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Abstract: The exodus of people from rural areas to cities brings many detrimental environmental, social
and cultural consequences. Monitoring spatiotemporal change by referencing the historical timeline or
incidence has become an important way to analyze urbanization. This study has attempted to attain
the cross-sectional analysis of Kathmandu valley that has been plagued by rampant urbanization over
the last three decades. The research utilizes Landsat images of Kathmandu valley from 1976 to 2015
for the transition analysis of land use, land cover and urban sprawl for the last four decades. Results
showed that the urban coverage of Kathmandu valley has tremendously increased from 20.19 km? in
1976 to 39.47 km? in 1989 to 78.96 km? in 2002 to 139.57 km? in 2015, at the cost of cultivated lands, with
an average annual urban growth rate of 7.34%, 7.70% and 5.90% in each temporal interval, respectively.
In addition, the urban expansion orientation analysis concludes the significant urban concentration in
the eastern part, moderately medium in the southwest and relatively less in the western and northwest
part of the valley. Urbanization was solely accountable for the exploitation of extant forests, fertile
and arable lands and indigenous and cultural landscapes. Unattended fallow lands in suburban areas
have compounded the problem by welcoming invasive alien species. Overlaying the highly affected
geological formations within the major city centers displays that unless the trend of rapid, unplanned
urbanization is discontinued, the future of Kathmandu is at the high risk. Since land use management is
a fundamental part of development, we advocate for the appropriate land use planning and policies for
sustainable and secure future development.

Keywords: land use/land cover change; urban expansion; geology; earthquake; GIS/RS;
Kathmandu valley

1. Introduction

The terms land use and land cover are often used interchangeably, but are conceptually different.
The former is anthropogenically manipulated and concerned with the purpose the land serves. It depends
on the way humans manage the landscape. The latter is physically designed and related to vegetation
(natural or artificially modified) and its structure, as well as the other land types covering terrestrial
land. The relation between these two disciplines is such that land cover may have multiple land uses,
and land use affects the land cover [1]. Global land use has been changed significantly in the past
three decades due to population growth and its footprints. Population growth inevitably increases the
urban footprint with significant consequences on biodiversity, climate and environmental resources [2,3].
The environmental implications of population and land use and land cover (LULC) changes have been
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extensively and empirically examined because the exponential population growth exerts outpaced
pressure on the local environmental resources [4]. Rapid urbanization has also been a common
phenomenon, especially in developing countries with an increasing desire for prosperity [5,6]. Urban
growth, a complex phenomenon [7,8], and multiple driving forces are associated [9-11]. Urbanization is
a feedback system that is economically motivated [12]. Urban areas have grown substantially in the last
several decades worldwide, but urbanization varies considerably in different geographic regions and
contexts [13].

Nepal is a country that has experienced population explosion and accelerated urbanization in the
last six decades. The number of urban centers in Nepal rose between 1952 and 2015 [14]. Kathmandu,
the bowl-shaped capital city of the country, has become densely populated and juxtaposes rapid
urbanization, resulting in land use and socio-economic change [15,16]. High population growth,
dramatic land use change and socioeconomic transformations have brought the inconsistency of rapid
urbanization and environmental consequences in Kathmandu valley [16,17]. For the management of
rapid urbanization, the development plan needs to be integrated in order to maintain the equilibrium
amongst resources, users, managers and the environment [18,19]. We hypothesize that the ongoing
urbanization in Kathmandu valley is discordant with its geology and geography, and the ongoing LULC
change foments the jeopardy of the human-nature integrity. This study aims to analyze the impacts
accompanied by the spatiotemporal patterns of urbanization and LULC changes in Kathmandu in the
last 40 years (1976, 1989, 2002 and 2015) using GIS and remote sensing tools at the nexus of rapid land
use change, population growth and urbanization and the 2015 earthquake impacts in the valley. More
specific objectives of the study were to: (a) analyze the spatiotemporal dynamics of land use pattern
from 1976 to 2015 of landscape change; (b) identify the urbanization pattern and dynamically map the
urban expansion area; (c) explore urban expansion rate, urban expansion orientation and analysis of the
significant urban concentration zone; (d) explain and map the 2015 earthquake impact area of the valley.

2. Materials and Methodology

2.1. Study Area

Kathmandu valley is an inter-montane lesser Himalaya bowl-shaped basin. Its geology mostly
consists of fluvio-lacustrine sediments of Plio-Pleistocene age [20,21], which has characteristics of
magnifying seismic waves and being prone to liquefaction [22]. The vulnerability of liquefaction is due
to its high ground water level and potential strong earthquake motions in this area [23]. The valley is
surrounded by Mahabharat mountain range associated with four hills namely Phulchowki (2762 m)
in the southeast, Chandragiri/Champadevi in the southwest, Shivapuri (2762 m) in the northwest
and Nagarkot in the northeast, formerly known as the forts of the valley [24]. The basement rocks of
Phulchowki and the Bhimphedi groups of the Kathmandu complex are formed by Precambrian to
Devonian rocks [25,26]. These groups together form the Kathmandu complex, which is interpreted
tectonically as thrust mass (allochthonous) with the underlying Paraautochthonous Nuwakot Complex
constituting the Mahabharat Synclinorium, the axis of which passes along the Phulchowki-Chandragiri
range. The basement rocks are intersected by numerous faults systems; the geological formation of the
valley has been divided into different groups [25] (Figure 1).

Administratively, the valley consists of three districts: Kathmandu, Lalitpur and Bhaktapur. Mainly
five municipals areas, namely Kathmandu, Lalitpur Bhaktapur, Kirtipur and Madhyapur-Thimi, are
exponentially developed and populated. Kathmandu valley, the selected study area, lies between
27°24'14" and 27°49'10” north latitude (the southern part of Thuladurlung village to the northern part
of Gokarneshwor municipality) and 85°11'18” and 85°33/56” eastern longitude (the western part of
Chandragiri municipality to the eastern part of Shankharapur municipality); however, nomenclature is
being changed during the new local reconstruction process. The study area covers an area of 933.22 km?
within the vertical span 410 m to 2831 m above sea level. Figure 2a indicates the location map of the study
area, and Figure 2b represents the main part of Kathmandu valley, which is divided into eight main areas.
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The Kathmandu valley is facing potentially insurmountable challenges (both demographic and
physiographic) due to overpopulation led by immigration. Since 1971, the population of the valley
has exploded from 0.6 million people to over 2.5 million (Table 1), with an annual growth rate of
2.3%-5.8% [27].
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Figure 2. (a) Location map of the study area; (b) urban expansion of Kathmandu valley in eight
main area.

Continuous haphazard urbanization has increased agricultural land loss and constrained the
coping capacity in the course of disaster management [28]. The mushroomed concrete buildings
constructed in the valley reduce the percolation of surface water, increase the demand for water and
cause a fall in the water level each year, making the valley at the brink of land subsidence [25].

Table 1. Population distribution of Kathmandu valley.

Districts 1971 1981 1991 2001 2011
Kathmandu District 353,756 422,237 675,341 1,081,845 1,744,240
Lalitpur District 154,998 184,341 257,086 337,785 468,132
Bhaktapur District 110,157 159,767 172,952 225,461 304,651
Kathmandu valley * 620,882 768,326 1,107,370 1,647,092 2,519,034

Source: Central Bureau of Statistics (CBS 2011), * includes Kathmandu, Lalitpur and Bhaktapur districts.
2.2. Data

This study has analyzed the spatiotemporal dynamics of urbanization of LULC and identified
the crosscutting impacts of the Nepal Earthquake, 2015. Four pairs of Landsat images were used for
the classification: (i) Landsat Image 2 (Multi-spectral Scanner (MSS), image with Path/Row152/41)
28 October 1976; (ii) Landsat Image 5 image (Thematic Mapper (TM) with Path/Row 141/41) 31 October
1989; (iii) Landsat Image 7 (Thematic Mapper Plus (ETM+) with Path/Row 141/41) 27 October 2002; and
(iv) Landsat Image 8 (Operational Land Image (OLI) with Path/Row 141/41) of 24 January 2015. All data
were projected in the Universal Transverse Mercator World Geodetic System 1984. A topographical
map published by the Survey Department, Government of Nepal, 1995 (scale 1:25,000), was used as the
reference for image analyses. The Google Earth image was used for ground-truthing. A “region of interest”
(ROI) boundary representing metropolitan, municipal and village level study area was delineated for
remote sensing analysis. The study area boundary datasets were obtained from the Survey Department,
Government of Nepal, and the administrative boundary of Kathmandu valley was imported in TerrSet.
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2.3. Data Processing and Classification

All obtainable images, pre-processing, raster group (stacking), subset and classification were
accomplished using Idrisi (TerrSet) developed by Clark Lab. Both unsupervised and supervised
approaches with the maximum likelihood parameter (MLP) system were applied to improve the
accuracy of land use classification. Since no single classification system is used by most of the scientific
community [29,30], an adapted classification system recommended by Anderson et al., 1976 [31],
was used for remotely-sensed data. In the study, land use is classified into six different classes: urban
(built-up), water, open field, forest, bush and cultivated land. The Land Change Modeler (LCM) system
was applied to analyze the changes and transitions matrix in LULC. The computed transition matrix
consists of the row and column of landscape categories at times T1 and T2.

2.4. Urban Expansion Direction

For the detailed exploration of urban expansion and its direction, the major administrative center
of the country, Singhadurbar is assumed as the central point, and the outward urban orientation of the
valley is conducted through the lines created by utilizing ArcGIS 10.1. The outcomes should answer
the questions: where and in which direction did the changes occur from the city core? The rays [30]
consisting of eight subdivisions north, northeast, east, southeast, south, southwest, west, northwest
and north (N-NE, NE-E, E-SE, SE-S, S-SW, SW-W, W-NW and WN-N), each representing 45°, were
drawn, and 50 buffer zones were calculated at the regular intervals of 400 m.

2.5. Measuring Urban Expansion Rate

The urban expansion growth rate [32] of the study area is measured by calculating the total
transformation of urban area. The urban expansion rate indicates the average annual urban area
growth in the following years.

MUER = (U} — Uyg)/ (t1 — to)

where MUER refers to measuring the urban expansion rate, U is urban area in km?, # is succeeding
time and ty is preceding time.
2.6. Plotted of Earthquake Damage Area

Highly damaged localities were captured through GPS during the field observation, and the collected
information has been overlaid in the geological map of the valley and analyzed accordingly (Figure 3).
The study excludes the statistical information of loss and damage during the Nepal Earthquake, 2015.
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Figure 3. Methodological approach.
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3. Results and Discussion

3.1. Urbanization in Kathmandu Valley

Random urbanization began to gain ground in the Kathmandu valley in the late 1950s [33], and
accelerated population growth and migration complemented the process. In 1981, 93% of Nepal’s
population lived in rural areas, and the data came down to 83% in 2011 [27,34]. Since 2001, the average
population density in the Kathmandu has vastly increased compared to the country as a whole.
The population density of Kathmandu grew from 1837/km? in 2001 to 2699/km? in 2011, whereas
Nepal’s density of population only increased from 157/km? to 180/km? in the same time period.
Consequently, the population density of Kathmandu was 1277/km?. While Nepal’s was 126/km?
in 1991, in 1981, it was 963/km? in Kathmandu to 102/km? in Nepal and 623/ km? against 79/ km?
in 1971. This shows that the population density in the Kathmandu valley was rather aggressively
growing [24]. Urban population increased from 2.9% to 40.49% in a period of 63 years (1952-2015).
The rural population of Nepal decreased from 97.1% down to 59.51% in the same period. The valley
represents 22.77% of the total urban population of the country (Figure 4). Table 2 and Figure 5 depict
the statistical comparison between national-level rural-urban population and the urban population
proportion of Kathmandu valley.

Urban and rural population in Nepal from 1952-2015
120
100
X
80 ™~
C
S 60 S ~—~—
= 40 \ P
g. = R
S 20 -
0 — ————t ¢ e :
Year 1952/54 1961 1971 1981 1991 2001 2011 2014/2015
==¢==Urban Population (%) Rural Population (%) ==t==Urban population of valley (%) ( Compare with country)
Figure 4. Urban and rural population of Nepal.
Table 2. Urban and rural population.
Urban Population =~ Rural Population =~ Urban Population of Valley (%) (of the
Year Urban Centers (%) (%) Total Urban Population of the Country)
1952/1954 10 29 97.1 82.6
1961 16 3.6 96.4 64.9
1971 16 4 96 54
1981 23 6.4 93.6 38
1991 33 9.2 90.8 35.3
2001 58 13.9 86.1 309
2011 58 17.1 82.9 31.58
2014/2015 217 40.49 59.51 22.77

Source: Central Bureau of Statistics (CBS 2003), International Centre for Integrated Mountain Development (ICIMOD,
2007), (CBS, 2011), and (Ministry of Federal Affairs and Local Development | Nepal (MoFALD,2015). Note: The
administrative boundary of the Village Development Committees and Municipality and the nomenclature are being
changed due to the reconstruction and reclassification of the local-level administrative units. However, this study is
based on local development construction before March 2017.



Land 2017, 6, 42 7 of 23
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Figure 5. Population distribution in different parts of the Kathmandu valley. Note: The administrative
boundary of Village Development Committees, Municipalities and their nomenclature are being
changed due to the reconstruction and reclassification of the local-level administrative units, although
this study is based on local development construction before March 2017.

3.2. Land-Use Land-Cover Dynamics

LULC change analysis of Kathmandu valley showed that 17.51 km? of cultivated land were
converted into other land use classes between 1989 and 2002, whereas 55.01 km? of cultivated land
were decreased between 2002 and 2015. Cultivated land was mostly transformed into urban/built
up area and bush land, whereas forest areas were intensively degraded in rural areas. A total are
of 11.84 km? was deforested between 1976 and 1989. The deforestation rate augmented (24.97 km?)
between 1989 and 2002 and is shown in Table 3 and Figure 6.

The land use pattern in urban areas had rapidly changed, and the urban development pattern is
environmentally unmanageable in Kathmandu valley [35]. Rapid population growth and urbanization
have caused much agricultural land transformation of anthropogenic structures and has intensified
overexploitation of extant land covers. The escalated land use change is partially due to Nepal
becoming a more service-based economy [36]; yet, 70% of Nepal’s gross national product still depends



Land 2017, 6, 42 8 of 23

on agricultural sector. Despite agricultural productivity, many people have migrated from rural areas
for the quest of better living [37]. According to the statistics, Kathmandu’s urban coverage totaled
20.19 km? in 1976 (Figure 7a), but increased to 39.47 km? in 1989 (Figure 7b), 78.96 km? in 2002
(Figure 7c) and 139.57 km? in 2015 (Figure 7d), which is considered as a rapid transition in the in the
LULC analysis.

The effects of rapid urbanization were prevalent in cities and suburban areas of the valley. As the
cities expanded, it directly impacted suburban areas, and those living in suburban faced many new
challenges. A significant area (63.32 km?) of cultivated land of Kathmandu valley was converted into
other classes between 1976 and 2015, and 119 km? area appeared as urban in the same period, at the
expense of agricultural lands, forest and bush areas. Much of the city’s rapid growth in population has
been accommodated in informal settlements, resulting in the destruction of natural systems. In order
to raise the stewardship between humans and nature, more strict urban plans and policies that favor
the protection of arable land are essential.

The spatial transition over a period of 13 years between 1976 and 1989 showed the pronounced
conversion of forest into cultivated land uses, probably for agricultural uses such as rearing livestock,
foraging and grass collection. Over 90% of the valley’s population was agro-pastoral in the 1980s [33].
However, over time, urban sprawl became the second largest factor for converting forest into cultivated
land, a precursor of urbanization (Table 4, Figure 8a).

Some extensive alterations in LULC were noticed between 1989 and 2002 (Table 5). The degeneration
of forests continued with 20 km? being transformed into bush land and 17.62 km? into cultivated land.
Urbanization was intense during this period with about 38 km? of land being converted from forest and
cultivated lands to urban areas (Table 5, Figure 8b).

The conversion of a total of 59.74 km? of cultivated land into built up structures and the
transformation of 13.72 km? of forest to cultivated land are the two remarkable changes in land use and
land cover between 2002 and 2015. Forest land conversion was minimal because of increased forest
and biodiversity conservation programs. Despite intensified urbanization, these recent conservation
programs have helped emphasize the benefits of leaving greenery and forests intact. As a consequence,
in the last decade, the change of forest into cultivation land (13.72 km?) was surmounted by cultivated
land into forest (Table 6, Figure 8c). Figure 8d demonstrates the spatiotemporal pattern of urbanization
in the valley from 1976 to 2015.

Trend of Land Use/Land Cover Change , 1976- 2015
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20

10 /
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Figure 6. Trend of land use change in Kathmandu valley.
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LAND USE/LAND COVER MAP OF KATHMANDU VALLEY : 2002
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LAND USE/LAND COVER MAP OF KATHMANDU VALLEY : 2015
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Figure 7. LULC map of Kathmandu valley: (a) 1976; (b) 1989; (c) 2002; and (d) 2015.
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TRANSITION MAP FROM NON-URBAN TO URBAN/ BUILT UP, BETWEEN 2002-2015
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Figure 8. (a) Transition map from all land use/land cover classes to urban area 1976-1989; (b) transition map from all land use/land cover classes to urban area

1989-2002; (c) transition map from all land use/land cover classes to urban area 2002-2015; (d) urban land cover dynamics of the valley from 1976 to 2015.
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Table 3. Land use/land cover statistics, 1976-2015.

13 of 23

Land C 1976 (Area) 1989 (Area) Change 2002 (Area) Change 2015 (Area) Change Change
and Cover between 1976 between 1989 between 2002 between 1976
2 2 2 2
kem % kem % and 1989 lem % and 2002 km % and 2015 and 2015
Urban/built up 20.19 2.16 39.47 423 19.28 78.96 8.46 39.48 139.57 14.96 60.61 119.38
Water body 9.50 1.02 7.20 0.77 —2.30 6.59 0.71 —0.61 7.51 0.81 0.93 —1.98
Open field 3.23 0.35 2.49 0.27 —0.74 1.99 0.21 —0.50 1.75 0.19 —0.24 —1.48
Forest cover 327.60 35.10 315.76 33.84 —11.84 290.80 31.16 —24.97 306.73 32.87 15.93 —20.88
Bush area 78.94 8.46 65.33 7.00 —13.61 69.43 7.44 410 47.22 5.06 —22.22 —-31.72
Cultivated land ~ 493.77 5291 502.97 53.90 9.20 485.45 52.02 —17.51 430.44 46.12 —55.01 —63.32
Total 933.22 100 933.22 100 933.22 100 933.22 100
Table 4. Spatiotemporal transition of LULC, 1976-1989.
Year 1989 km?
LULC Classes Urban Water Open field Forest Bush Cultivated Total
Urban 20.08 0 0.00 0.01 0.01 0.09 20.19
Water 0.48 6.44 0.00 0.42 0.05 211 9.50
1976 Open field 0.12 0.00 1.59 0.03 0.10 1.39 3.23
Forest 0.23 0.02 0.06 288.81 12.79 25.68 327.60
Bush 0.15 0.00 0.14 16.19 47.92 14.53 78.94
Cultivated 18.42 0.73 0.70 10.31 4.46 459.15 493.77
Total 39.47 7.20 2.49 315.76 65.33 502.97 933.22
Table 5. Spatiotemporal transition of LULC, 1989-2002.
Year 2002 km?
LULC Classes Urban Water Open field Forest Bush Cultivated Total
Urban 39.47 0.00 0.00 0.01 0.00 0.00 39.47
Water 0.18 6.54 0.03 0.02 0.00 0.43 7.20
1989 Open field 0.17 0.00 1.59 0.02 0.05 0.66 2.49
Forest 0.34 0.01 0.01 277.27 20.52 17.62 315.76
Bush 0.15 0.00 0.00 6.35 43.72 15.10 65.33
Cultivated 38.65 0.03 0.37 7.14 5.14 451.64 502.97
Total 78.96 6.59 1.99 290.80 69.43 485.45 933.22
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Table 6. Spatiotemporal transition of LULC, 2002-2015.

Year 2015 km?
LULC Classes Urban Water Openfield Forest Bush Cultivated Urban

Urban 78.86 0.01 0.00 0.04 0.00 0.05 78.96

Water 0.00 6.56 0.00 0.03 0.00 0.00 6.59

2002 Open field 041  0.02 1.38 001 0.0 0.18 1.9
Forest 0.52 0.13 0.05 271.64 4.74 13.72 290.80

Bush 0.04 0.01 0.00 19.14 38.27 11.96 69.43
Cultivated 59.74 0.79 0.32 15.86 420 404.54 485.45
Total 139.57 7.51 1.75 306.73  47.22 430.44 933.22

3.3. Spatial Orientation of Urban Land Expansion

The first decade between 1976 and 1989 accounted for limited urban enlargement throughout
the entire study area, contrary to the large-scale urbanization between 1989-2002 and 2002-2015.
Remarkable change of LULC (Figure 9a) and urban enlargement occurred in every direction from
the city core (Figure 9b,c); yet, the extensions that took place in N-NE (Budhanilkantha area), NE-E
(Jorpati, Sankhu, Gokarna area), E-SE (Bhaktapur area) and SE-S (Imadol, Godawari area of Lalitpur)
are comparatively the highest. The Bhaktapur area is one of the important gateways to the valley
and incorporates the large plain area where urban area expanded from 4.67 km? in 1976 to 8.3 km?
in 1989. The dramatic increase from 15.2 km? in 2002 to 25.95 km? in 2015 is another large-scale
expansion. Consequently, Jorpati, Sankhu area, experiences a similar trend where 2.6 km? urban
area was augmented to 5.75 km? in 1989, which enlarged to 12.95 km? in 2002 and 23.75 km? in
2015 (Table 7). The areas adjacent to the major road networks that link the valley with the important
hinterland villages (e.g., Lubhu, Lamatar, Chapagaun areas of Lalitpur) have gained a higher urban
enlargement. S-SW (Bungmati, Khokana area) has moderately medium and SW-W (Kirtipur, Thankot
area), W-NW (Sitapaila, Ramkot area) and NW-N (Goldhunga, Jitpur area) possess relatively less
urban increase.

The first two areas share their western boundary with the hills, which has constrained the
expansion, resulting in the comparatively lower expansion. Due to the on-going construction of the
outer Ring road almost covering the whole valley, further expansion of the dense settlements in the
remaining areas at the cost of cultivated land is predictable.
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Figure 9. (a) Land cover change matric in all eight main zones in the valley, 1976-2015 (km?); (b) spider
diagram of the urban expansion in eight directions in the valley, 1976-2015 (km?2); (c) spatial orientation
of urban land expansion in the valley, 1976-2015 (km?2).

Table 7. Quantity of urban land expansion along 8 directions in the valley, 1976-2015 (km?).

Direction 1976 1989 2002 2015
N to NE 1.57 4.12 11.29 19.45
NE to E 2.63 5.76 12.96 23.75
E to SE 4.66 8.27 15.16 25.96

SE to South 3.16 5.93 11.28 20.69
Sto SW 1.94 4.26 8.1 14.24

SWtoW 1.93 3.78 7.11 14.35

W to NW 1.11 2.33 5.1 7.98

NW to N 2.58 4.36 7.07 11.9
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3.4. Urban Expansion Rate

The total urban area of Kathmandu valley was 20.19 km? in 1976, which extended by almost
two-fold in 1989 with 39.47 km?, with an average growth rate of 7.34% per year in the following
13 years. In 2002 and 2015, the urban are reached 78.96 km? and 139.57 km?, respectively. The total
annual increase rate was 7.70% between 1989 and 2002 and 5.90% between 2002 and 2015. That is
6.91-times higher than that in 1976.

3.5. Socioeconomic Impacts

Kathmandu valley is the central hub for the political, educational and economic activities,
employment opportunities, air transport, cultural and historical heritage. The availability of urban
basic services such as roads, electricity and telephone has influenced the population acceleration in the
last few decades. Thus, the fertile land has been confined due to the abrupt urbanization, and people’s
interest has shifted to commercial farming, mainly of horticulture and floriculture, from the substantial
farming in the limited land within the valley [25].

Multiple driving forces are considered responsible for the urbanization process in Kathmandu;
however, they were specific at spatial scales [9,37]. Economic opportunities in the city’s core areas,
population growth in the fringe and the political situation in the rural areas were identified as the
major drivers of urbanization. A previous study reported that [37] physical condition was trivial in
contributing to the urbanization process; nevertheless, its role greatly varied from 18% in the city,
to 27% in the fringes, to 55% in the rural areas. Economic opportunities contributed 47%, 31% and
22% in urbanization in cities, fringes and rural areas, respectively. The land market business is highly
concentrated in the rural and fringe in comparison to the city core due to the limited land availability.
The land use-based approach is often regarded in sustainable urbanization [25].

3.6. Nepal Earthquake 2015

Nepal is listed as the 20th most disaster-prone country in the world, most vulnerable to the effects
of climate change, 11th most at risk for earthquake damage and 30th most vulnerable to floods [38].
Kathmandu valley has the greatest earthquake risk among any of the 21 mega cities in the world
because it lies in a very active seismic zone within a high hazard intensity (Figure 10). Seismic records
of Nepal, which date back to 1255 A.D., show that destructive earthquakes happened in 1408, 1681,
1810, 1833, 1866, 1934, 1980, 1988 and 2011. The 1833 quake was the most destructive, and the 1934
earthquake impacted Kathmandu the most, resulting in more than 8500 deaths and destroying 38,000
buildings [38,39].

On Saturday, 25 April 2015, at 11:56 a.m. local time, a 7.6 magnitude (8.2 km depth) earthquake
struck Barpak, Gorkha, about 76 km northwest of Kathmandu, followed by many subsequent
aftershocks, the largest occurring at 12:50 local time on 12 May 2015 in Barpak, Gorkha, and Sunkhani,
Dolakha, with a magnitude of 7.3. The 2015 earthquake was the most powerful jolt to hit Nepal since
the quake of 1934 [40]. This earthquake killed 1746 people and severely injured 13,102 in Kathmandu
valley alone. Altogether, 80,149 private properties and 321 government buildings were fully destroyed
in Kathmandu alone; and 72,249 private houses and 545 government buildings partially crumbled [41].
The earthquake damaged (Figure 11a,d presents the view in Google Earth images before and after the
earthquake of Kathmandu valley) many of the country’s large administrative centers, including Singh
durbar, Sheetal Niwas, the Supreme Court, etc. Seven UNESCO heritage sites were also damaged.
The nine-story historical landmark tower Dharahara, in Nepali language, which was constructed
during 1832 by the then Prime Minister Bhimsen Thapa, massively collapsed during the jolt, where a
large number of visitors lost their lives (Figure 11e). Much of the damage occurred because many of
the buildings across the country are not built to seismic standards, and so, any major jolt can cause
them to crumble. Tens of thousands of houses, buildings and structures are in such a precarious state
that a major jolt can result in harsh damage. Various structures are supported by bamboo, wooden
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or iron bastions to prevent from further crumbling. Now, even over a year after the quake, many
structures still have not been rebuilt. Some people are living in homes with cracked foundations or
holes in the stone walls. Countless numbers of people are also still reported to be living in temporary
shelters in Kathmandu.
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Figure 11. Google Image of Kathmandu, City (focus on Dharahara and Tudhikhel. (a) Before the
earthquake, 1 December 2014; (b) after the earthquake, 26 April 2015; (c) Google Image, after the
earthquake, 12 May 2015; (d) dusty sky of Kathmandu a few minutes after the quake, 2015, photo,
Bikram Rai; Bhimsen Tower, Dharahara, (e) before and (f) after the earthquake: Google search:
6 June 2016.

Due to the easy access of urban facilities, such as physical infrastructure, economic probability
and advanced life, people are intending to move to city areas, resulting in villages being unattended
and full of ruderals [36]. The investment of land markets and real estate has played a vital role in
mushrooming the settlements in urban areas. The urban sprawl and LULC change of Kathmandu
occurred without proper planning or policy, creating an area greatly at risk from earthquake damage.
Limited understanding of earthquake disaster risk and lack of emergency preparedness are the major
hurdles of the effective disaster risk reduction and mitigation process. Due to the lack of proper land
use planning, unmanaged urban sprawl and risky settlements, many cultivable lands and forests are
converted into built-up areas. Incomplete land use planning puts people at higher risk in natural
disasters and increases food insecurity, as much of the area’s cultivated land has been converted into
shoddily-constructed homes. Due to the lack of seismic technologies, trained masons and engineers and
the perceived cost of seismic-resilient construction, many buildings when constructed are seismically
unsafe. To build seismically-resilient and LULC-friendly structures, effective disaster management
and construction protocols must be implemented by the Nepalese government. These policies should
consider mitigation and preparedness, emergency response and rehabilitation and reconstruction
policies for post-disaster based on scientific criteria. Sustainable planning has the capacity to make this
last disaster an opportunity to rebuild a better Nepal.

3.7. Earthquake, Land Use and Geological Formation

Spatial analysis of the geology in Kathmandu valley showed that the Gokarna formation, Kalimati
formation and Chapagaun formation were all highly affected by the 2015 earthquake, while the
Chandragiri formation and Kulekhani formation were both moderately affected (Figures 12 and 13).
Mostly the areas enclosed within the Kalimati, Gokarna and Chapagaun formation, mainly Gongabu,
Jorpati, Gokarna, Bhaktapur, Bungmati, Chapagaun and Kirtipur periphery, are the remarkable areas
that obtain high urban orientation, as well as are highly impacted by the Nepal earthquake, 2015.
The geological landscape affected the damage risk of Kathmandu valley, but housing construction
also often determined how much damage a building experienced. Traditional homes constructed with
bricks and mud mortar often suffered large amounts of damage, as well as the modern houses, which
are made up of bricks and concrete, fail to meet the earthquake resilience criteria. Although concrete is
a more modern material, it is heavy and often became dislocated during the quake. Additionally, poor
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equipment, unskilled labor, poor quality building materials and a lack of timely maintenance were
risk factors for the quake damage result in fragile homes. Through spatial analysis and geological
surveys, we conclude that the establishment of non-resilient, unregulated constructions on top of
highly vulnerable geologic formations created the large amounts of loss and damage in Kathmandu
valley. Further research is needed to fully understand different land uses and geological formations’
vulnerability to earthquakes.

GEOLOGICAL FORMATION OF
KATHMANDU VALLEY

4 2 0 4 Kilometers
// 1:150,000
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Figure 12. Overlay map of the earthquake damage structure and geological map of Kathmandu valley.
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Figure 13. Overlay map of earthquake damage structure and administrative boundary map of
Kathmandu valley (including all three district boundaries).

3.8. Planning and Policy

The government of Nepal (GoN) has introduced different land use acts and policies regarding the
LULC management (e.g., Civil Code 1843, amended in 1963, Land Right Acquiring Act 1951, Survey
and Measurement Act 1962, Land Act 1964, Land Administration Act and Land Revenue Act 1976, Land
Acquisition Act 1977, Town Development Act 1989, National Agriculture Policy 2004, National Urban
Policy 2007, Industrial Policy 2011, National Shelter Policy 2012, Agriculture Development Strategy
(ADS) 2013, National Land Use Policy 2012 and 2015, Forest Policy 2015, Urban Planning and Building
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Construction Guidelines, 2015); these are some of the noteworthy plans and policies promulgated by
the government [42]. Similarly, several scattered laws and regulations in one way or other deal with
land and its use. In 2002, the government approved a long-term development plan for Kathmandu
valley prepared by the Kathmandu valley Town Development Committee. The plan was particularly
based on land use criteria [25]. The plan conceptualized a vision for developing Kathmandu through
the year 2020. It aimed at de-concentrating economic investments and employment opportunities
in the valley core to promote natural, historical, cultural, touristic environments and delineating
the urban growth boundaries to control urban growth and limit capital investments. However, the
plan was jeopardized by a lack of long-term strategies, political commitment and the sustainability
of growth in the valley. In 2015, Nepal adopted the Settlement Development, Urban Planning and
Building Construction Guidelines. These guidelines are scientifically based, and their implementation
is urgently required. Fixed scientific measures are considered to be strictly adopted in terms of
infrastructure development in these newly-developing urban, fringe and rural areas. Geological
studies and soil tests should be emphasized prior to construction of infrastructures. Specific road
standards need to be maintained for road construction or the urban planning process. These guidelines
must be followed closely for the protection of Kathmandu valley’s high productivity agricultural land,
green outskirts and open spaces and to smoothen the resilient urban development process.

4. Conclusions and Future Steps

The high rates of migration and population growth have directly contributed to rapid, often
unmanaged urban growth in Kathmandu valley. Urbanization has occurred at the cost of fertile
agricultural lands and cultural sites. Land use change in the valley has been aggravated through
sporadic and persistent exploitations. Unattended fallow lands in suburban areas have worsened
land degradation by welcoming invasive alien species and compromising the indigenous landscape
and culture. The study area experienced rapid urbanization with the average annual urban growth
rate of 7.34%, 7.70% and 5.90% between 1976, 1989, 2002 and 2015, respectively., The annual urban
expansion growth rate indicates the level of urban area extension in the valley. Urban expansion
direction indicates the value of socio-economic movement. Relatively the highest, moderate and the
lowest urban concentration over the time period occurred in the east, southwest and west along with
the northwest part of the valley, respectively.

This excessive trend of urban momentum in recent decades is being strengthened with the ongoing
construction of the outer Ring-road and additional physical infrastructures, which are likely to convert
the whole valley into a dense jungle of concrete in the coming decades. The government needs to
introduce an effective urban plan to control the haphazard settlement practice in the city, fringe and
rural areas. Geological studies, soil tests, building standards, road standards and wise land utilization
practices should be conducted prior to the construction of private and public infrastructure

To this end, the monitoring of the urban expansion direction and variation through the application
of multi-temporal images will be the crucial milestones, and geological information will remain as the
stepping stones for the operative urban planning in the forthcoming days.

Since land use management is a fundamental part of development, our results advocate the
essentiality of incorporating scientific urban planning and appropriate land use management practice
for the sustainable urban development of Kathmandu valley, as well as other cities of Nepal.
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