacuation Routes

The inundation maps (Figures 3.5-3.8) revealed that many houses are situated near
the riverbank and in the estimated inundation zone. The situation was similar in all three
settlements (Table 3.5). In Masinabagar, Laltinbazar, and Kl-sing, 268 (57.5%), 232
(70.5%), and 68 (32.4%) houses are located in the inundation zone. Notably, more houses
fall under the at-risk category in Masinabagar and Laltinbazar.

Despite such high rates of at-risk houses in the three settlements, the current routes
that can be used for evacuation are narrow, located on steep slopes, and their number was
limited, as described earlier. Therefore, increasing the evacuation routes is strongly
suggested as shown in Figures 3.5, 3.7, and 3.8. The population density of these areas is
relatively high, and thus, adequate evacuation routes must be prioritized for the safety of
these >2000 residents. These residents in the three settlements represent the nighttime
population. However, none of the evacuation routes have streetlights, which makes
evacuation extremely difficult at night. Installing streetlights on the routes is strongly
suggested.

Regarding daytime evacuation, all three areas contained primary schools. In
Masinabagar and Laltinbazar, the schools are entirely in the inundation zone. In Kl-sing,
many temples and community centers containing children and the elderly are located in
the inundation zone. If a flood were to occur, the current evacuation routes are insufficient
for these at-risk age groups to use. Thus, for all three areas, establishing adequate
evacuation routes and relocating these schools, temples, and community centers must be

prioritized among other short-term and long-term strategies, respectively.
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Table 3.5 Safe and potentially inundated houses by settlement.

) Masinabagar | Laltinbazar | Kl-sing
Location Status Total | %
Total | % Total | % Total | %
Safe 198 425 |97 29.5 | 142 67.6 437 43.5
Inundated 268 575 |232 70.5 |68 32.4 568 56.5
Total 466 100.0 | 329 100.0 | 210 100.0 | 1005 | 100.0

Source: Field survey in 2019

3.4.2. Socioeconomic Survey

Based on the results of hydraulic modeling and socioeconomic survey, statistical
relations between potentially inundated houses, safe houses, and residents’
socioeconomic factors were examined via correlation coefficient analyses (Table 3.6).
Results showed that highly impoverished and immigrant households were at the highest
risk in terms of income and migration (p<0.001). Similarly, 455 laborers’ houses were
also significantly correlated with inundation risk (p<0.001).

Table 3.7 shows the relationship between per capita income and horizontal distance
to the riverbank (medians and IQRs). In Masinabagar, extremely impoverished and low-
income households existed closer to the river (medians = 31.8 and 29.6, respectively)
compared to lower-middle-income family houses (p<0.64). In Laltinbazar, the lower-
middle group was the nearest to the river. The low-income and extremely poor groups
were the second and third closest to the river, respectively (although all three groups lived
in houses significantly close to the river bank; p<0.004). The situation in Kl-sing was
similar (p<0.001). Thus, it was concluded that low-income family houses exist

significantly closer to the river across the entire study area (p<0.046).
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Table 3.6 Relationship between inundated/safe house locations and socioeconomic factors.

Inundated Safe x> test
Extremely poor 362 254
Low-income 111 96
Income | Lower-middle income | 17 55 p<0.001
Upper-middle income | 3 2
High income 0 0
Labor 455 314
Business 22 48
Occupation | Remittance 13 28 p<0.001
Agriculture 0 2
Service 3 15
Migration Migrated 169 395 p<0.001
Non- migrated 24 52

Source: Field survey in 2019
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Table 3.7 Annual household income and horizontal distance of houses to the riverbank.

Settlements Income (USD-yr1) Distance of house to the riverbank (m) Walli}:ilelssfal
Median IQR
Extremely poor 31.8 30.2 46.8
Low-income 29.6 31.7 47.1
Masinabagar Lower-middle income 7.1 61.7 62.1 p<0.64
Upper middle income --- --- ---
High income --- --- ---
Extremely poor 37.7 27.7 52
Low-income 41.2 29.2 62.9
Laltinbazar Lower-middle income 74.2 37.6 75.9 p<0.004
Upper middle income --- --- ---
High income --- --- ---
Extremely poor 67.7 78.4 ?56.9
Low-income 51.7 69.1 ?32.2
KI-sing Lower-middle income 39.6 48 227.6 p<0.001
Upper middle income 34.9 35.3 0.6
High income --- --- ---
Extremely poor 32.1 27 47.9
Low-income 29.8 32 49.4
Total Lower-middle income 32.7 54.3 53.1 p<0.046
Upper middle income 34.9 35.3 0.6
High income -—- -—- -—-

Source: Field survey in 2019

Positive distances denote those to the right bank of the river and negative distances
denote those to the left bank. IQR: Interquartile range with the distance of house to the
first quartile mark Q1 (left column) and to the third quartile mark Q3 (right column).

The interview surveys and focus group discussion suggest that migrants came to
Pokhara for a better future. However, owing to their relative lack of skills and money,
they were forced into the less desirable riverside area, even though most knew that living
in the area was illegal (public property). In Nepal, it is not permitted to build a house for
personal use on public land. "Public land" is land allocated by the general public for
paths, ponds, fountains, wells and their banks, grazing land, graveyards, public inns,
temples, places for religious practice, memorials, courtyards, sewerage networks, market

places, public entertainment, and sporting grounds (Acharya, 2008).
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Table 3.8 shows the relationship between household income, migration status, and
occupation of the people interviewed. In Masinabagar, 288 of the 295 highly
impoverished families were migrants. In Laltinbazar, 236 families existed in extreme
poverty, all of which were migrant laborers. In Kl-sing, 63 of the 85 families were
migrants in extreme poverty, and 71 were laborers. The residents of all five upper-middle-
income families in KIl-sing received remittances. In total, labor was the primary
occupation of 592 extremely impoverished families. Moreover, of 616 families, 587 were
migrants, and for 140 households, the major source of income was business. Correlation
coefficients were computed among the three settlements based on income, migration
status, and occupation (Table 3.8). The results suggested that the correlation between
income and migration was statistically significant for all households (p<0.001).

Similarly, the correlation between income and occupation was also significant (p<0.001).
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Table 3.8 Relationship between annual income, migration status, and occupation of the

interviewed households of the study area.

Migration status Occupation

Settlements Income ¥° test ¥? test
Local Migrated Labor Business Remittance Agriculture Service
Extremely poor 7 288 285 5 --- 1 4
Low income 2 91 87 2 2 - 2
Masinabagar Lower-middle income | 6 22 p<0.001 1 18 9 --- - p<0.001
Upper-middle income
High income
Extremely poor 236 236
Low income 78 72 3 1 - 2
Laltinbazar Lower-middle income | --- 7 NA 4 3 --- - p<0.001
Upper-middle income
High income ---
Extremely poor 22 63 71 5 5 1 3
Low income 12 24 12 10 8 6
Kl-sing Lower-middle income 22 15 p<0.001 5 23 8 1 p<0.001
Upper-middle income 5 5
High income
Extremely poor 29 587 592 10 5 2 7
Low income 14 193 171 15 11 --- 10
Total Lower-middle income 28 44 p<0.001 6 45 20 --- 1 p<0.001
Upper-middle income 5 --- 5
High income

Source: Field survey in 2015

Focus group discussions showed that very few people were aware of local disaster
risks or could identify safe sites near their houses after the occurrence of the 2012 flood.
Indeed, the majority of residents were still not aware of any safe sites near their
settlements. In total, 70% of the inhabitants of Masinabagar, 85% in Laltinbazar, and
56% in Kl-sing did not know about safe sites near their settlements. As a result of the
exposure to radio and other awareness-raising programs, some people from Masinabagar
(29%), Laltinbazar (45%), and Kl-sing (43%) could identify safe destinations and quickly
travel to these places if evacuation routes are constructed. This research identified
evacuation routes, and i believe that such routes can save lives when a disaster happens.
Evacuation planning is an essential aspect of today’s growing initiative for early warning
systems in the study area as well as in Nepal Himalaya. A long-term strategy must be
established to increase evacuation preparedness during future flooding disasters (Smith

etal., 2017; LIM et al., 2013).
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3.5. Chapter conclusions

The inundation maps created in this study show that the Masinabagar, Laltinbazar,
and Kl-sing areas are highly susceptible to future flooding. In Masinabagar, 268 of the
466 buildings, including 229 houses, churches, crematoriums, livestock farms,
restaurants, warehouses, and schools, were situated in the inundation zone. In
Laltinbazar, of 329 buildings, 232 buildings, including 225 houses, warehouses, and a
primary school were situated in the estimated flood-prone zone. Similarly, in Kl-sing, of
the 210 buildings, 68 were located in the inundation zone, including 32 houses, a research
center, community centers, and temples. Evacuation routes in the three settlements were
either inadequate or absent. Moreover, lower-income residents were at much higher risks,
as most houses near the riverside area belonged to impoverished migrants and laborers.

The results highlighted that immigrant households were at the highest risk (p<0.001
for both factors). Similarly, 455 laborers’ houses by occupation were also significantly
correlated with inundation risk (p<0.001). The correlation between income and migration
was statistically significant for all households (p<0.001). Similarly, the correlation
between income and occupation was also significant (p<0.001).

Most riverside residents remain unaware of the preparation and risk associated with
flood emergency evacuation; thus, adaptive capacity-building strategy programs, disaster
preparedness training, and evacuation drills must be urgently incorporated. Establishing
adequate evacuation routes and shelter houses is the most pressing need. It is suggested
that governmental agencies, NGOs, INGOs, and other related agencies prepare an
adequate plan that targets the impoverished residents of the inundation zone, as they
cannot afford safe lands for relocation. This research contributes to reducing the impact
of flood disasters, and the proposed evacuation system will help save lives. This study

will be useful for planners with respect to preparedness, early warning systems, and safe
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evacuation and will serve as a guide for sustainable development in the region.
Accordingly, this study recommends applying a combined approach that uses modeling
and socioeconomic surveying in other parts of the Himalayan region and impoverished

areas around the globe.
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Chapter 4 Result 2: Flood Risk and Management in Tamakoshi

river basin, Dolakha

4.1. Introduction

Over the last few decades, climate change and related events have greatly amplified
risks to development across the globe. Climate change is projected to cause severe
economic losses, which has the potential to affect the insurance sector and public
compensation schemes considerably (Botzen et al., 2008). Climate change and global
warming are generally expected to increase the frequency of extreme rainfall events, thus
potentially impacting riverine disasters (Jhan et al., 2020; Dankers et al., 2008). Global
warming is generally expected to increase the magnitude and frequency of extreme
precipitation events, which may lead to more intense and frequent river flooding (Dankers
et al., 2008). Increases in temperature and rainfall on a regional scale also influence
flooding frequency and intensity (Field et al., 2014). Floods often cause severe damage
to lives, property, crops, and infrastructure, and the number of casualties by floods could
increase in the future (Hirabayashi et al., 2013; Mirza, 2011; Islam et al., 2021). The
Intergovernmental Panel on Climate Change (IPCC) states that it is very likely that
anthropogenic factors are responsible for the main part of the observed global warming
since the mid-20th century. In particular, it has been acknowledged that greenhouse gases
are a significant cause of global warming, even though other factors such as the natural
variability of climate play a role as well (Botzen, 2008; IPCC, 2007).

The increased volume of rainfall caused by climate change during the past decades
has intensified the flood problem in this part of the world. The population expected to be
hardest hit by flood disasters is the poor people who lack adequate means to take
protective measures and who also have very little capacity to cope with the loss of

property and income (IPCC, 2001). In the context of Nepal, monsoonal floods played a
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major role, whereas glacier lake outburst floods (GLOFs) also threaten human safety and
wellbeing (Mirza, 2011). GLOFs can cause catastrophic flooding in downstream areas,
severely damaging property in addition to causing loss of life(Mohapatra, 2003). Melting
glaciers contribute to the increase of glacial lakes, which may in turn cause lake outbursts.

In many incidents, people die due to a lack of information or knowledge such as
the status of evacuation routes, pedestrians’ traffic in the impacted area, and real-time
alert systems. Using Unmanned Aerial Vehicles (UAVS) in this field of research is so
beneficial for multiple reasons. For instance, UAVs have a high speed of covering areas,
route safety, construction conditions, and pedestrians' movements aerially and without
humans interfering in real-time (Maher & Inoue, 2016). Recently many studies are based
on UAV applications for support and assessment of disaster management (Kim et al.,
2019; Restas, 2015; Barba et al., 2019; Garrett et al., 2018; Langhammer et al., 2018;
Hildmann et al., 2019; Backes et al., 2019; Restas, 2018).

Furthermore, UAV platforms are nowadays considered the most important sources
of data for observing, mapping, 3D modeling, and the creation of evacuation routes
(Langhammer et al., 2018; Maher et al., 2016; Remondino et al., 2012). Most UAV
applications in hydrological research are used for stream and riverscape flood mapping,
all of which require continuous monitoring (Restas, 2015; Langhammer et al., 2018). In
particular, UAVs can assist with monitoring the state of dams, and disaster tracking.
Accordingly, UAVs can generate an evacuation map over a relatively short period.

Flooding in urban areas is may be challenging because of the haphazard settlement
and dense population. Prevention of such events is not possible but with the advancement
of technology, flood-vulnerable areas can be identified through 2-D modeling of critical
rainfall events (Rangari et al.,, 2019). As devastated urban flood events have been

increasing with the advancement of technology, flood-vulnerable areas can be identified
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through hydrological modeling so that losses of human life and property (Rangari et al.,
2019a; Rangari, et al., 2019b). The Hydrologic Engineering Center River Analysis
System (HEC-RAS) model was developed by the U.S. Army Corps of Engineers and has
been widely employed in studies of risk assessment, hazard risk management, and
emergency response guidelines in flood-affected areas (Tate et al., 2002; Pappenberger
et al., 2005; Aggett et al., 2009; Sarhadi et al., 2012; Hameed et al., 2013; Khattak et al.,
2016; Demir, 2016; Quirogaa et al., 2016; Kumar et al., 2017; Patel et al., 2017;
Khalfallah et al., 2018; Kumar et al., 2020; Hutanu et al., 2020). HEC-RAS creates one-
dimensional (1D) and two-dimensional (2D) steady- and unsteady flow simulations
(Sarhadi et al., 2012), and its joint use with GIS is essential to risk reduction programs
(Khalfallah et al., 2018).

Vulnerability to hazards not only relies on the extent of natural hazards but also
depends on the social and economic conditions of the communities (Khanal et al., 2015;
Tasnuva et al., 2020). It highlights differences in the capacity to prepare for, respond to,
and recover from disasters related to time, social groups, and demographic characteristics
(Hummell et al., 2016). While social vulnerability has recently gained considerable
attention in academic studies, many societies still lack awareness of how social
differences within their population play a role in disaster impacts. It varies over space
and time, and among and between social groups, largely due to differences in
socioeconomic and demographic characteristics (Hummell et al., 2016).

Now researchers have focused on either physical or social approaches to disaster
vulnerability. For example, social scientists have identified social issues and problems
from earthquakes, flash floods, tornadoes, tsunamis, and volcanic eruptions (Lindell et
al., 2015; Fraser et al., 2016; Lindell et al., 2019; Makinoshima et al., 2020). However,

there is a vast gap and the two approaches have not been interconnected (Simonovic,
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1999; Becker et al., 2001; Brouwer et al., 2004; Pardoe et al., 2012; Ghosh, 2012; Morss
et al., 2016). Researchers have examined socioeconomic issues using a community-based
approach (Smith et al., 2017). While many researches have been focusing on natural
disasters, modeling, and social aspects separately, no study has combined these three
aspects. This research identifies vulnerable houses, addresses social issues, and

determines safe evacuation routes.

4.2. Study Area
Dolakha (Figure 4.1) District, with Charikot as its district headquarters, covers an
area of 2,191 km?2 and has a population of 204,229 in 2001 and 186,557 in 2011. Dolakha
District is a part of Bagmati Province. Dolakha District has located about 181 km from
Capital Kathmandu. The district headquarters of Dolakha is located at 86°11°00°’ east
longitude and 27%44°12°° north latitude. Tamakoshi River is a transboundary river that
originates from Tibetan Highlands. Gongar, Purano Jagat, Jagat, Manthali, Jamune, Suri
Dobhan, Bhorle, Olitar, Singati, Dolakha is a northeast side, and Kattike and Tamakoshi

settlements belong to the south-west of the Charikot (Figure 4.1c).
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Figure 4.1 Location of the study area: (a) country of Nepal; (b) Dolakha district; (c)
interviewed settlements. Locations shown in Figure c are shown in Figures 4.3-4.7.
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4.3. Results

4.3.1. Inundation Mapping

Flood-inundation and evacuation-route maps were prepared from Gongar to
Tamakoshi. Figures 4.3-4.7 contain portions of the map for each settlement. Figure 4.3
shows that out of the 87 buildings 3 buildings are situated within the inundation area. In
Gongar, there is a police station (16 buildings), Tamakoshi hydropower’s office (18
buildings), and 53 households (including 10 interviewed households) situated very near to
the Tamakoshi River. Gongar is situated middle of the two rivers Gongar Khola and
Tamakoshi rivers. This is the most dangerous area for the future flood. Therefore, thus,
they should be relocated as soon as possible. The maximum inundation depth was
calculated as 19.29 m in Gongar, 10 m in Jagat, 6 m in Bhorle, 10 m in Jamune, 38.69 m

in Singati, 14 m in Kattike, and 19 m in Tamakoshi.
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Figure 4.2 Inundation map in Gongar. Inundation map in Gongar. Locations of the
houses, safe houses present in green color and, house at-risk present in red color.
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Figure 4.3 shows the inundation map of the Purano Jagat (figure 4.3 a), Bhorle
(figure 4.3 b), Manthali (figure 4.3 c), Olitar (figure 4.3 d), Jamune (figure 4.3 e), Suri
Dovan (figure 4.3 f) and Jagat (figure 4.3 g). In Jamune 3 houses, Bhorle 1 and Jagat 1
houses are situated inside the inundation area. Other settlements look safe at this moment.
However, all the interviewed houses are very near to the river so high-volume floods
would be more dangerous for the future. The maximum inundation depth was calculated

as 12 m in Purano Jagat, 9 in Manthali, 10 m in Olitar and 18 m in Suridovan.
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Figure 4.3 Inundation map: (a) Purano Jagat (b) Bhorle (c) Manthali (d) Olitar (e) Jamune
(f) Suri Dhovan and (g) Jagat. Locations of the interviewed households are shown as safe
houses and at-risk houses.
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Figure 4.4 shows that in Singati out of 659 houses 220 houses are situated inside
the inundation zone. In total 220 houses are situated within the flood plain or along with
low relative heights to the river surface. This type of topographic situation can lead to

extensive flood damage. I interviewed only 66 houses in this section.

® House atrisk [nundation
® Safe houses Value

- River - High : 38.69

Low : 0.094

Figure 4.4 Inundation map in Singati. Locations of the houses are presented as safe in
green color and at-risk houses are presented in red color.
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Figure 4.5 shows the Inundation map of Kattike (Figure 4.5a) and Tamakoshi
settlements (Figure 4.5b). Of the 17 houses in Kattike (population 61), 6 houses
(population 23) are situated within the inundation zone. Other houses are also located

very near to the inundation zone. In Tamakoshi all 6 houses (population 17) are situated

inside the inundation zone.
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Figure 4.5 Inundation map: (a) Kattike and (b) Tamakoshi settlements. Locations of the
interviewed households are shown as safe in green color and houses at-risk are shown as
red color.

Table 4.1 present the flooding risk by houses in each settlement. In total 37 houses
out of the 163 houses were situated inside the inundation zone. Of the total 560

interviewed population, 147 are situated inside the inundation zone.
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Table 4.1 Safe and potentially inundated buildings and population.

Inundation

Settlement Depth

Households Population (meter)

Safe | Inundation Safe | Inundation m
Gongar 10 - 61 - 19.3
Purano Jagat 28 - 139 - 12
Jagat 4 1 19 6 10
Manthali 10 - 48 - 9
Suri Dobhan 4 - 21 - 18
Bhorle 9 1 39 4 6
Jamune - 3 - 9 10
Olitar 4 - 18 - 10
Singati 46 20 177 88 38.7
Kattike 11 6 38 23 14
Tamakoshi - 6 - 17 19
Total 126 37 560 147

4.3.2. Evacuation Routes

UNDP and ICIMODE prepared flood hazard maps of the upper part of the basin
but they did not focused on all the downstream settlements. There are no evacuation
routes designated by the local or government side. This study, therefore, identified the
existing pedestrian routes, which can be used as evacuation routes by the locals during
the disaster.

There is insufficient route space for all residents in an emergency evacuation
situation; therefore, multiple routes were suggested to reduce the traffic flow from houses
to safe destinations. Accordingly, this area needs more planned and wide evacuation
routes. Our suggested evacuation route is for pedestrian use only. Both the existing and
suggested routes can be used in emergencies as evacuation routes. Our suggested route is
based on population, elevation differences, shortest distance, and total length. Because
of the densely populated area, it is difficult to make a wider road for emergency vehicles.
Therefore, this research suggests multiple pedestrian evacuation routes of the minimum

distance, so that such routes can be easily used during the disaster by elderly people and
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children as well as poor people who do not own vehicles. The safe destination is situated
a little far from the settlement because | have suggested a place at an altitude at least 1 m
higher than the altitudes of existing houses. This study considers the place higher than 1

m and outside of the inundation area as safe for immediate and temporary shelter.

4.3.2.1. Gongar

The area displayed in Figure 4.6 includes 87 houses and a total population of
approximately 400 residents and there is no existing evacuation route available.

Presently, the existing route is blocked by landslides and that route is not enough
for two people at the same time (~1 m). The only suspension bridge is available right now
to cross the Gongar Khola. In 2015 there was a flood and the main bridge was swept away
(See figure 4.6). At the present, there is one suspension bridge to use for people and
cattle. That flood cut off the link between the Gongar to Lamabagar. There is a
Hydropower company’s office and police station also situated very near to the river bed
area.

This study suggests 9 new routes and a safe destination for the right side of the
settlements (police and hydropower office cite) and one route for the left side of the
settlements. The left side of the settlements is the most dangerous situation. Settlement
is surrounded by two rivers in the south-east to south-west cite, the big landslide on the
northeast side. So, research only suggests an evacuation route and a safe place on the
northern side of the settlements. If the evacuation route is much wider for all the people
it will save a life. Both the existing route and the additional nine routes to be created can

be used for emergencies.
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Figure 4.6 Evacuation-route maps in Gongar. The routes in red colour show the
evacuation routes to be created. The yellow color with black dot represents the
proposed shelter house location. Note that some houses where the questionnaire survey
was not conducted are also shown here.
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4.3.2.2. Singati

The area shown in Figure 4.7 has a total population of 265 (interviewed) of 177 is
safe. In total 659 houses and 220 houses are situated in the inundation zone. So, this study
suggests a new evacuation route in this area. Singati is the largest settlement among the
potentially dangerous settlements. The settlement of Singati is also divided into two
sections: the upper section (northern part) and a lower section (southern part) are divided
by the Singati Khola, a tributary river running from the northwest to the southeast to
reach the main river of the Tamakoshi River. Heavy landslides on the northern side and
two rivers surrounded by east and west cite. This study suggests a safe place and
evacuation route in figure 4.7. In total, this study suggests twenty-five new evacuation
routes be created, and the suggested routes are connected with the existing routes. Few
houses along with evacuation routes (green symbols houses) are located in safe places.
When evacuation is necessary, the residents in these safe places would also evacuate.
Existing routes are very steep, narrow, and not in good condition (Figure 4.8). Therefore,

the width of the evacuation routes should be wide enough.
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Figure 4.7 Evacuation-route maps in Singati (a and b). The routes in red
color represent the proposed evacuation routes. Houses with green color
represent the safe houses and dark pink represent at risk houses. The
yellow color with black dot represents the proposed shelter house
location.
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Figure 4.8 Evacuation-route maps in Singati (c and d). The routes in red color
represent the proposed evacuation routes. Houses with green color represent the
safe houses and dark pink represent at risk houses. The yellow color with black
dot represents the proposed shelter house location.
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Figure 4.9 Existing evacuation routes in Singati. a, b, ¢c and d are close-up photos of
the existing evacuation route. See Figures 4.8 for locations (photos: Bikram Parajuli)
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4.3.2.3. Jagat, Jamune, Bhorle, Kattike and Tamakoshi

In Jagat one house (population 6) is situated inside the inundated zone so this study
suggests one new route for emergency evacuations (Figure 4.10c). The evacuation route
situation in Figure 4.10 e (Jamune) is more vulnerable compared to 4.10c. All three
houses are situated inside the inundation zone (population 9). This research suggests one
evacuation route for three houses. In Figure 4.10 h (Bhorle) one house is inside the
inundation zone and | suggest one evacuation route (population 4).

In Kattike (Figure 4.10 J) six houses are in danger with 23 population. At the
present only one path to a higher place is available and that path is bent toward the river.
Therefore, the study suggests three new routes for emergency evacuation. The residents
can use the existing route and the suggested routes for emergency evacuation. Figure 4.10
k (Tamakoshi) all the houses are in danger. The study suggests 2 evacuation routes for

17 people. Our suggested route is for pedestrian use only.

96



11

| 0o 100m
|

(ONONN I

Safe houses

Road
At-risk house

River

Safe place o Bridge

Proposed shelter house _’_ ER‘to'be consiructed

Figure 4.10 Evacuation-route maps in (c) Jagat, (¢) Jamune, (h) Bhorle (J) Kattike,
and (k) Tamakoshi. The routes in black color represent the existing routes, and the
routes in red color represent the proposed evacuation routes. All houses shown are

interviewed houses.
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4.3.3. Cross-sectional profiles of emergency evacuation routes in the

Tamakoshi River basin (Singati)

The cross-sectional profiles of the evacuation routes show the elevation from starting
point (houses) to the safe place. Cross-sections of four evacuation routes were drawn by
the 3D ortho-photograph of Singati. In the evacuation route of Singati, the relative height
from households to the safe place (destination) ranges from 14 m to 70 m maximum. The
total distance from a household to a safe place is a minimum of 53 m to a maximum of

450 m.
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Figure 4.11 Examples of proposed emergency evacuation routes in Singati. Route
1, 4,12 and 16. See Figure 4.7 and Figure 4.8 for evacuation route number and

location.
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4.3.4. Socioeconomic Survey

The percentages of households with annual incomes categorized as extremely poor

were 46.01%, low income 28.83%, lower-middle 12.88%, and upper-middle 12.27%, in

altogether 11 settlements (Table 4.2, Figure 4.12). However, no residents from any

settlement belonged to the high-income group.

Table 4.2 Classification based on annual income (USD/person) in the eleven settlements.

Household
income Extreme Low- Lower- Upper High

(USD-yr") poor income middle middle income Total
Gongar 8 0 1 1 0 10
Purano 18
Jagat 7 1 2 0 28
Jagat 3 2 0 0 0 5
Manthali 8 0 0 2 0 10
Suri 3
Dobhan 1 0 0 0 4
Bhorle 6 3 1 0 0 10
Jamune 3 0 0 0 0 3
Olitar 1 1 2 0 0 4
Singati 24 29 7 6 0 66
Kattike 0 4 6 7 0 17
Tamakoshi 1 0 3 2 0 6
Total 75 47 21 20 0 163
Total % 46.01 28.83 12.88 12.27 0.00 100.00

Source: Field survey in 2016.
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Figure 4.12 Classification based on annual income (USD/person) in the thirteen settlements.
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Table 4.3 and Figure 4.13 shows the number and percentage of heads of households
engaged in different occupations. The business (small vendor) industry was the most
popular, accounting for 50.92% of the total employment of household heads altogether.
The number of employees in different offices and small farms, the government office,
and in small NGOs is 19.63%. Agriculture-based households varied from 15.95%.
Recently remittance is another source of income out there. It has provided a sustainable
form of income for 5.52% of households. Labor-related occupations were 4.29% of the
total household in all areas. The Pension is another source of income for living. It

contributes 3.68% of the household's income.

Table 4.3 Major occupations of the household heads.

Occupation Agriculture Business Employee Pension Labor Remittance Total
Gongar 0 7 2 1 0 0 10
Purano

Jagat 8 10 9 0 0 1 28
Jagat 2 3 0 0 0 0 5
Manthali 4 2 1 0 1 2 10
Suri

Dobhan 0 4 0 0 0 0 4
Bhorle 4 6 0 0 0 0 10
Jamune 2 0 0 1 0 0 3
Olitar 1 0 3 0 0 0 4
Singati 3 42 7 4 4 6 66
Kattike 2 3 10 0 2 0 17
Tamakoshi 0 6 0 0 0 0 6
Total 26 83 32 6 7 9 163
Total % 15.95 50.92 19.63 3.68 4.29 5.52 100

Source: Field survey in 2016
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Figure 4.13 Major occupation of the household heads.
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The percentage of immigration period within 20 years period varied greatly: Purano
Jagat and Singati maintained the highest number 17 and 32 houses respectively (Table
4.4 and Figure 4.14). Altogether, 42.33% of the residents within the study area had
migrated within the last 20 years. The majority of the population of the study area is local
or non-migrated people (57.67%). The majority of migrants came from nearby districts
intending to survive off of the river’s resources, and they were generally uneducated and

unskilled laborers.

Table 4.4 Migration status of the study area’s residents.

Migration Status Migrated Non migrated  Total

Gongar 8 2 10
Purano Jagat 17 11 28
Jagat 1 4 5
Manthali 0 10 10
Suri Dobhan 2 2 4
Bhorle 2 8 10
Jamune 1 2 3
Olitar 2 2 4
Singati 32 34 66
Kattike 1 16 17
Tamakoshi 3 3 6
Total 69 94 163
Total % 42.33 57.67 100.00

Source: Field survey in 2016.
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Figure 4.14 Migration status of the study area’s residents.
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Table 4.5 shows in total 38.65% of people are illiterate, 13.50% are literate and
11.04% of people got a primary level education. Only 13.50% of people finished lower
secondary education. Similarly, 12.88% of people obtain secondary-level education.
Altogether 4.91% of people got a higher secondary education. Similarly, 2.45% of people

are graduates. lastly, only 3.07% of the people succeed to get a master's degree.

Table 4.5 Education status of the respondent.

Education

status of Lower Higher

respondent Illiterate  Literate Primary secondary Secondary secondary Bachelor Master Total
Gongar 3 - 4 2 1 - - - 10
Purano

Jagat 15 7 1 2 2 1 - - 28
Jagat 3 - - - 2 - - - 5
Manthali 7 - 3 - - - - - 10
Suri

Dobhan 2 1 - 2 - - - - 5
Bhorle 2 3 - 3 2 - - - 10
Jamune 3 - - - - - - - 3
Olitar 1 1 2 - - - - - 4
Singati 25 3 8 13 10 4 2 1 66
Kattike 0 5 - - 2 3 2 4 16
Tamakoshi 2 2 - - 2 - - - 6
Total 63 22 18 22 21 8 4 5 163
Total % 38.65 13.50 11.04 13.50 12.88 4.91 2.45 3.07 100.00

Source: Field survey in 2016.
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4.4. Discussion

4.4.1. Inundation and Evacuation Routes

The inundation maps (Figures 4.2-4.5) revealed that many houses are situated near
the riverbank and in the estimated inundation zone. The situation was similar in Gongar,
Singati, Jagat, Bhorle, Jamune, Kattike, and Tamakoshi (Table 4.6). Nearer from the river
in high risk for inundation. In Jagat 20%, Bhorle 10%, Singati 30.3%, Kattike 35.3%
houses are located in the inundation zone. In Jamune and Tamakoshi 100% of houses are
situated in the inundation zone. Notably, more houses fall under the at-risk category in
Singati.

Despite such high rates of at-risk houses in the six settlements, the current routes
that can be used for evacuation are narrow, located on steep slopes, and their number was
limited, as described earlier. Therefore, increasing the evacuation routes is strongly
suggested as shown in Figures 4.6, 4.7, 4.8, and 4.10. The population density of Singati
and Gongar is relatively high, and thus, adequate evacuation routes must be prioritized
for the safety of these 326 people (interviewed houses). However, there are many other
houses (non-interviewed) and approximately >1000 people living inside the inundation
zone. At present, none of the evacuation routes has streetlights, which makes evacuation
extremely difficult at night. Installing streetlights on the routes is strongly suggested.

In Jamune and Tamakoshi houses are entirely in the inundation zone. If a flood
were to occur, the current evacuation routes are insufficient for these at-risk age groups
to use. Thus, for all six areas, establishing adequate evacuation routes and relocating
schemes must be prioritized among other short-term and long-term strategies,

respectively.
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Table 4.6 Safe and potentially inundated houses by settlement.

Location Safe % Inundation % Total %

Gongar 10 100.0 - - 10 6.1
Purano Jagat 28 100.0 - - 28 17.2
Jagat 4 80.0 1 20.0 5 3.1
Manthali 10 100.0 - - 10 6.1
Suri Dobhan 4 100.0 - - 4 2.5
Bhorle 9 90.0 1 10.0 10 6.1
Jamune - 0.0 3 100.0 3 1.8
Olitar 4 100.0 - - 4 2.5
Singati 46 69.7 20 30.3 66 40.5
Kattike 11 64.7 6 35.3 17 10.4
Tamakoshi - - 6 100.0 6 3.7
Total 126 37 163 100.0

Source: Field survey in 2016

Table 4.7 shows the relationship between houses (interviewed and non-interviewed
houses) and horizontal distance to the riverbank (medians and IQRs). In Singati,
inundation households existed closer to the river and it is statically significant that near

the river is riskier (p<0.001).

Table 4.7 Safe/Inundation houses and horizontal distance from the riverbank (interviewed
houses) in Singati.

Singati
(All house) | Houses Median IQR Mann-Whitney Test
Inundation 37 18.95 | 14.29 | 31.62
p=0.001
Safe 126 47.19 | 33.44 | 78.94

Source: Field survey in 2016
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4.4.2. Socioeconomic Survey

Based on the results of the socio-economic survey (interview survey), statistical
relations between education status and occupation factors were examined via correlation
coefficient analyses (Table 4.8). Results showed that the majority of the population are
illiterate and they choose agriculture by occupation. There are very few people who
pursue a master's degree. Business, agriculture, and employee is the major occupation in
this area. Occupation of labor, pension, and remittance are comparatively lesser than

others. The correlation between education and occupation is significantly correlated

(p<0.002).

Table 4.8 Relationship between education status and occupation.

Education Agriculture Business Employee Pension Labor Remittance Total Chi-Square
status Test
Tlliterate 18 29 5 4 3 4 63

Literate 4 10 5 0 1 2 22

Primary 2 8 4 1 0 3 18

Lower 0 17 3 1 1 0 22

Secondary B
Secondary 1 15 2 0 1 2 21 p=0.002
Higher 0 2 4 0 1 1 8

Secondary

Bachelor 1 1 2 0 0 0 4

Master 0 0 5 0 0 0 5

Total 26 82 30 6 7 12 163

Source: Field survey in 2016

Table 4.9 shows the relationship between per capita income and education status.
Income of illiterate people is less. Income is gradually increasing with the education
status. Mostly low-income peoples are illiterate based on the interviewed survey.
Educated people’s incomes are gradually higher. Surprisingly, some secondary-level

people have a high level of income compared to highly educated people. Therefore, the

correlation between education and income is significantly not correlated (p<0.219).
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Table 4.9 Relationship between education status and income (yearly).

Income
Mean Standard

Education status Number Yearly Income Deviation ANOVA
llliterate 63 402.83 499.06

Literate 22 728.62 1139.39

Primary 18 507.93 454.80

Lower Secondary 22 823.91 802.84
Secondary 21 1687.24 4453.52 0=0.219
Higher Secondary 8 865.00 343.14

Bachelor 4 937.50 579.33

Master 5 1220.00 614.00

Total 163 741.59 1736.21

Source: Field survey in 2016

Table 4.10 shows the relationship between household income status, and
occupation of the people interviewed. In total 26 households’ income belongs to
agriculture and their income is low (430$ per year) compare to the business (mainly retail)
category. In business (82) and employee (30) category shares the higher income. The
share of pension is very low (180%/year). In total 7 households’ major source of income
was labor. Recently many people are working outside of the country so remittance shares
12 houses (880%$/year). Correlation coefficients were computed among the two
settlements based on income and occupation (Table 4.10). The correlation between

occupation and income is statistically not significant (p<0.839).

Table 4.10 Relationship between occupation status and income (yearly).

Occupation Number Mean Yearly Income Standard Deviation =ANNOVA

Agriculture 26 430.46 1059.41
Business 82 870.54 2326.92
Employee 30 766.27 592.04
Peniioill 6 180.67 12700 P=0-839
Labor 7 522.86 387.76
Remittance 12 880.83 617.74
Total 163 741.59 1736.21

Source: Field survey in 2016
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4.5. Chapter conclusions

The inundation maps created in this study show that the Gongar, Singati, Jagat,
Bhorle, Jamune, Kattike, and Tamakoshi are highly susceptible to future flooding. In
Gongar 3 houses (non-interviewed), in Singati 220 houses were situated in the inundation
zone. In Bhorle 1, Jamune 3, Jagat 1, Kattike 6, and Tamakoshi 6 houses were situated in
the estimated flood-prone zone. Moreover, near the riverside residents were at much
higher risk.

Altogether 46.01% were extremely poor, 28.83% were low-income people, 12.88
% were lower-income people, and 12.27% were people found in the study area. No high-
income people are living in the entire study area.

The business (small vendor) industry was the most popular, accounting for 50.92%.
The number of employees in different offices and small farms, a government office, and
insmall NGOs is 19.63%. Agriculture-based households varied from 15.95%. Remittance
provided a sustainable form of income for 5.52% of households. Labor-related
occupations were 4.29% and pension contributes 3.68% of the household's income.

Mostly the non-migrated people are living in this area (57.67%). Altogether,
42.33% of the residents within the study area had migrated within the last 20 years.

The result highlighted the relationship between education and occupation.
Similarly, the result presents the relationship between education and income. The
correlation between education and occupation was significantly correlated
(p<0.002). Similarly, the correlation between education and income was significantly not
correlated (p<0.219). The result highlighted that the relationship between occupation and
income was statistically not significant (p<0.839).

Most riverside residents remain unaware of the preparation and risk associated with

flood emergency evacuation; thus, adaptive capacity-building strategy programs, disaster
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preparedness training, and evacuation drills must be urgently incorporated. Establishing
adequate evacuation routes and shelter houses is the most pressing need. It is suggested
that government agencies and other authorities prepare an adequate plan that targets the
impoverished residents of the inundation zone, as they cannot afford safe lands for

relocation.
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Chapter 5 General discussion

5.1. Disaster and Social Parameters

Identification of evacuation routes plays an important role in emergency safety
management for natural disasters (Bi et al., 2019). Evacuation route planning minimizes
the time to evacuate the vulnerable population and it is very challenging for the
authorities to prepare for a disaster with limited resources (Kim et al., 2007). Efficient
tools are needed to identify routes and schedules to evacuate affected populations to
safety in the event of natural disasters. Challenges arise during evacuations due to the
spread of people over space and time and the multiple paths that can be taken to reach
them; key assumptions such as stationary ranking of alternative routes and optimal
substructure are violated in such situations (Shekhar et al., 2012). Techniques and models
have been developed to simulate the evacuation of people living near the affected area,
with the main objective of identifying the problems that can happen at the moment of
evacuation (Campos et al., 2012). These problems can be increasing if there are no proper
routes for evacuation and it contributes to increasing the time of evacuation and the
number of injuries. Our suggested evacuation route allows the identification of the best
possible independent evacuation routes from a potential disaster area to a temporary safe
place. The applied methods of this research are based on shortest distance, straight route
as much as possible and try to avoid intersection points among the different routes.
However, avoiding intersections completely is impossible for the area where houses are
so congested and existing routes are limited.

An evacuation alert is communicated to the population, who makes a decision to

evacuate or not depending on their perception of danger (Stepanov et al., 2009).
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5.1.1. Seti River Basin, Kaski District

In Kaski, (Table 5.1) people’s knowledge about evacuation safe sites is 53.22%
(p<0.001). They consider outside of the house and a little higher place is a safe place
(Table 5.1). In total 46.78% of the people are unaware of the evacuation process and safe
places. They never practice or participate in the evacuation drill. In total 99.11% of the
population is completely unaware of the regular drill and they are not statistically
correlated (p<0.479).

In all three settlements, 69.37% of permanent houses be inundated. Semi-
permanent type houses were in the second most danger (29.21). The relationship between
house type and inundated houses was statistically correlated (p<0.001).

Regarding disaster preparedness training 80.89% of the people have no idea. After
the 2012 flood, some NGOs provides preparedness training (3.22%). People get some
ideas from Radio, TV, and FM (12.44%). The correlation between disaster preparedness
training and safe/inundated houses is statistically correlated (p<0.001). Even 44.11% of
the people have not any knowledge about such kind of training (p<0.001). They are not
well prepared for disaster. Only 55.89% of the people are mentally prepared for disaster
(p<0.001), but they don’t have any tool or an emergency supply kit for an emergency. In
terms of the safe site near the houses 24.54% are inundated houses and 73.71% of safe
houses have no idea. Other 75.46% of risk houses know about safe sites (p<0.001).

They never participate or practice any drill. Almost 100% of people are unaware

of the hazard map (p<0.504).
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Table 5.1 Relationship between safe/to be inundated to other factors in Masinabagar, Laltinbazar and Kl-sing Pokhara, Kaski.

Safe To be inundated Total .
Chi-Square test
n I % n | % n %
n 407 493 900
Other 4 0.98 6 1.22 10 1.11
Permanent 396 342 738
House type _ 97.30 69.37 82.00 0<0.001
Semi-permanent 7 1.72 144 29.21 151 16.78
Temporary - 0.00 1 0.20 1 0.11
Government 10 2.46 5 1.01 15 1.67
Disast d INGO - 0.00 16 3.25 16 1.78
tr:iﬁ?ngr preparedness NGO 8 1.97 21 4.26 29 3.22 p<0.001
No idea 346 85.01 382 77.48 728 80.89
Others 43 10.57 69 14.00 112 12.44
Knowledge of disaster No 302 74.20 95 19.27 397 44.11 p=0.001
preparedness training Yes 105 25.80 398 80.73 503 55.89 '
Well prepared for No 302 74.20 95 19.27 397 44.11 p<0.001
disaster Yes 105 25.80 398 80.73 503 55.89
No 229
disaster preparedness 144 35.38 85 17.24 25.44 p<0.001
Yes 263 64.62 408 82.76 671 74.56
No 650
72-hour supply kit 278 68.30 372 75.46 72.22 p=0.02
Yes 129 31.70 121 24.54 250 27.78
No 421
Safe site (near house) 300 73.71 121 24.54 46.78 p<0.001
Yes 107 26.29 372 75.46 479 53.22
Evacuate Safe site No 402 98.77 490 99.39 892 99.11 479
(practice/regular drill) Yes 5 1.23 3 0.61 8 0.89 P=
knowledge about No 407 100.00 491 99.59 898 99.78 0=0.504
Hazard Map Yes - 0.00 2 0.41 2 0.22 '

Source: Field survey 2019
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Table 5.2 highlighted that almost 80 % of extremely poor, 82.13% of low income,
87.50% lower-middle, and 100 % upper-middle households were found to have no idea
about disaster preparedness of any kind. The government of Nepal was the major entity
responsible to disseminate the information about the disaster followed by NGOs and
INGO. only 1.67 % of the household received information regarding disaster
preparedness from the government of Nepal while a combined 5% of the household
received it from NGOs and INGO. A total of 490 extremely poor households have not
received any disaster training. Therefore almost 80% of extreme don't have any idea
regarding preparedness. 37.66% are extremely poor, 37.68% low income, 52.78% lower-
middle, and surprisingly 100% upper middle people don't have any knowledge of disaster
preparedness training. Therefore, the correlation between income group and disaster
preparedness is not statistically significant (p<0.406). Regarding the knowledge of
disaster preparedness training, 384 (62.34) extremely poor families know about it.
Similarly, 129 (62.32%) low-income families, and 34 (47.22%) families have an
understanding of preparedness training although they didn't get any (P=0.003). however,
100% of the upper-middle family doesn't know about it.

Statistically, correlated data show that 59.25% are extremely poor, 57.97% are low-
income and 25% of the lower-middle-income families are well prepared for the flood
disaster. Although 40.75% are extremely poor, 42.03% are low-income and 75% of the
lower-middle-income families have not prepared for any disasters (p<0.001).

After the 2012 flash flood, some NGOs and INGO have distributed relief material
including a 72-hour emergency kit. Therefore, 72.24 % are extremely poor, 71.50% are
low-income and 72.22% of the lower-middle-income families carry a basic emergency

kit. In the context of knowing a safe site near the house, 43.02 % are extremely poor,
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44.93% are low-income and 80.56% of the lower-middle-income families are not aware
of it (p<0.001).

For the proper evacuation regular drill is the key component but in the research
area 99.19% are extremely poor, 98.55% are low income and 100% of the lower-middle-
income families had never practiced. Similarly, 99.68% of extremely poor, 100% low

income, and 100% of lower-middle-income families have no idea about the hazard map.
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Table 5.2 Relationship between income level to other parameters in Masinabagar, Laltinbazar, and Kl-sing Pokhara, Kaski.

Extreme poor | Low income Lower-middle Upper middle ngh Chi-
income | Total
Square
n % n % n % n % n test
n 616 207 72 5 - 900
Other 8 1.30 2 0.97 - 0.00 - 0.00 - 10 1.11
Permanent 493 80.03 168 81.16 72 100.00 5 100.00 - 738 82.00
House type semi- 114 | 18.51 37 17.87 - 0.00 - 0.00 - 151 | 16.78 | P70-0%
permanent
Temporary 1 0.16 - 0.00 - 0.00 - 0.00 - 1 0.11
Government | 11 1.79 3 1.45 1 1.39 - 0.00 - 15 1.67
. INGO 16 2.60 - 0.00 - 0.00 - 0.00 - 16 1.78
Disaster preparedness =y - 20 |3.25 9 435 - 0.00 - 0.00 - 29 322 | p=0.406
training from -
No idea 490 79.55 170 82.13 63 87.50 5 100.00 - 728 80.89
Others 79 12.82 25 12.08 8 11.11 - 0.00 - 112 12.44
knowledge of disaster | No 232 37.66 78 37.68 38 52.78 5 100.00 - 353 39.22
preparedness training Yes 384 62.34 129 62.32 34 47.22 - 0.00 - 547 60.78 p=0.003
Well prepared for | No 251 40.75 87 42.03 54 75.00 5 100.00 | - 397 44,11
disaster Yes 365 59.25 120 57.97 18 25.00 - 0.00 - 503 55.89 p<0.001
. No 445 72.24 148 71.50 52 72.22 5 100.00 - 650 72.22
72-hour supply kit Yes 171 | 27.76 | 59 28.50 20 | 27.78 - 0.00 - 250 | 27.78 | PTO01
Safe-site (near the | No 265 43.02 93 44 .93 58 80.56 5 100.00 - 421 46.78 0<0.001
house) Yes 351 | 56.98 114 55.07 14 19.44 0.00 - 479 53.22
Evacuate Safe site | No 611 99.19 204 98.55 72 100.00 100.00 - 892 99.11
(practice/regular drill) | Yes 5 0.81 3 1.45 - 0.00 0.00 - 8 0.89 p=0.689
Knowledge of Hazard | No 614 99.68 207 100.00 72 100.00 100.00 - 898 99.78
Map Yes 2 0.32 0.00 - 0.00 0.00 - 2 0.22 p=0.820

Source: Field survey 2019
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Table 5.3 present the correlation of education factors to other disaster parameters.
It shows that almost 85 % of illiterate, 67% of literate, 46% primary level, 86% lower
secondary level, 76% secondary level, 52% higher secondary level, and 56% bachelor
level's house is permanent type. For some reason, they don't follow the government rule
and illegally encroach the public property to build permanent to semi-permanent houses
(p<0.001).

The majority of the illiterate people (549 families) did not get any preparedness
training. Few literates and educated people receive preparedness training from NGOs.
Although some of them understand the preparedness training because of the TV and radio.
Preparedness for the disaster in the illiterate group has less compared to high educated
group (p<0.001).

Similarly, 71% illiterate, 56% literate, 85% primary level, 63% lower secondary,
85% secondary level, 61% higher secondary level, and 78% bachelor level education
group don't have any access to emergency supply kit (p<0.001).

Illiterate to literate almost all groups think they know the safe place outside of the
house (p<0.001). In total, 187 households didn’t have livestock, 30 families 10ost their
livestock, and 66 households marked their livestock as safe. The Chi-square test shows a
value less than 0.001 meaning the livestock and income of the households are highly
correlated and the result is significant. Similarly, 227 households had no idea about
disaster preparedness training while 35, 5, and 7 households had gone through
government, INGO, and NGO disaster preparedness training respectively. Additionally,
9 households had taken disaster preparedness training from other different agencies. The
chi-square test shows that the value is equivalent to 0.001 depicting disaster preparedness

training correlates with income. Lastly, knowledge about the safe site also shows
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significance with a chi-square value of 0.001. Altogether 149 households had no idea
knowledge about safe sites while 134 were aware of safe sites.

Human loss does not seem to be correlated with income as the Chi-square test
displays a value of more than 0.005. Eight people died, 15 people were injured and 260
people were marked safe. Similarly, readiness doesn’t show significance with income as
the chi-square test results in 0.035. Only 31 households were found to be ready whereas
252 families were not ready. Similarly, supply kit, evacuation, and discussion are also
not correlated with income. Twenty-eight households were supplied with the kit and had
discussions whereas 255 were empty-handed and went through no discussion. Seven
families were evacuated while 276 were left unattended. Moreover, the meeting point
outside doesn’t show any correlation as the value is higher than 0.005. Forty-six
households had meeting points outside and 276 did not have the meeting points outside.
Surprisingly, only 3 households had an idea about the hazard map out of 283 people.
Education status didn't play any impactful role in getting information about hazard map

knowledge.
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Table 5.3 Relationship between education factor to other parameters in Masinabagar, Laltinbazar, and Kl-sing Pokhara, Kaski.

Illiterate Literate Primary Lower Secondary Higher Bachelor Masters Total Chi-
Secondary Secondary Square
n % n % n % n % n % n % n % n n % test
n 671 9 13 57 118 23 9 0 900
Other 8 1.19 0 0.00 0 0.00 0 0.00 2 1.69 0 0.00 0 0.00 0 10 1.11
Permanent 570 84.95 6 66.67 6  46.15 49 85.96 90 76.27 12 52.17 5 55.56 0 738 82.00
House type Semi- p=0.001
92 13.71 3 33.33 7 53.85 8 14.04 26 22.03 11 47.83 4  44.44 0 151 16.78
permanent
Temporary 1 0.15 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 1 0.11
Government 10 1.49 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 1 1111 0 11 1.22
Disaster INGO 12 1.79 0 0.00 1 7.69 2 3.51 3 2.54 1 4.35 0 0.00 0 19 211
preparedness NGO 22 3.28 1 1111 0 0.00 3 5.26 1 0.85 1 4.35 0 0.00 0 28 3.11 p=0.518
training from 5 jgea 549 81.82 6 6667 1 769 46 8070 1 085 16 6957 7 7778 0 626 69.56
Others 78 11.62 2 2222 9 69.23 6 10.53 95 80.51 5 21.74 1 1111 0 196 21.78
Knowledge No 288 4292 o 2222 2 1538 15 2632 18 1525 g5 21.74 4 4444 O 334 3711
about disaster 0=0.009
preparedness  veg 57.08 7778 10 76.92 42 7368 82  69.49 78.26 5556 0 547 60.78 '
training 383 7 18 5
Discuss No 166 2474 1 1111 3 23.08 11 19.30 36 30.51 5 21.74 7 77.78 0 229 25.44 6=0.009
preparedness Yes 505 75.26 g 88.89 10 76.92 46 80.70 82 69.49 18 78.26 2 2222 0 671 74.56 '
72-hour supply ~ No 477 71.09 5 5556 11 84.62 36 63.16 100 84.75 14 60.87 7 77.78 0 650 72.22 £<0.001
kit Yes 194 2891 4 4444 2 1538 21 3684 18 1525 g 39.13 , 2222 0 250 27.78 '
Safe site (near No 479 7139 g 88.89 10 76.92 40 70.18 93 78.81 20 86.96 7 T77.78 0 657 73.00 0=0.342
the house) Yes 192 2861 1 1111 3 2308 17 29.82 25 2119 g 13.04 , 2222 O 243 27.00 '
Evacuate Safe No 425 63.34 4 44.44 8 61.54 29 50.88 78 66.10 12 52.17 7 77.78 0 563 62.56
site
. =0.290
(practice/regular  yegg 36.66 55.56 5 38.46 28 49.12 40 33.90 47.83 22.22 0 337 37.44 P
drill) 246 5 11 2
Knowledge No 669 99.70 ¢ 100.00 13 100.00 57 100.00 118 100.00 o3 100.00 g 100.00 O 898 99.78
about hazard p=0.995
Map Yes 2 0.30 o 0.00 0 0.00 0 0.00 0 0.00 0 0.00 o 0.00 0 2 0.22

Source: Field survey 2019
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5.1.2. Tamakoshi River basin, Dolakha

In Dolakha only 3.7% of the people had knowledge about evacuation. In total 96.3% of

the people are unaware of the evacuation process and safe places (Table 5.4.).

Table 5.4 Awareness level of evacuation and safe site in Dolakha.

Evacuate to safe site Yes No Total

Gongar - 10 10
Purano Jagat 28 28
Jagat 1 4 5
Manthali 10 10
Suri dobhan 4 4
Bhorle 10 10
Jamune 3 3
Olitar 4 4
Singati 2 64 66
Kattike 3 14 17
Tamakoshi 6 6
Total 6 157 163
Total % 3.7 96.3 100

Source: Field survey in 2016
Table 5.5 shows that in total, 87 households didn’t have livestock, 20 families lost their
livestock, and 56 households marked their livestock as safe. The Chi-square test shows a
correlation between livestock farming to education status is statistically significant and the

income of the households is not correlated (p<0.170).
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Table 5.5 Relationship between education to livestock farming in Dolakha (11 settlements).

Education - Livestock .
No livestock Loss Safe Total Chi Square test

Illiterate 28 7 28 63

Literate 14 4 4 22

Primary 9 4 5 18

Lower Secondary 17 1 4 22

Secondary 12 1 8 21 p=0.170
Higher 3

Secondary 1 4 8

Bachelor 2 0 2 4

Master 2 2 1 5

Total 87 20 56 163

Source: Field survey in 2016

In the earthquake, 2015 hit Dolakha, 96.94 % of the total population of the district was
marked to be safe indicating the extent of the human loss was minimal after the earthquake.
Around 1.6% of the population were injured while 2 % of the population lost their life. Out of
14 deaths, Kattike rural municipality suffered the most with 5 deaths, Singati had 3 deaths,
Purano Jagat, Jagat, and Bhorle with 1 death each while no deaths were recorded for the
Manthali, Suri Dobhan, Jamune and Olitar rural municipalities. Singati accounted for the

most cases of injuries (9) (Table 5.6).
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Table 5.6 Human loss, injuries, and safe after the 2015 earthquake in Dolakha.

Human Loss / Injury Death Injured Safe Total
Gongar - 2 59 61
Purano Jagat 1 - 138 139
Jagat 1 - 24 25
Manthali - 1 47 48
Suri dobhan - 1 20 21
Bhorle 1 - 43 44
Jamune - 1 7 8
Olitar - - 18 18
Singati 3 9 253 265
Kattike 5 - 56 61
Tamakoshi - - 17 17
Total 11 14 682 707
Total % 1.6 2.0 96.5 100.0

Source: Field survey in 2016

In total (Table 5.7), 87 households didn’t have livestock, 20 families lost their livestock,
and 56 households marked their livestock as safe. The Chi-square test shows a value less than
(p<0.001); therefore, livestock and income of the households are highly correlated and the
result is significant.

Similarly, 113 households had no idea about disaster preparedness training while 35, 2,
and 4 households had gone through government, INGO, and NGO disaster preparedness
training respectively. Additionally, 9 households had taken disaster preparedness training
from other different agencies. Lastly, knowledge about the safe site also shows that 140
households had no idea knowledge about safe sites while 23 were aware of safe sites.

Similarly, supply Kits, evacuation, and discussion are also not correlated with income.
All 23 households were supplied with the kit and had discussions whereas 140 were empty-
handed and went through no discussion. Six families were evacuated while 157 were left
unattended. Moreover, the meeting point outside doesn’t show any correlation. Total of 43
households had meeting points outside and 120 did not have the meeting points outside.

Surprisingly, only 2 households had an idea about the hazard map out of 163 households.
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Also, table 5.7 highlighted that almost 37 of the extremely poor, 27 of low income, 13
of lower-middle, and 10 of upper-middle households have no livestock. Extremely poor 12,
low-income 2, lower-middle 4, and upper-middle 2 families lost their livestock during the
earthquake 2015 (p<0.328). The extremely poor people the majority group was found to have
no idea about disaster preparedness of any kind.

The government of Nepal was the major entity responsible to disseminate information
about the disaster followed by NGOs and INGO. Only 35 of the household received
information regarding disaster preparedness from the government of Nepal while a combined
6 of the household received it from NGOs and INGO. In total 113 households didn't get any
preparedness training. The ratio of poverty and getting training is statistically correlated
(p<0.001). A total 73 extremely poor households don't get any disaster training. Therefore 75
households of extremely poor don't have any idea regarding preparedness. Similarly, 66 were
extremely poor, 39 were low income, 19 were lower-middle and surprisingly 16 upper-middle
people don't have an emergency kit. Therefore, the correlation between income group and
disaster preparedness is statistically significant (p<0.001).

In the context of knowing a safe site near the house, 73 are extremely poor, 43 are low
income, 14 of the lower-middle-income and 10 upper-middle families are not aware of it
(p<0.001).

For the proper evacuation regular drill is the key to safe life during a disaster but in the
research area 75 are extremely poor, 45 are low income and 21 the lower-middle-income and

16 upper-middle families had never practiced.
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Table 5.7 Relationship between Income status to other social factors in the Tamakoshi River basin (11 settlements).

Lower- Upper
Extreme ' Low- middle middle  High income Total Chi-Square
poor income  1026- 3996- >12375 test
3995 12375
Number 75 49 21 18 0
No livestock 37 27 13 10 0 87
Livestock Loss 12 2 4 2 0 20 p=0.328
Safe 26 20 4 6 0 56
Government 16 15 3 1 0 35
. INGO 0 0 0 2 0 2
Dlsaster preparedness NGO 5 > 0 0 0 4 0<0.001
training from )
No idea 57 30 15 11 0 113
Others 0 2 3 4 0 9
Well p.repared for Yes 12 12 3 3 0 30 0=0.621
disaster No 63 37 18 15 0 133 '
. Yes 9 10 2 2 0 23
72 hr. supply kit No 66 39 19 16 0 140 p=0.498
Meeting point outside Yes 22 12 4 5 0 43 0=0.795
the home No 53 37 17 13 0 120 '
. Yes 0 4 0 2 0 6
Evacuate (regular drill) No 75 45 21 16 0 157 p=0.026
The safe site near the Yes 2 6 7 8 0 23
house No 73 43 14 10 0 149  P<0001
knowledge of Hazard Yes 0 1 1 0 0 2 0=0.309
Map No 75 49 21 18 0 163 '

Source: Field survey in 2016
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The temporary shelters were found to be effective for 12.27% of total households but
were ineffective for 47.24% of the households. A total of 0.61% of the household did not
require any temporary shelter while those provided for 39.88% of the household was not
sufficient to accommodate the entire family. Purano Jagat accounts for the highest number of
effective households. Singati had in total of 63 households with ineffective and insufficient
temporary shelter.

The earthquake had a major impact on the integrity of the structures of the household.
26.98% of the total household were marked with red stickers indicating significant damage to
the structure and unsuitable for living. A total of 2.33% of the household were marked with
yellow stickers and 24.19% with green stickers. Yellow stickers meant the household needs
reinforcement to make it suitable for living while green stickers indicated no further
reinforcement was needed. A total of 46.51 % of the total household were not monitored. Out
of the total monitored household, Singati, Kattike, and Tamakoshi rural municipalities had a
greater number of households with yellow stickers.

Meanwhile, 29.93 % of the total households were deprived of any food support due to
the devasting aftermath of the earthquake while 53.37 % of the total households received
support for three to six months. A total of 12.27% of the household received support for six
to nine months and 9.20 % for more than a year. A mere 1.23% of the household had a surplus
of food

A total of 77.91% of the households of the district were destroyed by the earthquake
while 21.47% were partly destroyed. Only 0.61% of the household remained intact after the
earthquake. Singati rural municipality had the major share of destroyed households. Most of

the rural municipalities suffered damage due to earthquakes.
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More than 69.33% of the households were found to have no idea about disaster
preparedness of any kind. The government of Nepal was the major entity responsible to
disseminate information about the disaster followed by NGOs and INGO. A total of 21.47%
of the household received information regarding disaster preparedness from the government
of Nepal while a combined 3.68% of the household received it from NGOs and INGO. A total
of 5.52% of the household got the information from other sources. Singati had the most
households (34) without any information regarding disaster preparedness.

Similarly, 16.56% of the household lost their livestock due to the earthquake while
77.30 % of the household had no loss of livestock. A total of 6.13 % of the household had no
livestock. Singati rural municipality had the most loss of livestock with 14 houses losing its
livestock. Singati also had a major share of safe livestock. A total of 81.60% of the households
were not prepared for the disaster that might occur in the future while the remaining 18.40%
were prepared for it. Singati and Purano Jagat for the most unprepared rural municipality.

Therefore, 83.44 % of the total surveyed households had no discussion regarding the
preparedness for disasters that might occur in the future but the remaining 16.56% had it
discussed. Singati had most of the houses having no discussion regarding the disaster. On
average 85.89% of the households were not able to receive 72 hours supply kit after the
disaster while 14.11% of the household were fortunate enough to get the kit. Singati had most
of the houses not receiving the kit after the disaster.

Residents of 96.3% of the houses were not evacuated to a safe site after the incident
while the remaining 3.7% were evacuated to the safe site. Singati and Purano Jagat, Gongar,
Bhorle, Tamakoshi, and Manthali had the major proportion of the houses not being evacuated
to the safe site. More than 98.77% of the houses had no idea about the hazard map while a
mere 1.23% had some sort of idea about the map. Singati and Kattike each had one house

having an idea about the hazard map while combined 161 houses had no idea.
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Of the 14.11% the total household had access to a safe site while 85.89% of the
household had no access to a safe site. Kattike had 14 households having access to safe sites
whereas Singati had 64 households with no access to safe sites. In total 26.38% of the
household had an outside meeting point for an emergency while 73.62% of the household had
no outside meeting point during an emergency. Singati had the highest number of households
having no outside meeting point for emergency followed by Purano Jagat and Kattike.

Similarly, 4.91% of the households did not receive any kind of compensation from the
government and NGO/INGO. A total 10.43% of the houses received compensation of more
than 30000 while 39.26% of the houses received compensation between 15000-30000 and
45.40% of houses received compensation of less than 15000. Singati had 52 houses receiving
compensation of less than 15000 rupees.

This research identified evacuation routes, and | believe that such routes can save lives
when a disaster happens. Evacuation planning is an essential aspect of today’s growing
initiative for early warning systems in the study area as well as in Nepal Himalaya. A long-
term strategy must be established to increase evacuation preparedness during future flooding

disasters (Paul J. Smith et al., 2017; LIM et al., 2013).

5.1.3. Proposed Evacuation System

This study designed an evacuation system to focus on immediate relief (short-term) and
considered the most pertinent factors for alleviating flooding vulnerability to reduce the risk
to life and create safe and organized evacuation routes (long-term). Based on research,
temporary safe places were identified in the proximity of settlements, even though they do not
at present, contain any form of shelter. Land that is outside the inundation area and at a higher
altitude was assumed a temporary safe place. The evacuation route was also designed based

on that.

128



Evacuation planning is an essential part of any disaster response strategy in vulnerable
areas (Campos et al., 2012). Initially, flooding risk awareness must be addressed, in addition
to the actions required for safety. Local authorities and government agencies should provide
the public with proper preparedness and prevention training. Residents must be aware and
well trained, including evacuation drill practice, for disaster preparedness. Abarquez and
Murshed (2004) stated that preparedness is the ability of the community to avoid the negative
impacts of an impending hazard (Abarquez et al., 2004). In the following sub-sections, | have

discussed the proposed flooding risk alleviation system in the study area (Figure 5.1).

Constructing
Flood shelters
forecasting SNS Preparedness Dirills & rapid A
& evacuation- evacuation
\f/‘a?r?irr!y s (mobile it
systerr? phone) identification Safe place
Construction
173 Flood i 5 of evacuation
C;c” § Inundation zone routes

< Prevention by river
embarkment
where possible

Figure 5.1 Proposed immediate flooding risk alleviation system in the study area.

Proper planning for evacuations is an important part of keeping communities safe from
the harm caused by disasters. For that purpose, proper evacuation strategies are essential.
Planning for evacuations should occur early and involve local governments and communities.
Evacuation planning should factor in key issues such as evacuation routes, shelter facilities,
messaging to communities, and risks to safe evacuation. Evacuation plans should be regularly
reviewed, where necessary, to ensure that they address all relevant issues. Therefore, this study

proposed two categorize plans, i.e., short-term (immediate or maximum 5 years) plan and
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long-term evacuation (more than 5 years to maximum 10 years) plan for the local government
and people (Cabinet Office, 2020).

Both short-term and long-term risk management strategies are equally important
(Prenger-Berninghoff et al., 2014). Short-term strategies mean the strategies should
implement immediately. A long-term plan considers a strategy to be a broader, more goal- or
vision-based agenda, although long-term plan also needs to implement as soon as possible.
Short-term and long-term perspectives should be managed within an integrated risk
management framework that accounts for both temporary management strategies and
permanent preventive measures to reduce the impact of flood hazard processes (Fuchs et al.,
2013).

Emergency management or civil protection helps to strengthen a community’s capacity
to be better prepared for flood hazards and to better respond in case of a disaster strikes.
Addressing the short-term perspective also serves long-term planning goals and can, therefore,
implement long-term prevention measures. A purposefully applied risk mitigation strategy
requires coordination of short-term and long-term mitigation measures and thus effective
coordination of emergency management and spatial planning (Prenger-Berninghoff et al.,
2013).

In the following sections, | discuss (a) short-term strategies (within 5-year period) for
local people and government and (b) long-term strategies (5-to 10-year period) for local

government.
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5.1.3.1. Short-Term Strategies for Local People

5.1.3.1.1. Emergency plan and regular rehearsal drills

Evacuation planning is an integral part of emergency plans, particularly for regions
vulnerable to disasters (Yusoff et al., 2008; Campos et al., 2012). Evacuation is a complex
process consisting of several consecutive phases (Campos et al., 2012). The evacuation
decision during a flood primarily represents the household’s choice to evacuate or remain in
the risk area (Lim et al., 2019). Although superficial, this may appear a simple decision, in
practice, it involves a complex set of behavioral and external factors at a particularly critical
time. Thus, when flood (especially flash floods) occur, people must make quick decisions to
protect themselves and their families, which is most often achieved in a rapid evacuation to a
safe place.

Shelters at safe places provide immediate and short-term stay for the victims, help them
recover from trauma of a disaster, and provide a base to start the process of rehabilitation

(Bashawri et al., 2014; Wagemann, 2017).

5.1.3.1.2. Identifying evacuation routes, preparing for emergency evacuation, and
essential kits

Low-risk awareness among the residents living in flood-prone areas is usually
considered one of the leading causes of low preparedness, which generates an inadequate
response to disasters (Scolobig et al., 2012). This step of spreading awareness should be
implemented well before the onset of floods, and locals must be educated about preparedness.
Focus group discussions and interview surveys suggested that knowledge of preparedness was
nearly zero in the study area. Authorized persons should provide background information
regarding risk mitigation and evacuation techniques to help minimize disasters (Marchi et al.,

2012).
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Timely identification of a safe evacuation route is essential for successful evacuation.
The proposed evacuation maps (Figures 3.6, 3.8, 3.9, 4.8, 4.9, and 4.11) help identify building-
specific evacuation routes available within the study area to ensure that people reach the
nearest safe destination. It is vital to have broad and alternative routes in case of roadblocks.
Prior knowledge of the most appropriate evacuation route can help increase the efficiency of
evacuation. Authorities in charge of determining safe places or temporary/permanent shelter
locations must aid in minimizing the total evacuation time by aiding evacuees to reach their
choice of destination via the corresponding route, as pointed out by (Kongsomsaksakul et al.,
2005). Injuries can happen during disasters. Therefore, it is important to prepare a basic first-
aid kit with items such as sterile gloves, gauze, soap, burn ointment, bandages in a variety of

sizes, pain relievers, scissors, and tweezers.

5.1.3.2. Short-Term Strategies for Local Government

5.1.3.2.1. Installation of weather and hydrological stations

Nepal is considered one of the most disaster-prone countries in the world. Moreover,
apart from flooding, other natural hazards such as earthquakes and landslides pose a recurrent
risk to large sections of the population (Smith et al., 2017).

At present, there is one weather station available between Masinabagar and Laltinbazar,
which was damaged by the 2012 flood. If water levels rise and flood hazards occur,
Masinabagar will be inundated even before getting information. Similarly, in the Tamakoshi
river basin, there is no weather station installed. Similarly, large earthquakes in April and May
2015 have loosened the deposits on steep slopes in the Tamakoshi Watershed and the deposits
composed of the moraines damming the large volume of lake water of Tsho Rolpa (Khanal,
2015), one of the potentially dangerous glacial lakes in Nepal. These loosened deposits can

slide or burst due to monsoon rain as well as further earthquakes in the future.
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The installation of a weather station in a proper place near the settlements is required.
In addition, a hydrological station for the monitoring water level of the river is needed at an
appropriate location. These will be helpful to get scientific data and for early warning as well.

Also, careful planning is needed to select the location for establishing weather stations.

5.1.3.2.2. Flood forecasting and early warning system

An early warning system is vital for disaster risk reduction and it is important to allow
sufficient time for evacuation (Alias et al., 2020). In particular, timely warnings,
communication, and decision-making are critical (Morss et al., 2015). An effective
community-based early warning system must use local resources and capacities to prepare
effectively and respond to flooding events (Smith et al., 2017). In the study area, installing a
low-cost warning system for sustainable use is recommended, and it should be connected to
the residents' mobile phones so that they can act quickly. It is essential to understand how
people perceive flash flood risks and what influences their response to warning information
(Morss et al., 2016b).

People must also understand the importance of flash flood forecasts and early alerts.
Accordingly, local authorities should design and establish an upriver weather station with an
interconnected early warning system as soon as possible. Appropriate hydrological forecasts
can also be used to predict future water levels (Smith et al., 2014). The underlying spontaneity
of extreme flooding risks creates an extremely dynamic challenge (Morss et al., 2015).
Appropriate, accurate, and timely communication and an early warning system are essential
for saving lives.

5.1.3.2.3. Transmission of early warning

Flood warning broadcasts from various information sources are very important for

individuals to make evacuation decisions (Busato et al., 2016). Once a flood risk has been

detected, the early warning system will provide the first information. However, this may not
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be enough in some cases. In crisis communication, trust in the source of information is crucial;
therefore, disaster broadcasts, such as TV and radio, and their messages should be trusted by
the community (Murphy et al., 2014). Recently, a social networking service (SNS) has been
thought to be a more effective method of communication. In many developing countries, SNS
has become the most important means of communication for flood warnings. Using SNS
through a mobile phone would be the most effective and quick way for the people in the study
area.

The Nepal Government has already introduced advanced early alarm systems, e.g., in
the area of Imja and Tsho Rolpa Glacial lakes for future GLOF events. However, a simple and
cost-effective way should be adopted to transmit information. The early warning system helps
reduce economic losses and mitigate the number of injuries and deaths, allowing the
downstream communities to protect their lives and properties. Therefore, study suggest the
implementation of a mobile phone-based early alarming system, which is cost-effective and
easy for all those areas connected to the network coverage.

In Nepal, mobile coverage and internet connection are available even in remote areas.
In 2016, approximately 92% of the population in Nepal had access to a 2G mobile-phone
network at the minimum (Statista, 2021). The World Bank publishes mobile-phone
subscription data. Based on that, there were 139.4 mobile-phone handsets available in Nepal
in 2018 per 100 people (The World Bank, 2021). The research area is an adjoining part of
Pokhara city. There is 100% mobile-phone network coverage. Based on the social survey, 98%
of the people had a mobile phone handset.

Results of the field survey show that 98.6%, 98.8%, and 99.0 % of the 15- to 64-year-
olds have mobile-phone handsets in Masinabagar, Laltinbazar, and KIl-sing, respectively
(Table 5.8). Altogether 98.68 % of 15- to 64-year-old people have a mobile phone. Therefore,

an early warning system through mobile phones would be the best solution. Children at school
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can get assistance from teachers, and their parents can inform them at night. In Masinabagar,
Laltinbazar, and KI-sing, all students go to the local community school. Only about one-fourth
of the elderly people (> 64 years old) have direct access to early warning through a mobile
phone. They are most likely to get assistance from their family members at home, especially
at night. However, they need assistance from the community when they are alone during the
daytime or live alone.

Having a mobile phone is a necessity rather than a luxury even among the poor in recent
days. In Gandaki province (Kaski district lies in Gandaki province), 97.6% of the people in
rural areas and 97.7% in city areas have access to mobile phones. The prepaid billing system
and the low-priced mobile phone headsets (less than USD 10) are also major factors that have
increased its user base.

There is no postpaid system in Nepal. Most mobile companies offer free SIM
(Subscriber Identity/ldentification Module) cards, low-cost internet data packages, and low-
cost voice mail services. The official Nepal Telecom (official service provider) offers the SIM
card for NRS 90 (USD 0.80), which comes with NRS 50 (USD 0.45) credit. In total, 88.3% of
the poorest people have mobile phones (NPC & CBS 2018;CBS, 2018, 2019, 2020). Therefore,
using mobile phones for early warning is strongly recommended not only in the study area but

also in downstream communities in other parts of the country.
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Table 5.8 Mobile phone availability by age group in the three settlements.

Age group
i 15-64 ears
Settlements Population <15yearsold I y > 64 years old | Total
]
Total population 843 1368 92 2303
Population with mobile phone 0 1349 22 1371
Masinabagar Population without mobile phone 843 19 70 932
Percentage of population with
. 0.00 98.61 23.91 59.53
mobile phone
Total population 688 999 113 1800
Population with mobile phone 0 987 31 1018
Laltinbazar Population without mobile phone 688 12 82 782
Percentage of population with
. 0.00 98.80 27.43 56.56
mobile phone
Total population 267 442 77 786
Population with mobile phone 0 436 18 454
Kl-sing Population without mobile phone 267 6 59 332
Percentage of population with
. 0.00 99.00 23.00 58
mobile phone
Total population 1798 2809 282 4889
Population with mobile phone 0 2772 71 2843
Total Population without mobile phone 1798 37 211 2046
Percentage of population with
. 0.00 98.68 25.18 58.15
mobile phone
Source: Field survey in 2021

Nepal Telecom (NTC) operated new GSM towers in the rural and very remote areas

of Dolakha on December 5, 2017. Recently, NTC has been expanding the GSM network in

remote areas, to meet mobile coverage in all parts. The company has recently installed a new

GSM BTS base station tower in Dadakharka of Dolakha District. It covers Melung Village,

Dadakharka, Chinne, Fadke, Sarnthali, GhalDada, Bhedfu of Dolakha and Fulasi, Daduwa,

Hariya Chinne of Ramechhap. The mobile tower there benefits more than 4 thousand

customers in the area. Customers can not only make a call through their GSM mobile-phone

but also can use some internet data on their mobile-phone. Therefore, this study suggests a

mobile phone base alarming system for both areas.
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5.1.3.2.4. Making safer and wider evacuation routes

Evacuation is one of the important preparedness measures in disaster management, and
it requires careful modeling and planning (Lim et al., 2016, Shekhar et al., 2012). For safe
evacuations, a proper evacuation route is needed. Evacuation route recommendation plays an
important role in emergency safety management, especially for natural disasters (Bi et al.,
2019). The evacuation route should be the shortest, and routes to different shelters cannot
present intersection points either in order to allow continuous traffic flow and reduce potential
accidents (Jamrussri et al., 2018). At present, there is a very narrow, extremely bent, and
congested route available (Figures 3.6, 3.8, 3.9, 4.8, 4.9, and 4.11). In the future, evacuation
routes should be designed based not only on the shortest traveling distance, but also on the
existing population, geomorphological structure, and wider and easy-to-use roads.
5.1.3.2.5. Flood prevention using river embankment

Managing and monitoring natural and artificial river levees are crucial to reducing
hydrological risks (Busato et al., 2016). In addition to these processes that enable quick
evacuation, installing a river embankment is one of the important strategies to prevent and
reduce flood risk. It would not be realistic to install the embankment at every place in terms
of budget. However, if a river embankment is installed where the population is concentrated,

it would lead to a longer evacuation time.

5.1.3.3. Long-Term Strategies

Evacuations must be planned for safe execution, and those plans should be resourced (anticipating
all the resources required to complete a project), implemented, and reviewed. Local governments
have an important role in evacuation planning, and they need to consider local capacity and capability
to manage the evacuation process. This includes preparing a long-term disaster plan, shelter house,

and relocation sites.
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5.1.3.3.1. Long-term disaster preparedness plan and policies

Flood disaster plans in developing countries are mostly reactive, responding to
prevailing disaster situations (emergency response and recovery) (Tingsanchali, 2012). The
reactive response should be changed to a proactive response to increase management
effectiveness and reduce loss of life and properties. This study suggests that the plan should
address installing weather stations in the settlements.

Government and law-making agencies must establish new disaster plans for the
downstream communities. The local authority should make long-term sustainable plans for
vulnerable settlements such as Masinabagar, Laltinbazar, and Kl-sing. The authority should
also implement strict rules and regulations to avoid investment in the construction of buildings
and other infrastructure in areas prone to inundation. Landuse guidelines and codes are also
essential. The settlement of Gongar has the police station and hydropower facilities. Of the
Upper Tamakoshi Hydroelectric Project company. This is the near-complete 456 MW project,
the largest hydropower project in Nepal, and the project that will generate a power output
equivalent to two-thirds of Nepal’s current power generation. Therefore, maintaining and

protecting the facilities are important not only for Singati but also for the country of Nepal.

5.1.3.3.2. Prohibition of construction of new buildings

Riverside communities often face situations that require creative short and long-term
housing plans. Effectively moving survivors into post-disaster housing is a critical step toward
long-term recovery. However, most parts of the country do not have disaster housing plans.
While some housing programs were federally introduced not at the national level planning for
disaster, housing should occur at all levels of government before a disaster strike. Recently,
the local government introduced a city planning act in Pokhara that strictly prohibited the

construction of new houses within 10 m of the riverside. However, a lack of enforcement
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means that these processes have not yet completely stopped. Furthermore, no planning exists
for those already living in the riverside area. However, there is no plan exist for the Tamakoshi

river basin.

5.1.3.3.3. Shelter

When flooding occurs, people should be evacuated safely to designated shelters along
the optimal routes to minimize serious damages to lives and properties (Park et al., 2020). An
adequate shelter has a significant impact on human survival in the initial stage of a disaster,
and that requires more than just a roof for a space to be habitable (Lim et al., 2019). Temporary
houses or transitional shelters are the most important when no other alternatives are available.
Shelters provide immediate and short-term stay for the victims, help them recover from the
trauma of a disaster and provide a base to start the process of rehabilitation (Bashawri et al.,
2014; Wagemann, 2017). Making a shelter and meeting its needs in the pre-and post-disaster
stages remain a major challenge for the government. A shelter location may be required for
periods that extend for several months or even years after a disaster, but local authorities
should prioritize this factor when planning and designing shelters. The government can
categorize shelter types, such as emergency, temporary, or permanent shelters (Lim et al.,
2019). The government should ensure that emergency shelters are accessible and far away
from vulnerable slopes, and allow large numbers of people (Liu et al., 2011). Therefore, the
emergency shelters should have adequate space, basic living requirements, and be located in
safe areas (Jamrussri et al., 2018). Moreover, there are no shelter houses present in the
considered locations, and the local government should consider the design of shelter houses
for the future.

Providing adequate shelters is one of the most intractable problems in international
humanitarian response (Davis, 2011). Tents are too costly and do not last long enough.

Rebuilding houses take years, even when land issues are not major obstacles (Davis, 2011).
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Increasing quality while reducing the time and costs of progressing disaster-affected
populations from emergency shelter to permanent housing is key for improving post-disaster
resilience (Lines et al., 2022). Another major issue is in a post-disaster context. The higher
the level of resources being invested in temporary housing measures, the less is available for
permanent reconstruction (Zhang et al., 2014). Costly houses are not suitable for all post-
disaster people especially if they are poor. Therefore, locally available materials used for
temporary housing projects are required. Disaster relief temporary housing policy needs to be
developed in all rural areas with affected communities, with those experiencing disasters in

the past. This will greatly benefit future disaster survivors.

5.1.3.3.4. Structure, material, and fire safety
Plastic sheeting can be good but most often is low quality and falls apart immediately
(Sanderson et al., 2014). So, the shelter building must be structurally sound to protect residents
from the elements and not pose any threat to the health and safety of the residents. There must
be at least one working smoke detector in each occupied unit of the shelter. Where possible,
smoke detectors must be located near sleeping areas. The fire alarm system must be designed
for hearing-impaired residents. All public areas of the shelter must have at least one working
smoke detector. There must also be a second means of exiting the building in the event of a
fire or another emergency.

The critical importance of promoting housing designs and building technologies that are
not only safe but also culturally appropriate, affordable, comfortable, and sustainable is
recognized by the handbook for housing reconstruction recently published by the World Bank
(Jha et al., 2010).
5.1.3.3.5. Space and security

Except where the shelter is intended for day use or long term, the shelter must provide

each person in the shelter with an acceptable place to sleep and security for themselves and
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their belongings. Disaster shelters are considered vital for personal safety, climate protection,
security, and resistance to disease and ill health. Such shelters are commonly used until a
displaced group of people can be re-housed in either their rehabilitated original dwellings or

new permanent accommodations (Bashawri et al., 2014).

5.1.3.3.6. Air quality, water supply, sanitary facilities and hygiene

Each room or space within the shelter must have a natural or mechanical means of
ventilation. The interior air must be free of pollutants at a level that might threaten or harm the
health of residents. The shelter's water supply must be free of contamination. When an
emergency or temporary shelter is not provided with basic facilities it can cause many health
problems, including acute respiratory infections, cholera epidemics, gastroenteritis, and
measles, particularly among young children (Van Rooyen & Leaning, 2005).

Each person in the shelter must have access to sanitary facilities that are in proper
operating condition. The shelter must be maintained in a sanitary condition. Personal and
environmental hygiene is required to protect people’s health. Water, sanitation, and hygiene
infrastructure and facilities have to be adequate in the shelter house (Bashawri et al., 2014).
5.1.3.3.7. Food and electricity

In the shelter house, survivors’ nutrition should be considered, such as their ability to
store, prepare, and cook food (Bashawri et al., 2014). Food preparation areas, if any, must
contain suitable space and equipment to store, prepare, and serve food in a safe and sanitary
manner. There must be sufficient electrical sources to permit the safe use of electrical
appliances in the shelter.
5.1.3.3.8. Relocation

Relocation implies permanently moving to a new location. Relocation is a process that

introduces a newly built area for the displaced community (Sridarran et al., 2018). Population
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resettlement is a complex process that can create serious social, economic, and cultural
problems for the people involved if it is not implemented properly (Bang et al., 2012).

As per our findings, the population in this area is very poor, and therefore, the relocation
plan should be free of cost. To help the resettled households adapt to the new environments,
the local government should make development plans, which should include various job
opportunities (Chen et al., 2008). Therefore, the local government should make a long-term
plan for those vulnerable settlements. This research identified many houses, schools, office
buildings, and livestock farms that are within high-risk areas (Figures 3.3, 3.4, 3.5, 4.3, 4.4
and 4.5 and 4.6). Therefore, the local government should take action to relocate these to safe

places as soon as possible.
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5.1.3.4. Slope and taken time calculation of each evacuation route

During a flood disaster, people need to evacuate themselves as soon as possible. Various
complex factors can influence evacuation time. Evacuation time (ET) is affected by various
factors such as slope, distance, and physical status. The walking speed during evacuation
depends on the physical ability of the individual and the conditions of the evacuation route
(Bae & Kobayashi, 2021). This research suggests that the purposed evacuation route can serve
as the basis for the conceptual framework and help local government in decision-making for
future planning. In the following section, this research presents the time taken during
evacuation by age group.

The population was classified into four age groups: under 15-year-old, 15-40-year-old,
40-65-year-old, and above 65-year-old (Figure 2.7, Table 5.9). In total 31 residents were
invited to walk on the five experimental routes. The result found that walking speed is
decreased by increasing age. Walking speed decreases on the uphill slope speed, whereas it
increases on flat or down slope.

Table 5.10 shows the 40-60 years age people and >65 age people needed a long time to
finish all five routes. As shown in Table 5.10 the evacuation time for the elderly group (>65)
was 2.28 m/s, adult group (15-40) was 1.09 m/s, middle-aged group (40-65) was 1.95 m/s and

children group (<15) was 1.22 m/s.
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Table 5.9 Walking speed collected form field by age group.

Route | Age |T|me (s)l Height (ft) | Weight (kg) |Route Age[Tlme (s)l Height (ft) | Weight (kg)
56 141 5 56 27 55 5.4 65
22 94 54 50 8 75 311 16
10 53 4 25 14 59 5 42
15 77 54 50 38 61 5 56
43 85 5.7 82 22 55 5.4 50

7 103 4 26 72 84 5 45
4 112 3.6 18 18 58 5 42
5 106 3.8 21 7 78 4 26
1 16 59 5.2 53 4 79 36 18
9 72 4.2 29 2 5 83 3.8 21
18 61 5.6 58 16 56 52 53
69 132 53 51 9 76 4.2 29
73 145 5.2 56 18 54 5.6 58
78 168 53 49 69 92 53 51
32 54 55 64 73 96 52 56
48 51 5.2 52 78 107 53 49
42 46 51 62 32 59 5.5 64
4 84 33 18 48 62 52 52
4 86 3.5 21 42 60 51 62
17 59 5.2 53 4 84 3.3 18
8 64 3.11 16 4 86 3.5 21
18 61 5:5 56 38 65 5 56
38 58 5 56 8 63 311 16
22 50 5.4 50 30 62 5 62
14 56 5 42 22 66 5.4 50
7 75 4 26 14 62 5 42
4 83 3.6 18 29 61 5.6 65
5 79 3.8 21 7 85 4 26
3 16 56 5.2 53 4 95 3.6 18
9 61 42 29 5 105 3.8 21
18 57 5.6 58 4 16 58 5.2 53
69 88 53 51 9 59 4.2 29
73 92 5.2 56 18 52 5.6 58
78 98 53 49 69 105 53 51
32 59 55 64 73 112 52 56
48 64 52 52 78 118 53 49
42 62 59 62 32 54 5.5 64
4 84 33 18 48 57 52 52
4 86 35 21 42 56 51 62
4 84 33 18

4 86 35 21

30 35 5 62 9 59 4.2 29
29 29 5.6 65 18 30 5.6 58
38 32 5 56 69 62 53 51
14 30 5 42 73 65 52 56
5 8 48 311 16 5 78 68 53 49
22 30 5.4 50 32 30 5.5 64
7 52 4 26 48 60 5.2 52
4 58 3.6 18 42 58 51 62
5 55 3.8 21 4 84 33 18
16 28 5.2 53 4 86 3.5 21

Source: Field survey in 2022.
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Table 5.10 Relationship between slope degree and taken time for walking by age group. (Time

in second)
Time taken (second)
Slope (degree) 0-15 age 15-40 age | 40-65 age >65 age
group group group group R?
<5 45.7 37.6 64.1 109.1
5to0 10 47.3 39.2 65.7 110.7
10 to 15 50.5 42.3 68.9 113.8
15-20 54.7 46.5 73.1 118.1
20-25 57.1 48.9 75.5 120.5
25-30 60.9 52.7 79.3 124.3
30-35 65.4 57.2 83.8 128.8 0.59
35-40 70.3 62.1 88.7 133.7
40-45 73.1 64.9 91.5 136.5
>45 79.9 71.8 98.3 143.3
Average time
(second) 60.49 52.30 78.90 123.89
Average speed
(m/s) 1.22 1.09 1.95 2.28

Source: Field survey in 2022.

5.1.3.5. Seti river basin

5.1.3.5.1. Masinabagar

Table 5.11 shows the calculated walking time under the slope criteria based on age group.
It shows the proposed evacuation route and existing evacuation route and its completion time
based on age group. Figure 5.2 shows the relationship between age group and walking speed.
Elderly people and 40-65 years old people take a longer time to compare to children and adults
(<40 years old).

In this section, route number 3 required the shortest time taken and route number 8
required the longest time. Interestingly route number 8 is the only existing route although it is

steep and longest.
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Table 5.11 Evacuation completion time calculated in each segment based on age group in
section a, Mainabagar.

Time (second) Time (second)
Section |Route| Start End Segment | Slope Route| Start End Segment | Slope
Name | no |elevation |elevation |length (m) | (degree) Age group | Age group |Age Group |Age Group no |elevation |elevation |length (m) | (degree) Age group | Age group | Age Group | Age Group
1(<15) |2 (15-40) |3 (40 - 65) |4 (>65) 1(<15) |2 (15-40) |3 (40-65)| 4 (>65)

898.5 910.4 27.8 44 436 354 62.0 107.0 893.9 895.6 16.4 442 755 67.3 939 1389
897.1 909.6 13.7 215 52.0 438 704 1154 895.6 898.2 7.8 10.2 377 295 56.1 101.1
1 898.5 908.1 26.0 15.1 529 44.7 713 116.3 7 898.2 903.8 284 8.1 47.5 39.3 65.9 110.9
903.0 906.9 113 39.2 67.7 59.5 86.1 1311 892.2 893.6 226 8.4 444 36.2 62.8 107.8
912.8 916.4 6.8 384 64.4 56.2 82.8 127.8 893.6 897.2 17.8 6.6 40.0 318 584 1034
895.9 899.9 211 23.0 57.7 49.5 76.1 1211 897.2 9033 8.0 50.9 77.0 68.8 95.4 1404
2 903.9 911.2 234 159 52.2 440 70.6 115.6 903.3 911.0 188 188 523 442 70.7 115.7
903.8 911.1 75 54.6 80.3 72.1 98.7 1437 892.0 893.8 146 146 459 37.7 64.3 109.3
911.0 9184 75 25.2 52.0 438 704 1154 893.8 8933 16.5 04 333 25.1 51.7 96.7
© 909.1 9183 131 54.0 829 74.7 101.3 1463 8 8933 8973 19.9 5.8 404 322 58.8 103.8
c 3 896.7 910.2 220 4.6 405 323 58.9 103.9 8973 902.4 25.1 7.7 45.2 37.0 63.6 108.6
.g 893.6 898.5 232 17.0 53.1 449 715 116.5 902.4 909.1 124 44.6 735 65.3 919 136.9
° 915.1 916.3 121 26.0 55.4 47.2 738 118.8 891.7 892.7 17.4 36.7 68.8 60.6 87.2 132.2
‘:. 894.8 895.4 16.0 203 52.1 439 705 115.5 892.7 896.7 35.6 11.2 54.7 46.5 731 118.1
g 895.4 899.0 149 125 440 358 624 107.4 910.2 917.6 179 22 358 276 54.2 99.2
8 4 899.0 903.0 10.0 5.0 34.0 258 524 974 9 889.9 893.6 242 5.7 428 346 61.2 106.2
e 906.9 908.2 27.8 144 53.3 45.1 71.7 116.7 898.5 907.5 123 342 63.4 55.2 81.8 126.8
E 892.8 894.9 83 554 815 733 99.9 1449 907.5 917.6 203 342 68.0 59.8 86.4 1314
= 894.9 894.9 58 52.3 77.1 68.9 95.5 1405 889.8 892.7 209 18.4 53.2 45.0 71.6 116.6
894.9 896.0 9.2 28.2 55.9 47.7 743 1193 892.7 896.7 26.1 22 40.6 324 59.0 104.0
896.0 897.9 30.0 46 45.1 36.9 63.5 108.5( 10 896.7 906.9 429 8.4 56.2 480 74.6 119.6
5 897.9 906.5 25.8 140 51.7 435 70.1 1151 906.9 915.1 20.2 200 54.2 46.1 726 117.6
906.5 912.8 9.2 55.4 82.1 739 100.5 145.5 894.1 894.5 14.1 9.4 40.6 324 59.0 104.0

891.8 892.6 74 534 79.2 71.0 97.6 142.6

892.6 894.9 16.6 443 75.6 67.4 94.0 139.0

8949 896.8 26.8 89 474 39.2 65.8 110.8

6 896.8 897.9 29.0 5.6 455 373 63.9 108.9

897.9 903.9 9.2 28.1 55.8 47.6 742 119.2

891.6 893.9 83 52.8 79.0 70.8 97.4 1424

Source: Field survey in 2022.
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Figure 5.2 Relationship between age group and walking speed (crossing time) in
Masinabagar section a, routes 1-10. Note: Time is presented in minutes. (See Figure

3.5 for location)
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Table 5.12 shows the evacuation times for seven evacuation routes based on slope and

age group. Figure 5.3 shows the relationship between walking speed and age group. Based on

the results in this section, route number 6 requires the shortest time needed taken and route

number 1 requires the longest time needed. Route number 1 is the only existing route, which

is the longest time needed route among all routes.

Table 5.12 Evacuation completion time calculated in each segment based on age group in
section b (left side) Mainabagar.

Time (second)

Section Route Start End Segment Slope
Name no elevation | elevation | length (m) | (degree) Agegroupl.(Agegroup 2{Age Group |AgeGroup
(<15) (15 - 40) 3 (40-65) |4 (>65)

889.0 898.0 171 48.5 79.9 71.8 98.3 143.3

887.6 893.2 28.7 4.2 44.0 35.8 62.4 107.4

1 886.4 893.5 34.7 3.8 47.0 38.8 65.4 1104

886.4 889.4 15.7 2.8 35.1 26.9 53.5 98.5

892.7 891.6 173 29 36.1 279 54.5 99.5

890.8 892.2 11.0 16.7 45.8 37.6 64.2 109.2

8874 895.7 22.7 13.4 49.4 41.2 67.8 112.8

g ) 889.0 887.8 30.3 2.5 433 35.1 61.7 106.7
@ 887.8 886.5 354 0.1 43.9 35.7 62.3 107.3
%’ 886.5 886.9 209 32.7 66.9 58.7 85.3 130.3
i’ 886.9 8874 16.7 53.8 84.8 76.6 103.2 148.2
- 3 895.7 897.5 32.2 14 433 35.1 61.7 106.7
-g 887.1 886.3 10.6 6.0 35.2 27.0 53.6 98.6
§ 886.3 886.4 144 244 55.1 46.9 73.5 118.5
-~ 889.4 895.2 289 24.6 63.7 55.5 82.1 127.1
& 4 886.6 886.1 184 8.8 425 34.3 60.9 105.9
8 886.1 885.5 121 115 41.3 33.2 59.7 104.7
s 885.5 889.0 23.7 0.3 373 29.1 55.7 100.7
'g 886.6 885.0 26.3 21.2 58.9 50.7 77.3 122.3
= 5 885.0 886.4 19.7 15.8 49.9 41.7 68.3 113.3
893.5 8934 24.9 0.2 379 29.7 56.3 101.3

884.5 887.6 43.7 2.6 51.1 42.9 69.5 114.5

6 893.2 893.3 18.7 0.2 343 26.2 52.8 97.7

892.6 892.7 19.9 8.8 43.3 35.1 61.7 106.7

891.6 8933 374 3.7 48.5 40.3 66.9 111.9

7 890.8 890.8 16.3 04 33.2 25.0 51.6 96.6

892.2 902.6 14.9 36.9 67.5 59.3 85.9 130.9

Source: Field survey in 2022.
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Figure 5.3 Relationship between age group and walking speed (crossing time) in
Masinabagar section b (left side), routes 1-7. Note: Time is presented in minutes. (See
Figure 3.5 for location).
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Table 5.13 shows the total six evacuation routes and crossing times based on slope and

age group. It shows the proposed evacuation route and existing evacuation route. Similarly,

Figure 5.4 shows the relationship between age group and walking speed. Based on the results

in this section route number 4 is the shortest time taken and route no 2 is the longest time taken

routes. Route no one is the only existing route where all the people depend on route among the

all.

Table 5.13 Evacuation completion time calculation in each segment based on age group in
Mainabagar section b (right side).

Section | Route Start End Segment Slope Troe {second]
Name no elevation | elevation | length (m) | (degree) Agegroup:d (Agegraup.2|fgeGroup |Age Group
(<15) (15-40) [3(40-65) |4 (>65)

902.8 904.7 80.1 19 713 63.2 89.7 134.7

902.9 904.5 10.3 38.1 66.1 57.9 84.5 129.5

1 901.6 901.3 7.1 445 70.4 62.2 88.8 133.8

896.9 901.2 7.6 434 69.6 61.4 88.0 133.0

896.3 900.6 14.6 154 46.6 384 65.0 110.0

900.0 899.8 17.9 5.9 394 31.2 57.8 102.8

887.4 891.4 36.7 53 49.6 41.5 68.0 113.0

891.4 897.4 14.6 29.6 60.4 52.2 78.8 123.8

897.4 900.7 15.8 32.2 63.5 55.3 81.9 126.9

m 2 900.7 902.9 54 34.1 593 51.1 77.7 122.7
E 904.5 905.5 12.0 17.6 473 39.1 65.7 110.7
x 885.8 890.2 15.9 0.5 329 24.8 51.3 96.3
E%D 890.2 899.5 23.0 34 39.9 31.7 58.3 103.3
; 899.5 901.4 28.8 1.2 41.1 32.9 59.5 104.5
c 901.4 903.5 119 26.2 55.5 47.3 73.9 118.9
% 3 903.5 903.6 121 29.1 58.4 50.3 76.8 121.8
g 903.6 902.8 11.2 30.3 59.0 50.8 77.4 122.4
o 884.1 887.2 19.9 233 57.3 49.1 75.7 120.7
gb 887.2 890.7 27.7 3.0 42.2 34.0 60.6 105.6
E 890.7 897.8 49.5 8.8 60.4 52.2 78.8 123.8
g 4 897.8 902.5 326 213 62.7 54.5 81.1 126.1
o 902.5 901.6 8.9 28.0 55.5 47.3 73.9 118.9
= 882.9 889.8 329 1.1 434 35.2 61.8 106.8
889.8 896.9 53.5 79 61.9 53.7 80.3 1253

5 901.2 901.6 23.8 22.8 59.0 50.8 77.4 1224

882.4 887.8 11.8 499 78.3 70.1 96.7 141.7

887.8 896.3 35.6 1.2 45.0 36.8 63.4 108.4

900.6 900.1 27.2 0.6 39.6 314 58.0 103.0

881.7 891.3 29.7 32.2 71.5 63.3 89.9 1349

6 891.3 897.6 8.9 37.9 65.0 56.8 83.4 1284

897.6 900.6 33.8 8.8 51.4 432 69.8 114.8

900.6 900.0 24.2 24 39.7 31.5 58.1 103.1

Source: Field survey in 2022.
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Figure 5.4 Relationship between age group and walking speed in section b (right side), routes
1-6 Masinabagar. Note: Time is presented in minutes. (See Figure 3.5 for location)

Table 5.14 shows four evacuation routes in section ¢ and one route in section d. Figure
5.5 and Figure 5.6 shows the relationship between walking speed and age group. Route
number 1 is the shortest and route number 2 is the longest route. Route number 1 is the only

existing route for both areas. In section d, most users of the route are children became primary

school is located at the end point of the routes.
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Table 5.14 Evacuation completion time calculated in each segment based on age group in
sections C and D, Mainabagar.

Time (second)
Section Name | Route no S8 Bl Segrent HHE Age group |Age group [Age Group |Age Group
elevation | elevation |length (m)| (degree)
1 (<15) 2 (15-40) |3 (40 - 65) |4 (>65)
887.0 891.0 14.6 27.2 58.0 49.8 76.4 1214
887.1 882.3 54.3 0.2 54.8 46.6 73.2 118.2
1 888.1 900.0 194 13.1 471 39.0 65.5 110.5
882.3 893.4 19.9 23.1 57.0 48.8 75.4 120.4
879.8 879.9 10.3 7.7 36.7 28.5 55.1 100.1
879.9 882.5 12.3 346 63.8 55.7 82.2 127.2
882.5 887.0 15.1 3.6 35.6 274 54.0 99.0
- 2 891.0 891.8 18.3 246 57.7 49.5 76.1 1211
s 877.7 878.1 235 15.6 52.0 43.8 704 1154
£ 878.1 877.8 12.6 41.6 70.8 62.6 89.2 134.2
3’1 877.8 878.2 10.8 18.6 47.6 394 66.0 111.0
Eh 878.2 881.1 153 19.0 50.5 423 68.9 113.9
_'.r: 881.1 888.1 18.8 21 36.2 28.0 54.6 99.6
£ 3 876.5 877.1 14.4 15 33.1 249 515 96.5
g 877.1 878.3 143 2.8 343 26.1 52.7 97.7
878.3 879.2 17.9 16.2 493 41.1 67.7 112.7
879.2 881.0 10.7 441 72.0 63.8 90.4 135.4
881.0 882.3 10.1 17.2 45.8 37.6 64.2 109.2
877.2 878.1 323 1.8 43.7 35.5 62.1 107.1
4 878.1 878.2 129 9.8 40.2 32.0 58.6 103.6
878.2 881.1 8.6 9.9 37.9 29.7 56.3 101.3
881.1 887.1 4.4 40.2 64.7 56.5 83.1 1281
882.3 900.0 5.9 22.6 48.6 40.4 67.0 112.0
Masinabagar, 1 876.1 883.7 120.4 6.3 98.9 90.7 1173 162.3
Section D 875.6 876.4 59.4 1.3 58.9 50.7 77.3 122.2

Source: Field survey in 2022.
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Figure 5.6 Relationship between age group and walking speed in section c, routes 1-4,
Masinabagar. Note: Time is presented in minutes. (See Figure 3.5 for location).
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Figure 5.5 Relationship between age group and walking speed in
section d (primary school). 1-4, Masinabagar. Note: Time is

presented in minutes. (See Figure 3.5 for location).

153



5.1.3.5.2. Laltinbazar
Table 5.15 shows the evacuation time for the proposed nine routes of section a,
Laltinbazar. Figure 5.7 shows the relationship between age group and walking speed on routes

one to nine. Based on the results route 8 is the longest and route 3 is the shortest one.

Table 5.15 Evacuation completion time calculation in each segment based on age
group in Laltinbazar section a.

Section Bogiens Sta r.t End~ Segment Slope F—— ;zjep(si‘:;n;r)oup pr——
Name elevation | elevation |length (m)| (degree)

1 (<15) 2 (15 - 40) |3 (40 - 65) |4 (>65)

874.9 879.1 21.7 294 64.2 56.0 82.6 127.6

1 864.0 867.3 19.8 36.9 70.4 62.2 88.8 133.8

862.9 865.1 21.6 15.5 50.7 42.5 69.1 114.1

883.2 889.5 25.7 34.6 71.5 63.3 89.9 134.9

2 866.0 867.4 21.6 234 58.4 50.2 76.8 121.8

864.1 867.5 23.9 27.6 63.8 55.6 82.2 127.2

865.0 864.0 54.8 77 62.3 54.2 80.7 125.7

3 864.0 862.9 23.8 9.8 46.5 38.3 64.9 109.9

862.2 860.5 30.2 30.8 70.4 62.2 88.8 133.8

886.5 895.4 48.4 6.8 57.8 49.6 76.2 121.2

872.5 879.8 16.7 36.9 68.5 60.3 86.9 131.9

a 879.8 883.2 30.0 4.3 44.8 36.6 63.2 108.2

874.8 879.9 17.5 0.5 34.0 25.8 524 97.4

879.9 886.5 27.7 3.6 42.8 34.6 61.2 106.2

© 872.6 874.9 35.5 0.9 44.7 36.5 63.1 108.1

5 879.1 898.1 95.0 1.5 79.5 71.3 97.9 142.9

g 5 860.6 866.8 225 23.0 58.5 50.3 76.9 121.9

-~ 866.8 865.5 42.4 1.1 48.8 40.6 67.2 112.2

E 865.5 865.4 39.4 3.8 49.8 41.6 68.2 113.2

‘é 865.4 864.4 61.7 5.5 64.2 56.0 82.6 127.6

% 864.4 864.0 12.0 124 42.3 34.1 60.7 105.7

- 6 858.9 864.1 18.9 22.6 56.0 47.8 74.4 1194

864.1 864.5 72.4 1.7 66.6 58.5 85.1 130.0

864.5 866.0 28.9 0.3 40.3 32.1 58.7 103.7

859.6 861.1 106.0 1.0 85.4 77.2 103.8 148.8

7 861.1 865.4 16.7 29.6 61.5 53.3 79.9 124.9

865.4 864.2 19.6 9.9 44.2 36.1 62.7 107.6

864.2 864.1 60.5 4.4 62.4 54.2 80.8 125.8

858.2 863.1 59.7 3.7 61.3 53.1 79.7 124.7

863.1 865.0 97.0 1.1 80.3 72.2 98.7 143.7

8 864.0 866.6 18.1 23.2 56.2 48.0 74.6 119.6

859.5 863.7 33.3 0.9 43.5 35.3 61.9 106.9

863.7 864.0 66.6 3.3 64.9 56.7 83.3 128.3

862.9 865.1 101.3 1.7 83.3 75.1 101.7 146.7

9 862.6 862.2 19.2 2:2 36.6 28.4 55.0 99.9

860.5 864.8 88.6 4.8 79.1 70.9 97.5 142.5

Source: Field survey in 2022.
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Figure 5.7 Relationship between age group and walking speed (crossing time) in section a,
routes 1-9, Laltinbazar. Note: Times presented in minutes. (See Figure 3.7 for location)
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Table 5.16 shows the evacuation time for the proposed 18 routes of section b, Laltinbazar.
Figure 5.8 shows the relationship between walking speed and age group on routes 1 to 18.

In this section, routes 1 and 7 are existing. Route 7 is a lengthy and narrow route for
evacuation. Based on the results, routes 8 (16.2 m) and 7 (15.0 m) are the routes that required
the longest evacuation time. Therefore, another alternative evacuation route is an urgent need

to cut down the pressure of this route.
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Table 5.16 Evacuation completion time calculated in each segment based on age group in
section b, Laltinbazar.

bl sm}t E"d. Segent. | Slope Age group Ase;:l‘lep(s:zn::oup Age Group | Route no sm} End- T, | Tos Age group ME;:P(SZ‘:“:')O"P Age Group
Name elevation | elevation |length (m) [ (degree) elevation | elevation |length (m) [ (degree)

1(<15) |2 (15-40) |3 (40 - 65) |4 (>65) 1(<15) |2 (15-40) |3 (40 - 65) |4 {>65)

8446 855.2 49.2 70 58.4 50.2 76.8 1218 851.9 854.2 145 399 70.2 62.0 88.6 133.6

1 857.9 8613 46.2 27 52.6 444 710 116.0 854.2 857.1 300 39 444 36.2 62.8 107.8

860.8 861.5 29.8 6.6 46.9 38.7 65.3 1103 9 857.1 860.8 161 142 46.3 38.1 64.7 109.7

855.8 858.9 364 84 524 442 708 1158 850.7 8485 118 28.1 57.2 49.1 75.6 120.6

857.1 857.8 258 31 41.2 330 59.6 104.6 848.5 8486 149 47.7 779 69.7 96.3 1413

2 856.7 860.1 112 15 312 231 496 94.6 848.6 849.6 86 04 28.7 20.5 471 92.1

859.4 861.2 10.0 6.7 356 274 54.0 99.0 849.6 8534 182 524 84.4 76.2 102.8 147.8

858.6 861.4 19.2 7.7 41.8 336 60.2 105.2 853.4 8575 343 31 46.1 379 64.5 109.5

865.7 875.1 255 27 40.7 325 59.1 104.1 10 857.5 857.8 171 198 523 441 70.7 115.7

3 8729 880.7 224 32 393 312 57.7 102.7 857.8 865.7 111 36.1 64.6 56.4 83.0 128.0

861.8 8714 211 113 46.4 383 64.8 109.8 849.2 848.0 6.9 2438 513 431 69.7 1147

859.6 876.1 249 133 50.5 423 68.9 1139 848.0 850.3 15.1 19.7 51.0 429 69.5 1144

8452 8525 176 193 52.1 440 706 1155 8503 8619 205 44 395 313 579 102.9

8472 8459 144 185 495 413 679 1129 1 861.9 8729 296 30 433 351 61.7 106.7

4 8442 8486 191 16 359 27.7 543 99.3 880.7 880.7 335 345 759 67.7 943 1393

843.0 848.6 243 112 48.1 399 66.5 1115 848.6 8476 119 184 479 39.7 66.3 1113

8433 858.8 148 73 38.9 30.7 573 102.3 8476 8509 143 18.7 49.7 41.5 68.1 113.1

& 842.0 8614 188 9.6 435 353 619 106.9 850.9 8618 37.8 19.1 63.6 55.4 82.0 127.0

g 854.7 855.9 26.2 114 49.4 413 678 112.8 1 8714 880.0 35.1 5.0 484 40.2 66.8 111.8

B 5 855.9 857.9 205 74 423 341 60.7 105.7 847.6 846.7 297 108 50.9 427 69.3 1143

& 854.9 855.7 19.1 18.1 51.9 437 703 115.2 846.7 8458 176 16.8 49.7 415 68.1 113.1

i 855.7 855.8 139 9.2 40.2 320 58.6 103.6 8458 8574 431 31 511 429 69.5 1145

§ 860.4 861.0 265 10.6 488 406 67.2 1122 13 857.4 859.6 27.7 28 420 338 60.4 105.4

5 858.9 860.4 20.2 22 372 290 556 100.6 876.1 878.8 353 19.2 62.2 54.0 80.6 125.6

5 6 854.0 854.7 9.8 312 59.1 50.9 775 1225 846.7 8484 46.2 9.6 593 51.1 777 122.7

854.7 857.1 259 155 533 45.1 717 116.6 14 8484 8452 204 0.8 359 27.7 543 993

857.8 861.1 138 16.7 47.4 39.2 65.8 1108 8525 8554 347 47 479 39.7 66.3 1113

8516 854.2 26.2 28 411 33.0 59.5 1045 846.5 847.2 15.2 255 56.7 48.5 75.1 120.1

854.2 853.9 144 53 36.7 28.6 55.1 100.1 8459 8527 444 125 61.0 52.8 79.4 1244/

853.9 856.7 153 31 35.2 270 536 98.6 846.0 8458 216 2.7 384 303 56.8 101.8

7 860.1 861.1 8.6 9.7 376 294 56.0 101.0 15 8458 8442 45.2 5.0 54.2 46.0 726 117.6

850.2 853.2 6.6 313 57.3 492 75.7 120.7 8486 8525 123 13.0 43.0 348 61.4 106.4

853.2 854.7 8.1 29.1 56.1 479 745 1195 844.7 8453 138 27.1 574 49.2 758 120.8

854.7 858.1 118 247 54.0 458 724 1174 8453 8430 418 255 721 63.9 90.5 1355

858.1 859.4 8.0 46.1 724 64.2 90.8 1358 16 8523 8539 298 16 421 339 60.5 105.5

848.7 849.2 185 509 83.1 749 1015 146.5 8486 8523 49.4 0.5 523 441 70.7 115.7

849.2 8522 147 147 46.0 378 644 109.4 8438 8443 154 313 62.4 54.2 80.8 125.8

852.2 856.3 6.7 08 28.0 198 46.4 914 8443 8446 780 199 87.5 793 105.9 150.9

8 856.3 858.6 319 32 448 36.6 63.2 108.2 17 855.2 860.1 525 0.2 53.8 45.6 722 117.2

850.2 849.4 73 511 76.8 68.6 95.2 140.2 843.2 8433 23.7 395 75.1 66.9 93.5 138.5

8494 8489 5.1 527 77.1 68.9 95.5 1405 858.8 876.2 759 256 918 836 110.2 155.1

848.9 849.8 53 6.3 325 243 509 95.9 18 8426 8420 39.7 14 476 394 66.0 111.0

849.8 8519 89 48.0 74.8 66.6 93.2 138.2 861.4 8771 36.1 43.6 86.2 78.0 104.6 149.6

Source: Field survey in 2022.
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Figure 5.8 Relationship between age group and walking speed in section b, routes 9-
18, Laltinbazar. Note: Time presented in minutes. (See figure 3.7 for location).
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Figure 5.8 (continued).
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5.1.3.5.3. KI-Sing

The right bank side of the part belongs to the temple and religious centers. Therefore,
elderly people mostly visit this area. The left bank side is an adjoining part of Pokhara city
itself with high population density. Table 5.17 shows the evacuation time calculated in both
sections (right bank side and left side). Similarly, Figure 5.9 represents the evacuation routes
(a total of 9 evacuation route) in the left bank side. Route number 4 is the longest and route
number 7 needs less time foe evacuation. Figure 5.10 shows the right side of the KI-Sing
section. There are a total of 4 evacuation routes proposed. Route number 2 needs the longest

time for evacuation and route number 1 needs shorter time for evacuation.
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Table 5.17 Evacuation completion time calculated in each segment based on age group
in KI-Sing (left side and right side).

Section [Route| Start End Segment | Slope Himes{sscond)

Name | no |elevation |elevation|length (m) | (degree) Agegroup, |Age group’ |AgeiGroup | Age:Group

1 (<15) 2 (15 -40) |3 (40 - 65) |4 (>65)
1 882.6 883.1 52.8 0.6 56.0 47.8 74.4 1194
8824 883.8 42.3 29 48.6 404 67.0 1119
5 882.3 881.9 83.6 0.7 721 63.9 90.5 135.5
878.5 881.8 33.8 74 58.2 50.1 76.6 121.6
880.7 881.4 479 24 53.8 45.6 72.2 117.2
3 881.1 881.0 344 0.2 54.7 46.5 731 118.1
875.3 880.5 33.7 15.5 434 35.2 61.8 106.8
T 881.8 884.1 49.7 215 72.7 64.5 911 136.1
= 4 879.9 881.0 16.3 23 33.0 24.8 514 96.4
“§ 881.0 881.4 48.2 0.8 51.2 43.0 69.6 114.6
E 5 877.2 882.6 525 16.0 54.3 46.1 72.7 117.7
(7] 878.5 882.6 28.9 11.9 45.8 37.6 64.2 109.2
= 6 882.6 882.4 43.9 0.6 55.8 47.6 74.2 119.2
881.9 881.9 433 0.2 49.6 414 68.0 113.0
; 881.9 881.8 26.7 0.1 41.0 32.8 594 104.4
880.5 882.3 17.6 6.0 35.8 27.6 54.2 99.2
3 881.8 8824 44.2 13 49.0 40.8 67.4 1124
881.1 880.7 24.4 24 55.1 46.9 73.5 118.5
9 876.6 881.1 34.0 18.3 57.9 49.7 76.3 1213
880.5 881.1 28.7 2.1 42.0 33.8 60.4 105.4
869.7 872.6 33.0 5.2 77.6 69.4 96.0 141.0
1 859.9 871.9 28.4 36.6 53.1 44.9 715 116.5
868.9 869.9 14.6 5.1 33.7 25.6 52.2 97.1
870.4 8721 55.9 5.1 60.6 524 79.0 124.0
855.9 859.9 23.6 13.9 41.0 32.8 59.4 104.4
) 8719 872.2 28.5 21 493 41.1 67.7 112.7
g 840.5 839.5 25.9 4.2 49.0 40.8 67.4 1124
3 839.5 8423 29.8 9.9 74.6 66.5 93.0 138.0
fo 842.3 845.2 39.4 11.1 80.3 72.1 98.7 143.7
5:—0 845.2 855.7 19.5 354 395 313 57.9 102.9
% 3 855.7 869.7 32.6 355 90.3 82.1 108.7 153.7
= 843.1 859.4 26.7 499 73.1 64.9 91.5 136.5
859.4 868.9 18.8 35.6 374 29.2 55.8 100.8
869.9 870.5 33.7 33 47.7 39.5 66.1 111.1
848.6 863.1 244 32.6 68.8 60.7 87.2 132.2
4 863.1 870.3 48.8 146 65.6 57.4 84.0 129.0
870.3 870.4 36.9 04 45.0 36.8 63.4 108.4
872.1 870.8 26.2 5.2 43.5 35.3 61.9 106.9

Source: Field survey in 2022.
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Figure 5.9 Relationship between age group and walking speed in, routes 1-9, KI-
Sing (Left side). Note: Time is presented in minutes. (See Figure 3.8 for location).
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Figure 5.10 Relationship between age group and walking speed in routes 1-4, KI-Sing (Right
side). Note: Time is presented in minutes. (See Figure 3.8 for location)

5.1.3.6. Tamakoshi river basin
5.1.3.6.1. Singati

A total of 25 emergency evacuation routes are proposed. Table 5.18 shows the
evacuation time calculated in Singati. Figure 5.11 represent the result of evacuation routes 1
to 25. Among them, route number 7 requires the longest evacuation time and route number 15

requires the shortest time needed for evacuation in this section.
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Table 5.18 Evacuation completion time calculated in each segment based on age group
in Singati.

Section |Route [Start End Segment [Slope Age group |Age group | Age Group | Age Group Route no Start End Segment Age group | Age group |Age Group | Age Group
Name [no elevation length (m) )| 1(<15) [2(15-40)| 3(40-65) 4(>65) length (m) 1(<15) | 2(15-40) [ 3(40-65) | 4(>65)

9243 924.6 371 0.9 456 374 64 83, 9134 915.0 263 6.1 444 362 62.8 818

924.6 928.0 17.3 19.7 523 44.1 70.7 89.7 903.8 905.0 24.7 5.1 42.5 343 60.9 799

919.4 920.7 217 47 438 356 62.2 81.2 13 9209 9245 321 11.2 52.7 445 711 90.1

1 915.0 918.1 301 103 50.6 425 69 88 905.0 905.0 10.8 0 29.6 214 48 67

911.9 917.4 345 15.8 585 503 76.9 95.9 905.0 905.0 9.8 0 29 20.8 474 66.4

913.2 915.0 26.7 69 453 371 63.7 82.7 921.6 923.1 40.4 38 50.3 42.1 68.7 87.7

910.5 911.8 57.6 23 58.8 50.6 77.2 96.2 9189 921.8 371 7.8 52.3 441 70.7 89.7

910.0 917.5 358 209 64.2 56 82.6 101.6 14 921.8 923.0 89 133 413 331 59.7 787

— 910.0 916.8 35.7 19.1 62.4 542 80.8 99.8 923.0 924.6 20.7 7.8 428 346 61.2 80.2

i 2 905.7 905.0 61.3 1.2 59.8 51.6 782 97.2 928.0 931.6 171 20.8 53.3 45.1 71.7 90.7

i% 915.0 912.1 524 55 58.9 50.7 773 96.3 15 923.1 928.1 27 18.5 56.7 48.6 75.1 94.1

913.7 915.0 57.2 22 585 503 76.9 959 9237 924.6 203 4.6 39.5 313 579 769

3 910.0 910.0 389 0 45.8 376 64.2 832 920.0 9225 223 11 46.8 386 65.2 842

902.3 904.9 58 44 61 52.8 79.4 98.4 16 915.0 915.7 14.7 4.8 36.5 283 549 738

902.0 905.3 386 8.6 539 457 723 91.3 915.7 917.0 13.6 9.3 40.1 32 58.5 775

4 899.3 902.7 40.1 85 54.7 465 731 921 917.0 919.4 22.7 10.7 46.8 386 65.2 84.2

897.1 900.0 14.9 19.4 50.6 424 69 88 911.0 915.1 181 226 55.6 474 74 93

5 910.0 910.0 344 0 43.2 35 616 80.6 918.1 925.5 26.3 281 65.6 574 84 103

909.4 910.0 494 12 529 44.7 713 90.3 17 916.2 917.8 19.6 83 4.7 345 61.1 80.1

911.8 914.0 39.9 57 518 43.7 70.2 89.2 917.4 919.1 19.5 88 43.1 349 61.5 80.5

908.1 910.0 42 4.5 519 437 703 89.3 912.8 911.9 33.9 2.8 45.6 374 64 83,

6 909.8 910.0 51.7 0.4 57 488 754 94.4 908.1 910.1 69.6 2.8 66.2 58 84.6 103.6

909.0 914.2 334 15.6 577 495 76.1 95.1 18 910.1 9125 38 6.4 514 432 69.8 88.8

915.0 916.2 226 52 414 332 59.8 78.8 912.5 916.1 19.2 187 524 443 709 89.9

915.0 915.0 26.8 0 388 306 57.2 76.2 9142 915.0 26.7 29 415 333 59.9 789

911.4 911.1 623 0.6 59.8 516 782 97.2 907.9 913.2 303 17.4 57.6 49.4 76 95,

908.5 910.0 306 5 45.8 376 64.2 83.2 915.0 915.0 225 0 36.3 282 54.7 737

906.7 910.0 471 71 57.4 49.2 75.8 94.8 9118 917.8 417 143 61.2 53 79.6 98.6|

7 905.4 905.0 54.1 08 55.3 471 73.7 92.7 19 904.9 910.0 341 14.9 57.4 49.2 758 94.8

910.0 910.0 48.9 0 515 433 69.9 88.9 904.0 905.7 312 55 46.7 385 65.1 84.1

910.0 925.0 445 337 815 733 99.9 1189 905.7 910.0 342 125 55.2 a7 73.6 926

915.0 910.0 46 109 60.3 521 787 97.7 905.0 910.0 533 9.4 63.1 549 815 100.5

909.8 907.3 341 74 50.2 42 68.6 87.6 9121 919.7 475 16 66.2 58 84.6 103.6

8 910.0 910.2 232 1 37.7 29.5 56.1 75.1 908.2 915.0 339 20.2 62.4 54.2 80.8 99.8

914.2 914.3 315 0.6 421 339 60.5 79.5 20 905.8 908.1 39 59 51.5 433 69.9 889

916.1 915.0 24.1 4.6 417 335 60.1 79.1 910.0 910.0 39.6 0 46.2 38 64.6 83.6

908.3 910.0 174 9.8 429 347 613 80.3 905.0 913.7 56.6 154 70.8 62.6 89.2 108.2

"a'-l“ 9 908.7 914.0 259 203 57.9 49.7 76.3 95.3 910.0 910.0 47.8 o 50.9 42.7 69.3 883

&n 908.7 9122 287 122 517 435 70.1 89.1 910.0 910.0 43 0 481 399 66.5 855

a 915.1 917.5 19.6 123 46.5 383 64.9 839 21 910.0 910.0 32 0 1.8 336 60.2 79.2

920.0 919.4 30.2 2 42.6 344 61 80 907.0 910.0 377 79 52.7 445 711 90.1

919.9 920.0 23 0.5 372 29 55.6. 746 910.0 910.0 303 0 408 326 59.2 78.2

9203 9234 356 85 521 439 705 89.5 905.5 907.0 779 19 70.1 619 885 107.5

10 920.2 923.7 26.7 129 51.2 43 69.6 88.6 2 905.7 910.0 61.8 6.9 65.7 57.5 84.1 103.1

920.6 9229 215 109 46.3 381 64.7 837 9015 904.5 31 9.7 50.6 424 69 88

915.0 915.0 14.1 0 315 233 49.9 68.9 904.5 902.3 4 4.9 53.4 45.2 71.8 90.8

903.4 905.7 263 8.7 46.8 386 65.2 84.2 904.9 908.2 45.7 7.2 56.6 484 75 94

900.5 900.9 48.7 0.7 521 439 70.5 89.5 23 901.5 904.3 60.5 4.5 62.6 54.4 81 100

896.9 900.1 123 26.7 56.2 48 74.6 93.6 925.0 923.4 43.6 36 52 438 704 89.4

1 905.4 907.2 36.9 49 493 412 67.7 86.7 904.4 908.2 29.8 12.8 52.8 446 712 90.2

904.3 905.0 124 5.6 359 27.7 543 733 2 9246 925.0 365 11 45.5 373 63.9 829

903.9 907.5 22 16.4 51.9 43.7 70.3 89.3 928.2 932.8 25.2 184 55.7 47.5 74.1 93.1

905.0 905.0 279 0 394 312 57.8 76.8 925.0 928.2 417 76 54.7 46.5 73.1 921

920.4 922.5 36.5 57 49.9 a17 68.3 87.3 906.2 905.7 41 11 48 39.8 66.4 854

12 910.0 9113 2138 5.8 415 333 59.9 789 e 900.9 901.5 48 17 49 409 67.4 864

908.9 914.8 288 20.5 59.7 515 78.1 97.1 899.5 899.3 283 0.8 404 322 58.8 778

902.7 904.4 28 6 45.2 37 63.6 826

Source: Field survey in 2022.
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Figure 5.11 Relationship between age group and walking speed in routes 1-25,

Singati. Note: Time is presented in minutes. (See Figure 4.7 for location).
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Figure 5.11 (Continued).
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Figure 5.11 (Continued).
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5.1.3.6.2. Gongar, Jagat, Jamune, Bhorle, Kattike and Tamakoshi

Table 5.19 shows the evacuation time for the of six settlements. Routes 1 to 9 Gongar,
route 10 for Jagat, 11 for Jamune, 12 for Bhorle, 13-15 for Kattike, and 16 and 17 for

Tamakoshi based on age group. Similarly, Table 5.20 shows the maximum evatuation time

based on elderly people in each segment.

Figure 5.12 shows the relationship between walking speed and age group. Gongar: route

5 is the shortest and route 1 is the longest.

Table 5.19 Evacuation completion time calculation in each segment based on age
group in Gongar, Jagat, Jamune, Bhorle, Kattike and Tamakoshi.

Time (second)
Section Route no start End Segment Slape Age group |Age group |Age Group |Age Group
Name elevation | elevation |length (m)| (degree)
1 (<15) 2 (15 -40) |3 (40 - 65) |4 (>65)

1293.0 1282.0 2743 35.1 210.6 2024 229.0 2740

1 1282.0 1282.0 81.9 0.0 100.0 91.8 1184 163.4

2 1375.0 1458.0 96.2 30.3 1154 107.2 133.8 178.8

1406.0 1431.0 525 30.5 91.3 83.1 109.7 154.7

3 1375.0 1450.0 413 37.9 85.4 77.2 103.8 148.8

1282.0 1375.0 18.9 39.1 68.1 59.9 86.5 1315

1286.0 1450.0 8.9 39.7 28.5 203 46.9 919

1286.0 1298.0 411 29.2 75.2 67.0 93.6 138.6

Gongar 4 1282.0 1282.0 42.5 0.0 47.8 39.6 66.2 111.2

5 1263.0 1280.0 75.8 22.4 88.7 80.5 107.1 152.1

1258.0 1268.0 105.0 9.5 93.0 84.8 1114 156.4

1258.0 1260.0 41.2 4.9 51.8 43.6 70.2 115.2

6 1255.0 1260.0 316 15.8 56.8 48.6 75.2 120.2

7 1358.0 1421.0 1034 49.9 131.1 122.9 149.5 194.5

1389.0 1428.0 1194 32.7 123.6 1154 142.0 187.0

8 1329.0 1407.0 49.6 26.2 80.4 72.2 98.8 143.8

9 1353.0 1400.0 61.8 42.5 84.2 76.0 102.6 147.6

Jagat 10 1220.0 1287.0 89.5 38.2 1159 107.7 1343 1793

Jamune 11 1080.0 1200.0 1754 50.5 161.3 153.1 179.7 224.7

Bhorle 12 850.0 961.0 1325 42.0 148.5 1403 166.9 2119

13 876.0 972.0 221.8 36.5 191.7 183.5 210.1 255.1

14 979.0 858.0 158.7 425 150.0 141.8 168.4 2134

Kattike 997.0 932.0 166.9 28.6 160.5 1523 178.9 2239

15 955.0 959.0 50.5 104 80.1 719 98.5 1435

939.0 966.0 38.5 47.2 55.6 47.4 74.0 119.0

958.0 958.0 47.2 0.0 96.1 879 1145 159.5

5 16 941.0 976.0 11.6 42.6 30.0 21.8 48.4 934
Tamakoshi

941.0 941.0 445 0.0 90.1 819 108.5 1535

17 1284.0 1429.0 15.0 29.5 32.0 23.8 50.4 95.4

Source: Field survey in 2022.
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Figure 5.12 Relationship between age group and walking speed in routes 1-17, Gongar.
Note: Time is presented in minutes. (See Figure 4.6 for location)
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Figure 5.12 (Continued)
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Table 5.20 Maximum evatuation time based on elderly people in each segment

Total evacuation time (minute)

Settlements

<10 minute <15 minute <20 minute
Masinabagar 16 12 -
Laltinbazar 20 6 1
KI-Sing 12 1 -
Singati 22 3 -
Gongar 9 - -
Jagat 1 - -
Jamune 1 - -
Bhorle 1 - -
Kattike 3 - -
Tamakoshi 2 - -

Source: Field survey in 2022.

5.1.4. The need of evacuation system by social networking service (SNS)

The percentage of mobile-phone possession was found to be high with about two
handsets in every household (Table 5.8). This means that evacuation warnings are transmitted
to most working-age residents in most families (especially to the night population). However,
it was found that many of the children and the elderly do not have mobile-phone, indicating
that it is essential to create a system (training sessions and evacuation drills), in which families
of working age can pass on evacuation information to their children and the elderly, and
evacuate together. It can be suggested that the development of evacuation schemes using SNS
should be focused on family-based evacuation especially for night evacuation.

For the daytime population, it is assumed that the working-age population are
separated from children and the elderly. All children with a certain income in their family go
to school and can be expected to be guided to evacuate by their teachers. Therefore, it is
important to practice evacuation drills at the school level as well. If the elderly are physically
fit, they are likely to be working day jobs with working-age people in the lower-income
groups, or the elderly in the higher-income groups are likely to have some level of telephone

ownership. Therefore, daytime evacuation drills are so important. For this reason, it would be
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preferable to carry out daytime evacuation drills by occupation and by the workplace in order

to succeed the evacuation system by SNS.

5.1.5. Result of lack of awareness and preparedness in Singati from the 2015

to 2022

Figure 5.13 showed that the newly built houses are mainly located along the riverside
area. The majority of those new houses are situated already in the inundation zone. In total
101 new houses were built in this area of Singati between 2015 and 2022, despite the fact that
Singati already faced an earthquake disaster and had a huge property loss.

There are lack of awareness of disaster preparedness among the residents and lack of
policies, and regulation from the government side. As a result, people started to build new
houses in the risk zone. Therefore, the government should strictly prohibit and regulate this
type of encroachment near the risky riverside and local people should learn and be aware of

disaster preparedness, prevention, and mitigation measures.
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Figure 5.13 Changes of houses in Singati between 2015 to 2022. Dark brown color represents
the houses that existed in 2015 (orthophoto was prepared based on the UAV photographs
taken after the earthquake). Pink color represents the newly built houses after 2015. Note
that some houses where the questionnaire survey was not conducted are also shown here.
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5.1.6. Return Period Calculation of Flood

This study assumed that the flood level for the inundation mapping was 1450 m®/s as
described earlier. When the peak discharge that this study used for the Seti River is considered,
its return period is expected to be 50 years (Tables 5.21 and 5.22).

The Water and Energy Commission Secretariat (WECS) in Nepal (WECS, 1990)
published a report on the regional hydrological analysis, which gives the following equation:

Q2 = 1.8767 (A<3000 + 1) ~0.8783

Q100=14.639 (A<3000 + 1) ~0.7342

where A<3000 is the area of the catchment below 3000 m elevation in km?, Q2 and Q100
are discharge of 2-year and 100-year return period floods, respectively. Flood discharge for
any other return period T is then given by:

QT =exp (INn Q2+ Sy)

where S is the standard deviation of natural logarithms of annual floods and a stands
for a standardized normal variant for return period T.

S can be calculated as:

S =In (Q1o0/ Q2) /12.326
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Table 5.21 Calculated results of discharge in 500-year return period in Seti River (WECS 1990

Method)
Total catchment area 600.00 km?
Catchment area below 3000 m A 360.00 km?
Two-year flood Q: 1.8767(A+1)08783 517.70 m¥/s
Hundred-year flood Q100 14.63 (A+1)07342 1605.07 m¥/s
Standard deviation of natural log o (Q100/Q2)/2.326 0.4865
Fifty-year flood 1406 m®/s

Table 5.22 Flood Return Period Calculation

Return periods (Years) Flood discharge (m?/s)

2 517.70

5 779.78
10 965.89
20 1152.44
50 1406.14
100 1605.07
200 1812.64
500 2099.50
1000 2327.58
5000 2897.18
10000 3160.77

The catchment areas of the Tamakoshi River basin and all the settlements are
demarcated on the Digital Elevation Model (DEM) of the research area. The Tamakoshi River
has been gauged since 1970 at the Busti Station (Station No. 647), just downstream of the
confluence of Tamkoshi and Singati Rivers. The peak discharges for various return periods
are estimated based on the instantaneous maximum discharge records at the Busti Station for
the stretch of Tamakoshi between Suri Dovan and Singati. The annual maximum daily rainfall
values of the relevant station are collected and 24 hours maximum rainfalls for various returns

periods are calculated.
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Table 5.23 Water and Energy Commission Secretariat Method (WECS 1990 Method)

Total catchment area 1471.00 sgkm
Catchment area below 3000m A 698.00 sqgkm
Two-year flood Q2 1.8767(A+1)%8783 1137.02 m%/s
Hundred-year flood Q100 14.63 (A+1)07342 3098.29 m¥/s
Standard deviation of natural log o (Q100/Q2)/2.326 0.4310

Ten years flood 1975.688 m®/s

Table 5.24 Flood Return Period Calculation

Return periods (Years) Flood discharge (m?/s)
2 1137.02
5 1634.422
10 1975.688
20 2310.258
50 2755.576
100 3098.291
200 3450.757
500 3930.423
1000 4306.446
5000 5228.111
10000 5647.393

The return period for the Tamakoshi river is expected to be 10 years (Table 5.23 and
Table 5.24). Table 5.25 shows the flood return period calculation of each settlement. Similarly,
the observed annual instantaneous maximum discharge of Tamakoshi River at the Busti Station

and estimated peak discharges of various return periods of all settlements.
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Table 5.25 Flood Return Period Calculation of each settlement

Total Catchment Flood return period years (m3/s) Max
Catchment Area <3000 depth of
(km2) m (km?) 2yr  5yr 10yr 20yr 50yr 100yr water (m)
Total Area 1471 698 1137 1634 1976 2310 2756 3098 38.69
Gongar 673 94 573 857 1059 1260 1533 1746 19.29
Purano jagat,
Jagat and 749 155 629 936 1153 1369 1661 1888 10.00
mantali
Jamune 786 191 656 974 1198 1421 1722 1956 10.00
Suri dobhan,
bhorle and 1039 356 838 1227 1497 1764 2123 2401 6.00
Olitar
Singati 1262 510 994 1440 1748 2051 2456 2769 38.69
Kattike and K14, T
Tamakoshi 1471 710 1137 1634 1976 2310 2756 3098 19.29

5.1.7. Significance of the Combined Approach: Modeling, Mapping, and

Socio-Economic Context and Response

Nepal has experienced numerous GLOFs and other water-related disasters in recent
years. Thus far, most correlated disaster studies have focused on modeling, while others have
adopted a sociological approach. However, these studies have tended to be conducted
separately. The present study showed the relationship between the locations of individual
buildings and houses, with or without flood-hazard dangers, and the socioeconomic status of
these residents. Based on these findings, it was concluded that the buildings within the
inundation risk zone must be relocated; however, this requires the financial support of
governmental agencies, NGOs, INGOs, and other related agencies, as the at-risk residents
belong to lower-income categories. Furthermore, this study identified and suggested detailed
evacuation routes and a safe evacuation system, which only became possible with the
combined approach applied here.

The focus group discussions revealed a lack of adaptive capacity-building strategies and

risk reduction knowledge among the locals. Furthermore, locals must participate in disaster
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preparedness training and awareness programs to increase their safety. In addition, any
relocation strategy put forward by the government would likely require an extended period,
during which the construction of a river embankment may be one of the realistic alternatives
for decreasing flood disaster risks in the shorter term. These were de-lived from the combined

approach, which can be adapted in other parts of the Himalayan countries.

5.1.8. Flood disaster and HEC-RAS

Among all kinds of natural hazards of the world flood is probably most devastating,
wide spread and frequent. A river flooding is a recurrent natural phenomenon in the humid
tropics and subtropical climates (Sanyal, 2004). Climate variability and global climatic change
have brought tremendous impact on the high mountainous glacial environment. The
Himalayan glaciers are shrinking, retreating, and lowering their surface and they cause
consequently lakes formed at the glacier snouts or on the glaciers expanding rapidly in most
cases (Bajracharye, 2010). Thus, the GLOF and high-intensity rainfall for a shorter time
period produces high peak runoff from altered/urbanized catchment (Rangari, Sridhar, et al.,
2018, 2019).

In recent times, severe foods in urban areas are occurring more frequently owing to
uncontrolled urbanization and climate change and they will continue to grow in upcoming
years. Prevention of such events is not possible but food-vulnerable areas can be identified
through 2-D modeling of critical rainfall events with advancement of technology (Rangari, et
al., 2019). HEC-RAS along with geographic information system (GIS) has become the key
tool for flood monitoring in recent years as described earlier. Development in this field has
evolved from optical to radar remote sensing, which has provided all-weather capability
compared to optical sensors for the purpose of flood mapping. Extracting flood hazard settings
in highly vulnerable areas by using GIS and hydraulic models such as HEC-RAS is common

nowadays. In this framework, the 1D/2D hydraulic models, which were generated based on
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Digital Elevation Model (DEM) and processed within Geographical Information Systems
(GIS), can improve accuracy of large-scale flood hazard maps (Hutanu et al., 2020; Aggett &
Wilson, 2009; Ben Khalfallah & Saidi, 2018; Demir & Kisi, 2016; Quirogaa et al., 2016;
Sarhadi et al., 2012; Kumar et al., 2020; Khattak et al., 2016; Patel et al., 2017; Tate et al.,
2002).

Gurung et al., (2021), examined the flood disaster in the Seti River basin and
emphasized the use of the HEC-RAS model and socioeconomic impact assessment. However,
their study mainly focused on hydro-geomorphological mapping, analysis of land-use and
land-cover change, and hydrological analysis including HEC-RAS modeling and historical
archives. As the current study emphasized, they suggest the necessity of early warning system
and public awareness education in order to mitigate and manage the future impact of fluvial
hazards along the Seti valley.

UNDP, (2010) studied the hazard, vulnerability, and risk assessment in three
communities of Dolakha (Tamakoshi river basin) using HEC-RAS. Their research focused on
landslide susceptibility, inundation modeling, and socioeconomic aspect. However, they had
not used high-resolution DEM for inundation neither they suggested any evacuation measures.
All the previous studies, however, are limited to analyzing the flood frequency and their
research is not focused on evacuation routes and measures. Therefore, the current study
successfully filled the research gap and identified vulnerable houses, and calculated the flood
depth. Furthermore, based on 2D HEC-RAS hydraulic modeling and orthophoto derivate DEM
with 1-m spatial resolution it described the detailed evacuation routes (Figure 3.5-3.8 and

Figure 4.6-4.10).

5.1.9. Evacuation time, slope, and age group

Finding a safe place for a disaster emergency in steep and riverside areas with is a

challenging task. Vertical evacuation to high-story buildings rising above the expected
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inundation depth is one of the most suitable alternatives (Yoshitsugu et al., 2020). This
approach may be adequate in the areas where the long evacuation time is required (e.g. route
1 in Masinabagar of Figure 5.4). Therefore, achieving safe evacuation is the main goal of
selecting an evacuation route, although constructing high-story buildings cost large amount of
money. General path-finding methods determine a single shortest route to one endpoint;
however, finding the shortest route alone is insufficient for selecting evacuation routes
(Yoshitsugu et al., 2020). All settlements in the study area have a dense population with many
steep and narrow slopes. As a result, it is important to prepare multiple evacuation sites and

routes in case the existing routes are over crowed during the disasters.

5.1.10. Early warning and evacuation using SNS approach

Evacuation is the primary protective action utilized in large-scale disasters such as
hurricanes, floods, tsunamis, volcanic eruptions, releases of hazardous or nuclear materials,
and high-rise building fires and explosions (Sorensen & Sorensen, 2007). Recently many
studies are focused on the adoption of warning systems. Smith et al. (2014) described the
testing of probabilistic adaptive real-time flood forecasting models. Liu et al. (2011)
emphasized the need of establishing an early warning system for the disaster-prone area.
Maharjan et al. (2021) and Dewan (2015b) emphasized the importance of early warning via
informal risk communication from upstream communities. Dewan (2015b) further stated that
there is a need to establish early warning systems in the watershed with strong involvement
from upstream and downstream communities, supported by local and national government
entities.

Similarly, few studies are focused on community-based flood early-warning systems as
well as low-cost sensing technology (Pandeya et al., 2021). This study, focused on mobile
phone-based SSN alarming system. This study showed that among the 15- to 64-year-olds,

98.61%, 98.80%, and 99 % in Masinabagar, Laltinbazar, and Kl-sing, respectively, have a
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mobile phone (Table 5.8). Altogether 98.68 % of the 15- to 64-year-old people have a mobile
phone. Similarly, in Dolakha, NTC has been expanding and installed a new GSM BTS base
station tower in Dadakharka of Dolakha district. It covers all part of the district. The mobile
tower there benefits more than 4 thousand customers in the area. Customers can not only make
a call through their GSM mobile but also can use some internet data on their mobile. Therefore,
this study can suggest a mobile phone base alarming system for both areas. An early warning
system through mobile phones would be the best solution in the areas as well as other parts of
Nepal.

This result is supported by Alias et al. (2020), which also prefers low-cost early
alarming systems for the local people. Nepal Government already introduced high tech
alarming systems in other parts of the country such as Imja lake. However, those high-tech
system is not applicable to rural area where most of the people are living in scattered

settlement. Therefore, early warning is out of the coverage for those types of people.

5.1.11. Limitations of the study and future prospective

This study emphasized the use of HEC-RAS with help of UAV photogrammetry. The
great advantage of UAV systems is the ability to quickly deliver high temporal and spatial
resolution image information and to allow a rapid response in several critical situations where
immediate access to 3D geoinformation is crucial (Remondino et al., 2011).

The HEC-RAS model only assumes a fixed boundary of the river geometry and a steady
flow pattern for this research. The assumption of 1D/2D-dimensional flow may not be always
valid. Manning’s ‘n’ is taken from the table fixed on the observed river morphology. Walking
time data are another limitation of this study. Only five routes were examined because of the
time limitation. This study used a simple linear regression model for the rest of the
calculations. A regression model is a standardly established model for this type of work,

although measuring all routes one by one will give a more accurate result.
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Another limitation of this study is that it did not consider shelter-house location and
land ownership. This research only figured out the safe location based on the relative height

and distance from the river. Landownership and budget are not considered.
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Chapter 6 Conclusions and recommendation

The inundation maps created in this study show that the Masinabagar, Laltinbazar, and
Kl-sing areas are highly susceptible to future flooding. In Seti River basin, inundation maps
showed a maximum depth of inundation water level of 13 m in Masinabagar, 17 m in
Laltinbazar, and 21 m in Kl-sing. In Masinabagar, 268 of the 466 buildings, including 229
houses, churches, crematoriums, livestock farms, restaurants, warehouses, and schools, were
situated in the inundation zone. In Laltinbazar, of 329 buildings, 232 buildings, including 225
houses, warehouses, and a primary school were situated in the estimated flood-prone zone.
Similarly, in Kl-sing, of the 210 buildings, 68 were located in the inundation zone, including
32 houses, a research center, community centers, and temples.

Evacuation routes in the three settlements were either inadequate or absent. Moreover,
lower-income residents were at much higher risks, as most houses near the riverside area
belonged to impoverished migrants and laborers.

A safe destination is considered as a place at an altitude at least 1 m higher than the
altitudes of existing houses. This study suggested that both the existing route and route to be
created can be used for emergencies. Therefore, in Masinabagar 27 routes are to be created.
Similarly, in Laltinbazar 25 and Kl-sing 9 new routes are to be created.

The return period for the Seti River is expected to be 50 years and the Tamakoshi river
basin that for is 10 years. The results highlighted that immigrant households were at the
highest risk (p<0.001 for both factors). Similarly, 455 laborers’ houses by occupation were
also significantly correlated with inundation risk (p<0.001). The correlation between income
and migration was statistically significant for all households (p<0.001). Similarly, the
correlation between income and occupation was also significant (p<0.001).

In Kaski, Pokhara, people’s knowledge about evacuation safe sites is 53.22% (p<0.001).

In total 46.78% of the people are unaware of the evacuation process. Regarding disaster
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preparedness training 80.89% of the people have no idea. After the 2012 flood, some NGOs
provides preparedness training (3.22%). People get some ideas from Radio, TV, and FM
(12.44%). Correlation between disaster preparedness training and safe/inundated houses is
statically correlated (p<0.001). Even 44.11% of the people have not any knowledge about such
kind of training (p<0.001). They never participate or practice any drill. Almost 100% of people
are unaware of the hazard map (p<0.504).

The inundation maps created in this study show that the Gongar, Singati, Jagat, Bhorle,
Jamune, Kattike, and Tamakoshi are highly susceptible to future flooding. The maximum
inundation depth was calculated as 19 m in Gongar, 10 m in Jagat, 6 m in Bhorle, 10 m in
Jamune, 39 m in Singati, 14 m in Kattike, and 19 m in Tamakoshi. In Gongar 3 houses, in
Singati 220 houses were situated in the inundation zone. In Bhorle 1, Jamune 3, Jagat 1, Kattike
6, and Tamakoshi 6 houses were situated in the estimated flood-prone zone.

In the Tamakoshi river basin, the evacuation route height from households to a safe
place (destination) is a minimum of 14 meters to 280 meters maximum. Similarly, the total
distance from a household to a safe place is a minimum of 53 meters to a maximum of 276
meters. The study suggested that the evacuation routes should be created as many as 9, in
Gongar, 25 in Singati, 1 in Jagat, Jamune and Bhorle each, 3 in Kattike, and 4 in Tamakoshi.
The return period for the Tamakoshi river is expected to be 10 years.

In order to calculate the necessary time for evacuation by age, the population was
classified into four groups: under 15-years old, 15-40-years old, 40-65-years old, and above
65-years old groups. The result found that walking speed is decreased by increasing age.
Walking speed on the uphill slope became slower, whereas it became faster on flat or down
slope. The 40-65 years age people and >65 age people took a long time to finish all five routes:
the evacuation time the elderly (>65) was 2.28 m/s, the middle-aged person (40-65) 1.95 m/s,

adults (15-40) 1.09 m/s and children (<15) was 1.22 m/s.
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Socioeconomic survey showed that 46.0% were extremely poor, 28.8% were low-
income people, 12.8% were lower-middle and 12.3 percent were upper-middle people in the
study area. No high-income people are living in the entire study area.

The business (small vendor) industry was the most popular, accounting for 50.9%. The
number of employees in different offices and small farms, government offices, and in small
NGOs is 19.6%. Agriculture-based households varied from 15.9% percent. Remittance
provided a sustainable form of income for 5.5% of households. Labor-related occupations
were 4.2% and pension contributes 3.7% of the household's income.

Mostly the non-migrated people are living in this area (57.7%). Altogether, 42.3% of
the residents within the study area had migrated within the last 20 years. The result highlighted
the relationship between education and occupation. Similarly, the result presents the
relationship between education and income.

The correlation between education and occupation was significantly correlated
(p<0.002). The correlation between education and income was significantly not correlated
(p<0.219). The result highlighted that the relationship between occupation and income was
statistically not significant (p<0.839).

In Dolakha people’s knowledge about evacuation is only 3.7% and a total of 96.3% of
the people are unaware of the evacuation process. Similarly, 113 households had no idea about
disaster preparedness training. Additionally, 9 households had taken disaster preparedness
training from other different agencies. Lastly, knowledge about the safe site also shows that
140 households had no idea about knowledge about safe sites while 23 were aware of safe
sites. In the entire study area out of 163 households, only 6 households had minimum
knowledge about the regular drill. Therefore, only three families are aware of the hazard map.

Therefore, this study concludes that in both river basins most riverside residents remain

unaware of the preparation and risk associated with flood emergency evacuation; thus,
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adaptive capacity-building strategy programs, disaster preparedness training, and evacuation
drills must be urgently incorporated. People should be made aware of the increasing risk of
water-induced disasters. It is suggested that governmental agencies, NGOs, INGOs, and other
related agencies prepare an adequate plan that targets the impoverished residents of the
inundation zone, as they cannot afford safe lands for relocation. The inundation maps clearly
show that in the past 7 years, people started building new houses inside the inundation zone,
which should be stopped and controlled.

This research contributes to reducing the impact of flood disasters, and the proposed
evacuation system will help save lives. This study will be useful for planners with respect to
preparedness, early warning systems, and safe evacuation and will serve as a guide for
sustainable development in the region. Accordingly, this study recommends applying a
combined approach that uses modeling and socioeconomic surveying in other parts of the

Himalayan region and impoverished areas around the globe.
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Appendices: Table Al

‘Table A1. Spatical relationshipes b the destinations (safe places) and the residential section, and the population depending on the evacuation routes
s . Horizontal Height above the  Horizontal di: Di di Populati Houses
: c A: Distination  B: Residence Relativeheight == imated t imated  populati (Redsidents) below
Name Sections  Distinationn number 2 8 between A and | coxco Ziaa e Sy g « 5
elevation (m) elevation (m) B (m) A and level level and  (residents) per below the inundation
B (m) (m) destination (m) route inundation level level
1 916 889 27 81 20 52 66 61 11
2 918 890 28 63 25 43 47 15 4
3 918 891 27 68 23 52 50 20 4
4 918 892 27 78 23 59 54 21 6
a 5 918 891 27 76 23 51 93 68 14
6 916 891 25 92 22 64 90 45 8
7 911 892 19 88 16 57 91 60 11
8 916 892 25 117 21 81 94 39 8
9 911 893 18 109 15 65 85 63 15
10 908 85 13 124 L 11 I 74 ! 31 0* 9
L1 898 889 9 120 9 96 86 58 10
L2 905 887 19 116 19 78 76 52 9
g., L3 898 886 11 96 11 80 57 27 4
2 L4 893 885 8 92 8 91 38 7 1
~§ LS5 894 885 9 105 9 87 81 40 6
s L6 905 892 13 88 12 75 9 5 2
b L7 902 891 11 72 11 71 13 4 1
RI 906 888 18 136 4 113 39 39 8
R2 905 886 19 121 3 87 59 59 12
R3 901 883 19 109 3 72 78 48 10
R4 902 883 19 113 3 81 58 58 10
RS 900 883 18 122 3 88 59 42 9
R6 900 882 18 117 3 79 79 48 10
1 892 877 14 103 13 77 71 28 6
& 2 901 877 24 86 22 57 63 48 5
3 900 878 23 82 22 53 37 23 4
4 894 877 17 61 17 37 76 24 7
d 1 884 876 8 124 8 90 5 5¢s 5
1 890 871 19 68 10 44 20 20 4
2 896 871 24 79 16 46 30 30 6
3! 897 865 32 126 23 93 27 14 3
Construction not needed 867 864 3 122 3 122 52 0 0
4 867 861 7 176 2 137 59 26 4
a 5 867 859 9 198 1 142 106 47 8
6 867 860 8 188 2 145 128 66 12
7 866 858 8 196 1 158 100 56 9
8 865 859 6 202 1 168 101 33 7
9 865 859 6 219 3 179 46 17 6
Construction not needed 864 856 9 155 4 192 82 0 0
1 860 853 8 148 5 114 40 21 4
y 2 861 855 6 94 5 75 90 30 6
E 3 861 853 8 101 5 57 80 43 8
| 4 861 852 10 82 5 46 85 66 12
'j 5 861 850 11 78 5 31 93 66 12
6 861 849 13 84 4 35 94 89 16
7 862 849 13 104 3 32 99 75 13
8 875 849 26 68 26 38 34 34 7
b 9 881 849 31 77 30 57 32 32 5
10 878 848 30 70 28 48 60 40 7
11 879 847 33 110 33 80 70 65 11
12 856 847 9 110 9 74 77 68 13
13 853 846 6 104 5 75 85 48 9
14 853 845 8 115 6 89 97 38 7
15 854 845 10 132 9 97 105 44 8
16 860 843 17 136 16 106 93 57 10
17 876 844 33 146 32 116 48 37 7
18 877 843 35 146 35 106 78 78 15
Construction not needed 880 876 4 86 21 103 80 0 0
L1 882 876 [3 98 3 94 39 5 1
L2 883 874 9 121 1 87 46 13 3
L3 884 876 8 124 1 86 50 21 4
L4 882 874 8 127 1 94 72 26 6
Left  Construction not needed 882 880 2 85 7 101 51 0 0
o  bank L5 882 874 8 102 4 105 37 4 1
k| L6 882 873 9 90 1 62 57 21 5
g L7 881 876 5 97 1 64 39 11 2
L8 881 875 6 79 2 48 25 8 3
L9 881 874 7 73 1 48 27 6 1
Construction not needed 879 872 7 55 T 56 27 0 0
RI 871 856 15 84 8 49 17 17 9
Right R2 873 841 32 189 17 94 18 4 22
bank R3 870 847 23 90 11 64 14 Qo 10
| R4 871 839 32 | 142 3 | 91 47 | 9 | 4
* Nine buildings are located here. These nice buildings are toiltet and canteen for a school, livestock farms and a crenatorium centre. Therefre, construction of a evacuation route is necessary although the nightti lati
** There are five nightime residents here; however, 172 students stay there during day time.
*** The houses below the i dation level are ity centers; therefore, there are no residents.
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B. Questionnaire Sheet

Graduate School of Environmental Science
Hokkaido University
Questionnaire for Earthquake Victim

Latitude:
Longitude:
Personal information:
Name: Age: Sex:
Address: Occupation: Religion:
Education:
Illiterate Literate Primary Lower Secondary Higher Bachelor’s Master’s
secondary Secondar
y
Family Description:
S. N | Name Age Sex Marital status | Occupation

Socio economic Information:

1. How many years have you lived in this site?
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2. Are you migrant or Local....? If migrants ....
a. How did you find this

PLACEY . .
b. Why did you choose this

PLACEY . e e
c. What is the main purpose of choose this

PlACE?. .
d. Who suggested you to migrant this

PIACE?. . ————————
e. What kind of problems did you face in previous

PlACE?. ..o

3. What are the income sources in your family and estimate how much you earned per
month?

Income Amount
Source

4. Which type of house do you have?
a) Temporary (grass thatched and mud walls) (b) Semi-permanent (timber wall) (c)

Permanent (stone/brick walls) (d) Other (name)

5. Do you have land used for agriculture? If yes, ...............cceeveenn.
< 10 Ropani 20 — 30 Ropani [] > 20 Ropani [

6. What are the major crops cultivated in your farm?



7. How long the production from your own farm support food for your family?

3-6 months [ 6- 9 months [ 1 year [] Surplus
8. Do you have your own land? A. Yes (how much) ............... B. No

9. Do you have livestock? A. Yes B. No
If yes

Have you lost any livestock during earthquake? If yes ......................

Livestock Number
Types
Goat

Cow

Buffalo
Horse/donkey
Sheep
Other(name)

Earthquake damage Information:

10. What is the present condition of your house?

(a) Completely destroyed (b) Partly damage (c) Well condition

(If completely destroyed....) Have you got any means of temporary Salter or tent from

Government/NGO after earthquake?

From Goods (name) Amount/Quantity Time (when you
get)

Government

NGO

INGO

People

Other

12. Is the temporary shelter or tent effective or are there any problems?
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A. Effective B. Not effective C. Not enough for all family member
13. Which sticker government put on your house (if house is remaining?)
(a) Red (b) Yellow (c) Green

14. Have you lost any member of your family or got injured? If yes...

No Age Sex Occupation Death Injured

15. Do you know about disaster preparedness methods? If yes, where did you get that
knowledge? A. Government B.NGO C. INGO D. Others

16. Do you think your family is relatively well prepared for a disaster? A. Yes B. No

17. Have you discussed disaster preparedness with your family? A. Yes  B. No

18. Do you have 72-hour minimum disaster supplies on hand? A. Yes  B. No

19. Has your family discussed where to meet outside if there is a disaster in your home?
A.Yes B.No

If yes. Do you show me that location (using map)?

20. Do you have regular drill (practice) to evacuate to safe site? A. Yes B. No
If yes.... Please show me on Map.

21. Do you know the safe site in and near your house? A.Yes B.No

If Yes ...How many minutes does it take to the site by foot? Is it easy for all family
members, such as baby or elderly people? A.Yes B.No

214



If no, do you want to make that type of site in future? A.Yes B.No

22. Do you know what a hazard map? A.Yes B.No

If yes, when, how, from whom did you receive the map?

Name of the organization ...........cccceeeeeevevinieneeenennnnn. Date .................

23. What do you think should be done to Government for rebuilt this place?

24. What do you think should be done to reestablish your
MOINIE .
25. Have you got any loan or compensation from

o0 111 ) L
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