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EXECUTIVE SUMMARY

Land capability classification of Jwalamukhi Rural Municipality is done on the basis of
topography (slope), soil parameters (depth, texture, drainage, pH, OM, N, P, and K),
climate, erosion hazard and land management. There are three capability class of land
exist in Rural Municipality namely class Il, Il and IV. Among these class Il land is the most
suitable for agriculture, forestry and grazing with few limitations of soil and erosion
parameters. The total land of Jwalamukhi Rural Municipality is 11289.62 ha and the
proportion of non arable land is about 50% of total land area. The Rural Municipality has
very limited land 902.71 ha (7.98%) which consists of capability Class Il and this land has
the potential for the diversified agricultural crops cultivation, vegetables, fruits and forestry
usages with no limitations, requiring minimum management inputs. The class Il land
present in the Rural Municipality is having deficiency of soil rooting depth, drainage
deficiency, topography, which is about 52.46% in proportion of the total land area. Class Il
consists of land with moderate limitations that limit the choice of crops or reduce productivity
in comparison to Class | and Class Il lands. Class Il land is dominated in this Rural
Municipality which need careful management and conservation for optimum productivity
and uses for agriculture. Terracing is compulsory to control erosion when used for
agriculture. The Rural Municipality with class IV land in this Rural Municipality cover with
4464.45 ha and it accounts for 39.55%, which is having topographic restriction for
agriculture. Class IV consists of lands with moderately severe limitations that limit the
choice of crops and/or require very careful management practices. These lands are either
too steep to be terraced and cultivated (>28° slope) or lie above the altitude limit of
agriculture.




CHAPTER 1 : INTRODUCTION

1.1 Background and Rationale

The land capability classification is an interpretive groupings made primarily for agricultural
purposes (Klingebiel and Montgomery, 1961). This serves as a sound planning tool for
guiding landscape level sustainable land management policy. A wise execution of this
approach helps to ensure ecological integrity, adequately supply food and fiber and provide
cushioning to external shocks and stresses (FRP, 2005).

Land use activities such as clearing forests, practicing subsistence agriculture, intensifying
farmland production, or expanding urban centers, have changed the world’s landscapes.
Although land use practices vary greatly across the world, their ultimate outcome is
generally the same: (a) to produce food and fiber, and (b) to acquire natural resources for
immediate human needs.

Recent decades Nepal have experienced a trend of rapid urbanizations and the fertile
agricultural land being converted into settlements or infrastructure development. The
economic and social lifestyles of most of the Nepalese people are intimately related to land
resources. Haphazard use of land resources and faulty land use plans have decreased the
land productivity due to the depletion of natural resources. Hence, land capability
classification has become increasingly important task for sound land use planning leading
to sustainable land management in Nepal.

Planning is an essential function of rational use of available natural resources for overall
development of the nation. FAO (1983) defines land use planning as a systematic
assessment of land and water potentials, alternatives for land use and economic and social
conditions in order to select and adopt the best land use options. Except sporadic attempts
for the urban areas (NLUP, 2007), Nepal has not practiced land use planning for the country
as a whole. However, attempts were made for balanced use of country’s existing natural
resources in the past through different policies and national planning efforts. Land use
planning can be applied at three broad levels: national, district and local (Rural Municipality)
level. The government of Nepal (GoN) has started to look into this problem through the
TSLUMD for collecting detail basic information on land, land resources and the social
services at local level under the land use act 2076. Until now, Nepal has only regional level
database on land use, land system and land capability produced by earlier Land Resource
Mapping Project (LRMP, 1986). On the one hand, these regional level data are already
over three decades old and on the other hand, they might not be very useful for local level
planning.

In the modern era, space science technologies such as remote sensing (RS) and
Geographic Information Systems (GIS) offer real time spatial /and temporal data on land
resource which could be used efficiently to prepare digital database. These spatial
databases together with data on different land use characteristics can be collected from the
field survey even at Rural Municipality level and information derived could be used for
developing decision making support systems (DSS).
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Land can be classified according to its present use and suitability for specific crops under
the existing forms of management, its capability for producing crops or combinations of
crops under optimum management. A good knowledge of the land capability and suitability
combined with good understanding of the soil characteristics and management aspects are
the keys to more productive and sustainable use of land resources. Stijns (2006) defined
‘land capability classification’ as a technique of determining the most suitable use of any
area of land. The purpose of land capability classification systems is to study and record
all data relevant to combination of agricultural and conservation measures which would
permit the most intensive, sustainable and appropriate use of land without significant
degradation of the soil resource.

A systematic grouping of the land requires information on existing soil quality, landforms,
climate, land use patterns, irrigation, topography and other aspects of land as well as socio-
economic condition of the area. Due to variation in terrain, climate features and human
activities, diversities are observed in faunal and floral population and activities. Land
capabilities are also affected by the topographic and climatic factors. Greater variation in
landforms and soil exists across Nepal. The variability not only poses the problem but also
offers enormous opportunities for the development. Increase in population, and
industrialization activities as well as increasing disasters in the wake of climatic change
always pose threat to the land resources and its management. Therefore, extensive
information is needed on land types, land cover and land use for the formulation of proper
land management policies and strategies for the sustainable development of a country. A
systematic approach to sustainable land resource management through land utilization
planning, land use zoning and assessment of land could be an appropriate measure for
this purpose.

A great spatial and temporal variability in land capability can, thus, be studied only by the
use of technologies that encompass the spatial and temporal properties. Remote Sensing
(RS) and Geographic Information System (GIS) are the tools available for analyzing the
variation in space and time and help in decision making. In addition an efficient approach
to management of resources can be formulated and implemented over short time period.

Realizing this fact, the Ministry of Land Reform and Management of GoN established the
NLUP in 2057/058 to generate the necessary database on the land resources of the
country. In the first phase, the NLUP initiated several projects at district level and prepared
Land Resource Maps and Database at 1:50,000 scale for the whole Nepal. It also prepared
maps and database for Kirtipur, Madhyapur Thimi and Bhaktapur municipalities at larger
scales. Finally, TSLUMD got a mandate to prepare land resource maps of Rural
Municipality of Nepal for local level planning through outsourcing modality.

In the context of the above strategies, Hexa International Pvt. Ltd. has been assigned to
carry out the Package No.. TSLUMD/CS/QCBS/01/07/2077/078 project entitled
Preparation of Rural Municipality level land resource maps, database and reports by the
Government of Nepal/Ministry of Land Reform and Management, National Land Use
Project in the Fiscal Year 2077/078. The Rural Municipality covered in this Package is of
Dhading District of Nepal.
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The rationale for the preparation of Rural Municipality level land capability maps by
TSLUMD are:

a. Preparation of land capability maps of the Jwalamukhi Rural Municipality for
formulating land use planning according to the quality of land in order to identify
areas of Agricultural area, Residential area, Commercial area, Industrial area,
Forest area, Public service area and other uses.

b. Identification of the residential and other non-agricultural areas according to the
capability of land.

c. Promotion of agricultural productivity as per land capability in comparatively
advantageous sub-areas.

d. Conservation of natural resources including forest, shrub, rivers and rivulets and
wetland in agricultural/non-agricultural areas.

1.2 Objectives of the study

The general objective of this study is to prepare Rural Municipality level land resource
maps (Present Land Use Map, Soil Map, Land Capability Map, Land Use Zoning Map,
and Rural Municipality Profile for Land Use zoning and Superimpose of Cadastral Layers),
database and reports of the concerned Rural Municipality. The specific objective is to
prepare Land Capability Maps, GIS database and Reports for the Jwalamukhi Rural
Municipality at 1:10,000 scales.

In order to achieve the above mentioned objective, the scope of work includes the
following activities:

a. Study the existing relevant maps, documents and database of the project area.

Prepare Land capability maps for the Jwalamukhi Rural Municipality at 1:10,000
scales by analyzing relevant data, maps, field samples and information of soil
laboratory test analysis.

c. Design appropriate GIS database logically.
d. Discuss the accuracy, reliability and consistencies of data.

e. Prepare reports describing methodology, existing land capability types and model
of GIS database.

1.3 Study Area

Jwalamukhi rural municipality is in mid-western part of the Dhading District in Bagmati
Province of Nepal. The rural municipality was formed on 10" March 2017 (2073/11/27) by
merging four VDC units i.e. Khari, Dhola, Nepal, Maidi and Chainpur. Administratively, it is
divided into seven wards. Politically, the rural municipality is placed under constituency no
2 for federal parliament and 2 (ka) for provincial parliament.

Jwalamukhi municipality shares border with three municipalities each in Dhading and
Gorkha District. In the Dhading district, the municipality shares its border with
Tripurasundari, Neelkantha and Siddhalek. Additionally, Shahid lakhan, Bhimsen and

3
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Gandaki municipality of Gorkha district are connected to the municipality. Geographically it
extends from 84° 44' 3.07" E to 84° 51' 22.92" E and 27° 51' 25.51" N to 27° 58' 52.45" N.
The total area of the municipality is 112.90 sq.km with the altitudinal elevation ranging from
333.84 mto 1343.14 m (Figure 1-1). As of census 2011, the population of the municipality
is 32922. The total population of this Rural Municipality is 23966 of which male population
is 10573 (44.1%) and female population is 13393 (55.9%). The total households are 5730
and the average family size of the Rural Municipality is 4.2.
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Figure 1-1: Location Map of the Study Area
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CHAPTER 2 : CONCEPTUAL BASIS OF LAND CAPABILITY
CLASSIFICATION

Land capability assessment provides the ranking of the land on the basis of its ability to
sustain a range of agricultural land uses without degradation of land resources on
sustainable basis. It was originally developed by United States, Department of Agriculture
and has been used in identifying appropriate land usages and required management
practices that can sustain its productivity for long run. Land capability classification takes
into account geology, soils, slope, climate, erosion, hazards and land management
practices. It also takes into account stoniness, flooding, salinity and drainage conditions
of the land. It grades the land for broad scale agricultural uses. Land capability grading at
local level requires assessment of land for agricultural usages considering land suitability,
limiting factors for the use of that land and required management and conservation
options to conserve land resources for best productivity. This chapter gives a framework
for land capability classification at Rural Municipality level. It includes, review of land
capability of LRMP, land capability classes, irrigation suitability classes, irrigation
suitability sub-class, land capability sub-class, land capability sub-divisions, framework for
RURAL MUNICIPALITY level land capability classifications and land capability
classification hierarchy.

2.1 Review of Land Capability of LRMP

Land capability assessment is an interpretive and somewhat subjective system for
evaluating a suite of resource information. It provides a ranking of the ability of an area to
support a range of agricultural activities on a sustainable basis. Over the span of human
history, man has drawn most of his sustenance and much of his fuel, clothing and shelter
from the land. Land has been men’s habitat and living space. Vink (1975) indicated that,
as circumscribed by the earth, the area of what is considered to be land is finite and fixed
in place. Land uses are subject to control by people, whose numbers are not fixed,
who have many needs, and who move easily. According to Davis (1976), some areas of
land have certain characteristic that makes it more useful than others. These include
location and suitability of a particular piece of land for specific use

Vink (1975) has defined land use as the ability of human being to manage their ecosystem
in order to produce some of his needs. This indicates the ability of man to preserve or
destroy land; i.e. man has a full control over land. As Spellerberg (1992) noted, large
forest areas have been cleared for agriculture and most remaining forests have sadly
been damaged in some way. The consequence is increasing erosion and land degradation.
In addition, in western countries, because of industrialization, the invasion of prime
agricultural productive land is prominent. These problems bring about the need for
classification. Dent (1986) citing Jacks (1946) defines land classification as “the way of
grouping of land according to its suitability for producing plants of economic importance”.

The foundation of land classification lies in land resource inventories, starting with major
geological surveys during the nineteenth century. The development of land capability
schemes during the 1930s in the USA marks the beginning of the second major
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development in the subject, but the widespread adoption of land capability schemes only
began after 1960 (Davidson, 1992).

The assessment of land capability involves an evaluation of the degree of limitations
posed by permanent or semi-permanent attributes of land to one or more land uses. The
American system of land assessment goes back to 1930s, but it came into effect only
after 1961 when a comprehensive book was published (Klingebiel and Montgomery,
1961). The Soil Conservation Service of the US Department of Agriculture evolved the
technigue and it is referred to as the USDA method. Integral to the assessment procedure
is an evaluation of soil erosion hazard, wetness, soil and climatic limitations. Land capability
assessment is based on a broader range of characteristics than soil properties. Information
on slope angle, climate, flood and erosion risk as well as on soil properties is required
(Davidson, 1992).

Land capability could be the land to sustain a specified land use without insignificant
onsite or offsite degradation or damage of land resources (US department of Agriculture
& State Planning Commission, 1989). Generally, the land capability classifications refer to
the grading the ability of land. The US Department of Agriculture has been using land
capability widely since the 1950s to assess the appropriate use of various types of land for
agriculture usages in identifying land uses and management practices that can minimize
soil erosion, especially induced by rainfall (Brady and Well, 2002).

Land capability assessment is therefore based on the permanent biophysical features of
the land (including climate). Land capability assessment is different from land suitability
assessment which, in addition to the biophysical features, does take into account
economic, social and/ or political factors in evaluating the best use of a particular area of
land for various usages, drainage, sewage disposal land (Grose, 1999). Land capability
classification gives a grading of land for broad scale agricultural uses drainage, sewage
disposal including landfill. The factors acting on land classification and its limitation is
presented in Figure 2-1.
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Figure 2-1: Factors Affecting Land Capability Assessment/improve this

FAO Framework of Land Evaluation is most widely used for assessing the suitability of
soils for various kinds of Land Utilization Types (LUTs). Land Suitability may be defined
as “the fitness of a given type of land for a specified kind of land use” (FAO, 1983).
Suitability is a measure of how well the qualities of a land unit match the requirements of
a particular form of land use. Suitability is assessed for each relevant use and each land
unit is identified in the study for the optimum economic benefit.

Land capability classification at local level requires assessment of each individual
physiographic land unit for agricultural land use as in the case of present study area. At
the level 1, land capability classification needs to be made for degree of suitability, nature
of dominant limiting factors considering management and conservation requirements to
tackle the limitations in order to conserve land resources for best economic productivity.
This chapter gives a conceptual basis for the land capability assessment on which the
classifications are done at Rural Municipality level.

During 1980-1985, 266 Land Capability Maps were made by the LRMP covering entire
country. LRMP defines land capability classifications as “a specialized evaluation of the
land resource based on interpretative classification considering the slope stability,
irrigation, flood hazards etc.” (Carson, 1986). LRMP’s Land Capability classification is
based on observable biophysical characteristics as delineated by land system, local
climatic conditions and empirically derived assessment of existing and potential land use.
Lands are grouped into seven classes and five sub-divisions according to their
opportunities, limitations and hazards for different sustainable usages in LRMP land
capability classification system. Land suitability for arable agriculture and forestry uses are
emphasized; thus the class arrangements shows the decreasing suitability / opportunities
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for use as well as decreasing intensity of use. There are seven classes assigned as “Class
I” to “Class VII”, according to the order of opportunity each class offers. For example, Class
I land has the very less limitations for arable agriculture or forestry development usages.
The categorization of classes is influenced by the land system and soil units.

The subclasses of land capability are based on distinct temperature regimes according to
elevation breaks. The subclasses are categorized into five climatic regime groups’ viz.
sub-tropical, warm temperature, cool temperature, alpine, and arctic. These subclasses
are further differentiated to represent major climatic moisture regime zones, which are
arid, semiarid, sub-humid, humid, and per-humid.

Each land capability unit for Class | and Class Il is further designated with irrigation
suitability. By applying the United States Bureau of Reclamation, land classification
framework, modified for local conditions, the irrigation suitability classification is done.
Irrigation suitability classes are further sub-classified on the basis of deficiency in sall,
topography or drainage conditions, which attributes to the arability of land.

(v m v v (v v

Degree of limitation

w S

RO o:cr | weiness |sois | cimate [ Etc.

Dominant kinds of limitation

Units Similar management and conservation
requirements, etc.

Figure 2-2: Levels of Land Capability Classification System (Grose, 1999)
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Table 2-1: LRMP Land Capability classification scheme.

Class | Class Il Class |l Class IV Class V Class VI Class VII

Sub tropical <1000 20-24 Hyperthermic

Warm Temperature 1000-2000 15-20 Thermic

Cool Temperature 2000-3000 10 -15 Mesic
Alpine 3000-4000 3-10 Cryic-frigid
Arctic >4500 <3 Pergelic

Arid
Semiarid
Sub-humid
Humid
Per-humid

*

Soll
Topography
Drainage

Class 1

Class 2
Class 1 R
Class 2 R
Class 5

Class 6

A brief description of land capability classes are presented in subsequent subsections.
2.1.1 Land Capability Classes

Land Capability classes are derived from the Land System Map Units. There are seven
land classes grouped on the basis of similar geophysical characteristics, reflecting
management option (NLUP, 2007). Descriptions of each of seven classes are given
below.
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Class |

Land in this class is characterized as the nearly level (<1 degree slope) and deep soil
stratum. This type of land has very few limitations for arable agriculture. River bank
cutting is rampant; however, mass wasting does not pose any significant problems.
Stability of the land is not considerably affected due to engineering works. Sporadic
flooding occurs in the Terai region, depositing large amount of sediment; but these
depositional areas are quickly reclaimed. When flood deposited heavy sediments and
debris the capability class may be lowered that is based on the depth and types of debris
deposited. By using traditional, intermediate as well as modern farming practices class |
lands are cultivated. To minimize the effects of flooding and subsequent mass wasting,
the erosion mitigation and river embanking control works are required.

Surface drainage pattern and soil moisture affect the land use capability class. Well to
moderately well drain lands are suitable for a wide range of usages including annual
cropping, perennial cropping, and grazing and forestry uses during the monsoon period.
Poorly drained areas with high water tables included in class | lands during the monsoon,
are highly suitable for rice production. In class | lands, during the dry season, where
irrigation water is available, wide range of crops can be grown in various temperature
regimes. Moderately well and imperfectly drained areas having sufficient subsoil moisture
are producing wheat and other winter crops in dry season, where irrigation water is not
available. The dominant land system units associated with are 1d, 2c, 2d, 3a, 4c, 5a, 6a,
9h, 13b in class | land. Other land system units associated are 3c, 5c, 6¢, 10a, 10b and
13d and about 13.7 percent of total land of Nepal consists of class | type land.

Class |l

Class Il lands are characterized as gentle slope (1-5 degrees) and soil stratum is deep
and well to moderately well drain. No limitations exist in this class for arable agriculture,
terracing and contouring many require to control soil erosion and suitable provisions are
required for controlling surface runoff and drainage waters. Major hazard often occurring
is debris flow though lands are usually reclaimable. Due to soil characteristics and surface
gradient, gully erosion is major concern. Using traditional, intermediate or modern farming
techniques, these lands can be successfully cultivated by considering above factors
and implementing appropriate mitigation measures.

Surface and subsurface irrigation is generally adequate for a wide range of uses including
annual cropping, perennial cropping, pasture and forestry during monsoon season. In the
areas where the climate is favorable and irrigation water is available, paddy may be grown
even on coarser textured soil. Class Il land is dominant with land system units
associated with 3b, 3c, 5b, 5c, 6¢, 9c, 10a, 13c and 13d. Other land system units
associated are 2d, 3b, 3d and 5d and about 3.2% of total land of the country is occupied
by this land capability class.

Class Il

Land in this class is characterized as moderately to steeply sloping (5-30 degrees)
slopes. Soils are well drained and more than 50cm deep. These lands only occur in

10
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climatically arable regions. Soil erosion occurs constantly due to mass wasting,
landslides, slumps, and debris flow and river bank failures.

There are few limitations in this class of land for the forest development, fodder, fuel
wood, or timber production. Grazing is restricted due to heavy physical damage to soil by
livestock overgrazing.

When land is used for arable agriculture, terracing is compulsory to control erosion. Class
Il land can be cultivated making terraces, which is based on traditional farming practices.
However, intermediate farming practices can be adopted for better crop production. Fertility
of cultivated land is maintained by fodder, forest litter collection and grazing on non-
cropped area in the traditional farming methods as in-situ manuring. Mostly, large area
of Class Ill land is available for forestry usages for fodder and fuel wood collection. In
terrace farming, the irrigation water in leveled bench terraces is extensively used
wherever irrigation facility is available. To prevent slope failure and soil erosion in terrace
farming a new irrigation system should be developed or modify the cascade system of
irrigation. Land system units dominantly associated with this class are 7, 11 and 14a.
Significant land system units 12, 13c and 14b are also prevalent in this class and about
15.2 percent of the total land in the country consists of Class Il land.

Class IV

Class IV lands are characterized by soils more than 20cm deep and well to imperfectly
drained lands which are too steep (>300 slopes) to be profitably terraced and cultivated,
too cold to be cultivated or prone to gully erosion and flooding. These lands are best suited
for all pasture and forestry related uses provided that good, permanent vegetation cover is
maintained to minimize erosion. Mass wasting is a serious and constant hazard problem
for any type of land use in this class.

The major area of class IV land is presently forested which can be used for fuel wood,
fodder, forage, litter, medicinal plants and timber production. Degradation of forest due to
overgrazing is the main problem in this land class. So grazing must be strictly controlled
or prohibited altogether in sensitive areas. Sustainable forest management must be given
special attention for forest usages, location and design of access roads and maintenance
of ground cover. The dominant units of land system associated to this class are 3d, 5d,
12, 14b and 15a. Other significant land system units are 1c, 1d, 43b, 6d, 7,8,11, 14a, and
15b. About 25.8 percent of the total land of Nepal is occupied by this class.

Class V

Class V lands are characterized by soils more than 20cm deep and slopes less than 30
degrees. These lands are too frequently flooded, too cold or too dry to support any
vegetation cover. However, these lands are very suitable for pasture development
provided that the stocking rates are carefully controlled. Alpine regions above 3000
meters, the natural steppe country in the shadow of the Himalayas and active flooding
alluvial plains are the major Class V lands in Nepal. This land occupies about 4.1 percent
of the total land of the country. The dominant land system units are 1c, 13a, 16a, 16b, 16c,
and 16d and other significant units are 1b and 15a.

11
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Major parts of Class V lands are flood plains which are subjected to frequent inundation
throughout the country. More intensive land uses occur on floods plains and it precludes
any other more intensively used land. Coarse grasses native to this land provide for
fodder, wildlife habitat and construction materials. Above 3000 meters, alpine pastures
are generally found, often along the crest of mountain ridges. The major limitations to
production are cold and wetness in this land. The steppe country is the natural habitat of
class V land which is used for tourism and recreation (mountaineering and trekking) due
to scenic beauty and High Mountain peaks for climbing.

Class VI

Class VI lands are characterized by steep slope (40-50 degrees), severe gully erosion
with less than 20 cm soil depth and considered to have severe limitations for food and
fiber production. To minimize the risk of erosion hazard on this land vegetation cover
should be maintained. The degraded areas are difficult or sometimes impossible to reclaim
due to steep slope as well as low soil temperature which restricts the speed of
regeneration of any type of vegetation. Lands are best suited for controlled extraction of
fuel wood or timber, watershed protection and wildlife habitat conservations and tourism
due to their environmental sensitivity. The dominant land system units are 6d, 8, 15b and
17a. Approximately 18.3 percent of the total land of Nepal falls in this class.

Class VI

Class VII lands are characterized by exposed rock and ice in very steeply sloping
mountainous terrain. Outcrop rocks or vegetation is virtually absent in this class. The
Class VIl lands are best suited for the tourism and recreation (mountaineering and
trekking) due to scenic beauty and High Mountain peaks for climbing. The land system
units are 17b. 18.3 percent of the total land of Nepal falls in this class.

2.1.2 lIrrigation Suitability Class

Irrigation suitability classes are based on systematic appraisal of soils and their
designations by categories on the basis of similar physical characteristics and land use
opportunities under irrigation. The classification follows the USBR land classification
framework modified to suite the local conditions of Nepal. The entire Terai region, the
Dun valleys and lands under Class | and Class Il capability are classified according to
their suitability for irrigation. A brief description of each of the irrigation classes is presented
below.

Class | Diversified Crops-Arable

The lands highly suitable for irrigated farming and capable of producing sustained and
relatively high yields of climatically suited upland crops as well as paddy are classified in
Class I.

Class 2 Diversified Crops —Arable

These lands are ranked lower than Class | in production capacity but these lands are
moderately to fairly suitable for irrigated farming. The narrow ranges of diversified crops

12
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are adapted to these lands. There are some limitations in soil, which can be corrected
and other may not. In this class the land productivity is limited compared to class I.

Class 1R Wet Land Paddy-Arable

These lands are capable of producing sustained high paddy yields at reasonable cost
hence highly suitable for paddy production under irrigated condition.

Class 2R Wet Land Paddy-Arable

These lands are ranked lower than Class 2R in productivity or more costly to farm and
land is moderately to fairly suitable for paddy production under irrigation. The soil
deficiencies can be ameliorated. These lands may possess poor drainage characteristics
that affect winter crop production.

Class 5 Non-Arable

Class 5 lands are tentatively classified as non-arable and generally subjected to seasonal
inundation. In this report lands under settlements, industries and other non-agricultural
uses are included in this section.

Class 6 Non-Arable

Land included in this class is considered as non-arable because of their failure to meet
the minimum requirements for the other classes of land. Generally, soil of this class land
is very shallow or impervious to root or water. The lands are characterized by extremely
coarse texture surfaces, low water retaining capacity, overflow and run-off channels,
permanent waste and slumps. The land is non-arable also due to complex topography.

2.1.3 lIrrigation Suitability Sub-Class

The above mentioned irrigation suitability classes are further sub-divided based on the
limitations or deficiency in soil, topography or drainage or the combinations of any of
these two. These irrigation suitability rating sub-classes are:

Soil deficiency (s)
Topography deficiency (t)
Drainage deficiency (d)

The combinations of any of the above two indicate deficiencies of irrigation of land
capability class.

2.1.4 Land Capability Sub-Classes

The land capability classes described above are further classified into sub-classes on the
basis of distinct climatic regimes with their altitudinal ranges. The vegetation line is taken
as 5000m as the height increases the climate decrease when altitude increases (Seinfeld
and Pandis, 2012). When altitude reaches to 5000m, the mean air and soil temperature
reaches to 0oC. Likewise, natural vegetation changes at every 1000 m altitude. At lower
altitude the natural vegetation is dominated by Sal forest, Pinus forest is available between

13
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1000 to 2000 m, Quircus forest between 2000 to 3000 m, Betula forest between 3000 to
4000 m and above it there is no forest vegetation. Between 4000 and 4500 m open
vegetation is found and above it up to 5000 m Tundra vegetation is available. For
agriculture, 1000 m is the limit for the double crops of rice. Rice does not grow beyond
2000 m except Jumli Marshy of Jumla Valley and likewise 3000 m is the limit for maize
cultivation. Above 3000 m there are limited valleys where maize, buckwheat, oats and
potato can be cultivated. Crop production stops at the limit of forest vegetation where
open meadow is available and livestock is raised successfully.

Relationship among climate vegetation and agriculture
Azan
Elevation > Natural
(m) Zone Temo Vegetation Landuse
5000F 4 ctic ¢
4500F - -~ —----- i
- Alpin2 -
I, B S .
= [ subatpine [
Cf | e [,
2 - L
< 2000k--------- -
P Temperate -
L SRR [ -
i |

Figure 2-3: The Relation of Climate, Vegetation and Agriculture (LRMP, 1986)

It summarizes associated farming up to 4500 m and above it no vegetation and also limited
sheep and yaks could be raised.

Table 2-2: Land Capability Sub-class Climatic Zones

Climatic Zone Associated Farming Systems

Sub-tropical (altitude <1000 meters) Intensive farming (multi-crops and livestock)
\Warm temperate (altitude 1000-2000 Farming crops and livestock

Cool temperate (altitude 2000-3000 Livestock, fruits, limited crops farming
Alpine (altitude 3000-4000 meters) Monsoon Grazing, fruit farming and Yak
Arctic (altitude>4500 meters) None

14
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2.1.5 Land Capability Sub-Divisions

Besides categorization of capability classes based on climatic regimes, a sub-division
based on the mean annual precipitation in combination with mean annual temperature is
also made. The capability sub- divisions of moisture regimes are: Arid, Semiarid, Sub
humid, Humid, and Perhumid.

2.2 Framework for Rural Municipality Level Land Capability Classification

Land capability classification at Rural Municipality level at large scale follows the basic
principle of LRMP land capability. The LRMP land capability classification is further
elaborated to highlight specific management limitation pertaining to the soil for sustainable
agricultural uses in particular land unit. This system was widely used by State Planning
Commission of USDA in 1989 (Grose, 1999) and also adapted in Nepal to suite the
context of agricultural soil management.

The salient features of this classifications system are as follows:

f. It follows LRMP Land Capability Classifications System

g. Classifications rating is done for geomorphological land unit i.e. land system land
type unit considering several natural and bio-physical parameters.

h. The classification system contains three tiers viz. class, subclass, and unit.

i. Unlike LRMP Land Capability, in which site specific deficiencies are assigned to
the arable land units only (classes 2, 2R, and 5 for Class | and Class ll), this
system assigns deficiency categories to all the land capability units including
(1, 1v, Vv, VI, VII) to highlight specific management limitations in each capability
classes and the associated land type units.

j. Climatic parameters viz. climatic regimes and moisture are associated with the
capability class itself rather than differentiating them as sub-class and sub-division
respectively as in LRMP Land Capability. The reason for this is that the climatic
and moisture regimes do not vary significantly at all within a small area/region as
RURAL MUNICIPALITY, which is the scope of this study.

2.3 Land Capability Classification Hierarchy

Land Capability is classified into three hierarchical levels viz. capability class, sub-class
and unit. Capability class gives an indication of the general degree of limitations to use;
sub-class identifies the dominant kind of limitation and unit differentiates between lands
with similar management and conservation requirements as well as productivity
characteristics. The hierarchical levels are shown in Table 2.3.
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Table 2-3: Land Capability Hierarchy (adopted from Grose, 1999)
Class
[ I T | \Y; | Vv | \ Vil
Degree of limitations

|

Sub-Class
Soil Topography | Erosion Wetness
Dominant limitation

|

Unit
1 2 3 | 4 | 5 Etc.
Similar management requirement

The land capability classification system can be used and applied at various scales by
mapping at the class, sub-class and unit levels.

2.3.1 Capability Class

The land capability class comprises seven classes ranked in order of increasing degree
of limitation and in decreasing order of adaptability for agricultural use. Class | land is
identified as the best suited land and it can produce wider range of crops and pastures at
higher levels of production with lower costs and/or with less management requirements
and/or less risk of damage compared to any other classes of land. Class Il is superior to
Classes lll to VII but inferior to Class |.

A range of land may occur in any one capability class, but it is often possible to identify
good or bad quality land within the same class of land. Class | to lll, are considered as
capable of supporting cropping activities on sustainable basis. Class IV is suited for
forestry. Class V is suited for grazing pastures and fodder collection. Class VI has severe
limitation and considered fragile and suitable for rough seasonal grazing only. Class VII
land comprises of rock and snow cover with severe management limitations which cannot
be corrected. A brief description of each capability class is presented below.

Capability classes associated with plain and terraced cultivation viz. Class | and Il are
further designated with the irrigation suitability as similar to LRMP irrigation suitability
ratings for arability viz. Class 1, Class 2, Class 1R, Class 2R, Class 5, and Class 6 as
described above in Section 2.2.2.

Class |

Class | consists of lands with very few or no physical limitations to use. These lands are
suitable for wide range of cropping, grazing or forestry. These land are leveled to nearly

leveled (<19 slope) and soils are deep.
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Class Il

Class Il consists of land with very few physical limitations to use. Terracing or contouring is
necessary to control soil erosion when used for diversified agricultural crops and ground
cover maintenance is required for forestry and grazing use. These lands are gently sloping
(1-5° slope) and soils are deep.

Class Il

Class Il consists of land with moderate limitations that limit the choice of crops or reduce
productivity in comparison to Class | and Class Il lands. These lands need careful
management and conservation for optimum productivity and uses for agriculture. These
lands are slopping to moderately steep (5-30° slope) with soils 50-100 cm deep and
moderately well to well drained. Terracing is compulsory to control erosion when used for
agriculture. There are few limitations to traditional forest use provided adequate ground
cover is maintained.

Class IV

Class IV consists of lands with moderately severe limitations that limit the choice of crops
and/or require very careful management practices. These lands are either too steep to be
terraced and cultivated (>30° slope) or lie above the altitude limit of agriculture. These lands
also include relatively flat to gentle slopping lands with shallow soil depths (>20 cm) and
well to imperfectly drained. These lands are suitable for forestry uses and require
permanent vegetative cover in the slopes to minimize erosion.

Class V

Class V consists of lands with severe limitations that restrict its use for agriculture and
forestry. The lands having less than 300 slope, soils more than 20 cm deep and in alpine
above tree line or are frequently flooded river plains are included in this class. These lands
do not support tree growth but have few limitations when used for fodder collection or
grazing.

Class VI

Class VI consists of lands with very severe limitations that restrict its use to rough grazing,
forestry and recreation. These lands include areas with 40° to 50° slope or lesser slopes
with soils less than 20 cm deep. These lands are considered as fragile because of extreme
erosion hazard and/or poor regeneration potential.

Class VI

Class VIl lands consist of rock and perpetual snow and have severe limitations that
cannot be rectified.

2.3.2 Sub-Class

Within each class it may be possible to identify a number of limitations which restrict their
agricultural use. Limitations may be defined as physical factors or constraints that affect
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the adaptability of the land and determine its capability for long-term sustainable
agricultural production. Where limitations are found a class may also be assigned a
subclass code indicating the nature of the dominant limitations or hazards that exists.
Sub-class is equivalent to LRMP Land Capability’s irrigation suitability subclasses but is
assigned to all capability classes whether they are arable or not. Thus, the sub-classes
can further be categorized enabling to discriminate good and bad land within each
individual capability class. In general sub-class represents management deficiency and
its dominant factor. Deficiency factors may be more than one, thus indicating complex or
severe management limitations. These deficiency factors are related to soil, topography,
erosion and wetness.

2.3.3 Unit

Unit helps to differentiate between similar areas that have different management or
conservation requirements. They may also be used to separate areas that have slightly
different productivity characteristics. This is done by specifically indicating a combination
of the factors. These factors pertain to one or more of the capability sub-classes related
to soil, topography, erosion susceptibility and wetness. The units are represented by
codes associated with each individual deficiency type as presented below:

Table 2-4: Unit Code for Sub-class Soil Deficiency
Soil Deficiency

Soil Depth Deficiency

Topography Deficiency

Drainage Deficiency

Erosion Deficiency

—~| O Q| —~+| O

Fertility Deficiency
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CHAPTER 3 : METHODOLOGY

3.1 Methodology Framework

Based on the polygons developed by overlapping land system, geology, present lad use
maps were overplayed and the polygons were developed. At the center of each polygons
soil sampling points are marked and soil profiled opened. The profile is described as per
the format provided by TSLUMD which is based USDA and FAO profile description sheets.
All information such as landforms, slope, irrigation availability, land drainage, land use,
climate, geology, ground water table, cropping sequence etc. are noted on the forms with
the GPS location of the pit. Collected soil samples are sent to accredited laboratory for
analysis. N, P, K, texture, pH and organic matter were analyzed and interpreted.

3.2 Land Capability Evaluation Criteria
The following criteria were used to classify the capability classification:
3.2.1 Soil Fertility Criteria:

Soil fertility mainly, Soil Depth, Organic matter, soil pH, drainage class, permeability (based
on soil texture as explained by USDA 2016) and Nitrogen, Phosphorous, Potassium, are
given certain numerical points. They are pooled and the soil data is multiplied by the
obtained value and weighted average is taken to evaluate the fertility.

Multi-Criteria Evaluation (MCE): MCE is a decision support tool aiding a choice to be
made between alternatives. The basis for a decision is known as a criterion. In a Multi-
Criteria Evaluation, an attempt is made to combine a set of criteria to achieve a single
composite index for a decision according to a specific objective. Decision need to be made
about what areas are the most capable for specific land use type development. In this
analysis, criteria or factors affecting capability of crops production include edaphic factors
such as soil depth, drainage condition, permeability and soil fertility factors like pH, Organic
matter and total Nitrogen (N) available Phosphorus (P) and available Potassium (K). Land
capability maps were generated from the MCE process in which parameter weight was
derived from the expert knowledge given below table 3.1. Since the land that we evaluate
falls on flat plain of Terai and no erosional class is mentioned.

Table 3-1: Parameters and given weightage for MCE

SN Parameters Weightage Weight Percentage
1 Soil Depth 4 20
2 pH 3 15
3 OM 3 15
4 Drainage (Texture) 3 15
5 K20 2 10
6 P205 2 10
7 Nitrogen 2 10
8 Permeability 1 5
Total 20 100
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Soil Deficiency Criteria:

Soil had a general connotation to the depth of the soil. Therefore, this part was considered
in depth rating of soil horizon.

Table 3-2: Topsoil Root Depth Rating

SO'('C[:ne)pth Category Suitability Deficiency gﬁﬁﬁ?@
>54 Deep High Suitability Low Soil Deficiency sL
36-54 Moderately Medium Medium Soil sM
Deep Suitability Deficiency
18-36 Shallow Very Low High Soil Deficiency sH
Suitability
<18 Very Shallow Very Low Very High Soil sVH
Suitability Deficiency

3.2.2 Topography Criteria:

Topography had a general connotation similar to relief, but has to be used for the featured
disclosed on a contour map-even by some people for all the natural and cultural feature
considered collectively that are ordinarily shown on a topographic map. In soil description
the more specific terms-relief physiography and land forms or soil slope should be used
rather than topography. Therefore, this part was considered in slope rating (Table 3.3).

Table 3-3: Criteria for Slope Evaluation

Description Z?g;g?gt Deficiency Suitability I\gzrr)npt;r;?

Flat to gently sloping 1-3 Low Deficiency High Suitability tL

Sloping to moderately 3-14 Medium Deficiency Medium tM

steep Suitability

Steep 14-28 High Deficiency Low Suitability tH

Very steep >28 Very High Deficiency | Very Low tVL
Suitability

3.2.3 Erosion Susceptibility Criteria

Erodibility of soil would have been estimated using USLE formula as erodibility, too, is an
inherent quality of a soil and not itself a criterion for erosion phases but in this regards only
erosion phases is evaluated. Phases of eroded soil are identified on the basis of the
properties of the soil that remains, although the amount of soil lost is estimated and noted.
In some places, erosion has changed the taxonomic classification of a soil. Properties
related to natural erosion are a part of the definition of a taxon, not bases for erosion
phases. Eroded phases are defined so the boundaries on the soil maps separate soil areas
of unlike suitability and soil areas of unlike management needs and responses. Guidelines
for naming phases of soil that are eroded by water are as follows.

Slightly eroded: Erosion has changed the soil enough to require only slight modification
of management from that of the non-eroded soil; potential use and management remain
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generally the same. Most slightly eroded soils have class 1 erosion. Slightly eroded areas
are not distinguished from non-eroded areas in most surveys.

Moderately eroded: Generally, the plow layer consists of a mixture of the original A horizon
and the underlying horizons. Most mapped areas of moderately eroded soils have patches
in which the plow layer consists wholly of the original A horizon and others in which it
consists wholly of underlying horizons. Shallow gullies may be present in some places.
Erosion has changed the soil to such an extent that required management or the response
to management differs in major respects from that of the uneroded soil. In most moderately
eroded soils, ordinary tillage implements reach through the remaining A horizon or well
below the depth of the original plowed layer. Most moderately eroded soils have class 2
erosion.

Severely eroded: Severely eroded phases commonly have been eroded to the extent that
the plow layer consists the essentially of material from underlying horizons. Patches in
which the plow layer is a mixture of the original A horizon and underlying horizons may be
present within some delineations. Shallow gullies, or a few deep ones, are common in some
places. Erosion has changed the soil so much that:

The eroded soil is suited only to uses significantly less intensive than the uneroded saill,
such as use for pasture instead of crops;

The eroded soil needs intensive management immediately or over a long period to be
suitable for the same uses as the uneroded soil;

Productivity is reduced significantly; or

Limitations for some major engineering interpretations are greater than on the uneroded
soil. Most severely eroded soils have class 3 erosion (Table 3.4).

Table 3-4: Erosion Classes and Deficiency Rating

Erosion Suitability Mapping Symbol
Very slight / Slight (splash High Suitability eL

and sheet)

Moderate (rill erosion) Medium Suitability eM

Rill/Gully erosion Low Suitability eH

Soil slump/Mass movement Very Low Suitability eVH

3.2.4 Surface Drainage Criteria

Natural Drainage Classes: Natural drainage class refers to the frequency and duration of
wet periods under conditions similar to those under which the soil developed. Alteration of
the water regime by man, either through drainage or irrigation, is not a consideration unless
the alterations have significantly changed the morphology of the soil. The classes follow:

Excessively drained- Water is removed very rapidly. The occurrence of internal free water
commonly is very rare or very deep. The soils are commonly coarse-textured and have
very high hydraulic conductivity or are very shallow.
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Somewhat excessively drained: Water is removed from the soil rapidly. Internal free
water occurrence commonly is very rare or very deep. The soils are commonly coarse
textured and have high saturated hydraulic conductivity or are very shallow.

Well drained: Water is removed from the soil readily but not rapidly. Internal free water
occurrence commonly is deep or very deep; annual duration is not specified. Water is
available to plants throughout most of the growing season in humid regions. Wetness does
not inhibit growth of roots for significant periods during most growing seasons. The soils
are mainly free of the deep to redoximorphic features that are related to wetness.

Moderately well drained: Water is removed from the soil somewhat slowly during some
periods of the year. Internal free water occurrence commonly is moderately deep and
transitory through permanent. The soils are wet for only a short time within the rooting depth
during the growing season, but long enough that most mesophytic crops are affected. They
commonly have a moderately low or lower saturated hydraulic conductivity in a layer within
the upper 1 m, periodically receive high rainfall, or both.

Somewhat poorly drained: Water is removed slowly so that the soil is wet at a shallow
depth for significant periods during the growing season. The occurrence of internal free
water commonly is shallow to moderately deep and transitory to permanent. Wetness
markedly restricts the growth of mesophytic crops, unless artificial drainage is provided.
The soils commonly have one or more of the following characteristics: low or very low
saturated hydraulic conductivity, a high water table, additional water from seepage, or
nearly continuous rainfall.

Poorly drained: Water is removed so slowly that the soil is wet at shallow depths
periodically during the growing season or remains wet for long periods. The occurrence of
internal free water is shallow or very shallow and common or persistent. Free water is
commonly at or near the surface long enough during the growing season so that most
mesophytic crops cannot be grown, unless the soil is artificially drained. The soil, however,
is not continuously wet directly below plow-depth. Free water at shallow depth is usually
present. This water table is commonly the result of low or very low saturated hydraulic
conductivity of nearly continuous rainfall, or of a combination of these.

Very poorly drained: Water is removed from the soil so slowly that free water remains at
or very near the ground surface during much of the growing season. The occurrence of
internal free water is very shallow and persistent or permanent. Unless the soil is artificially
drained, most mesophytic crops cannot be grown. The soils are commonly level or
depressed and frequently ponded. If rainfall is high or nearly continuous, slope gradients
may be greater.

Table 3-5: Land Drainage Rating

Drainage Deficiency Suitability Mapping Symbol
Well drained Very Low Deficiency Very High Suitability dvL

Moderately Well Low Deficiency High Suitability dL

Drained

Imperfect Poorly Medium Deficiency Medium Suitability dM

Drained

Poorly Drained High Deficiency Low Suitability dH
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3.3 Land Capability Evaluation Method

Weighted Composite Score (WCS): Weighted Composite Score (WCS) is a systematic
procedure for developing factor weights required for preparing capability map. The weights
assigned to different factors were obtained by subjective to expert judgment. The larger the
weight, the more important is the criterion in the overall capability class as described by
Malczewski (2000).

In developing the weights, an individual factor were ranked as low, medium, and high and
very high weight are assigned as 1, 2, 3 and 4 respectively as given below. Factors or
criteria were rated according to the following 4-point scale. Weighted Composite Score
(WCS) was employed based on parameter weight and individual weighted value as 4, 3, 2
and 1 corresponding to very high, high, medium and low rank of concerned factor
respectively. The final value of weighted composite score (WCS) for each soil mapping unit
was calculated by summing all individual factors value obtained by multiplying individual
factor weight rank value with their corresponding weight of parameters. The equation of
calculation of WCS is given below:

Weighted Composite Score (WCS) = Soil depth weightage value*4+ pH weightage*3+
Drainage weightage value*3+ OM weightage value*3+ K,O weightage value*2+ P,0s
weightage value*2 + Nitrogen weightage value*2 + Permeability weightage Value*3

Total fertility level is 64 and minimum is 20

Table 3-6: Land Drainage Rating Drainage Deficiency

Fertility Range Suitability Mapping Symbol
>20 Very Low Suitability fvL
20-36 Low Suitability fL
36-46 Medium Suitability fM
46-64 High Suitability fH

A minor improvement is temporary in nature and lies within the technical capacity of an
individual farmer (e.g. fertilizer application). On the other hand, a major improvement is a
large, non-recurrent input which causes a permanent change in the land qualities and which
lie usually outside the technical capacity of an individual farmer (e.g. a regional drainage
scheme) (FAO, 1983).
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CHAPTER 4 : LAND CAPABILITY OF THE STUDY AREA

As presented in earlier sections of methodology, land capability classification is carried out
on the basis of established criteria of soil quality, deficiencies, arability, climatic and soil
moisture conditions. This chapter presents the results of land capability classification
framework applied to Jwalamukhi Rural Municipality of Dhading District.

4.1 Capability Class

The capability classification is done mostly on the basis of land slope, soil rooting depth,
soil attributes and other major limitations for crop cultivation. The majority land area of this
Rural Municipality has moderate sloppy terrain. Based on these standard criteria of land
capability classification, nearly whole land area of this Rural Municipality is classified
broadly in 3 classes i.e. class Il, Class Ill and Class IV. The total land area is 11289.62 ha
and majority of area (52.46%) falls in Class Il with 5-30° slope and are moderately severe
limitations that limit the choice of crops and/or require very careful management practices.
All lands falling in capability class Il need careful management and conservation for
optimum productivity and uses for agriculture. Class IV consists of lands with moderate
limitations that restrict its use to agriculture due to difficulty in terracing. These lands
include areas with greater than 300 slope with soils less than 20 cm deep. These lands
are considered as fragile because of extreme erosion hazard and/or poor regeneration
potential. (Table 4.1- 4.8, Figure 4.1 and 4.2).

Table 4-1: Land Capability Classes of Jwalamukhi Rural Municipality of Dhading District.

S.N. | Land Capability Sub Class Area (Ha) Percent
1 [1Au/2st 574.89 5.092
2 [HAU/5 128.02 1.134
3 [1AU/6 199.80 1.770
4 AU 2035.89 18.033
5 NAu/5 1733.68 15.356
6 [Au/6 0.05 0.000
7 [11Bh 1612.77 14.285
8 [1IBh/5 540.03 4.783
9 [1IBh/6 0.04 0.000

10 IVAu 1408.95 12.480
11 IVAU/5 3055.39 27.064
12 IVAU/6 0.12 0.001

Total 11289.62 100.00
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Distribution of Land Capability Class
0.001% 5.092%

2706"/

12.480%

0.000%

4.783%

1.134%
1.770%

0.000%

14.285%

18.033%

15.356%

= [|Au/2st

= [|Au/5
[1Au/6
AU

= [[IAU/5

= [[IAu/6

= [[IBh

= [[IBh/5

= [[IBh/6

= VAU

= [VAU/5

= [VAU/6

Figure 4-1: Distribution of Land Capability Classes of Jwalamukhi RM of Dhading District.

Table 4-2: Land Capability Classes of Jwalamukhi RM ward number 1 of Dhading District.

Land Capability Class Areain Sg.m Area in Hectare Percentage

IIAu/2st 300352.5 30.03525 2.294445
[IAu/5 27331.86 2.733186 0.208793
IIAu/6 543048.9 54.30489 4.148445
AU 311393.8 31.13938 2.378791
IHIAU/5 122644.6 12.26446 0.936903
[1IBh 496466 49.6466 3.79259
1IBh/5 212854.7 21.28547 1.626034
IVAU 3757338 375.7338 28.70296
IVAU/5 7318879 731.8879 55.91019
IVAU/6 111.5485 0.011155 0.000852
Grand Total 13090420 1309.042 100
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Table 4-3: Land Capability Classes of Jwalamukhi Rural Municipality ward number 2 of

Dhading District

Land Capability Class Areain Sq.m Area in Hectare Percentage

[IAu/6 58110.56 5.811056 0.405567
AU 3670785 367.0785 25.61926
HIAU/5 1344007 134.4007 9.380136
[1Au/6 2.86848 0.000287 2E-05
[lIBh 2099433 209.9433 14.65243
[1IBh/5 713290.5 71.32905 4.978219
IVAuU 2023964 202.3964 14.12571
IVAU/5 4418464 441.8464 30.83748
IVAU/6 169.2678 0.016927 0.001181
Grand Total 14328227 1432.823 100

Table 4-4: Land Capability Classes of Jwalamukhi RM ward number 3 of Dhading District

Land Capability Class Areain Sg.m Area in Hectare Percentage

IlAu/2st 224976.2 22.49762 1.751681
I1Au/5 18981.94 1.898194 0.147795
I1Au/6 46220.36 4.622036 0.359875
IAu 2766342 276.6342 21.53894
IMAu/5 1592564 159.2564 12.39982
IAu/6 24.19409 0.002419 0.000188
I1IBh 4854066 485.4066 37.79411
111Bh/5 2053222 205.3222 15.98653
I11Bh/6 13.59732 0.00136 0.000106
IVAu 505253.2 50.52532 3.933938
IVAu/5 781765.2 78.17652 6.086881
IVAu/6 17.27406 0.001727 0.000134
Grand Total 12843445 1284.345 100

Table 4-5: Land Capabili

ty Classes of Jwalamukhi RM ward number 4 of Dhading District

Land Capability Class Areain Sq.m Area in Hectare Percentage

Il1Au/2st 2386601 238.6601 12.97906
IlAu/5 360282.2 36.02822 1.959324
11Au/6 164693.5 16.46935 0.895653
AU 3269615 326.9615 17.78116
I11Au/5 2344030 234.403 12.74755
MAu/6 36.83041 0.003683 0.0002
IlIBh 4465869 446.5869 24.28675
111Bh/5 1388269 138.8269 7.549828
111Bh/6 285.7262 0.028573 0.001554
IVAu 1414849 141.4849 7.694379
IVAu/5 2593523 259.3523 14.10436
IVAu/6 31.20767 0.003121 0.00017
Grand Total 18388085 1838.809 100
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Table 4-6: Land Capability Classes of Jwalamukhi Rural Municipality ward number 5 of

Dhading District

Land Capability Class Areain Sg.m Area in Hectare Percentage
IlAu/2st 1062299 106.2299 3.514836
I1Au/5 534376.6 53.43766 1.768097
I1Au/6 462905.7 46.29057 1.53162
I1Au 6121931 612.1931 20.25569
IAu/5 4173192 417.3192 13.80788
MAu/6 115.0133 0.011501 0.000381
I11Bh 394150.5 39.41505 1.304129
111Bh/5 120156.3 12.01563 0.397562
111Bh/6 3.642006 0.000364 1.21E-05
IVAuU 4525335 452.5335 14.97302
IVAu/5 12828225 1282.823 42.44486
IVAu/6 581.2734 0.058127 0.001923
Grand Total 30223271 3022.327 100
Table 4-7: Land Capability Classes of Galchi RM ward number 6 of Dhading District
Land Capability Class Areain Sg.m Area in Hectare Percentage
IlAu/2st 378809 37.8809 4.671945
I1Au/5 69465.07 6.946507 0.85673
I1Au/6 37178.18 3.717818 0.458528
I1Au 1974.414 0.197441 0.024351
I1Au/5 220637.8 22.06378 2.721181
I11Bh 3810114 381.0114 46.99108
111Bh/5 903180.8 90.31808 11.13915
111Bh/6 88.56723 0.008857 0.001092
IVAuU 961682.5 96.16825 11.86067
IVAu/5 1724929 172.4929 21.27398
IVAu/6 105.0611 0.010506 0.001296
Grand Total 8108164 810.8164 100
Table 4-8: Land Capability Classes of Galchi RM ward number 7 of Dhading District
Land Capability Class Areain Sg.m Area in Hectare Percentage
Il1Au/2st 1395878 139.5878 8.7748
llAu/5 269779 26.9779 1.695891
I1Au/6 685821.9 68.58219 431123
IAu 4216880 421.688 26.50825
IMAu/5 7539708 753.9708 47.39629
MAu/6 282.2252 0.028223 0.001774
I11Bh 7573.416 0.757342 0.047608
111Bh/5 9362.104 0.93621 0.058852
IVAuU 901060.7 90.10607 5.664268
IVAu/5 881294 88.1294 5.540011
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IVAu/6 163.6415 0.016364 0.001029
Grand Total 15907804 1590.78 100
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Figure 4-2: Land Capability Map of Jwalamukhi Rural Municipality

I1Au/2st: Subtropical areas, Subhumid moisture regime, Diversified Crops can be grown. It
is moderately suitable for arable agriculture intensive farming (multi-crops and livestock)
under the irrigation and soil management with suitable soil conservation practices. It
cooupies 5.01% of the total land area.

IIAu/5: Subtropical areas, Subhumid moisture regime, Diversified Crops can be grown. It
is non-arable and generally subjected to seasonal inundation. It occupies 1.13% of the total
area of land of Rural Municipality.

[IAu/6: Subtropical areas, Subhumid moisture regime, Diversified Crops can be grown. It
is non-arable due to shallow or impervious to root or water. It covers 1.77% of total land
area.

IlIAu: Subtropical areas, Subhumid moisture regime. It is moderately suitable for arable
agriculture under soil conservation practices. It is suitable for arable agriculture intensive
farming (multi-crops and livestock) under the irrigation management. It occupies 18.03% of
total area of Rural Municipality.

[1IAu/5: Subtropical areas, Subhumid moisture regime. It is moderately suitable for arable
agriculture under soil conservation practices. It is non arable and generally subjected to
seasonal inundation. It covers 15.356 % of total land.
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IIAu/6: Subtropical areas, Subhumid moisture regime. It is moderately suitable for arable
agriculture under soil conservation practices. It is non arable due to complex topography,
shallow or impervious to root or water. It covers negligible portion of land.

IlIBh: Warm temperate, Humid, Moderately to Steeply sloppy, Best for terrace cultivation,
suitable for irrigated farming and are capable of producing sustained and relatively high
yields of climatically suited upland crops, but sometimes not arable due to severe limitation
of topography. It covers about 14.29% land of total Rural Municipality.

1IBh/5: Warm temperate, Humid, Moderately to Steeply sloppy. These lands are generally
considered as non-arable and subjected to seasonal inundation hence suitability rating is
very low for successful crop production. The land in this class can be used for rough
seasonal grazing under special management practices. It covers 4.79% portion of land.

I1IBh/6: Warm temperate, Humid, Moderately to Steeply sloppy. These lands are generally
considered as non-arable hence suitability rating is very low for successful crop production,
it may be could be due to complex topography. It covers negligible portion of land.

IVAU: Warm temperate, sub humid. Too steep mostly suitable for forestry but topographic
and climatic severity. It covers 12.48% of land.

IVAU/5: Warm temperate, sub humid. Too steep mostly suitable for forestry but topographic
and climatic severity. It is non arable. It covers maximum portion of area of the Rural
Municipality i.e. 27.06%.

IVAU/6: Warm temperate, sub humid. Too steep mostly suitable for forestry but topographic
and climatic severity. It is non-arable due to steep slope. It covers negligible portion of land.

4.2 Land Capability GIS Database

The land capability GIS data is stored in vector geo-database and “shape” file formats as
a single land unit class which contains a hierarchy of sub-classes that are defined in various
attribute fields of vector GIS database. Table 4.2 represents the data model of GIS
database.

[IAu/2st: Subtropical areas, Subhumid moisture regime, Diversified Crops can be grown. It
is moderately suitable for arable agriculture intensive farming (multi-crops and livestock)
under the irrigation and soil management with suitable soil conservation practices. It
cooupies 5.01% of the total land area.

I1Au/5: Subtropical areas, Subhumid moisture regime, Diversified Crops can be grown. It
is non-arable and generally subjected to seasonal inundation. It occupies 1.13% of the total
area of land of Rural Municipality.

[1Au/6: Subtropical areas, Subhumid moisture regime, Diversified Crops can be grown. It
is non-arable due to shallow or impervious to root or water. It covers 1.77% of total land
area.
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[11Au: Subtropical areas, Subhumid moisture regime. It is moderately suitable for arable
agriculture under soil conservation practices. It is suitable for arable agriculture intensive
farming (multi-crops and livestock) under the irrigation management. It occupies 18.03%
of total area of Rural Municipality.

I11Au/5: Subtropical areas, Subhumid moisture regime. It is moderately suitable for arable
agriculture under soil conservation practices. It is non arable and generally subjected to
seasonal inundation. It covers 15.356 % of total land.

I11Au/6: Subtropical areas, Subhumid moisture regime. It is moderately suitable for arable
agriculture under soil conservation practices. It is non arable due to complex topography,
shallow or impervious to root or water. It covers negligible portion of land.

llIBh: Warm temperate, Humid, Moderately to Steeply sloppy, Best for terrace cultivation,
suitable for irrigated farming and are capable of producing sustained and relatively high
yields of climatically suited upland crops, but sometimes not arable due to severe limitation
of topography. It covers about 14.29% land of total Rural Municipality.

1IBh/5: Warm temperate, Humid, Moderately to Steeply sloppy. These lands are generally
considered as non-arable and subjected to seasonal inundation hence suitability rating is
very low for successful crop production. The land in this class can be used for rough
seasonal grazing under special management practices. It covers 4.79% portion of land.

I1IBh/6: Warm temperate, Humid, Moderately to Steeply sloppy. These lands are generally
considered as non-arable hence suitability rating is very low for successful crop production,
it may be could be due to complex topography. It covers negligible portion of land.

IVAU: Warm temperate, sub humid. Too steep mostly suitable for forestry but topographic
and climatic severity. It covers 12.48% of land.

IVAU/5: Warm temperate, sub humid. Too steep mostly suitable for forestry but topographic
and climatic severity. It is non arable. It covers maximum portion of area of the Rural
Municipality i.e. 27.06%.

IVAU/6: Warm temperate, sub humid. Too steep mostly suitable for forestry but topographic
and climatic severity. It is non-arable due to steep slope. It covers negligible portion of land.

4.3 Land Capability GIS Database

The land capability GIS data is stored in vector geo-database and “shape” file formats as
a single land unit class which contains a hierarchy of sub-classes that are defined in various
attribute fields of vector GIS database. Table 4.2 represents the data model of GIS
database.

Table 4-9 : Land Capability GIS Attribute Data
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S.N. | Attribute Data Type Description Remarks

1 FID Feature Id Feature

2 SHAPE Geometry Geometric Object type

3 OBJECTID Long Unique Object ID

4 CAPABILITY String Land Capability Class

5 ARABILITY String Arability Class

6 AREA Double Area in m?

7 AREA HA Double Area covered by land
capability land unit in ha

8 SYMB_NUME Integer Land Capability mapping
symbol

9 SYMB_DINO String Land Capability deficiency
mapping symbol

10 DEFICIENCY String Deficiency in land unit (soil,
topography,)

11 CLIMATE String Climate Regime

12 | MOISTURE String Moisture Regime

13 | ASSO_LS String Associated land system

14 | SLOPE_CLS String Associated slope class of
terrain

15 SLOPE_DEG String Slope description

16 | SOIL_TXT String Associated soil texture class

17 DRAINAGE String Associated soil drainage
pattern

18 PH Integer Associated soil pH value

19 PH_RATE String Associated soil pH rating

20 OM_PER String Associated soil organic
matter percentage

21 OM_RATE String Associated soil organic
matter rating

22 | TN_PER String Associated soil total nitrogen
percentage

23 | TN_RATE String Associated soil total nitrogen
rating

24 | P20s_ KGHA String Associated soil available
P20sin kg/ha

25 P20s_ RATE String Associated soil available
P20s rating

26 K20_ KGHA String Associated soil available K20
in kg/ha

27 K20_ RATE String Associated soil available K20
rating

28 FERTILITY String Associated soil fertility value
(based on different soil
parameters)

29 FER_RATING String Associated soil fertility rating

30 | EROSION String Erosion susceptibility rating

31 | SOLUM_DPTH String Top soil depth in cm

32 | TOPO_DEF String Terrain slope type
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S.N. | Attribute Data Type Description Remarks
33 DRAIN_DEF String Surface drainage problem
34 | PERMIABILI String Associated soil permeability
35 | SOIL_DEF String Associated soil deficiency

symbol
36 ERO_DEF String Associated erosion
deficiency symbol
37 | TERRA _DEF String Associated terrain deficiency
symbol
38 DRAINAGE_D String Associated surface drainage
deficiency symbol
39 Class Short Subtype for Top Level of
Land Capability
40 Land String Land Capability Sub Class
Cap_Subclass
41 Land Cap_Subdiv | String Land Capability Sub division
42 | Land capability String Land Capability of each
Class mapping unit
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CHAPTER 5 : CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

This report presents a land capability classification of Jwalamukhi Rural Municipality,
Dhading district, Nepal. The study was based on USDA Land Capability Classification and
also incorporated the modifications received from TSLUMD to suit the local conditions.
Bio-physical and topographic parameters combined with detailed soils data were used to
derive soil mapping units. Part of the major process involved the use of GIS and RS tools
for an efficient and reliable data collection, spatial analysis and map outputs generation.
Fertility status representing mapping units were derived using laboratory analysis of soil
samples. These included edaphic properties of soils such as soil texture, soil depth,
drainage and fertility properties such as organic matter content, soil acidity, total N,
available P205, and K20. Crop lands were put to varied capability classes but Class |
remained nonexistent. Of the total area (11289.62 ha), Class Il comprise 7.98 % and Il
comprise 52.46 percent, suited to mostly upland crops with limited choices for
diversification. Topographic deficiency and altitudinal limits are major constraints.

There was no class | land Class. The total land of the Jwalamukhi Nagarpalika is 11289.62
ha out of which about 50% land is non arable and generally subjected to seasonal
inundation. The area covered by arable land is about 50 % of the total area. There is about
902.71 hectare land under class Il which is suitable for agriculture crop production but has
some degree of limitation. Class [IAu/2st occupied about 5.092% of total area which is
suitable for agriculture but requires soil conservation practices like terracing, strip
cropping, etc. Class IIAu/5 and IIAu/6 covers about 2.90 % area which can be used for
farming with moderate conservation but irrigation is major problems in this class. The land
category with IlIAu/5 and 1l11Au/6 covered 15.36 % area suitable for different crop and
livestock production but due to slope, erosion is frequent and it requires moderate
conservation practices. About 18.03% area is under the class IlIAu where farming and
livestock production is suitable erosion is frequent due to slope and requires soil
conservation practices. Class IVAu, IVAU/5 and IVAuU/6 (39.55 %) have very severe
limitations that reduce the choice of plants or that require very careful management. So,
special soil conservation measures should be adopted. These lands are suitable for
forestry uses and require forest cover in the slopes to minimize erosion. Classifying land
according to its capability or suitability helps to land users and planners to direct their
resources to particular type of production in the most suitable area and protect the highly
suitable land for crop production from encroachment by non-agricultural practices.
Depending on the socio-economic and environmental consequences that can result from
the introduction of new practices, suitability classes can provide policy makers with
information to make best choice among alternatives.

5.2 Recommendation

The land capability classification of the Jwalamukhi Gaunpalika is necessary to implement
for sustainable land management. It helps to develop the local strategy of land evaluation
which is helpful to formulate national land policy. It is helpful in resource mapping of the
study area in farm level. So, this type study should be done in every local units of the
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country. In this Gaunpalika there is no land with less intensity of erosion. Major portion of
the land have moderate limitation for cultivation. So, commercial cultivation should be done
carefully with adoption of special soil conservation practices. In class Il type land forest
and vegetation should be promoted or agro-forestry system is necessary to promoted.
Class IV land should be used to develop greenery.

Table 5-1: Potential Crops in Jwalamukhi Rural Municipality

Ward No 1
Land Existi P d .
comiis | tomme | oo | _rrovosea | wear
P y . Pping Fruit Orchard Hectare
Class Cropping Pattern | system/crops
Rice-Wheat-Maize R|ce-Must§1rd-
. . Potato/Maize Orange, Lemon,
Rice- Maize, .
Mustard/Potato / Winter | Peach, Papaya
I1Au/2st vegetables 30.03525
I1Au/5 2.733186
I1Au/6 54.30489
Millets-Legume-
Maize
Maize - Finger Riclez Avocado.
millet, Maize-Finger . Orange, Lemon,
. Potato/Winter
millet-Barley Peach
vegetables-
I11AuU Maize 31.13938
I1AuU/5 12.26446
Finger Millet-Maize
Rice-wheat- Rice-Mustard- Orange, Lemon,
Mustard Potato/Maize Peach
I11Bh Maize-Potato-Millet 49.6466
111Bh/5 21.28547
Lemon, Nibuwa
Maize - Potato Citrus based ' '
IVAU Guava, Peach 375.7338
IVAU/5 731.8879
IVAU/6 0.011155
Grand Total 1309.042
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Ward No 2
Fand Bty Fiopeset Proposed Fruit Areain
Capability Dominant cropping
. Orchard Hectare
Class Cropping Pattern | system/crops
I1Au/6 5.811056
Millets-
Maize - Finger Legume-Maize | A\ ocado.
; . Rice-
millet, Maize- . Orange, Lemon,
. . Potato/Winter
Finger millet-Barley Peach
vegetables-
AU Maize 367.0785
IHAU/5 134.4007
IIAU/6 0.000287
Finger Millet-Maize
Rice-wheat- Rice-Mustard- | Orange, Lemon,
Mustard Potato/Maize Peach
11IBh Maize-Potato-Millet 209.9433
I1IBh/5 71.32905
. : Lemon, Nibuwa,
VAU Maize - Potato Citrus based Guava, Peach 202.3964
IVAU/5 441.8464
IVAU/6 0.016927
Grand Total 1432.823
Ward no 3
Lanq_ =g, Propo_sed Proposed Fruit Areain
Capability Dominant cropping
; Orchard Hectare
Class Cropping Pattern | system/crops
. : Rice-Mustard-
Rice-Wheat-Maize | o, 1 /Maize Orange, Lemon,
Rice- Maize, .
Mustard/Potato / Winter | Peach, Papaya
I1Au/2st vegetables 22.49762
I1Au/5 1.898194
IIAU/6 4.622036
Millets-
Maize - Finger Legume-Maize | A\ 6cado.
. . . Rice-
millet, Maize-Finger . Orange, Lemon,
. Potato/Winter
millet-Barley Peach
vegetables-
11AuU Maize 276.6342
I1Au/5 159.2564
IHIAU/6 0.002419
Finger Millet-Maize
Rice-wheat- Rice-Mustard- Orange, Lemon,
Mustard Potato/Maize Peach
11IBh Maize-Potato-Millet 485.4066
I1IBh/5 205.3222
I1IBh/6 0.00136
. . Lemon, Nibuwa,
VAU Maize - Potato Citrus based Guava, Peach 50.52532
IVAU/5 78.17652
IVAU/6 0.001727
Grand Total 1284.345
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Ward No.4
Lanq. EX|§t|ng Propo_sed Proposed Areain
Capability Dominant cropping .
: Fruit Orchard Hectare
Class Cropping Pattern | system/crops
. . Rice-Mustard-
E!ce-Wheat-Malge Potato/Maize Orange, Lemon,
ice- Maize, .
Mustard/Potato / Winter | Peach, Papaya
IIAu/2st vegetables 238.6601
IIAu/5 36.02822
I1Au/6 16.46935
Millets-Legume-
Maize - Finger M_a|ze Avocado.
: . . Rice-
millet, Maize-Finger : Orange, Lemon,
. Potato/Winter
millet-Barley Peach
vegetables-
AU Maize 326.9615
IHAU/5 234.403
IIAU/6 0.003683
Finger Millet-Maize
Rice-wheat- Rice-Mustard- Orange, Lemon,
Mustard Potato/Maize Peach
11IBh Maize-Potato-Millet 446.5869
I1IBh/5 138.8269
11IBh/6 0.028573
. . Lemon, Nibuwa,
VAU Maize - Potato Citrus based Guava, Peach 141.4849
IVAU/5 259.3523
IVAU/6 0.003121
Grand Total 1838.809
Ward No. 5
Lanq_ Sl Propo_sed Proposed Fruit Areain
Capability Dominant cropping
: Orchard Hectare
Class Cropping Pattern | system/crops
. . Rice-Mustard-
Rice-Wheat-Maize | o, 1 /Maize Orange, Lemon,
Rice- Maize, -
Mustard/Potato / Winter | Peach, Papaya
I1Au/2st vegetables 106.2299
I1AU/5 53.43766
I1AU/6 46.29057
Millets-
Maize - Finger Legume-Maize | »\cado.
. . . Rice-
millet, Maize-Finger . Orange, Lemon,
: Potato/Winter
millet-Barley Peach
vegetables-
AU Maize 612.1931
I1Au/5 417.3192
IHIAU/6 0.011501
Finger Millet-Maize
Rice-wheat- Rice-Mustard- | Orange, Lemon,
Mustard Potato/Maize Peach
11IBh Maize-Potato-Millet 39.41505
I1IBh/5 12.01563
I1IBh/6 0.000364
. . Lemon, Nibuwa,
VAU Maize - Potato Citrus based Guava, Peach 452 5335
IVAU/5 1282.823
IVAU/6 0.058127
Grand Total 3022.327
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Ward No.6
Land Existing Dominant Proposed Proposed Areain
Capability Cropping Pattern cropping Fruit Orchard Hectare
Class system/crops
. . Rice-Mustard-
Rice-Wheat-Maize Potato/Maize Orange, Lemon,
Rice- Maize, .
Mustard/Potato / Winter | Peach, Papaya
I1Au/2st vegetables 37.8809
IIAu/5 6.946507
IIAU/6 3.717818
Millets-Legume-
Maize -  Finger M_a|ze Avocado.
millet, Maize-Finger Rice- . Orange, Lemon,
millet-Barley Potato/Winter Peach
vegetables-
I1Au Maize 0.197441
IHAU/5 22.06378
Finger Millet-Maize :
Rice-wheat-Mustard E:)Ctz:[(,\)/}::/lsat\?zrg_ Sézr;%e, Lemon,
11IBh Maize-Potato-Millet 381.0114
I1IBh/5 90.31808
11IBh/6 0.008857
VAU Maize - Potato irusbased | LI B 96.16825
IVAU/5 172.4929
IVAU/6 0.010506
Grand Total 810.8164
Ward No.7
Lanq_ EX|s_t|ng Propo_sed Proposed Fruit Areain
Capability Dominant cropping
: Orchard Hectare
Class Cropping Pattern system/crops
. . Rice-Mustard-
Rice-Wheat-Maize Potato/Maize Orange, Lemon,
Rice- Maize, .
Mustard/Potato / Winter | Peach, Papaya
IIAu/2st vegetables 139.5878
I1Au/5 26.9779
IIAu/6 68.58219
Millets-Legume-
Maize — Finger | Maize Avocado.
millet, Maize-Finger | Rice- Orange, Lemon,
millet-Barley Potato/Winter Peach
IIAu vegetables-Maize 421.688
IHAU/5 753.9708
IAU/6 0.028223
Finger Millet-Maize
Rice-wheat- Rice-Mustard- Orange, Lemon,
Mustard Potato/Maize Peach
11IBh Maize-Potato-Millet 0.757342
I1IBh/5 0.93621
IVAU Maize - Potato Citrus based LETQ’J‘A,NSZZVCVﬁ ’ 90.10607
IVAU/5 88.1294
IVAU/6 0.016364
Grand Total 1590.78
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CHAPTER 1 : INTRODUCTION

1.1 Background and Rationale

Background Social, environmental and economic costs associated with the use and
development of lands are greatly impacted by the natural hazards. Hazard and risk is
always important component in land use planning because it plays key role to demarcate
the safe and un-safe areas for settlements and any development programs. The land units
are suitable for cultivation which may not be suitable from hazard and risk point of view.

Risk assessments helps to identify risk zone, prioritize hazards and control measures,
create awareness of hazards and risk, and finally establish proper land use zoning
regarding risk and hazard. It is the phenomenon of determination of quantitative or
qualitative estimation of risk related to a well-define situation and a recognized threat. It
consists of an objective evaluation of risk in which assumptions and uncertainties clearly
considered and presented. It is believed to be increased very rapidly mainly due to the
growth in population, especially in urban and urbanizing areas. Another major factor for the
increasing risk is the lack of a favourable policy and legal environment commensurate with
the present-day situation, needs, opportunities and resource availability.

As the availability of the land resources is limited and their utility for human beings needs
some proper management to use it wisely. Land use planning is newly emerged disaster
reduction methods that guides to select the best land meeting the peoples need and
improve the quality of life in urban areas. The land use planning has numerous benefits
and their exercises help to improve the quality of life in both urban and rural areas, protect
the agricultural land, establish appropriate buffer zone for risk assessment, flood plain
management, improve the overall management of different facilities and seek to mitigate
the risks and vulnerability from various geological factors and other hazards. There are
number of resources that need to be considered during risk assessment and they are rivers,
glaciers, human settlement, ponds, lakes, industries, petrol pumps, high tension line,
forests, topography, geological factors etc. The risk assessment task is one of most
challenging issues that need renegotiation before coming to certain goals. Before the land
use planning, assessment of risk and hazard are the inevitable task. The assessment of
risk and hazard help government policies for proper management of land keeping in regard
of any serious damage to the natural resources and environment. Hazard and risk are
described as:

Hazard: Hazard is the potentially damaging phenomena in particular space and time. The
phenomena hazard produces the undesirable consequences and it is the source of risk.

Risk: A measure of the probability and severity of an adverse effect to health, property or
the environment. Risk is often estimated by the product of probability of a phenomenon of
a given magnitude times the consequences.

Knowledge of the relationships of development, land use and disaster risks provide
planners a deeper understanding of what drives people to locate themselves in high risk
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areas (RCC 2011). Generalized procedure of risk assessment is shown in Figure 1-1 and
through the use of hazard and risk information, land use planners would be able to:

e Toidentify areas that are of high risk from impacts of hazard

o that need lessening of effects of hazardous events

e Toidentify areas for restricting location of human settlements and choosing suitable
economic activities.

e To understand the area of land actually available for development (considering
development is not allowed in areas prone to natural hazards)

e To provide guidance in formulating suitable risk reduction policies and zoning
regulations.

—
!
[T

Figure 1-1: Generalized Procedure of Risk Assessment.
1.2 Objectives of the Study
The objectives of hazard and risk study in Municipality/Rural Municipality level were:

e To assess the source of risk and their situations
e To prepare the possible hazard and risk layers

1.3 Study Area

Jwalamukhi Rural Municipality is in mid-western part of the Dhading District in Bagmati
Province of Nepal (Figure 1-2). The rural municipality was formed on 10" March 2017
(2073/11/27) by merging four VDC units i.e. Khari, Dhola, Nepal, Maidi and Chainpur.
Administratively, it is divided into seven wards. Politically, the rural municipality is placed
under constituency No. 2 for federal parliament and 2 (ka) for provincial parliament.
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Figure 1-3: Location Map of of the Study Area.

This Rural Municipality shares border with three municipalities each in Dhading and Gorkha
District. In the Dhading district, the rural municipality shares its border with Tripurasundari,
Neelkantha and Siddhalek. Additionally, Shahid lakhan, Bhimsen and Gandaki municipality
of Gorkha district are connected to the rural municipality. Geographically it extends from
84°44'3" to 84°51'22" E longitudes and 27°51'25" to 27°58'52" N latitudes. The total area
of the rural municipality is 112.90 sg.km with the altitudinal elevation ranging from 333 to
1343 m.

As of census 2011, the population of the rural municipality is 32922. The total population
of this Rural Municipality is 23966 of which male population is 10573 (44.1%) and female
population is 13393 (55.9%). The total households are 5730 and the average family size of
the Rural Municipality is 4.2.




CHAPTER 2 : CONCEPTUAL BASIS OF RISK MAPPING

2.1 Risk and its relation to Land Use Zoning

Hazard and risk mapping can increase community resilience against the impacts of natural
hazards and allows decision maker to strategically consider the hazard when planning
settlements, and set policy on acceptable risk and controls that increase the ability of
individuals and the community to resist and recover from a hazardous events. Moreover, it
is a process for land-use recovery that requires consideration of a range of options such as
repairing, reconstructing or relocating existing at-risk land-uses before a natural hazard
event occurs.

A planned outline of land use and its strict implementation will ensure the appropriate
management of hazard and reduction in risk and concomitant losses. At present, the risk
mapping and land use zoning are closely related as they both involves a number of
components which includes potential hazard and related information, land use planning
practice and a prescription of disaster risk reduction strategies, emergency management
considerations and developing a rational risk-sensitive land use plan to guide the
development in future. The existing practice of occupying the areas close to river channels
and wetlands for residential, commercial and industrial purpose exemplify preponderant
economic considerations over risk potentials and perceptions. The precautions practiced
by local communities though limited in land use management and land use zoning in the
past were discarded for pecuniary gains. Risk mapping and land use zoning plans at
present are of paramount importance as everyone has realized that the country cannot
afford to wait for imposition of regulatory measures that focus on land use planning and
reduction on risk and damages. Some general principles on land use zoning apposite to
risk reduction measures are given below:

¢ Risk mapping for land use zoning provides basis for both sustainable development
and measures of reduction in risk borne losses.

e Land use zoning functions at different scales, which demands different, ranges of
management tools and operational mechanisms.

e It spans over legal, technical and socio-economic dimensions.
e Itincludes integral services as well as individual and sectorial interests.

e Successful land use zoning management plans will confront challenges, tensions
between government and private interests, national and local interests and vested
interests.

Zoning allows municipalities to shape their residential environments and their property-tax
base. The efficiency of zoning thus depends on the transaction costs of making mutually
advantageous trades between existing voters and development-minded landowners. It
divides a jurisdiction into geographically contiguous ‘zones’. The local zoning ordinance
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prescribes what may be done in each zone and what may not be done. The land-use zoning
will give an indication of the acceptability or otherwise of particular uses in particular areas,
proposed development will also be assessed in terms of compatibility with the development
control guidelines and standards outlined in this plan. Land-use planning can help to
mitigate disasters and reduce risks by discouraging high-density settlements and
construction of key installations in hazard-prone areas, control of population density and
expansion, and in the siting of service routes for transport, power, water, sewage and other
critical facilities. Decision to make proper land use is very crucial tasks. It is even more
daunting if there are competing views about the role that land should play in reducing
collective exposure to risk. Considerations invariably revolve around whose land it is,
whose risk is involved and who is to benefit. Too often, the desire for short-term gains
override anticipated benefits that stretch further into the future. For these reasons, land-
use management and related regional and territorial planning, have to be considered as
natural extensions of conducting hazard assessments and risk mapping. They must take
account of the spatial parameters of physical vulnerability considered in accordance with
the broader social, economic and environmental requirements of a society (UN/ISDR
2004).

2.2 Relation of vulnerability and hazard with Risk

Vulnerability describes the characteristics and circumstances of a community, system or
asset that make it susceptible to the damaging effects of a hazard. Risk is that can affect
particular element which is in vulnerable conditions. Vulnerability can be treated and risk
can be mitigated. Hazard, vulnerability and risk are closely interlinked and their relationship
can be expressed as;

Risk = Hazard x Elements at risk x Vulnerability

Hazard : potential threat to humans and their welfare
+

vulnerability : exposure and susceptibility to losses

risk : probability of hazard occurrence

disaster : realization of a risk

In brief, hazards are the source of risks which create risks by exposing pre-existing
vulnerabilities. The risk that a community faces is mitigated by its level of preparedness,
response and recovery or readiness.

2.3 Risk types and their Descriptions
There are four different types of risk and they are described as:

Individual risk: the risk of fatality or injury to any identifiable (named) individual who live
within the zone impacted by the natural hazard; or follows a particular pattern of life that
might subject him or her to the consequences of the hazard.
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Societal risk: the risk of multiple fatalities or injuries in society as a whole: one where
society would have to carry the burden of a landslide causing a number of deaths, injury,
financial, environmental, and other losses.

Specific risk (Rs): the expected degree of loss due to a particular natural phenomenon.

Total risk (Rt): the expected number of lives lost, persons injured, damage to property, or
disruption of economic activity due to all natural phenomena. It is therefore the sum of the
specific risks for all return periods and all types of events.

Nepal is one of the highest risk countries in the world due to various types of disasters. Two
types of risk exist for land use zoning namely natural and manmade. The natural risk that
usually exists in the flat plain areas are flood, inundations and bank cutting, where as in the
sloping areas, debris fans deposits, landslides and soil erosion. Similarly, the fuelling
stations, and nearby storage of LP gas area are potential hazards for the fires. Therefore,
zoning plays an important role in protecting infrastructures and property from frequent
disasters such as: landslides, floods, and fires. Nepal has steep and rugged topography
with complex geology resulting different calamities such as flood, fire, landslides and debris
flow. Different types of natural risk that are present in the country are described as:

Fire: Usually, fire takes place in the dry and windy season that may be both accidental and
deliberate form. They occur in the rural areas of the Terai and Middle hilly region. The
monsoon climate that prevails in Nepal is characterized by long period of drought or dry
season. Fire is prevalent in the windy summer days in both Terai and mountains of Nepal.
Forest fires are both accidental and deliberate. However, the incidences of fires in the rural
areas are accidental. Most of the houses in the rural areas are of small, thatched and made
up of straw, timber and stalks and they easily catches the fire causing fire hazard. Forest
fire incidents occur throughout Nepal and result deforestation of around 1.7 % of the total
forest area annually. Most of the fire incidents are caused by negligence of the people such
as hunting practices, negligence by cigarette smoker, intentional fire to accelerate growth
of grasses to feed livestock, intentional fire setting by herb and charcoal collectors and
children playing with fires.

Flood, landslide and debris flow: The topographical feature of Nepal is mainly
responsible for flood. Flood is caused by heavy precipitation that may occur at any place
except high Himalayan region during the monsoon season. The floods of august 2008 in
Koshi River, September 2008 in western Nepal and July and august 1993 in the Bagmati
and other rivers were the most devastating floods in Nepal (MOHA 2008). Nepal ranked in
30" in terms of flood hazards (Nepal et al. 2018). As a result, the hazards like landslides
and debris fall on the mountain slopes and floods in the river valleys and Terai plain become
quite frequent causing damage to soil, cultivated land, crops, residential buildings,
infrastructures, human lives and animals. Landslide usually occurs as secondary effects of
heavy rainfall and earthquakes. A debris flow is slurry of soils, rocks and organic matter
combined with air and water. Complex geology, steep slope and rugged topography lead
to different calamities such as flooding, landslide and debris fall. Soil erosion near the river
flow at the mountainous and plain land increases during monsoon season.
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Earthquake: Nepal is among the countries where seismic activities are high. According to
e Report on Disaster Risk, Nepal ranks the 11th position in terms of earthquake risk as
earthquakes have often occurred in Nepal. It is mainly due to its young and fragile geology,
haphazard and unplanned settlements and poor construction practice. Geologists have
forecast that devastating earthquake can occur anytime and anywhere in Nepal. It is likely
to cause landslides, GLOFs, liguefaction and change in topography. Earthquakes threaten
the entire country all the time and it is poised for a mega disaster for which scientist are
forecasting with a high probability of its occurrence anytime anywhere in the region.

Glacial Lake Outburst Flood: Himalayan region is dotted with several big and dangerous
glacial lakes that pose a serious threat to the people living downstream. About 15 glacial
lakes are found substantially dangerous in Nepal (MoHA website). Major events shown in
past were Tamor Koshi (1980), Sun Kosi River (1935, 1981), Dudh Kosi River (1977, 1985),
Arun River (1968, 1969, 1970) etc. A glacial lake outburst flood (GLOF) is a type of outburst
flood that occurs when the dam containing a glacial lake fails. The dam can consist of
glacier ice or a terminal moraine.




CHAPTER 3 : METHODOLOGY

Different types of risk exist in this study area. The prominent risks are due to flood, fire,
landslide, seismic and industrial. Risk layers are prepared based on visual interpretation of
images and field verified evidences which rely on subjective analysis or expert judgment of
geo-scientific principles. Moreover, adaptability and mitigation or reduction measures for
probable losses due to hazard and risk are also the pragmatic concern. A standard
geological map published by Department of Mines and Geology was used to assess the
risks as well as different published literatures are referenced in order to justify commonly
practiced methodologies. The practiced methods are always controlled by available data,
resources and duration of project time frame which are taken into consideration while
analyzing the risks.

3.1 Flood Risk

Flood is one of the disastrous and vulnerable water induced natural disasters which occurs
frequently in plain land, river valley and Terai region. Since the study area lies in mountain
and valley this region usually bank cutting and landslide problem. River banks and low-
level terraces face flood and inundation during high-flood events. The nearby settlement
areas of one major Aakhu Khola may face greater risk bank cutting and few areas are
flooding and inundation. Time series analysis of river morphology shows that the Aakhu
Khola is shifting some time right and left from river bank as low-level terrace areas. Mostly
in Aakhu Khola right and left bank areas having the deep gorges with river valley which
threats for flooding and bank cutting problem.

3.1.1 Data

Rainfall data was collected from the Department of Hydrology and Meteorology (DHM) and
topographical data were collected from the Department of Survey, Government of Nepal
for the flood analysis of Jwalamukhi Rural Municipality. Inside the Jwalamukhi Rural
Municipality, there is hydrological station available which is installed by DHM at Aakhu
Khola. The discharge data was collected from DHM for the flood risk in this Rural
Municipality. For the basin wise hydrological analysis DEM data is necessary and DEM
data is provided from the Department of Survey but this is not sufficient for the catchment
wise analysis. So, SRTM 30X30 m resolution DEM were used in Hec-GeoRAS (HEC, 2002)
model for the watershed delineation and geometric data digitization.

Rainfall: In the Dhading district four precipitation stations were found which was
established by Department of Hydrology and Meteorology (DHM), Government of Nepal as
shown in Table 3-1. Rainfall data of twenty-four years (1991 - 2014) was collected for
spatial analysis of receiving maximum and annual rainfall amount over the Dhading district
which is depicted in figures 3-3 and 4-4. The nearest rainfall station 18 number from 7
district of Gorkha, Tanahun, Makwanpur, Rasuwa, Nuwakot, Kathmanduand Dhading,
were collected for regional maximum analysis. Among these eighteen stations, Markhu
Gaun station shows the monthly maximum rainfall 385.6 mm the, whereas the highest of
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Dhading district maximum rainfall of 180.4 mm and annual average rainfall 1867 mm Figure
3-1.

Table 3-1: Rainfall station of Dhading district inside the project area

. . Max

Longitude Latatitude Name of Station Station | Elevation Rainfall
Index (m)
(mm)

84.90 28.37 Jagat (Setibas) 801 1334 135.6
84.62 28.00 Gorkha 809 1097 164
84.75 28.20 BARPAK 850 1889 339.5
84.55 27.87 SAKHER 863 286 173.2
85.08 27.60 Daman 905 2314 373.2
85.15 27.62 Markhu Gaun 915 1530 385.6
85.38 28.28 Timure 1001 1900 86
84.82 28.05 Aru Ghat D.Bazar | 1002 518 182.6
85.17 27.92 Nuwakot 1004 1003 147
84.93 27.87 Dhading 1005 1420 180.4
85.25 27.80 Kakani 1007 2064 154.2
85.20 27.68 Thankot 1015 1630 300.1
85.16 27.72 Dhunibesi 1038 988 313
85.32 28.17 Thamachit 1054 1847 333
85.30 28.10 Dhunche 1055 1982 108.5
85.12 28.02 Pansayakhola 1057 1240 212
85.25 27.75 Nagarjun 1079 1690 147.5
85.28 27.78 Jetpurphedhi 1081 1320 128.2

Discharge: Hydrological extreme discharge data were collected from (1991 - 2007) at the
station (259.2) and daily discharge data collect (1986- 2014) from Department of Hydrology
and Meteorology. The extreme flood discharge was using in the Gumbel’s flood frequency
analysis was carried out in different return period the result of frequency analysis given in
Table 3-2, Figure 3-5 respectively. The prediction of the future 100-year return period floods
magnitude was made on the basis of output form measured extreme discharge data using
theoretical probability distribution (Gumbel's) method of flood mapping for HEC-RAS (HEC
2019) model. The flood frequency analysis was conducted with the measured extreme
discharge section at the station.

3.1.2 General Approach and Methodology Framework

After the collection of the Meteorological and Hydrological data, flow data for different return
period were obtained by using observed Instantaneous discharge data from DHM
hydrological station (447) at Trishuli river, but the Aakhu Khola is ungauged catchment
therefore for extreme flood estimation ungauged basin flood method was used (DHM,
2004).

Q,=2.29(A<3K)° 86 Eq. 1

Q100=20.7(A<3k)0'72 Eq. 2
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Using all the hydro-meteorological data and cross section data, the required geometry data
of the Aakhu Khola such as river, banks, flow paths and cross-sections were developed in
HEC-GeoRAS (HEC, 2002) in GIS environment. Then these geometry data were imported
to the hydrodynamic HEC-RAS (HEC, 2019) model. The HEC-RAS (HEC, 2019) model is
setup for the steady flow analysis for flood modeling and the results were analyzed for the
assessment of high, medium and low risk level of Jwalamukhi Rural Municipality.

3.1.3 Methods

Rainfall: Collected rainfall data from DHM of different four stations for Dhading district
rainfall analysis by helping the Surfer software using kriging method for the spatial analysis
of rainfall data (Table 3-1) shown in Figure 3-1 and 3-2.

Discharge: The basis of available past measured extreme floods data of DHM using
theoretical probability distribution method (Gumbel's method). The flood frequency analysis
was conducted with the measured extreme discharge at the station and statistical analysis
was conducted to determine the required parameters. After having the required statistical
parameters, the flood magnitude for any specific return period 2, 5, 10, 20, 25, 30, 40, 50,
60, 70, 80, 90, and 100 was calculated Table 3-2. But, due to the landscape and river cross
section profile only 100-year return period data was used for inundation analysis in this
study area.

Hydrodynamic Analysis and Inundation Mapping: The HEC-RAS (HEC, 2019) model is
setup for the steady flow analysis and the results were analyzed for the assessment of
high, medium and low risk level. HEC-GeoRAS (HEC, 2002) and HEC-RAS (HEC, 2019)
model were used for the flood modeling. The HEC-GeoRAS (HEC, 2002) as a GIS
extension tool is used for preparation of all geometry data and cross sections along the
river. These geometry data are then imported to the HEC-RAS (HEC, 2019) model. The
HEC-RAS (HEC, 2019) model is set for the steady flow analysis by giving the different
return period flow data and manning’s value n for the channel. For this analysis the Manning
n value was taken from the Herry H. Barnes, Jr. (1987). The Manning’s roughness
coefficient, n value can be calculated by using the Manning’s equation for the discharge
calculation. The model is then run for the steady flow simulations and the results were again
transported to the HEC- GeoRAS (HEC, 2002). The final inundation maps were prepared
with the help of imported water surface profiles and raster maps of depths.

3.1.4 Result

Rainfall: Rainfall data from Table 3-1 were analyzed in monthly and annual rainfall basis
over the project area by surfer software and plot by kriging methods the spatial rainfall
distribution present in the isohyet’s method over the Dhading district as shown in Figure 3-
1. The spatial analysis result of 18 number stations in 7 nearest district annual rainfall (125
to 350 mm) received in the entire area of Dhading district. However, the observed temporal
(1991-2014) annual average rainfall 1790 mm received in Dhading district, there is
significantly decreasing order in Dhading station no.1005, which is closed with the
Jwalamukhi Rural Municipality Figure 3-2. Similarly, the temporal average maximum

10
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monthly rainfall 452 mm received in the month of July and the minimum monthly rainfall (6
mm) received in the month of November in Figure 3-3.
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Figure 3-1 Spatial monthly maximum rainfall of Dhading district
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Figure 3-2 Annual average rainfall of Dhading District

11



Hexa International Pvt. Ltd. ||

Dhadhing Monthly Rainfall (mm)

500
450
400
350
300
250
200
150
100

o 1 aul ll | B |

Jan Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
= Monthly Rainfall (mm) 17 19 37 78 154 | 305 | 452 | 439 | 233 42 6 8
® Maximum Rainfall (mm)| 62 41 56 82 128 | 150 | 131 | 180 83 64 31 49

Rainfall (mm)

Figure 3-3: Temporal average monthly and maximum rainfall Dhading district

Discharge: Aakhu Khola is ungauged catchments it covers the Jwalamukhi Rural
Municipality of ward no. 7. The discharge data are not available in this catchment for flood
analysis. Inthe Aakhu Khola catchment the discharge estimation DHM, 2004, method was
applying for monthly average flow estimation and extreme flood frequency analysis using
equation- 1 and equation- 2. The monthly maximum discharge found august and minimum
in March as shown in Figure 3-4.

The estimated extreme flood from the Aakhu Khola ungauged catchment were used to
frequency analysis in Gumbel’'s frequency analysis different return period is depicted in
Table 3-2 and the plot is present in the Figure 3-4. The maximum discharge from 2-year
return period to 1000-year return period found from 89 m?s to 1160. m?%s, in the Aakhu
Khola catchment.
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Figure 3-1 Aakhu Khola Dhading monthly maximum discharge (m?/s)
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Table 3-2 Frequency

analysis
Return Flood
Period (m?3/s)
2 89
5 159
10 216
20 277
50 367
100 443
200 527
500 649
1000 751
5000 1025
10000 1160

Figure 3-5 Frequency analysis of different return period at
Aakhu Khola

3.1.5 Flood Modeling

Pre-processing to develop RAS GIS import files: The Aakhu Khola geometry data were
prepared in HEC-GeoRAS (HEC, 2002) extension tool in GIS. With the help of Digital
Terrain Model (DTM), which represents the channel bottom and adjacent floodplain areas,
Triangulated Irregular Network (TIN) and image file of the study area, stream centerline,
flow path lines, bank lines and cross sections cut lines layers were digitized (Figure 3-5).

Result of Pre-processing to develop RAS GIS import files: The Aakhu Khola geometry data
were prepared in HEC-GeoRAS (HEC, 2002) extension tool in GIS. With the help of Digital
Terrain Model (DTM), which represents the channel bottom and adjacent floodplain areas,
Triangulated Irregular Network (TIN) and image file of the study area, stream centerline,
flow path lines, bank lines and cross sections cut lines layers were digitized (Figure 3-5a
and Figure 3-5b).
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Figure 3-2a: Geometry data of Aakhu Khola Dhading prepared in HEC- GeoRAS
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4444

Figure 3-3b: Geometry data of Aakhu Khola Dhading and hole district prepared in HEC-
GeoRAS.

The river and reach network are represented by the stream centerline layer. Then the
topology, elevation and lengths of the river were calculated. Similarly, for the cross-section
lines, different attributes such as river/reach names, stationing, and elevations etc. were
computed in HEC-GeoRAS (HEC, 2002). The RAS GIS import file is then created to upload
in HEC RAS (HEC, 2019) model.

Flow calculations in HEC-RAS: HEC-RAS (HEC, 2019) model perform 1D water surface
profile calculation for steady flow. The model computes the water surface profile by using
energy equation. The water surface profile is generated from one cross section to another
considering the parameters of energy equations such as elevation of main channel, depth
of water at cross sections, average velocity, energy head loss and gravitational
acceleration. The 1D steady flow simulation was performed based on the flow of the river
when the flow is steady, it is gradually varied, flow is one dimensional etc. Figure 3-6 and
3-7 shows the output at the one of the cross sections of the river profile.

Post processing to generate GIS data from HEC-RAS results: The HEC-RAS (HEC, 2019)
model result files were analyzed with the RAS mapping tool in HEC-Geo RAS (HEC, 2002).
The RAS MAP tool requires the DTM in grid format. The inundation mapping was done with
the help of water surface elevation, cross section cut lines and bounding polygon. The
inundation depth grid is created comparing the water surface elevation. The floodplain is
generated where the water surface elevation is higher than terrain grid. The RAS mapping
tool creates the floodplain boundary based on the depth grid and it is the outline of the
depth grid along the Aakhu Khola system Figure 3-6 and 3-7.
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Figure 3-4: Cross section profile Aakhu Khola and existing river of Dhading district
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Figure 3-5: River cross section profile of Aakhu Khola outlet

Validation of result: Validation of the water level results for the HEC-RAS (HEC, 2019)
model Table 3-3 and the field observed output result. From the field observed data, the
lowest depth less than 2.0 m and the maximum depth is 5.09 m found. However, from the
HEC-RAS (HEC, 2019) model the maximum depth 5.09 m found in Aakhu Khola outlet at
the downstream of Jwalamukhi Rural Municipality Ward No. 7.
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Table 3-2: Aakhu Khola Cross section output of the downstream outlet

B Cross Section Output — >
File Type Options Help

Rver: [River 1 <1 erofe: .

Reach [Reach 1 ~| rs:  [27086 ~| 4| #|pian: [First_Run ~|

Plan: First Run River 1 Reach 1 RS: 27086 Profile: 100-year

E.G. Elev (m) 634,86 | Element LeftOB | Channel | RightOB
Vel Head (m) 0.55 | Wt. n-val. 0.046 0.046 0.046
W.S. Elev (m) 634.31 | Reach Len. (m) 92.90 100.00 98.70
Crit W.S. (m) Flow Area (m2) 127.78 350.77 36.98
E.G. Slope (m/m) 0.003583 | Area (m2) 127.78 350.77 36.98
Q Total (m3/s) 1613.15 | Flow (m3/s) 319.57 1232.22 61.37
Top Width (m) 152.24 | Top Width (m) 47.72 79.00 25.52
Vel Total (m/s) 3.13 | Avg. Vel. (m/fs) 2.50 3.51 1.66
Max Chl Dpth (m) 5.09 | Hydr. Depth (m) 2.68 4.44 1.45
Conv. Total (m3/s) 26950.2 | Conv. (m3/s) 5333.9 20586. 1 1025.2
Length Wtd. (m) 98.68 | Wetted Per. (m) 47.96 79.08 25.68
Min Ch El (m) 629.22 | Shear (N/m2) 93.61 155.85 50.60
Alpha 1.10 | Stream Power (N/m s) 234.11 547.46 83.97
Frctn Loss (m) 0.39 | Cum Volume (1000 m3) 358.43 663.41 503.24
C &E Loss (m) 0.01 | Cum SA (1000 m2) 58.06 124,32 107.06

Flood Inundation Mapping: Based on the flood depth simulated by the HEC-RAS (HEC,
2019) model, the low, medium and high-risk areas were determined. According to the field
verification the maximum flood depth 7.41 m occurred during the monsoon season which
was extremely erosive soil, river bank cutting, turbulent flow in upstream areas, inundation
in downstream, highly flood risk problem found by Aakhu Khola in the Jwalamukhi Rural
Municipality. According to Inundation mapping of Jwalamukhi Rural Municipality territory
flood depth has been classified low risk having depth of 0.0 m — 2.0 m, medium risk having
depth of 2.0 - 6.0 m and high risk having above depth of greater than 6.0 m as shown in
Figure 3-8a, enlarge of resident without flood in google map Figure 3-8b, and with enlarge
view of inundation area of flood depth in Figure 3-9c.
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Figure 3-6a: Inundation map of Dhading 100 Years return period flood
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Figure 3-8c: Inundation map of Dhading 100 Years return period flood
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Figure 3-9: Aakhu Khola inundation flood depth map of 100 years return period
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Flood Risk status of Jwalamukhi Rural Municipality: Aakhu Khola, cover the high risk
8.03 -hectare land, Medium risk cover 18.89-hectare land and Low risk cover about 2.74-
hectare areas shown in Table 3-3.

Table 3-3: Risk status of Jwalamukhi Rural Municipality

Area (Ha)
S.N. | Class Type Mediu

High m Low | No Risk Total
1 Agriculture 0.56 3.33 0.85 5637.81 5642.54
2 Forest 0.67 0.52 0.13 | 4778.71| 4780.03
3 Residential 0.01 0.00 0.00 542.97 542.97
4 Commercial 0.01 0.00 0.00 3.24 3.24
5 Industrial 0.01 0.00 0.00 0.00 0.00
6 Public Service 0.02 0.00 0.00 135.09 135.11
7 Mine and Minerals 0.00 0.00 0.00 0.00 0.00
8 Cultural and Archeological 0.00 0.00 0.00 1.31 1.31
Riverine, stream, Lake and 6.77 15.04 1.77 160.84 184.42

9 Marsh Area

10 Other

Total 8.03 18.89 2.74 11251.0 11289.6

Result of flood risk map: Flood events are common in monsoon season in Jun to September
in Nepal and Dhading district too, that attributed to its geographical conditions with elevated
terrain and river valleys. Many seasonal streams flow along the river valley that are
damaging arable lands and sometimes cause human casualties. Aakhu Khola is major
small tributary in the area which flows in long stretch and creates flooding problems in
different ward no 7. Field investigation and HEC-RAS modelling showed that the area is in
risk of flood hazard by Aakhu Khola. The Aakhu Khola is flowing almost west to south it is
usually narrow river channel system causing the banks cutting and few areas are
inundation problem Table 3-3 shows the statistics of flood risk status of Jwalamukhi Rural
Municipality at Dhading district shown in Figure 3-10.

18



Hexa International Pvt. Ltd. I

JWALAMUKHI RURAL MUNICIPALITY FLOOD RISK MAP DISTRICT : DHADING

A0 AHORD
N N

I ———
|
/  Tripura Sundari W E
! Rural Municipality -

7 - B 5
- LN g

*Lume DEnS RS Flood is an unusual stage of a river

that overflows the natural or manmade
banks spreading water to its flood plains

Bhimsen Rural
Municipality

®Pakndgeun Ana

GORKHA / crarsfn that are thickly populated due to the
/ obvious advantage of water supply.

fishery and imgation.Flood risk is defined

Jullcramour basaed on the depth of inundation.

Bliotedsids
.

(umisr Argaun
- L4 Nilakantha

DOhandagaung
¢ Municipality

Legend

Sharnicen:
Sahid Lakhan Rurs! Dot

Iunicipality « Settlement

fracirwar o o
ChnsatRok o Jabut cagumg
DHADING currgen © e Boundary

PR o

=== International

*2

Hulgk

Sonaghare Jliowiss »; an  Bnenang s
varg 4 L& —- Province

ny g —

! — District

Jwalamikhi Rural ®
Municipality

Local Level
Wards
Flood Risk
m High
Medium
. Low
No Risk

PROJECTION AND DATUM
Projection: Transverse Mercator
Datum: Everest 1830

False Easting: 500,000 m

\ Faise Northing: 0

i Jstameze 3 Siddhalek Rural Central Meridian: 84° E

{ Municipality Scale Factor: 0.9999

\ Mabt Latitude of Origin: 0 Degree
SRS Units: Meter

3 Gandaki Rural
1 Municipality

2004020

Scale 1:95,000 .; Prepared by:
0 4 8 @ Hexa International Pvt. Ltd.,

Dhalku, Kathmandu

Figure 3-10: Flood risk map of the study area.
3.1.6 Discussion

The distribution of rainfall over the project boundary of Aakhu Khola catchment four Table
3-4 rainfall stations different contributes rainfall during the monsoon season but the annual
average rainfall 1790 mm received in Jwalamukhi Rural Municipality. Frequency analysis
result of 100-year return period flood of Table 3-4 using the HEC-RAS (HEC, 2020) model
in the Aakhu Khola for inundation mapping shown in Figure 3-10. The result of inundation
map displays the Ward No 7 in the flood risk areas of Jwalamukhi Rural Municipality.

3.2 Fire Risk

Fire risk can be viewed as the possibility of an unwanted fire hazard in an uncertain
situation, where loss or harm may be induced to the valued, typically life, property, business
continuity, heritage, and/or environment (Meacham 2001 2002). The fire risk is critical
concern in Nepal during hot and dry period as well as sometimes it is associated with any
time accidental cases of inflammable objects or sparking phenomena.

3.2.1 Data

Fire risk data in the area has been assessed from existence of thatch-roofed houses,
inflammable elements (e.g. petrol pump) and forested areas. These fire risk elements are
mapped as present land use for database in fire risk zoning.
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3.2.2 General Approach and Methodology Framework

Decision on fire risk remains a frustratingly large degree of disagreement and confusion
over basic purposes and terminology. In most other areas of fire science, disagreements,
however strong, tend to be over the validity of alternative means to achieve particular
assessment objectives. In fire risk analysis, disagreements often are more fundamental
and involve the basic objectives of methodology. A "scenario" is sometimes used to
describe a single element (that is, a single fire situation). Alternatively, a "scenario" may
refer to groups of elements that share those characteristics that define the initiation, growth,
and termination of the fire but which may differ with respect to other characteristics. These
other characteristics might include the type of building, vehicle, or other property involved,
the number and characteristics of occupants; or physical properties of the building, vehicle,
or other property that do not affect the fire development but do affect the harm caused to
people or property (Hall and Sekizawa 1991).

Moreover, the "exposure” in a fire situation refers to those characteristics of an element of
that specify the number of persons and the quantity of property that may be affected by the
fire and their characteristics. "Property" may be used broadly to mean not just the asset
value of fixed objects but also the functional capacity of property (such as its ability to
sustain productive operations or its ability to support human habitation).

3.2.3 Methods

Methods of fire risk analysis can be classified into four categories, narratives, checklists,
indexing, and probabilistic methods (Watts 1995, Watts and Hall 2002). Narratives do not
attempt to evaluate the fire risk quantitatively; instead, a risk is judged acceptable if it
complies with published recommendations. A common accessory of fire protection is a
listing of hazards and recommended practices. These checklists comprise valuable tools
for identifying fire risk factors but they do not distinguish among the importance of these
factors. Fire risk indexing methods assign values to selected variables based on
professional judgment and past experience. Probabilistic methods are the most informative
approaches to fire risk assessment in that they produce quantitative values, typically
produced by methods that can be traced back through explicit assumptions, data, and
mathematical relationships to the underlying risk distribution (Watts and Hall 2002).

Despite availability of comprehensive methods of fire risk assessment, general approach
of fire risk approximation is followed which based on the field assessment and historical
information. For fire risk zonation, land cover with high accumulation of inflammable object
like petrol pumps and adjoining forested areas are the main focus. Zonation of risk levels
(low, medium and high) are carried out by proximity analysis of fire risk elements with using
the arbitrary values. Proximity for forest fire risk are <30 m is high, 30—60 m is medium, >60
m is low; for rick mill — within 10 m is high; for petrol pump — within 20 m is high and for
brick factory — within 20 m is high. Beyond high and medium risk zones of fire susceptible
elements are considered as low risk that is relatively safe area.
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3.2.4 Result

The area is in some risk of fire due to presence of forested area. Result showed that the
region with area of 12.51% is high, 51.55% is medium and 35.94% low risk levels of fire.
The risky areas are seen in considerable portions of the area (Figure 3-11) and the rest of
area lies in medium and low risk zones. Water bodies cover 184.42 ha and Table 3-4 shows
the statistics of fire risk in terms of land use.
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Figure 3-11: Fire Risk Map of the Study Area.

Table 3-4: Statistics of fire risk in terms of land use.

Area (ha)

S.N. | Land Use : -
High | Medium Low Total
1. Agriculture 1231.72 914.79 | 3496.04 5642.54
2. Forest 58.51 | 4715.74 5.78 4780.03
3. Residential 66.36 58.95 417.67 542.97
4, Commercial 0.53 0.50 2.21 3.24
5. Industrial 0.00 0.00 0.00 0.00
6. Public Service 32.34 34.41 68.35 135.11
7. Mine and Minerals 0.00 0.00 0.00 0.00
8. Cultural and Archeological 0.27 0.32 0.72 1.31
9. Riverine, Stream, Lake and Marsh 0.00 0.00 0.00 184.42
10. | Other 0.00 0.00 0.00 0.00
Grand Total | 1389.72 | 5724.71 | 3990.77 | 11289.62

21



Hexa International Pvt. Ltd. I

3.2.5 Discussion

Fire risk is prominent in the study area as the forested areas distributed in this area have
possibility of fire risk during hot season (April-June) every year. In some locations, the
thatch-roofed houses are also surrounded by reinforced concrete houses and have less
probability of spreading fire. The spreading fire hazard depends on direction and speed of
prevailing wind at particular time. Those parts of region which are close to forest may have
potential chances of getting fire if by accidentally or mistakenly happen. Mitigation
measures for fire risk must involve the increasing social adaptability for using fire elements
in proper way of safety precautions.

3.3 Landslide Risk

Landslide risk evaluation aims to determine the expected degree of loss due to a landslide
and the expected number of live lost, people injured, damage to property and disruption of
economic activity (Varnes 1984). Landslide is one of the most serious slope movements
risk in the mountainous terrain of Nepal due to fragile geology, frequent extreme weather
events and rugged topography.

3.3.1 Data

Spatial data that requires analyzing landslide risk consists of landslide inventory map and
their causative parameter maps as well as elements at risk. Landslide inventory can be
acquired through aerial photo interpretation, image analysis and detailed fieldworks.
Similarly causative parameters and risk elements can be obtained. The data set of landslide
inventory is an indispensable data source representative of samples of landslide presence
that may represent single or multiple events (Chacén et al. 2006). Thus, acquired data are
used to construct database that are necessary for risk analysis.

3.3.2 General Approach and Methodology Framework

General approach of landslide risk evaluation is to determine the "expected degree of loss
due to a landslide (specific risk) and the expected number of live lost, people injured,
damage to property and disruption of economic activity" (Varnes 1984). The
methodological framework begins with the identification and the description of the threat,
to succeed towards an evaluation of the claimed exposure and a characterization of the
risk. The hazard analysis is based on four fundamental assumptions: (a) landslides will
always occur in the same geological, geomorphological, hydrogeological and climatic
conditions as in the past; (b) the main conditions that cause landsliding are controlled by
identifiable physical factors; (c) the degree of hazard can be evaluated; (d) all types of slope
failures can be identified and classified (Hutchinson 1995).

3.3.3 Methods

Landslide risk analysis can be done either in qualitative, semi-quantitative or quantitative
approaches. Dai et al. (2002) pointed out “whether qualitative or quantitative assessments
are more suitable depends on both the desired accuracy of the outcome and the nature of
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the problem, and should be compatible with the quality and quantity of available data”. The
application of methods also depends on the experience of the specialist, and the scope
and purpose of the hazard and risk assessment (Fell et al. 2005). Fell and Hartford (1997)
emphasized that using descriptive terms may be the most appropriate approach and is
quite acceptable. In general, landslide hazard and risk is analyzed by the likelihood
occurrence of a landslide based on role of individual factors controlling the landslide
location, geographical pattern, and spatial density to predict where landslides will likely
occur in the future (Varnes 1984). In this assessment, landslide hazard and risk was
evaluated based on subjective rating of important factors (Deoja et al. 1991). Application
and description of subjective rating methods are frequent in literature (Kienholz 1978, Ives
and Messerli 1981, Rupke et al. 1988, Aleotti and Chowdhury 1999 etc.). The analysis
parameters include as slope angle, slope aspect, Land Use, drainage proximity, geology
and thrust or fault proximity and assigning of rating value in each parameter class (Table
3-5) depends on the priori knowledge of their contribution for the landslide initiation (i.e.
experience-based weighting factors). The following operations were carried out to prepare
landslide hazard and risk map (see Figure 3-12 also):

o Subdivision of each parameter into a number of relevant classes
e Assigning weight va