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CHAPTER ONE: INTRODUCTION 

1.1 BACKGROUND 
 

Land is one of the important and precious natural resources of the earth surface. The demands for 

arable land, grazing, forestry, wild-life, tourism and urban development are greater than the land 

resources available. 

Hence, land—use planning for making the best use of the limited land resources is inevitable 

Land-use planning is the systematic assessment of land and water potential, alternatives for 

land use and economic and social conditions in order to select and adopt the best land—use 

options (FAO, 1993). Except sporadic attempts for the urban areas (GoN, 2002), Nepal has not 

practiced land-use planning for the country as a whole, although 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. Local level 

planning is about getting things done on particular areas of land — what shall be done, where 

and when, and who will be responsible. It requires detail basic information about the land, the 

people and services at local level. However, Nepal has only regional level data base on land 

use, land system and land capability which were produced by Land Resource Mapping Project 

(LRMP, 1983/84). Realizing this fact, the Ministry of Land Reform and Management of 

Government of Nepal established the National Land Use Project (NL-UP) in 2057/058 fiscal 

year to generate the necessary data bases on the land resources of the country. 

This digital database includes Municipality present land use, soil, land capability, land use 

zoning, cadastral layers and Municipal profile with bio-physical and socio-economic 

information 

It is well known that the Government of Nepal has approved the National Land Use Policy, 2076 

with amendment to National land use policy, 2069. Nepal has intended to manage land use 

according to land use policy of the government of Nepal and had outlined ten zones i.e. 

Agricultural zone, Residential zone, Commercial zone, Industrial zone, Mines and Minerals 

zone, Cultural and Archeological zone, River and Riverine Zones, Forest Zones and Public use 

and Open space zone and Others. The policy has defined the respective zones as per the land 

characteristics, capability and requirement of the lands. Further, for the effective implementation 

of land use zones in the country, the National Land Use Act, 2076 and National Land use 

regulation, 2079 has clearly directed for an institutional set up of Land Use Council at the top to 

the district level and Municipality / Rural Municipality level at the bottom and provided 
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standards for land use zoning. 

1.2 OBJECTIVE 
The main Objective of Project are: 

i. Preparation of Present Land Use Map 

ii. Preparation of Land Zoning Map 

iii. Land Zones Classification of Parcels in the Rural Municipality 

1.3 PROJECT AREA OVERVIEW 
 

Gharpajhong is a Rural Municipality in Mustang District in Gandaki Province of Nepal. On 12 

March 2017, the government of Nepal implemented a new local administrative structure, in 

which VDCs have been replaced with municipal and Village Councils. Gharpajhong is one of 

these 753 local units. Gharpajhong rural municipality is located in Mustang district. When the 

Ministry of Federal Affairs and Local Development implemented 744 local levels in 2073 BS, 

former Marpha, Tukucheko (8, 9) wards and Jomsom Village Development Committees have 

been declared as Gharapjhong rural municipality in Mustang district.  

Geographically, this Rural Municipality spans from approximately 29°04'21" to 29°19'52" north 

latitude, and from about 83°44'59" to 84°12'20" east longitude. Its elevation ranges from a 

minimum of 2548 meters to a maximum of 6995 meters above sea level, with its administrative 

center (Jomsom) situated at an altitude of 2,743 meters.This rural municipality is divided into 5 

wards. It is bounded by Manang district on the east, Dolpa district on the west, Baragung Free 

Zone municipality on the north, Thasang municipality and Myagdi district on the south.  

In 5 wards of this village municipality, personal incident registration (birth, death, migration, 

marriage and divorce) is registered through online system (VERSP MIS) and social security 

allowance is distributed through banking system (Gharapjhong Gaunpalika Parshwachitra, 

2075). 

According to the population census survey of 2021, the total population of Gharpajhong Rural  

Municipality is 3,712. Out of which male population is 1943 and female population is 1769. 

Gharapjhong was once an independent and strong kingdom called Lo ('Glo' or 'Blo') which was 

called 'Lobo gyalkhab'. There is an interesting story belongs to this region. Archaeological 

excavations have revealed that the area has developed into a remarkable site of human 

civilization since about the seventh century BC. Archaeological and historical studies have 

shown that for almost a thousand years, from the 6th to the 7th century AD, people lived with 

agriculture, animal husbandry, etc., but most of them lived in man-made caves due to the 

security perspective (cited as Gharapjhong Gaunpalika Parshwachitra, 2075). 
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Table 1: Formation of Gharapjhong Rural Municipality 

S.N. New 
Wards 

Included GP Population Area 
(Sq.Km) 

Settlements 

1 1 
Marpha (9), 

Tukuche (8,9) 
217 49.4 Chhimang,Chhairo 

2 2 Marpha (1-4) 683 19.62 Marpha 
3 3 Marpha (5-8) 1085 72.04 Syang,Pulchok,Airport 
4 4 Jomsom (5-8) 1214 64.41 Jomsom 
5 5 Jomsom (1-

4,9) 
513 114.3 Thini,Dhumba,Samle 

Total   3,712 319.77  

 

Source: Profile Gharapjhong 2074-75, National Population Census 2021, Nepal. 
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Figure 1: Study Area Map 
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1.3.1 Population Distribution and Density 

The total population of Gharapjhong Rural Municipality is 3712 (CBS, 2021). The percentage of 

male is 52.3 and female is 47.7. Ward wise population distribution by sex is shown in table below. 

The table shows that ward number four has the largest population size of 1214. Ward number one 

has the smallest population size of 217 as shown in the Table2. 

Table 2: Ward Wise Population Distribution by Sex in Gharapjhong Rural Municipality 

Ward No. Male Female Total 

1 117 100 217 

2 352 331 683 

3 585 500 1085 

4 637 577 1214 

5 252 261 513 

Total 1943 1769 3712 

Percentage 52.3% 47.7% 100.00% 

 
                                                      Source: (CBS, 2021) 

 
 
 
 

 
 

Source: (CBS, 2021) 

Figure 2: Ward Wise Population Distribution by Sex in Gharapjhong Rural Municipality  

1.3.2 Population by major ten caste/ethnic-groups and sex 

The demographic composition of Gharapjhong Rural Municipality reveals a diverse distribution 

of ethnic groups, with Kshetri representing the highest percentage at 16.4%, slightly skewed 

towards females at 16.7% compared to 16.2% among males. Brahman - Hill follows closely 

behind at 11.3%, evenly split between genders. Magar and Tharu communities constitute 6.9% 

and 6.2% of the population, respectively, with Magar males slightly outnumbering females at 

6.7% versus 7.1%. Meanwhile, Tamang and Bishwokarma each account for 5.6% and 5% of the 
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population, respectively, with an equal gender distribution. Among the lowest percentages are 

the Musalman community at 4.9%, Newa (Newar) at 4.6%, and Yadav at 4.2%, with relatively 

balanced gender distributions. Finally, the Rai community represents the smallest proportion at 

2.2%, evenly distributed between males and females as shown in the figure below. 

 

 

 

Source: (CBS, 2021) 

Figure 3: Population by major ten caste/ethnic-groups and sex 

1.3.3 Number of household heads by sex and age groups 

According to CBS 2021, Total households of Gharapjhong Rural Municipality is 1127 and average 

household size is 3.29 persons per household.The data illustrates the percentage distribution of 

household heads by sex and age groups within Gharapjhong Rural Municipality. Among household 

heads aged over 70, males account for 7.8% of the total, while females represent 4.4%. In the 60-69 

age bracket, males constitute 10.8%, compared to females at 4.7%. For the 50-59 age group, males 

make up 13.8%, and females comprise 5.3%. Similarly, in the 40-49 age range, males represent 

13% of the household heads, while females make up 7.5%. In the 30-39 age group, both males and 

females have comparable percentages, with 10.6% and 10.5% respectively. The 20-29 age cohort 

sees a higher representation of females at 6.8% compared to males at 4.1%. Among the youngest 

household heads aged 15-19, males constitute 0.3%, while females represent 0.5%. Finally, in the 

<14 age category, males account for 0.04% and females for 0.03% of the total household heads. 

This data provides valuable insights into the gender and age distribution among household heads, 

crucial for understanding the demographic dynamics and shaping appropriate interventions and 

policies within the municipality as shown in the Figure 4. 
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Source: (CBS, 2021) 

Figure 4: Number of household heads by sex and age groups  

1.3.4 Marital status  

The data presents the marital status distribution within Gharapjhong Rural Municipality, expressed 

as percentages for different categories and gender. Among the population, the majority are married 

individuals, constituting 61.8% of the total, with a slightly higher representation of females (64.3%) 

compared to males (59.1%). Never married individuals account for 33.1% of the population, with 

males at 38.2% and females at 28.4%. Meanwhile, widow/widower status is observed in 4.5% of the 

population, with a notable gender discrepancy, where males make up only 2.2% while females 

represent 6.6%. Divorced individuals comprise a very small percentage at 0.2%, with minimal 

gender variation. Separated individuals are also a minority, representing 0.4% of the population, 

with slightly higher representation among females (0.5%) compared to males (0.3%). This data 

sheds light on the marital landscape within the municipality, highlighting variations in marital status 

distribution between genders, which can inform social welfare programs and community support 

initiatives.as shown in the Figure. 
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Source: (CBS, 2021) 

Figure 5: Marital status  

 1.3.5 Population by 5 year age group and sex 

In the population distribution by 5-year age groups and sex in Gharapjhong Rural Municipality, the 

highest number of individuals for males is observed in the age category 10-14 and 15-19 for male 

and 20-24 for female. Conversely, the lowest counts are found in the 95+ age group for both males 

and females as shown in the Figure. 
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Source: (CBS, 2021) 

Figure 6: Population by 5 year age group and sex 

 

1.3.6 Birth Registration 

 According to CBS 2021, birth registration within Gharapjhong Rural Municipality. Specifically, 

26% individuals are registered, indicating that their births have been officially recorded, while 78% 

individuals are not registered. This data underscores the importance of birth registration in ensuring 

legal recognition and access to essential services for individuals within the municipality as shown in 

the Figure. 
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Source: (CBS, 2021) 

Figure 7: Birth Registration 

 

1.3.7 Households by Ownership of Housing Unit 

According to CBS 2021, the data illustrates the distribution of households by the ownership status 

of housing units in Gharapjhong Rural Municipality, presented as percentages. The majority of 

households, accounting for 44.7%, own their housing units, while 41.8% rent their accommodations 

and 11.8% reside in institutional housing. A very small percentage, 1.7%, occupying other types of 

housing arrangements. This information underscores the predominance of homeownership within 

the municipality as shown in the Figure 8. 

 
 

 
Source: (CBS, 2021) 

Figure 8: Households by Ownership of Housing Unit 

 

1.3.8 Households by Type of Material Used For Roof of Housing Unit 

According to CBS 2021, the housing unit ownership data for Gharapjhong Rural Municipality 

reveals a varied landscape of residential structures. Galvanized sheet housing units dominate the 
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landscape, representing 41.9% of households, followed closely by reinforced cement concrete 

(RCC) structures at 37.8%. Traditional housing methods persist, with thatch/straw, stone/slate, and 

mud constructions collectively comprising 10.7% of households. Tile housing units account for 

9.2%, offering a blend of durability and aesthetic appeal. Wood/plank housing units are least 

prevalent, representing only 0.3% of households. This diverse array of housing options reflects the 

community's adaptability to environmental and economic conditions, with a mix of modern 

materials and traditional building techniques shaping the residential landscape of Gharapjhong 

Rural Municipality as shown in the Figure 9. 

 

 
Source: (CBS, 2021) 

Figure 9: Households by type of material used for roof of housing unit 

1.3.9 Households by type of toilet facility 

According to CBS 2021, the distribution of toilet facilities within Gharapjhong Rural Municipality 

showcases predominant sanitation practices within the community. The vast majority, accounting 

for 94.3% of households, utilize flush toilets connected to septic tanks, indicating a widespread 

preference for modern sanitation infrastructure with decentralized waste management. Pit toilets 

represent a smaller yet notable proportion at 2.8%, reflecting reliance on traditional sanitation 

methods. Flush toilets linked to public sewerage systems are relatively rare, comprising only 1.2% 

of households, possibly indicating limited access to centralized sewerage infrastructure. The 

presence of public toilets, constituting 1.3%, underscores communal efforts to ensure sanitation 

accessibility beyond individual households. However, a small fraction, 0.4%, still lacks access to 

any toilet facility, emphasizing the need for continued efforts to improve sanitation infrastructure 

and ensure universal access to adequate sanitation services within the rural municipality.as shown in 
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the Figure 10. 

 
Source: (CBS, 2021) 

Figure 10: Households by type of toilet facility 

1.3.10 Population by place of birth 

The data represents the population of Gharapjhong Rural Municipality categorized by their place of 

birth, presented as absolute values. Among the total population of 3,712 individuals, the majority, 

comprising 36, 84 individuals, are native-born residents. Within this group, 1,905 individuals were 

born within the same municipality (Palika), reflecting strong local roots. Additionally, 369 

individuals were born in other Palika’s within the same district, indicating intra-district migration. 

Notably, 1,410 individuals were born in other districts, suggesting inter-district migration. A smaller 

subset of the population, 23 individuals, are foreign-born, indicating immigration into the 

municipality. Lastly, 5 individuals did not state their place of birth. This data provides valuable 

insights into the demographic composition of Gharapjhong Rural Municipality, reflecting both local 

residency patterns and migration dynamics as shown in the Figure 11. 
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Source: (CBS, 2021) 

Figure 11: Population by place of birth 

 

1.3.11 Population Density 

Overall density of the Gharapjhong Rural Municipality is 12 persons per square kilometer which is 

very lower than the average national density (198 persons per square kilometer). Population density 

varies according to wards. The population density across different wards of Gharapjhong Rural 

Municipality varies significantly. Ward 2 has the highest population density with 41 persons per 

square kilometer, indicating a relatively high concentration of people within its area. In contrast, 

both Ward 1 and Ward 5 have lower population densities of 4 persons per square kilometer, 

suggesting less densely populated areas. Wards 3 and 4 fall in between with population densities of 

15 and 19 persons per square kilometer, respectively. These variations in population density reflect 

differences in the distribution and concentration of residents within the municipality's different 

wards as shown in the map. 
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Figure 12: Population Density map of Gharapjhong Rural Municipality 

1.3.12 Physiography 

The study area is in the Gandaki Province of the Tibetan Sedimentary Zone, nestled in the hills 

of the Gandaki River Basin. It ranges in elevation from 2,548 meters to 6,995 meters, including 

the 7th highest summit, Mt. Dhaulagiri. The landscape features various formations such as 

moraines, river terraces, and steep slopes exceeding 65 degrees, leading to colluvial soil 

formation. The Kali Gandaki River is a significant contributor to mass wasting events, 

generating extensive debris flows. The area showcases distinct geological and climatic features, 

particularly evident in the narrowest part of the Himalayan range, creating a contrast between the 

southern and northern regions. It consists of moderate to steep slopes, river valleys, terraces, 

moraines, and barren lands, including the world's deepest Kali Gandaki Gorge. Consequently, 

the area experiences significant impacts from glacial and fluvial erosion, as well as hill slope 

activities. 
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Since the road to Mustang District was constructed, changes in the landscape have increased. 

According to Fort (2013), the road has been affected by various active or dormant natural 

processes. In places like Tatopani and Dana, slope instability and debris flows have threatened to 

block the Kali Gandaki Valley, causing floods and landslides. These events have resulted in 

shallow landslides, erosion of sediment, and collapse of soil on the slopes, putting settlements 

and the road at risk of being submerged or damaged (source: National Land use Project 2076 

Report). 

1.3.13 Climatic Condition 

The climate in this Rural Municipality, similar to other hilly areas, is moderate to trans-

Himalayan. It experiences minus degree temperatures for about three months, and there's no 

clear summer season as the highest temperature only reaches around 17°C. Rainfall is very low, 

barely reaching 250 mm annually. Most of the rain falls in July and August, with less than 80 

mm each month, while the average yearly rainfall is only 250 mm. In simple terms, it's generally 

dry and wintery here all year round(source: National Land use Project 2076 Report). 

1.3.14 Geology 

The Gharapjhong Rural Municipality lies within the Tibetan Sedimentary Zone of the Gandaki 

River Basin. This zone encompasses a wide section of Paleozoic and Mesozoic rock formations, 

predominantly found in the Thakkhola area. The Tibetan Sedimentary Zone consists of the 

Thakkhola Valley and surrounding Lesser Himalayan sequences, boasting significant fossils like 

ammonites and graptolites. The area under study is characterized by Paleozoic Era rock 

sequences including phyllite, amphibolite, metasandstone, and schist, as depicted in the local 

geological map produced by DMG. The municipality is delineated by two distinct geological 

formations, covering an area of 31686.76 hectares. The lithostratigraphy of the municipality 

comprises Mesozoic Formation (Mz) and Paleozoic Formation (Pz) of the Tibetan Sedimentary 

Zone, as classified by DMG in ascending order (source: National Land use Project 2076 Report). 

1.3.15 Slope 

The angle and length of a slope affect how much rainwater runs off when it rains. The direction a 

hill faces affects the local weather. When a surface is steeper, it catches more sunlight, which 

heats it up and causes more evaporation. Slopes facing the sun get more sunlight and are warmer 

and drier than those facing away. This affects the type of plants that can grow there. The slope 

map of Gharapjhong Rural Municipality shows that it has a wide range of slopes, mostly steep, 

with many areas having slopes over 30%. The slopes vary from moderately steep to highly steep, 
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as indicated in the map. 

 

 
Figure 13: Slope map of Gharapjhong Rural Municipality 

1.3.16 Digital Elevation Model (DEM) 

A digital elevation model (DEM) or digital surface model (DSM) is a 3D computer graphics 

representation of elevation data to represent terrain or overlaying objects, commonly of a planet, 

moon, or asteroid. A "global DEM" refers to a discrete global grid. DEMs are used often in 

geographic information systems (GIS), and are the most common basis for digitally produced 

relief maps. A Digital Elevation Model (DEM) is a representation of the bare ground (bare earth) 

topographic surface of the Earth excluding trees, buildings, and any other surface objects.  DEMs 

are created from a variety of sources. USGS DEMs used to be derived primarily from 

topographic maps. The shape of the land, its slope, and where it sits on the landscape play a big 

role in determining the type of soil that forms there. Higher areas with slopes tend to have well-

drained soil, while lower areas get runoff from higher ground and may have water close to the 
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surface. The type of soil also depends on how easily water can move through it and how steep 

the slopes are. So, even if the soil's starting material and climate are the same, differences in 

elevation and landscape shape lead to different kinds of soil. In Gharapjhong Rural Municipality, 

the elevation ranges from about 2548 meters to 6995 meters above sea level. The elevation of the 

Rural Municipality is shown in Figure. 

 

Figure 14: Digital Elevation Model of Gharapjhong Rural Municipality 

 

1.3.17 Aspect Map  

The Aspect map of Gharapjhong Rural Municipality provides information about the orientation 

of slopes across the area. It depicts the direction in which the slopes face, ranging from north, 

east, south, to west. This map is crucial for understanding the exposure of different areas to 

sunlight and prevailing winds, which can influence factors such as temperature, vegetation 

growth, and soil moisture distribution. It aids in land management decisions, such as agriculture 

and forestry, by highlighting areas with specific microclimates and potential environmental 
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challenges or opportunities. 

 

Figure 15: Aspect map of Gharapjhong Rural Municipality 

1.3.18 Hillshade                                                   

The Hillshade map of Gharapjhong Rural Municipality presents a visual representation of the 

terrain's three-dimensional surface characteristics. It uses shadows to depict the variation in 

elevation, providing a realistic depiction of the landforms and slopes within the area. This map is 

valuable for assessing the steepness of slopes, identifying potential landslide-prone areas, and 

understanding the overall topography of the region. Additionally, it aids in visualizing the 

distribution of sunlight across the landscape, which is crucial for agriculture, infrastructure 

planning, and environmental management. Hillshade map of Gharapjhong Rural municipality is 

presented below.                                                                                                                           
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Figure 16: Hillshade Map of Gharapjhong Rural Municipality 

1.3.19 Contour                                                                           

Contour map of Gharapjhong Rural Municipality is presented in the map. The contour map of 

Gharapjhong Rural Municipality illustrates the elevation levels throughout the area, ranging from 

2600 meters to 6800 meters above sea level. It reveals the diverse topography of the region, with 

higher elevations indicated by closely spaced contour lines and lower elevations depicted by more 

widely spaced lines. The map enables a visual understanding of the terrain, aiding in land use 

planning, infrastructure development, and natural resource management within the municipality.                                                                                                            
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Figure 17: Contour Map of Gharapjhong Rural Municipality 

1.3.20 Streams and Canals 

Stream order maps are essential for land use planning as they reveal the hierarchy and connectivity 

of river networks. They help understand watershed dynamics, identify riparian zones for 

conservation, and inform decisions regarding erosion, sedimentation, and flooding, thereby enabling 

more effective land management practices and sustainable development initiatives within riverine 

landscapes. 

Kali and Dumba are the primary rivers within Gharapjhong Rural Municipality. These rivers 

experience low water levels in winter, but during the rainy season, they swell significantly. 

Additionally, there are other significant rivers like Puchchherdong Khola, Thini Khola, etc., as 

depicted in figure 18. Rainfall and water from streams and canals contribute to these rivers, 

occasionally causing flooding with alluvial soil and sand. These rivers also serve as vital sources of 

irrigation water for major crops. 
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Figure 18: Stream Order Map of Gharapjhong Rural Municipality 

1.3.21 Satellite Image 

 SAS Planet is a program designed for viewing and downloading high-resolution satellite 

imagery and conventional maps submitted by such services as Google Maps, DigitalGlobe, 

Kosmosnimki, Yandex. Maps, Yahoo! Maps, VirtualEarth, Gurtam, OpenStreetMap, eAtlas, 

Genshtab maps, iPhone maps, Navitel maps, Bings Maps (Bird's Eye) etc., but in contrast to all 

these services all downloaded images will remain on your computer and you will be able to view 

them, even without connecting to the internet. In addition to the satellite-based maps you can 

work with the political landscape, combined maps and maps of the Moon and Mars. High spatial 

resolution was downloaded for land use zoning.  

The high-resolution Google satellite image of Gharapjhong Rural Municipality provides a 

detailed and accurate depiction of the area's geographical features and land cover. Captured from 
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space, the image offers a bird's-eye view of the municipality, showcasing its terrain, vegetation, 

infrastructure, and human settlements with exceptional clarity and precision. The high-resolution 

Google satellite image of Gharapjhong Rural Municipality was downloaded and  utilizes the 

World Geodetic System 1984 (WGS84) projection system, which is a global standard for 

mapping and geolocation. WGS84 ensures accurate positioning and alignment of geographical 

features on the Earth's surface, allowing for precise spatial analysis and measurement. This 

projection system enables compatibility and interoperability with various geographic information 

systems (GIS) and mapping tools, facilitating seamless integration of the satellite imagery into 

diverse applications and workflows. 

 

In terms of resolution, the high-resolution satellite image provides detailed visual information 

with clarity and sharpness. The resolution refers to the level of detail captured in the image, 

typically expressed in terms of pixels per unit area. In this case, the spatial resolution cell size is 

0.2796431 meters by 0.2796431 meters, indicating that each pixel represents an area of 

approximately 0.078200 square meters on the ground. This level of detail allows for the 

discernment of fine-scale features such as roads, buildings, vegetation types, and land parcel 

boundaries. The high resolution enhances the utility of the satellite imagery for various purposes, 

including land use planning, environmental monitoring, natural resource management, and 

infrastructure development. With its high resolution and precise georeferencing, the Google 

satellite image serves as a valuable tool for spatial analysis, land use classification and land use 

zoning within Gharapjhong Rural Municipality. 
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  Figure 19: Satellite Image of Gharapjhong Rural Municipality 

1.3.22 Cadastral Overlay 

 The cadastral overlay on a Google satellite image of Gharapjhong Rural Municipality provides a 

comprehensive view of land parcel boundaries within the area. By combining cadastral data with 

satellite imagery, the map offers valuable insights into land ownership, land use patterns, and 

property boundaries. It facilitates land management and planning activities by enabling 

stakeholders to identify individual parcels, assess land cover types, and analyze spatial 

relationships between different land parcels and features. This integrated map serves as a useful 

tool for various purposes, including land use classification and land use zoning. 
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Figure 20: Cadastral Data of Gharapjhong Rural Municipality Overlaid on Satellite Image 
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CHAPTER TWO: METHODOLOGY 

2.1 Preparation of Present Land Use Map 
 

The specific approaches and methods adopted to generate the Municipality level land use map 

in the project area is explained briefly with the overall work flow diagram. The stepwise 

procedure adopted to generate the land use map of the area is following: 

i. Pan-sharpening (Image Fusion) 

ii. Visual Image Interpretation and classification 

iii. Land Use Geo-Database Creation and Mapping  

i. Pan-Sharpening 

Pan-sharpening (resolution merge or image fusion) technique has used to create a high- 

resolution multispectral data set by the fusion process of high-resolution panchromatic data 

with lower resolution multispectral data. Now-a days in image processing several methods of 

pan-sharpening are used such as Brovey transform, Multiplicative technique, Principal 

Component Analysis (PCA), Intensity Hue Saturation (IHS) transform, Wavelet transform, 

Euler’s technique, Gram-Schmidt transform etc. In this study, pan-sharpening was done with 

Brovey transform technique. The pan-sharpening using Brovey transform was applied to 

visually increase contrast in the low and high ends of an image’s histogram (i .e. to provide 

contrast in shadows, water and high reflectance areas such as urban features) 

 

ii. Visual Image Interpretation and classification 

A land use and land cover classification system providing a framework for categorization of 

information has to be developed to obtain the desired classes (Jenson 2005). Knowledge- based 

visual interpretation was carried out. Ground reference data collected were employed in 

preparation of classification system. The categories of land use/ land cover were to be extracted as 

thematic information from ZY_3 image. 

 

Two extremely important issues must be addressed before undertaking task of image 

interpretation for determining and delineating land use classes. The first step is to define the 

criteria to distinguish the various categories of features occurring in the images. For this, the 

interpreter must fix firmly in mind that what specific characteristics may determine and 

separate the proper land use classes as described in classification hierarchy which is described in 

section 2.2 guided by Land Use Act,2076W and Land Use Regulation, 2079. The second 

important issue for determining and delineating of discrete areal units on photographs is the 

selection of the minimum mapping unit (MMU) to be employed in the process. This refers to the 

smallest size areal entity to be mapped as a discrete area. The minimum mapping unit 
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(MMU) for delineating of land use category was one fourth of a hectare. However, important 

and essential features smaller than the MMU were also mapped especially building features. 

However, in overall for this particular study, the MMU was taken as 0.25 ha as specified in 

land use specification for mapping in scale 1:10000. 

The detailed approaches and methods to be implemented to generate Present Land Use maps of 

the project area are concisely described in the following subsections. Figure below illustrates the 

overall workflow. 

 

Figure 21: present Land Use Workflow 

 

 

2.2 Preparation of Land Zoning Map 
 

In this particular project, the land use zoning is carried out by adopting the following concept: 
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i. Classification of land into Agricultural area, Residential area, Commercial area, Industrial 

area, Mining and Mineral area, Cultural and Archaeological area, River, Lake and Water 

bodies area, Excavation area, Forest area, Public Use area and Others. 

ii. Identifying areas for potential residential, commercial, industrial and public utility 

keeping balanced environment. 

iii. Classifying agricultural land into comparatively advantageous sub-areas on the basis of 

quality of land, land capability, and irrigation facilities to increase productivity. 

iv. Proper conservation of natural resources including forest, shrub, rivers and rivulets and 

swampy land etc. 

v. Proper determine the Mining and Mineral area and Excavation area considering the 

environment impact and social impact. 

vi. Public service area mainly open area should be identified for any mitigation of hazard. 

vii. In hazard prone area, forest and public service area should be proposed. 

Based on the above criteria, the following guideline has considered for land use zoning are as 

following: 

I. Agricultural Area 

i. Most of the agricultural areas are kept intact but it is almost impossible to retain all 

areas as some of the newly proposed residential, commercial, industrial and public use 

areas are proposed on the agricultural land. It is essential to address the needs of 

housing, marketing, employments, public utility development and other economic 

activities besides agriculture for the growing population. Therefore, the agricultural 

areas may be slightly decreased. However, we need to retain the most arable agricultural  

ii. land and marginally capable lands should be used for infrastructure development. 

iii. Within the agricultural land, the area of comparative advantage can be identified on the 

basis of land capability, land system, temperature, irrigation and drainage system, and 

other physical, chemical parameters of soil. Extensive discussions are done with 

agriculture experts and their opinion is taken to further sub classification of agricultural 

land. 

II. Forest Area 

a) Existing forest are kept intact. 

b) New forests or plantation are proposed mainly on the basis of the following criteria: 

 

i. Barren lands, Wetlands, Abandoned lands 

 

ii. Slopping land, watershed, high mountains 
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iii. Flood and erosion prone river banks 

 

iv. Other lands of marginal utilization 

 

v. Sides of roads, canals etc., if possible 

 

vi. Near or around Industrial areas to make natural protection from pollution 

 

vii. On the land under high or medium hazard risk 

 

viii. Other suitable areas for agroforestry or timber product etc. 

 

III. Residential Area 

a) The existing residential area is kept intact if they are risk free or at low risk. Generally, 

the settlements in the local area or villages are established on the basis of inherent 

indigenous knowledge, they are generally safe and the infrastructures are already 

available in many of the areas. Therefore, these settlements are kept intact. 

b) Keeping the local population growth and flow of internal migration to the area in mind 

and looking at the rate of built-up development in the area during last 10 years, some 

new settlements are proposed. Some of the criteria to identify appropriate land for new 

settlements are: 

i. The land should be free from or at low hazard risk as much as possible 

ii. The area should be in the neighborhood of the existing settlement, if possible 

iii. Availability of Road and infrastructures if possible 

iv. Not in the flood plain of any river 

v. Geologically stable 

vi. Not in the vicinity of dense forests and Industrial areas as much as possible 

vii. The land should be of marginal utilization, i.e. the land should be less capable for 

agricultural crop production 

IV. Commercial Area 

a) The existing commercial area is kept intact as they are already established according to 

the necessity of the local people in or near residential areas. 

b) For the future planning, the land is allocated for the new commercial and business 

areas including government institution on the basis of the following criteria: 

i. The land should be free from or at low hazard risk as much as possible 

ii. The areas should be in the neighborhood of residential area, number of 

household and population should be considered 

iii. Availability of Road and infrastructures if possible 
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iv. Not in the flood plain of any river 

v. Geologically stable 

vi. Not in the vicinity of dense forests 

vii. The land should be of marginal utilization, i.e., the land should be less capable 

for agricultural crop production 

V. Industrial Area 

a) Most of the existing industries in the rural area are small and agriculture based. The 

impacts of these industries on human activities are not much prominent. Therefore, 

the existing small industries are kept intact. Most of the heavy industries are already 

either far from settlement or they are managed in such a way that the impact should be 

less on the human activities. Such kind of industries, if found affecting human life, will 

be recommended to relocate. 

b) For the proposed industrial areas, the following criteria are chosen: 

i. The land should be free from or at low hazard risk as much as possible 

ii. It should be in the neighborhood of existing industrial area (if it is already suitable) 

iii. It should not be in the vicinity of residential and commercial area but within 

the approachable distance from market and settlements with infrastructures 

iv. Accessibility of roads if possible 

v. Not in the vicinity of rivers, ponds or any other water sources and dense forest 

vi. The land should be of marginal utilization, i.e. the land should be less capable 

for agricultural crop production vii. Geologically stable 

vii. Not in the international boundary but can be in the bordering area of two or 

more administrative units (Municipality/Nagarpalika/Districts) so that there 

would be opportunity to share benefits of the resources of both administrative 

units. 

VI. Public Use zone 

a) Existing public utility and open areas are kept intact 

b) Some of the new public use areas such as Health, Education, open area etc are proposed 

on the vicinity of existing and proposed residential/commercial/industrial areas 

wherever appropriate. 

c) Mostly, these types of service areas are located on the basis of the necessity and 

requirement of the local people. Therefore, this category is suggested to be planned after 

discussion with local community using participatory approach. 

VII. Mine and Minerals Zone 
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a) Existing Mining and Quarrying areas as defined and described by National Land 

Use Act,2076 and Land Use Regulation, 2079 

b) Identified and prescribed areas as potential Mining and Quarrying area in future 

VIII. Cultural and Archaeological Zone 

a) Existing religious, cultural, archeological areas as defined and described by National 

Land Use Act,2076 and Land Use Regulation, 2079 

b) Area defined as cultural heritage and their master plans 

IX. Riverine and Lake Zone 

a)  Existing rivers and water bodies as defined and described by National Land use Act 

2076 

 

X. Excavation Zone 

a) Existing areas as defined by National Land Use Act,2076 and Land Use Regulation, 2079 

b) Areas prescribed and allocated by the national/local government for such use  

Areas found appropriate from expert's study for such use in future. 

XI. Other Zones prescribed as required 

a)  As per the prescription of experts and decision of the Rural Municipality. 

 

2.3 Preparation of Land Use Zones 
 

Land Use Zones and their Descriptions According to the National Land Use Act, 2076 and Land 

Use Regulation, 2079 BS, there must be following elevation land use zones: 

 

2.3.1 Agricultural Zone 

The agricultural zone means the area where there is a presence of agro products (food grains, 

cash crops, horticulture, etc.), animal husbandry, fisheries, agro and forest products or orchards in 

a private land. This word also indicates a region prescribed by the government as an 

agricultural zone. 

2.3.2 Forest Zone 

Forest zone means an areas being covered with public, community, leasehold forests in part or 

entirety, national parks, wildlife reserves, conservation areas, bushes, shrubs, plains, all types of 

jungles and places designated by the government as a forest regardless of whether there are trees 

or not. This term also infers an area nominated by the government for the expansion of forests 

or green areas, in a definite geographical region. 

2.3.3 Residential Zone 
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Residential zone means the land used by people for shelter or housing and the word also 

includes animal shed, food container, garage, stable, well, tap, orchard, backyard, courtyard or 

land with any other use whether joined with the house or separate. This word also denotes a 

collective housing or apartment built by a business company or institution, and also to a specific 

land declared by the government for housing purposes. 

 

2.3.4 Commercial Zone 

Commercial zone means the land occupied by or allocated for shops, hotels, exhibition stalls, 

petrol pumps, warehouses, health and information facilities, commodities trade centre, an 

organization providing any literary, scientific or technical service or advice, fair venues, discos, 

clubs, swimming pools, cinema halls opened for business purposes, entertainment joints or any 

other building meant for commercial use. This word shall also include a commercial building 

built in a trade zone by a business company or institution and the land occupied by the same. 

Moreover, this word shall also indicate an area declared by the government to develop a city for 

market expansion and commercial use in a definite geographical region. 

 

2.3.5 Industrial Zone 

Industrial zone means the land occupied by or allocated for any workshop, goods 

manufacturing industry, the associated buildings and sheds. This word also denotes an industrial 

corridor, industrial village, cluster, special export zone and special economic zone declared by 

the government for industrial promotion in a definite geographical region. 

 

2.3.6 Public Use Zone 

Public use/service means land occupied by schools, colleges, vocational educational centers, 

academic institutions including the universities, security agencies, health centers, health posts, 

private or community hospitals, telecom, drinking water, government agencies involved in 

providing electricity or other energy, community buildings, libraries, old age homes, child 

protection homes, other buildings, sheds, platforms erected for public use, term also includes the 

hills, meadows, cliffs, mountains, snow covered areas, pastures. The word also denotes 

playgrounds, parks, stadiums, grounds, platforms, picnic spots, open places having no special 

use, district roads, rural roads, bus parks, airports, cargo areas, dry ports, railways, ropeways, 

waterways, cable cars, electricity transmission lines, ports and the places designated as public 

utilities zone by the government or prevailing laws. 
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2.3.7 Mine and Minerals Zone 

Mining and minerals zone means a land being used for mining, production or processing of 

minerals or area declared by the government as a mining and quarrying zone definite 

geographical region. This word also includes any area where mineral deposit is discovered or a 

mine is operational, where industries for mining, production, processing and purification of 

minerals are being located as well as the associated buildings, sheds as the land being used for 

the operation of such industries as well. 

 

2.3.8 Cultural and Archaeological Zone 

Cultural and archaeological zone means the forts, palaces, buildings, temples, shrines, 

mosques, monasteries, Manes, with a historical and archaeological significance as well as other 

pilgrimage sites and places of worship. This word also implies an area declared by the 

government as a historical, cultural, religious and archaeological place in a definite 

geographical region. 

 

2.3.9 Riverine and Lake Zone 

Riverine and lake zone means an area where rivers, rivulets, streams, canals, lakes, ponds, long- 

holding swamps or wetlands are existent. 

 

2.3.10 Other Zone prescribed as required 

Other zone prescribed as required mean the areas that do not fall under any of the above land 

use zones but which need to be mentioned as an exclusive land use zone. This term also implies an 

area with mixed characteristics. Mixed zone means the areas where the residential and 

business zones have merged so seamlessly that they cannot be bifurcated as is seen now in 

various cities, towns, highway areas. This zone shall be applied only for regulating settlements 

and market areas that have been since the past. 

 

Data 
 

Various data sources are used in this land use zoning. Some main data sources are: 

 Ortho-rectified High Resolution Satellite Image  

 Present Land Use Map, Soil Map, Land System map, Land Capability Map and reports 

prepared by National Land use  Project 
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 Digital Land Utilization, Land System, Soil maps, Geological and Land Capability maps and 

reports prepared by Preparation of Municipality/Nagarpalika level Land Resource Maps (Present 

Land Use Maps, Soil Maps, Land Capability Maps, Land Use Zoning Maps and Cadastral 

Layer Superimpose and Municipality/Nagarpalika Profile), Database and Reports 

 Digital Topographical Datasets 

 GIS vector data (shape file) of mainly land capability, land system, present land use, 

administrative boundary (Municipality/Nagarpalika, Ward). 

 Socio economic data and village profile 

 Hazard Data such as Seismicity data, Flood Inundation data, Industrial Risk data, etc. General 

Approach and Methodology Framework 

The primary bases of land use zoning are as follows: 

The basis of land composition, capability and appropriateness 

The indicator of geographical and geological land composition, capability and appropriateness 

shall be the primary basis for determining land use zoning. 

The basis of current land use 

The land use zone for a particular area shall be determined on the basis of current land use of 

that same area, if it is in accordance with its land composition, capacity and appropriateness. 

 

The basis of necessity 

In case the State has to use any particular land for a use other than it is directed for public good 

and development of physical infrastructure, then the land use zone shall be assigned in a manner so 

as to facilitate its utilization as per the need. The land use zones in urban areas may be 

determined through micro zoning heeding to their relative sensitivities. The Zoning map is 

prepared keeping the objective of the policy in mind. 

 

In this particular project, the land use zoning is carried out by adopting the criteria shown in 

Appendix as decided by Gharapjhong Rural Rural Municipality 

 

To achieve the aforementioned objectives, the following basis is taken for land use zoning: 

 Existing land use 

 Capability and suitability of the land 
 

 Socio economic data 
 

 Expert's opinion 
 

 Subjective analysis 
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Methods 
 
The specific method used for the land use zoning is as following: 

2.3.1.1 Preparation 

In this stage, literature review, requirement analysis and database preparation of different 

criteria map for land use zoning will be carried out for the determination of proper land use 

classes. It has conducted for the idea generation for the land use planning for future use of land. 

 

2.3.1.2 Multi-criteria Analysis 

Land use zoning is carried out mainly by using GIS based spatial analysis using multiple 

criteria analysis on several available data sets. Either GIS vector data (shape file) or raster data of 

mainly land capability, land system, present land use or socio economic data was used as a 

factor maps. A general rule has developed by using multiple criteria on the basis of expert 

knowledge by focus group discussion with stakeholders or Analytical Hierarchy Process 

(AHP) using pair wise comparison for land use zoning. These criteria were used to identify a 

suitable land use zone; and to identify a potential area for future land use. These data files 

comprised the various parameters like soil characteristics, land form, land type, arability, slope, 

drainage system, topography, existing land use, crop patterns, population density and other 

necessary parameters used for land use zoning. A simple rule base was developed by using 

multiple criteria on the basis of expert knowledge for classification of land use zone. These 

criteria were used to identify a suitable zone for a particular type of land use zone. This is a 

scientific process and individual judgments cannot be made while applying the process. 

 

2.3.1.3 Subjective Analysis 

Subjective analysis with logical inference was applied for land use zoning consultation with 

the expert, and focal group discussion stakeholder in each ward to modify the land use zone as 

extracted from multi-criteria evaluation/analysis. So, it has carried out on the basis of 

requirement and stakeholder opinion. As an example, although, if a small piece of land is found 

suitable for agricultural use but it surrounded by residential area, then it is placed in the 

residential area. Similarly, if the land is found suitable for agricultural area but it is in the flood 

plain of the river and high risk of flooding, then it can be used for forest and plantation to 

control the flood. Apart from these kinds of criteria formed on the basis of expert knowledge, 

some subjective analysis and logical interference was applied for land use zoning. 

General approach and methodology used for the land use zoning is shown on the following 

schematic diagram: 
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Figure 22: Land Use Zoning Maps Preparation Workflow 

 

2.4 Cadastral Data Superimpose 
 

2.4.1 Concepts 

The groundwork of superimposing the land use zoning in cadastral layer is useful for 

implementation of goals of land use policy. The goals express the government policies on land 

use, citizen’s right, housing, natural resources, and local comprehensive planning. These 

national policies and law help local level bodies like Municipality of the county to develop a 

comprehensive plan and implementation of the plan. Local governments can do the planning 

and administer most of the land use regulations that as per the standards for planning set by 
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national government. 

 

A local comprehensive plan of cadastral layer guides a community’s land use, conservation of 

natural resources, economic development, and related public services. For this, it needs two 

components: a cadastral layer as base and a land use zoning layer for implementation of land 

use policy. The cadastral layer data and related land information show the spatial location of 

the land parcel and legal rights of land owners including the land fragmentation process within 

existing land-laws. Land use zoning determines the types of land use activities that occur on 

that land, such as agriculture, forest, residential, commercial, industrial and public activities. 

Land use zoning visualizes both the current situation of land and proper planning for future. 

2.4.2 Spatial Functions related to Spatial Database 

The overlay process of two digital spatial data layers such as cadastral and zoning map having 

same reference system would lead to the preparation of composite map and data. It leads to the 

generation of a new set of polygons (and attributes) that explain the relations existing between 

the two inputs of spatial data (i.e. Land use zone class and parcel id). 

 

 
Figure 23: Spatial function related to spatial database 

2.4.3 Attribute Data Management 

Attribute database management will be accomplished through establishing graphic/ 

alphanumerical relations between graphical and alphanumerical databases. This connection is 

based on the use of a GIS internal table as a linkage with other tables in external databases. 

The set or collection of data that describes the characteristics of real-world entities or conditions 

is too large to be stored in a single table associated with the graphic elements. This data is 

usually managed by a relational database management system (RDBMS). The usual 

procedures are based in the connection of each graphical element to a line of a column of the 

alphanumerical table containing its attributes (record). This action can be performed 
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automatically or not depending on the use of GIS software. The schemas of attribute table used for 

superimposing land use zoning map on cadastral layers are prepared and managed in GIS 

environment. 

Table 3: Schema of cadastral parcel feature class in the database of DOLIA 

Field Name Data Type Description 

ObjectID Object ID Unique object ID 

Shape Geometry (Polygon) Geometric object type e. g. Point, Line, 

 
Polygon etc. 

PARCELKEY String (Length = 23) Unique parcel key 

PARCELNO Integer Parcel number as in cadastral map 

DISTRICT Integer District ID 

GAPA _ NAPA Integer GAPA _ NAPA Code 

WARDNO String (Length = 3) Ward number 

GRIDS1 String (Length = 9) Grid sheet number in case of Trig sheets, and 
 

in case of island map sheet e. g. Ka, Kha etc. 

PARCELTY Integer Parcel type code as specified by DOLIA (e.g., 
 

river, track, ravine, pine etc.) 

Shape_Length Double Number representing perimeter of the polygon 

Shape_Area Double Number representing area of the polygon 

ParcelNote String  

 

 

2.4.4 Methodology of Cadastral Superimpose 

2.4.4.1 Acquisition of cadastral maps 

NLUP has provided digital copies of island cadastral maps in digitized vector format with the 

attribute database having schema as described earlier. The digital cadastral maps are not in 

national co-ordinate system. 

Similarly, the land use zoning maps for the study area was prepared under the separate 

components of the project. The land use zoning map of the Municipality contained a detailed 

category of zones. 
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2.4.4.2 Scanning 

Scanning is the process to convert hard-copy paper maps into digital format so that it can be 

further processed in the computer. Once scanned, the image is converted into digital raster file 

which can be processed in specialized software like GIS to convert the map features into vector 

files. For this purpose, the cadastral maps acquired will be scanned in high resolution so as to 

get maximum details to facilitate heads-up digitizing and ensure maximum accuracy. 

a, Map & 

2.4.4.3 Geo-referencing of free sheets 

The third step is geo-correction of vector layer of island cadastral map using GCPs. Usually; 

four GCPs of four corners of a rectangle are sufficient to geo-correct island cadastral map. 

However, to maintain required accuracy in a map of 1:500 scales 16 to 20 GCPs are needed. 

After assigning required GCPs a 3rd degree polynomial transformation is used for rectification of 

the vector layer of cadastral maps. However, due to the larger errors in source some of the 

cadastral maps still have error of overlapping and gap even after the rectifications. The 

rectification and adjustment process is helpful to the digital cadastral maps with less than five 

meters of gaps. Accuracy of each individual cadastral map sheet transformation has been 

assessed and error report has been generated. The details of the coordinate system used are 

presented in Table below. 

Table 4: parameters used for geo-referencing of cadastral layers 

S.N. Parameters Description 

1 Projection Modified Universal Transverse Mercator 

2 Spheroid Everest 1830 (Adjustment 1937) 

3 Semi-Major axis a=6377276.345m 

4 Semi-Minor axis b= 6356075.413 

5 1/f 300.8017 

6 Central Meridian 84E 

7 False Coordinate at origin 500,000 m E, 0 m N 

8 Scale Factor at Central Meridian 0.9999 

2.4.4.4 Digitization and Preparation of Digital Data 

It is used for checking and cleaning up the vector layer cadastral data so that the cleanup data 

should always be valid. Examination of it can be used to give a measure of the overall data 

quality in vector layer of the cadastral data. Thresholds for data quality may be set for 

acceptance criteria and it may state the type for particular object in cadastral dataset. 

Examination of it can be applied to various aspects of the data held in GIS; be that topology, 

connectivity, position or attribute information. If the data validation is acceptable then these 

data are used for preparing seamless dataset of Municipality level, otherwise there is need for 

repeating the process. 
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2.4.4.5 Superimpose of Municipality Level Seamless Cadastral Dataset on Land Use Zoning 

Map 

Municipality level land use zoning map of the study area and Municipality level seamless 

cadastral datasets are overlaid using the overlay spatial analysis function in GIS environment. At 

the time of overlay process, caution is taken to maintain three different topology functions. These 

are: 

 Must not overlap 

 Must not intersect 

 Must not contain 

2.4.4.6 Production of data, map and report 

The whole process described in this section has resulted in a composite data base and maps and 

the elaboration is documented in the form of report. 
 

2.4.4.7 Linking Attribute of Land Use Zoning and Present Land Use with Cadastral Parcel 
 

The attribute of land use zoning and present land use were linked with the cadastral parcels so as 

to understand which parcel belong to which land use and land use zone classes as shown in the 

following diagram. 
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Figure 24: Schematic Diagram of Method Adopted For Cadastral Superimpose 

2.5 Preparation of Municipal Profile 
2.5.1 Key Input 

The following key inputs were used to accomplish the given objective: 

 Physiological and topographical data 

 Environment, Climate and hydrological data 

 Demographic data 

 Land use and cadastral data 

2.5.2 Objective 

The primary goal of this study was to create a comprehensive profile of the municipalities, 

including information on physical, social, historical, and environmental aspects, as well as land 
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resources, agriculture, forests, livestock, and infrastructure and services. This information were 

used to develop a land use zoning plan for the municipalities. The profile included a database 

with relevant data and will be used to inform land use planning and decision-making. 

2.5.3 Scope 

To achieve the stated objective, the following activities were carried out  

• Collected necessary and available data and information from secondary sources such as 

the Central Bureau of Statistics, Department of Hydrology and Meteorology, District 

Development Committee, and Municipal offices, etc. 

• Conducted extensive fieldwork to collect data on physical aspects, soils, and other land 

characteristics, agriculture and food production, infrastructure, social and economic 

conditions, heritage, culture, and tourism, etc. 

• Studied existing relevant maps, documents, and databases of the project area.  

• • Evaluate the accuracy, reliability, and sources of data. 

• Prepared relevant maps on different themes for the selected municipalities at A4 size to 

be included in the report as specified by the client. 

• Created municipal profiles describing physical, economic, social, historical, and 

environmental aspects, as well as characteristics of land resources, agriculture, forests, 

livestock, and infrastructure and services for land use zoning. 

2.5.4 Materials and Methods 

i. Data/Information in MUNICIPAL Profile 

The data that were included in the MUNICIPAL profile were used to inform land use 

zoning of the municipalities. The data were collected from secondary sources such as 

Municipal and District Development Committee offices, unpublished and published 

documents from district offices such as the district agriculture office, forest office, 

irrigation office, etc. Similarly, census data and other reports published by the Central 

Bureau of Statistics, and climatic data from the Department of Hydrology and 

Meteorology used in the MUNICIPAL profile. The data that covered in the MUNICIPAL 

profile is listed in Table. 
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Table 5: Information Covered in Municipal Profile 

S. 

No. 

Information 

1 Naming and origin of the Rural municipality 

2 Location 

3 Settlements and administrative units 

4 Physiography 

5 Geology / geomorphology 

6 Drainage / hydrology 

7 Terrain 

8 Climate 

9 Forest and Biodiversity 

10 Natural hazard and overall environment 

11 Land system, soil, land capability and other land 

characters 

12 Present land use and land use zoning 

13 Cadastral data 

14 Agriculture and food production 

15 Vegetable farming / fruit production  

16 Poultry farming / fishing etc. 

17 Livestock 

18 Access to infrastructure and services 

19 Industry 

20 Population characteristics 

21 Heritage and Culture 

22 Tourism 

23 Hazard and Risk 

 

ii. Preparation of MUNICIPAL profile including Maps, Charts and Graphs 

Finally, a report prepared which consists of components shown as above with 

interpretation of their properties and characteristics. The report will further provide 

details with the help of tables, maps and charts wherever applicable. 
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2.5.5 Output 

The final outputs of the project include:  

• Field Completion Report: a document summarizing the fieldwork activities that were 

carried out as part of the project.  

• MUNICIPAL Profile: a comprehensive report on the physical, social, historical, and 

environmental aspects of the municipalities, as well as information on land resources, 

agriculture, forests, livestock, and infrastructure and services. 

• Various thematic maps for the selected municipalities: These maps will provide detailed 

information on physical aspect, agriculture and food production, infrastructure and 

development, social and economic condition, heritage, culture, tourism etc.  

• A report that summarizes the methodology used, the data sources, and the results of the 

study, including the MUNICIPAL profile and the thematic maps. 

2.5.6  Flow Chart 

 

Figure 25: Flow Chart for Municipal Profile 
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2.6 Accuracy Assessment 
 
Validation of classification results is an important process in the classification procedure. It 

allows users to evaluate the utility of a thematic map for their intended applications using 

accuracy assessment. Accuracy assessment is a feedback system for checking and evaluating the 

objectives and the results. It determines the correctness of the classified image. It is a 

measurement of the argument between a standard that is assumed to be correct and a classified 

image of unknown quality. If the image classification corresponds closely with the standard, it is 

said to be accurate (Bhatt, 2008). Classification is not complete until its accuracy is assessed 

(Lillesand et al., 2008). There are several methods of evaluating the accuracy assessment. In 

general, one method is compared the classified image to a reference image and a random set of 

points are generated for the comparison of the classification result with the true information 

classes in the reference image. A second method is used to perform accuracy assessment 

involves using a GPS and again a random set of points are generated over the classified image 

with ground truth has performed by going into the field at the location of each randomly 

generated point (Bhatt, 2008). These methods are used for sample schema and evaluation process 

is done with generating confusion matrix and its test statistics with kappa coefficients for the test 

statistics and kappa index of agreement (KIA) for each category of class. 

 

In this study, validation of classification results were done for the quantification and evaluation 

of error using confusion matrix (error matrix) which compares the class-by- class based on the 

training samples with visual interpretation of original images and classification result classes at 

Level-1. The size of interpretation unit and number of polygons that belong to the unit do not 

influence the number of points. The total area covered by one legend unit is not taken into 

account for other legend unit. A total of 315 samples points in study area were taken for 

confusion matrix generation. The confusion matrix was generated based on the comparison 

between the classified image and the existing ground using GCPs collected from visual 

interpretation i.e. the matrix depicts the land cover classification categories versus the field 

observed land cover type. This matrix was an N x N matrix of “classified” and “observed” cells 

corresponding to N land cover class. Classification result is given as rows and reference (ground 

truth) is given as columns for each sample. The diagonal elements in this matrix indicate 

numbers of sample in which classification results has agreed with the reference data. Off-

diagonal elements in each row present the sample that has been misclassified by the classifier at 

classification process (Bhatt, 2008). These error matrices were evaluated by computing the user 
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accuracy, producer accuracy and overall accuracy which was tested statistically with the KIA 

(Kappa statistics). The KIA was calculated with the following formula (Congalton 1991). 

 

 

(3.3) 

 

 
Where: 

 

r = is the number of rows in the matrix 

 

Xii = is the number of observations in rows i and column I (along the major diagonal) 

 

Xi+ = the marginal total of row i (right of the matrix) 

 

X+I = the marginal totals of column i (bottom of the matrix) N = the total number of 

observations. 

The error matrix/ confusion matrix was generated from 315 sample point as the ground truth 

point for thematic accuracy assessment. The summary of error matrices of classified images is 

shown in Appendix-3.The overall accuracy represents the percentage of correctly classified 

pixels; it is achieved by dividing the number of correct observations by the number of actual 

observations. The overall accuracies with KIA (kappa statistics) were found 92.70% and 0.91 

for the classified objects of the study area. 
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CHAPTER THREE: RESULTS AND DISCUSSION 

3.1 Land Use report of National Land Use Project (NLUP) 
 
In the past, Gharapjhong Rural Municipality exhibited a diverse range of land use classes, as 

outlined in Table 6. The data provided by the National Land Use Project (NLUP) in the year 

2076 outlined the land use distribution in Gharapjhong Rural Municipality. Agricultural land 

covered an area of 598.99 hectares, accounting for 1.890% of the total land. Forests were 

extensive, occupying 8,224.87 hectares, which represented 25.957% of the municipality's land.  

 

The 'Other' category dominated the land use, encompassing 18,787.82 hectares, or 59.292% of 

the total area. Residential areas were relatively small, covering 46.68 hectares, which was 

0.147% of the total land. Riverine, lake, and marsh areas spanned 979.56 hectares, constituting 

3.091% of the land. 

 

Public use areas covered 3,039.34 hectares, making up 9.592% of the total land. Commercial 

land was quite limited, with only 8.06 hectares, or 0.025% of the total area. Cultural and 

archeological sites were minimal, covering just 1.03 hectares, or 0.003% of the land. Industrial 

land was the smallest category, with only 0.40 hectares, representing 0.001% of the total area. 

 

In summary, the total area assessed by NLUP in 2076 was 31,686.76 hectares, with diverse land 

use allocations reflecting the municipality's land management priorities at that time. 

Table 6: General Land Use Information (NLUP) 

S.N Description Area (ha) Percentage 

1 Agricultural 598.99 1.890 

2 Forest 8224.87 25.957 

3 Other 18787.82 59.292 

4 Residential 46.68 0.147 

5 Riverine, Lake and Marsh Area 979.56 3.091 

6 Public Use 3039.34 9.592 

7 Commercial 8.06 0.025 

8 Cultural and Archeological 1.03 0.003 

9 Industrial 0.40 0.001 

 Total 31686.76 100.00 

Source: (National  Land Use Project) 

3.2 Present Land Use (PLU) 
 

The present land use refers to the current allocation and utilization of land for various 

purposes. It describes how land is being used at a given point in time and encompasses a wide 



47 | P a g e  
 
 

range of activities, including residential, commercial, industrial, agricultural, recreational, 

institutional, and open space uses. Here are some common categories of present land use: 

Residential: Land used for housing purposes, including single-family homes, multi-family 

buildings, apartments, and condominiums. 

Commercial: Land utilized for commercial activities, such as offices, retail stores, shopping 

centers, hotels, and restaurants. 

Industrial: Land dedicated to industrial activities, such as factories, warehouses, 

manufacturing plants, and distribution centers. 

Agricultural: Land used for farming, crop cultivation, livestock grazing, and other agricultural 

practices. 

Recreational: Land designated for recreational purposes, such as parks, playgrounds, sports 

fields, golf courses, and other leisure facilities. 

Institutional: Land utilized for public and private institutions, including schools, hospitals, 

government buildings, religious facilities, and universities. 

Open Space: Land preserved for conservation, environmental protection, and public access, 

including forests, wetlands, nature reserves, and greenbelts. 

Transportation: Land occupied by transportation infrastructure, such as roads, highways, 

railways, airports, and seaports. 

Mixed-Use: Land that combines multiple land uses within a single development or area, 

typically incorporating a mix of residential, commercial, and recreational activities. 

It's important to note that the specific types and distribution of land use can vary significantly 

depending on the region, urban or rural setting, and local zoning regulations. Additionally, land 

use can change over time due to urbanization, economic development, shifts in population, and 

evolving societal needs. In Gharapjhong Rural Municipality we categorized the land use by 

following zones. 

a. Agricultural Zone 

b. Residential Zone 

c. Commercial Zone 

d. Industrial Zone 

e. Mines & Minerals Zone 

f. Forest Zone 

g. River, Stream Lakes Zone 

h. Public Use Zone 

i. Cultural & Archaeological Zone 
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j. Other areas designated by the Government of Nepal as required. 

 

The present land use pattern demonstrates that agriculture land has dominated the land use 

class in this area. The distribution of land use pattern is presented in Table 7. 

Table 7: Preset Land Use (PLU)  

PRESENT LAND USE 2081 (AREA IN HECTARE) 

LAND USE TYPES 
WARD NO 

Total 
1 2 3 4 5 

AGRICULTURAL 107.17 160.46 101.69 119.77 419.89 908.98 

COMMERCIAL 0.15 9.77 0.21 31.11 17.60 58.85 

CULTURAL AND 

ARCHEOLOGICAL 
0.62 0.92 0.71 3.88 18.38 24.50 

FOREST 1720.90 738.91 2041.91 1916.00 2550.55 8968.26 

RIVERINE, LAKE AND 

MARSH AREA 
111.63 58.07 189.66 271.58 291.20 922.15 

INDUSTRIAL 0.05 0.94 0.24 3.12 10.18 14.53 

MINE AND MINERALS 9.19  0.00 0.00  0.38 2.36 11.93 

OTHER USE 2757.67 679.02 4348.86 4036.49 5899.01 17721.06 

PUBLIC USE 228.03 17.16 514.47 50.37 2212.03 3022.06 

RESIDENTIAL 4.26 7.12 6.04 7.94 9.08 34.44 

TOTAL 4939.68 1672.36 7203.79 6440.65 11430.28 31686.76 

 

The present land use in Gharapjhong Rural Municipality for 2081 spans a total area of 31,686.76 

hectares, distributed across various categories. Forest land constitutes the largest portion, 

covering 8,968.26 hectares or 28.30% of the total area, emphasizing the municipality's 

significant forest resources. The 'Other Use' category follows, occupying 17,721.06 hectares, 

which is 55.93% of the total area, indicating a diverse range of unspecified uses. 

 

Agricultural land covers 908.98 hectares, making up 2.87% of the total area, reflecting the role 

of agriculture in the local economy. Riverine, lake, and marsh areas span 922.15 hectares, 

accounting for 2.91%, highlighting the importance of water bodies and wetland ecosystems in 

the region. 

 

Public use areas cover 3,022.06 hectares or 9.54% of the total, indicating substantial land 

dedicated to community amenities and infrastructure. Commercial areas are relatively small, 

comprising 58.85 hectares or 0.19% of the total, while residential zones are even smaller, 

covering 34.44 hectares or 0.11%, reflecting limited urban development. 

 

Cultural and archeological sites span 24.50 hectares, making up 0.08% of the total area, 

underscoring efforts to preserve cultural heritage. Industrial land is minimal, covering 14.53 
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hectares or 0.05%, and mine and minerals areas are the smallest category, with just 11.93 

hectares or 0.04%, indicating limited industrial and mining activities in the municipality. Overall, 

this percentage of present land use area covered by 10 land use types are presented in Pie chart 

below in the Figure 26. 

 

 
Figure 26: Present Land Use Area 2081 of Gharapjhong Rural Municipality 

The land is divided into 10 classes based on usage, and the area covered in hectares are provided 

for each ward. 

Ward 1: In Ward 1, forest land covers a substantial area of 1,720.90 hectares, with agricultural 

land also significant at 107.17 hectares. Riverine, lake, and marsh areas span 111.63 hectares, 

while other use areas are extensive at 2,757.67 hectares. Residential areas cover a small area of 

4.26 hectares, and there are minimal area in commercial, cultural and archeological, industrial, 

and mine and minerals. 

 

Ward 2: Ward 2 exhibits a diverse land use pattern, with notable areas in forest (738.91 

hectares), agricultural (160.46 hectares), and other use categories (679.02 hectares). Riverine, 

lake, and marsh areas occupy 58.07 hectares, while public use areas are substantial at 17.16 

hectares. Commercial, residential, industrial, cultural and archeological, and mine and minerals 

area are relatively limited. 

 

Ward 3: In Ward 3, forest land is significant at 2,041.91 hectares, along with notable allocations 
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in agricultural (101.69 hectares) and other use categories (4,348.86 hectares). Riverine, lake, and 

marsh areas cover 189.66 hectares, while public use areas are substantial at 514.47 hectares. 

Commercial, residential, industrial, cultural and archeological, and mine and minerals lands are 

relatively minor. 

 

Ward 4: Ward 4 displays a similar land use distribution to Ward 3, with significant forested 

areas (1,916.00 hectares) and allocations in agricultural (119.77 hectares) and other use 

categories (4,036.49 hectares). Riverine, lake, and marsh areas are present but comparatively 

smaller at 271.58 hectares, while public use areas are notable at 50.37 hectares.  

 

Ward 5: Ward 5 emerges as significant across various land use categories, boasting the largest 

areas in forest (2,550.55 hectares), agricultural (419.89 hectares), riverine, lake, and marsh areas 

(291.20 hectares), and public use (2,212.03 hectares). This ward exhibits a mix of residential 

(9.08 hectares), commercial (17.60 hectares), industrial (10.18 hectares), cultural and 

archeological (18.38 hectares), and mine and minerals (2.36 hectares) zones. 

This comprehensive overview highlights the varied utilization of the total land area in the 

Municipality. Percentage of Land area covered by each land use class in each ward is presented 

in the pie-charts below in the Figure 27,28,29,30 &31. 

 
 

 
Figure 27: Present Land Use Area 2081 of Gharapjhong Rural Municipality (Ward No.1) 
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Figure 28: Present Land Use Area 2081 of Gharapjhong Rural Municipality (Ward No.2) 

 
Figure 29: Present Land Use Area 2081 of Gharapjhong Rural Municipality (Ward No.3) 
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Figure 30: Present Land Use Area 2081 of Gharapjhong Rural Municipality (Ward No.4) 

  

 
Figure 31: Present Land Use Area 2081 of Gharapjhong Rural Municipality (Ward No.5) 
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Figure 32: Present Land Use Map 2081 
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3.3 Land Use Zones 
 

After public auditing and demarcation of land use zoning by municipal officials, experts and 

specialists land use zoning guidelines was prepared in each ward which is approved by municipal 

land use council “घरपझोङ भु-उपयोग पररषद”.The land is divided into 10 Zones based on usage, 

and the area covered in hectares are provided for each ward. The land use pattern distribution of 

land use zoning 2081 is presented on the following Table 8: 

Table 8: Land Use Zones 2081 

 LAND USE ZONE 2081 (AREA IN HECTARE) 

LAND USE ZONE  WARD 1 WARD 2 WARD 3 WARD 4 WARD 5 Grand Total 

AGRICULTURAL ZONE 79.82 137.69 68.14 104.26 356.65 746.57 

COMMERCIAL ZONE  5.28 36.81 15.04 69.31 67.36 193.79 

CULTURAL AND 

ARCHEOLOGICAL 

ZONE  

0.70 1.28 0.72 5.71 18.32 26.73 

FOREST ZONE  1716.00 736.25 2410.82 1923.48 2544.27 9330.83 

RIVERINE, LAKE AND 

MARSH AREA 
110.86 57.89 188.82 272.39 290.92 920.87 

INDUSTRIAL ZONE  1.16 0.92 0.38 3.11 10.18 15.74 

MINE AND MINERALS 

ZONE 
9.19 0.00 0.00 0.38 2.36 11.93 

OTHER ZONE 2757.67 677.86 483.38 3989.53 5894.10 13802.54 

PUBLIC USE ZONE 232.23 20.18 4019.23 66.88 2224.15 6562.66 

RESIDENTIAL ZONE  26.78 3.48 17.25 5.61 21.98 75.09 

 TOTAL AREA 4939.68 1672.36 7203.79 6440.65 11430.28 31686.76 

 

 

Agricultural Zone: The Agricultural Zone in Gharapjhong Rural Municipality covers 746.57 

hectares, which constitutes 2.36% of the total land area. This zone is designated for agricultural 

activities, supporting the local economy through farming and related agricultural practices. It 

ensures that sufficient land is set aside for food production and the sustenance of the rural 

community's agrarian lifestyle. 

 

Commercial Zone: The Commercial Zone spans 193.79 hectares, making up 0.61% of the total 

area. This zone is allocated for commercial activities, providing space for businesses, shops, 

offices, and other commercial enterprises. It aims to foster economic growth by facilitating 

trade, commerce, and services that meet the needs of the municipality's residents and visitors. 

 

Cultural and Archeological Zone: Covering 26.73 hectares or 0.08% of the total area, the 
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Cultural and Archeological Zone is dedicated to the protection and preservation of sites with 

cultural and historical significance. This zone ensures that valuable cultural heritage and 

archeological artifacts are safeguarded for future generations, promoting cultural awareness and 

tourism. 

 

Forest Zone: The Forest Zone is the largest land use zone, encompassing 9,330.83 hectares, 

which is 29.45% of the total area. This extensive allocation highlights the municipality's 

commitment to forest conservation, sustainable forestry practices, and the protection of 

biodiversity. It plays a critical role in maintaining ecological balance and supporting 

environmental sustainability. 

 

Riverine, Lake and Marsh Area Zone: This zone occupies 920.87 hectares, accounting for 

2.91% of the total area. It is designated for the preservation and management of aquatic and 

wetland ecosystems, including rivers, lakes, and marshes. This zone is crucial for conserving 

water resources, protecting wildlife habitats, and preventing flooding. 

Industrial Zone: The Industrial Zone covers 15.74 hectares, which is 0.05% of the total area. 

This zone is intended for industrial activities, including manufacturing and production. The 

limited area allocated for industrial use reflects a controlled approach to industrial development, 

ensuring minimal environmental impact while supporting local economic activities. 

Mine and Minerals Zone: Allocated 11.93 hectares or 0.04% of the total area, the Mine and 

Minerals Zone supports mining activities in a regulated manner. This zone ensures that mineral 

resources are extracted sustainably, with consideration for environmental protection and 

community well-being. 

Other Use Zone: The Other Use Zone is the most extensive, covering 13,802.54 hectares or 

43.56% of the total area. This zone includes a variety of unspecified land uses, likely 

encompassing mixed uses, natural areas, and other functional spaces that do not fall into the 

specific categories outlined. It provides flexibility for diverse land use needs and future 

development. 

Public Use Zone: The Public Use Zone spans 6.562.66 hectares, making up 20.71% of the total 

area. This zone is designated for public amenities and infrastructure, such as schools, hospitals, 

parks, and government buildings. It ensures that the municipality has adequate facilities to meet 

the needs of its residents and enhance the quality of life. 

Residential Zone: Covering 75.09 hectares or 0.24% of the total area, the Residential Zone is 

allocated for housing and residential communities. This zone supports the population's living 
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needs by providing designated areas for homes, contributing to the municipality's overall 

development and housing strategy. 

The largest area is allocated to the 'Other Use Zone' with 13,802.54 hectares (43.56%), while 

the smallest allocation is for the 'Mine and Minerals Zone' with just 11.93 hectares (0.04%), 

indicating a focus on flexibility in land use and minimal emphasis on mining activities. 

Presented in the Figure 33. 

 

 
Figure 33: Land Use Zones Area of Gharapjhong Rural Municipality  

Ward 1 predominantly features forested areas, with 1716.00 hectares designated as the Forest 

Zone, highlighting its extensive natural coverage. Agricultural activities are also notable, 

covering 79.82 hectares. Commercial zones are limited to 5.28 hectares, while cultural and 

archaeological significance is confined to 0.70 hectares. The ward includes 110.86 hectares of 

riverine, lake, and marsh areas, indicating a substantial presence of water bodies. Industrial 

activities are minimal, with only 1.16 hectares, and mining activities occupy 9.19 hectares. A 

large portion of land, 2757.67 hectares, falls under the 'Other Zone,' likely encompassing barren 

or unclassified land. Public amenities and infrastructure cover 232.23 hectares, and residential 

zones are relatively small, at 26.78 hectares. 

 

Ward 2 shows a mix of land use, with 137.69 hectares dedicated to agriculture, supporting local 

farming. The commercial zone, at 36.81 hectares, indicates moderate business activities. Cultural 

and archaeological areas are minor, covering 1.28 hectares. Forest zones occupy 736.25 hectares, 
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suggesting significant natural landscapes. Riverine, lake, and marsh areas span 57.89 hectares, 

and industrial activities are very limited, with just 0.92 hectares. There are no mining zones in 

this ward. The 'Other Zone' accounts for 677.86 hectares, and public use areas are small, at 20.18 

hectares. Residential zones cover only 3.48 hectares. 

 

Ward 3 is characterized by extensive public use zones, covering 4019.23 hectares, likely 

indicating government or community facilities. Forest areas are substantial, with 2410.82 

hectares. Agricultural zones span 68.14 hectares, while commercial activities occupy 15.04 

hectares. Cultural and archaeological significance is limited to 0.72 hectares. Riverine, lake, and 

marsh areas cover 188.82 hectares. Industrial zones are minimal at 0.38 hectares, with no mining 

activities recorded. The 'Other Zone' includes 483.38 hectares, and residential zones cover 17.25 

hectares. 

 

Ward 4 has a diverse land use pattern with 3989.53 hectares in the 'Other Zone,' indicating large 

areas possibly used for multiple purposes or undeveloped land. Forest zones cover 1923.48 

hectares, while agricultural activities are spread over 104.26 hectares. Commercial zones are 

relatively large, at 69.31 hectares. Cultural and archaeological zones cover 5.71 hectares. 

Riverine, lake, and marsh areas are significant, spanning 272.39 hectares. Industrial zones 

occupy 3.11 hectares, with minimal mining activities at 0.38 hectares. Public use zones cover 

66.88 hectares, and residential areas are small, at 5.61 hectares. 

 

Ward 5 is the largest in terms of total area, with substantial land use in various categories. The 

'Other Zone' dominates with 5894.10 hectares. Forest areas are extensive, covering 2544.27 

hectares. Agricultural zones are prominent, with 356.65 hectares. Commercial activities span 

67.36 hectares, and cultural and archaeological zones cover 18.32 hectares. Riverine, lake, and 

marsh areas are significant, at 290.92 hectares. Industrial activities cover 10.18 hectares, and 

mining zones occupy 2.36 hectares. Public use zones are extensive, with 2224.15 hectares, while 

residential areas cover 21.98 hectares. 

The highest allocation overall is in the Other Use Zone in Ward 5 with 5,894.10 hectares, while 

the smallest is the Industrial Zone in Ward 1 with 0.06 hectares. Percentage of Land area covered 

by each land use zones in each ward is presented in the pie-charts below in the Figure 

34,35,36,37,38 &39. 
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Figure 34: Land Use Zones Area of Gharapjhong Rural Municipality (Ward No. 1)  

 
Figure 35: Land Use Zones Area of Gharapjhong Rural Municipality (Ward No. 2)  
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Figure 36: Land Use Zones Area of Gharapjhong Rural Municipality (Ward No. 3)  

 
Figure 37: Land Use Zones Area of Gharapjhong Rural Municipality (Ward No. 4)  
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Figure 38: Land Use Zones Area of Gharapjhong Rural Municipality (Ward No. 5)  
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Figure 39: Land Use Zone Map 2081 
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3.4 Comparison between Land Use by NLUP and Present Land 

Use 2081 
 

 Land use change in a rural municipality refers to the alteration or transformation of the purpose 

or function of land within that city. It typically involves the conversion of land from one use to 

another, such as agricultural land being converted into residential, commercial, or industrial 

areas. Land use change can have significant implications for urban planning, infrastructure 

development, environmental sustainability, and the overall quality of life in a sub-metropolitan 

city. Comparison between land use from NLUP and present land use 2081 and is presented in 

Table 9. 

Between 2076 as outlined by the NLUP and 2081 in the present land use data in the Gharapjhong 

Rural Municipality, significant shifts in land allocation are evident. Agricultural land expanded 

from 598.99 to 908.98 hectares, while commercial areas surged from 8.06 to 58.85 hectares. 

Cultural and archeological sites saw a remarkable increase from 1.03 to 24.50 hectares. Forest 

cover grew from 8224.87 to 8968.26 hectares, although riverine, lake, and marsh areas 

experienced a slight reduction from 979.56 to 922.15 hectares. Industrial zones emerged, 

encompassing 14.53 hectares by 2081, alongside the sudden appearance of mine and mineral 

areas at 11.93 hectares. Other land uses decreased notably from 18787.82 to 17721.06 hectares. 

Public use areas experienced a marginal decline from 3039.34 to 3022.06 hectares, while 

residential areas shrank from 46.68 to 34.44 hectares. These shifts indicate dynamic changes in 

land utilization over the specified period as shown in the Figure40. 

Table 9: Comparison Between Land Use by NLUP and Present Land Use 2080 

Land Use 

Types 

Land Use From 

NLUP  
Present Land Use 2081 

Change in 

Area(hectare) 

Change in 

Area(Percent)     Area 

(hectare) 
Percent 

Area 

(hectare) 
Percent 

Agricultural  598.99 1.890% 908.98 2.87% 309.99 0.98% 

Commercial  8.06 0.025% 58.85 0.19% 50.79 0.16% 

Cultural and 

Archeological  
1.03 0.003% 24.50 0.08% 23.47 0.07% 

Forest  8224.87 25.957% 8968.26 28.30% 743.39 2.35% 

Riverine, 

Lake and 

Marsh Area 

979.56 3.091% 922.15 2.91% -57.41 -0.18% 

Industrial  0.4 0.001% 14.53 0.05% 14.13 0.04% 

Mine and 

Minerals  
0 0.000% 11.93 0.04% 11.93 0.04% 

Other Use  18787.82 59.292% 17721.06 55.93% -1066.76 -3.37% 

Public Use   3039.34 9.592% 3022.06 9.54% -17.28 -0.05% 
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Residential  46.68 0.147% 34.44 0.11% -12.24 -0.04% 

Total 31686.76 100.00% 31686.76 100.00%     

 
 

 
Figure 40: Comparison Chart of NLUP 2076 and PLU 2081 

3.5 Comparison between Present Land Use 2081 and Land Use 

Zone 2081 
 

 Agricultural Land 

In the Gharapjhong Rural Municipality, the present agricultural land use covers 908.98 hectares, 

constituting 2.87% of the total area. The land use zoning for 2081 designates 746.57 hectares for 

agriculture, which is 2.36% of the total area. This zoning indicates a planned reduction of 0.51% 

in agricultural land use, suggesting a strategic shift towards other land use types in the future. 

 

Commercial Land 

Commercial land currently occupies 58.85 hectares, making up 0.19% of the total land area. The 

2081 land use zoning designates 193.79 hectares for commercial purposes, or 0.61% of the total 

area. This significant increase of 0.43% highlights an anticipated expansion in commercial 

activities and infrastructure to boost economic development. 

 

Cultural and Archeological Land 

Cultural and archeological sites presently account for 24.50 hectares, or 0.08% of the total land. 



64 | P a g e  
 
 

The 2081 zoning maintains this classification at 26.73 hectares, still 0.08% of the total area. This 

slight increase of 0.01% reflects a continued emphasis on preserving and potentially expanding 

cultural and archeological heritage sites. 

 

Forest Land 

Forests currently cover a substantial area of 8968.26 hectares, representing 28.30% of the total 

land. The 2081 land use zoning designates 9330.83 hectares, or 29.45% of the total area, for 

forest use. This 1.14% increase underscores a future focus on forest conservation and expansion 

for environmental sustainability and biodiversity. 

 

Riverine, Lake, and Marsh Area 

Riverine, lake, and marsh areas now span 922.15 hectares, constituting 2.91% of the total land. 

The 2081 zoning keeps this classification nearly unchanged at 920.87 hectares, maintaining 

2.91% of the total area. This stability indicates a balanced approach to managing and preserving 

water bodies and wetlands. 

 

Industrial Land 

Industrial land use is minimal, with current and future areas both approximately 14.53 hectares 

and 15.74 hectares respectively, making up 0.05% of the total land. This consistency shows no 

significant changes or expansions in industrial activities are planned, maintaining a low 

industrial footprint. 

 

Mine and Minerals Land 

The land designated for mining and minerals remains constant, covering 11.93 hectares, or 

0.04% of the total area. The 2081 zoning does not change this classification, indicating stable 

management of mining activities without planned expansion. 

 

Other Use 

Land classified as 'Other Use' currently encompasses the largest area, at 17721.06 hectares, or 

55.93% of the total land. The 2081 zoning reduces this to 13802.54 hectares, or 43.56%. This 

12.37% decrease indicates a planned redistribution of land towards more specific uses, such as 

commercial or residential development. 

Public Use 

Public use areas presently account for 3022.06 hectares, or 9.54% of the municipality's land. The 
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2081 zoning projects a slight increase to 6562.66 hectares, or 20.71% of the total area. This 

11.17% rise indicates an enhancement in public amenities and infrastructure. 

Residential Land 

Residential areas currently cover 34.44 hectares, making up 0.11% of the total land. The 2081 

zoning designates 75.09 hectares for residential use, or 0.24% of the total area. This 0.13% 

increase reflects a plan to expand residential zones to accommodate population growth and 

housing needs. 

The land use zoning for 2081 in the Gharapjhong Rural Municipality reflects a strategic plan to 

enhance commercial, public, and residential areas while maintaining stability in industrial, 

mining, and water-related land uses. There is also a focus on increasing forest cover and 

preserving cultural sites, indicating a balanced approach to sustainable development and 

environmental conservation for the future. 

The land use data for Gharapjhong Rural Municipality in the year 2081 provides a 

comprehensive snapshot of the region's evolving landscape as shown in the Table 10 and Figure 

41.  

Table 10: Comparison between Present Land Use 2081 and Land Use Zone 2081 

Land Use Classes 
Present  Land Use 2081 Land Use Zone 2081  Change 

Area (Hectare) Percentage Percentage Area (Hectare) Percentage 

Agricultural  908.98 2.87 % 2.36 % 746.57 -0.51% 

Commercial  58.85 0.19 % 0.61 % 193.79 0.43% 

Cultural and Archeological  24.50 0.08 % 0.08 % 26.73 0.01% 

Forest  8968.26 28.30 % 29.45 % 9330.83 1.14% 

Riverine, Lake and Marsh 

Area 
922.15 2.91 % 

2.91 % 920.87 0.00% 

Industrial  14.53 0.05 % 0.05 % 15.74 0.00% 

Mine and Minerals  11.93 0.04 % 0.04 % 11.93 0.00% 

Other Use  17721.06 55.93 % 43.56 % 13802.54 -12.37% 

Public Use   3022.06 9.54 % 20.71 % 6562.66 11.17% 

Residential  34.44 0.11 % 0.24 % 75.09 0.13% 

TOTAL 31686.76 100.00 % 100.00%      31686.76   

 



66 | P a g e  
 
 

 
Figure 41: Comparison Chart of PLU 2081 and LUZ 2081 

 

3.6 Cadastral Parcel Superimpose on Present Land Use 
 

This chapter illustrates some analysis of the superimposition of cadastral maps over the present 

land use. In the context of Gharapjhong Rural Municipality in the year 2081, the cadastral 

superimposition on present land use reveals a detailed breakdown of the land distribution across 

various categories as shown in the Table 11 and Figure 42.  
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Figure 42: Cadastral Superimpose on Present Land Use 2081 
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The present land use for 2081 in Gharapjhong Rural Municipality, agricultural land comprises 

the largest number of parcels, totaling 3,729 and covering an area of 334.647 hectares, or 55.61% 

of the total land. Commercial land consists of 129 parcels covering 51.299 hectares (8.52%). 

Cultural land includes 42 parcels covering 1.925 hectares (0.32%), while forest land has 4 

parcels covering 12.480 hectares (2.07%). Riverine, lake, and marsh areas include 27 parcels 

covering 53.035 hectares (8.81%). Industrial land comprises 16 parcels covering 1.177 hectares 

(0.20%), and mine and minerals land has 1 parcel covering 0.996 hectares (0.17%). Other uses 

include 19 parcels covering 10.460 hectares (1.74%). Public use areas have 124 parcels covering 

31.450 hectares (5.23%). Residential land is significant, with 1,200 parcels covering 104.300 

hectares (17.33%). This data highlights the existing land use patterns and priorities, emphasizing 

the predominance of agricultural land, followed by residential and commercial areas, along with 

substantial allocations for water bodies, public use, and forest conservation. 

Table 11: Cadastral Parcel Superimpose on Present Land Use 

CADASTRAL SUPER IMPOSED ON  PRESENT LAND USE  2081 

 LAND USE TYPE NO.OF PARCEL AREA(HECTOR) PERCENT REMARKS 

Agricultural 3729 334.647 55.61 %   

Commercial 129 51.299 8.52 %   

Cultural 42 1.925 0.32 %   

Forest 4 12.480 2.07 %   

Riverine, Lake and Marsh area 27 53.035 8.81 %   

Industrial 16 1.177 0.20 %   

Mine and Minerals 1 0.996 0.17 %   

Others 19 10.460 1.74 %   

Public Use 124 31.450 5.23 %   

Residential 1200 104.300 17.33 %   

Grand Total 5291 601.77 100.00 %   

 

3.7 Cadastral Parcel Superimpose On Land Use Zone 
 

In the context of Gharapjhong Rural Municipality's land use zoning in the year 2080, a thorough 

analysis through cadastral superimposition unveils distinctive characteristics across various land 

use zones as shown in the Table 12.  
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Figure 43: Cadastral Superimpose on Present Land Use Zone 2081 
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The cadastral data superimposed on the land use zone for 2081 in Gharapjhong Rural 

Municipality provides a detailed overview of the number of parcels and the area designated for 

each land use zone. The agricultural zone comprises 2,284 parcels covering an area of 189.650 

hectares, making up 31.52% of the total land. The commercial zone includes 1,337 covering 

148.135 hectares, representing 24.62% of the total area. The cultural and archeological zone has 

44 parcels covering 8.753 hectares, which is 1.45% of the total land. The forest zone remains 

small with 4 parcels covering 12.480 hectares (2.07%). The riverine, lake, and marsh zone 

includes 23 parcels covering 76.920 hectares, accounting for 12.78% of the total area. The 

industrial zone consists of 19 parcels covering 2.086 hectares, or 0.35% of the total land. The 

mine and minerals zone has 1 parcel covering 0.996 hectares (0.17%). Public use zones 

encompass 186 parcels covering 84.160 hectares, making up 13.99% of the total land. 

Residential zones are significant, with 1,393 parcels covering 78.589 hectares, which is 13.06% 

of the total area. Overall, the cadastral data superimposed on the land use zones for 2081 

highlights a balanced approach to land use planning, with substantial areas allocated for 

agriculture, commerce, public use, and residential purposes, along with dedicated zones for 

cultural preservation, forestry, and water bodies as shown in the Figure43. 

Table 12: Cadastral Parcel Superimpose On Land Use Zone2081 

CADASTRAL SUPER IMPOSED ON  LAND USE ZONE 2081 

 LAND USE ZONE 

NO.OF 

PARCEL AREA(HECTOR) PERCENT REMARKS 

Agricultural Zone 2284 189.650 31.52%   

Commercial Zone 1337 148.135 24.62 %   

Cultural & Archeological Zone 44 8.753 1.45 %   

Forest Zone 4 12.480 2.07 %   

Riverine, Lake & Marsha Zone 23 76.920 12.78 %   

Industrial Zone 19 2.086 0.35 %   

Mine and Minerals Zone 1 0.996 0.17 %   

Public Use Zone 186 84.160 13.99 %   

Residential Zone 1393 78.589 13.06 %   

Grand Total 5291 601.769 100.00 %   

 

3.8 Comparison of Cadastral Parcel Superimpose On Present Land 

Use and Land Use Zone 
 

The cadastral data superimposed on the present land use for 2081 and the land use zones for 

2081 in Gharapjhong Rural Municipality reveals significant changes in the distribution of parcels 

across different land use types. The agricultural parcels decrease notably from 3,729 to 2,284, a 

reduction of 1,445 parcels, indicating a shift away from agricultural land use. Conversely, 

commercial parcels increase dramatically from 129 to 1,337, adding 1,208 parcels, highlighting a 
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substantial expansion in commercial activities. 

 

Cultural parcels remain constant at 42, showing no change, indicating a stable preservation of 

cultural and archeological sites. Similarly, forest parcels also remain unchanged at 2, reflecting 

consistent forest land use. The riverine, lake, and marsh area parcels slightly decrease from 27 to 

23, a reduction of 4 parcels. 

 

Industrial parcels show a minor increase from 16 to 19, adding just 3 parcel, suggesting a modest 

growth in industrial land use. The mine and minerals parcels remain unchanged at 1, indicating 

stable use in this category.  

  

The 'Other Uses' category sees a complete reduction from 19 parcels to 0, showing a reallocation 

of these parcels into other specified land use zones. Public use parcels increase from 124 to 186, 

an addition of 62 parcels, reflecting an enhancement in public amenities and infrastructure. 

Residential parcels increase from 1,200 to 1,393, adding 193 parcels, to accommodate residential 

development and population growth. 

 

The municipality's land use planning for 2081 focuses on expanding commercial, public, and 

residential areas. This reallocation indicates a strategic shift towards urbanization and 

infrastructure development, balanced with maintaining cultural and forest areas as shown in 

Table 13 and Figure 44. 

Table 13: Comparison of Cadastral Parcel Superimpose On Present Land Use2081 and Land Use 

Zone 2081 

 LAND USE TYPE 

CADASTRAL SUPER 

IMPOSED ON  

PRESENT LAND USE  

2081 

CADASTRAL SUPER 

IMPOSED ON  LAND 

USE ZONE 20801 

CHANGE 

NO.OF PARCEL NO.OF PARCEL NO.OF PARCEL 

Agricultural 3729 2284 -1445 

Commercial 129 1337 1208 

Cultural 42 44 2 

Forest 4 4 0 

Riverine, Lake and Marsh area 27 23 -4 

Industrial 16 19 3 

Mine and Minerals 1 1 0 

Others 19 0 -19 

Public Use 124 186 62 

Residential 1200 1393 193 

Grand Total 5291 5291 0 



72 | P a g e  
 
 

 
 

 
Figure 44: Comparison of Parcels by Present Land Use and Land Use Zone 

 
 

3.9 GIS Database 

In the attribute table provided within the GIS database, each row represents a distinct geographic 

feature or parcel within the study area. The table comprises various fields, each specifying 

specific attributes associated with these parcels. The "ObjectID" field serves as a unique 

identifier for each object, ensuring data integrity. The "Shape" field indicates the geometric 

object type, such as Point, Line, or Polygon, representing the spatial characteristics of the parcel. 

Other fields provide additional information about each parcel, including its parcel number 

("PARCELNO"), district ID ("DISTRICT"), ward number ("WARDNO"), and a unique parcel 

key ("PARCELKEY"). The "YEAR" field denotes the fiscal year associated with the data. 

Furthermore, details about the rural municipality ("RM_M"), former VDC names ("VDC"), and 

grid sheet number ("SHEET") are also included. Notably, the "PRE_LU1" and "LAND_USE_1" 

fields specify the present land use and land use zoning, respectively, providing valuable insights 

into the current land use patterns within the study area. Additionally, the "Shape_Length" and 

"Shape_Area" fields represent the perimeter and area of each polygon, facilitating spatial 

analysis and measurement. Overall, this attribute table serves as a crucial component of the GIS 

database, offering comprehensive information for land use planning and analysis within the 

specified region as shown in the Table14 and . 

Table 14: Schema of cadastral parcel feature class in the GIS daatbase. 
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Field Name Data Type Description 

ObjectID Object ID Unique object ID 

Shape Geometry (Polygon) Geometric object type e. g. Point, Line, 

 
Polygon etc. 

PARCELNO Long Parcel number as in cadastral map 

DISTRICT String (Length = 50) District ID 

WARDNO String (Length = 10) Ward number 

PARCELKEY String (Length = 40) Unique parcel key 

YEAR String (Length = 10) Fiscal Year 

Shape_Length Double Number representing perimeter of the polygon 

RM_M String (Length = 100)  Rural Municipality, Municipality’s  name 

VDC String (Length = 254) Former VDC Names. 

SHEET String (Length = 254) Grid sheet number in case of Trig sheets, and 
 

in case of island map sheet e. g. Ka, Kha etc. 

PRE_LU1 String (Length = 254) Present land Use i.e. AGR, for Agriculture, COM 

for commercial 

LAND_USE_1 String (Length = 254) Land Use Zoning  i.e. AGR, for Agriculture, 

COM for commercial 

Shape_Length Double Number representing perimeter of the polygon 

Shape_Area Double Number representing area of the polygon 
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Figure 45: Attribute Table in GIS Database  
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CHAPTER FOUR:  CONCLUSION AND         

RECCOMMENDATION 

4.1 Conclusion 
 

In conclusion, the comprehensive land use planning and classification of Gharapjhong Rural 

Municipality reveal a strategic allocation of land resources aimed at sustainable development and 

resource management. The Forest Zone dominates with 9,330.83 hectares, emphasizing the need 

for conservation, while the Agricultural Zone, covering 746.57 hectares, is crucial for food 

security. The diverse allocation includes significant areas for Commercial (193.79 hectares), 

Cultural and Archeological (26.73 hectares), Industrial (15.74 hectares), and Residential (75.09 

hectares) uses, supporting balanced regional development and economic growth. The 'Other 

Zone' category, encompassing 13,802.54 hectares, plays a pivotal role in the overall land use 

strategy. Cadastral data overlay highlights the distribution of  land parcels over 601.769 hectares, 

with the Agricultural Zone having the highest parcel count 2284 indicating a fragmented 

agricultural landscape. Special zones for Riverine, Lake, Marsh Areas (76.90 hectares), and 

Cultural & Archeological Sites(8.753 hectares) underscore the commitment to environmental 

conservation and cultural preservation. This land use plan provides a robust framework for future 

growth, requiring coordinated efforts for effective implementation and sustainable development. 

4.2 Reccommendation 
To ensure sustainable development and effective resource management in Gharapjhong Rural 

Municipality, several key recommendations are proposed: Regularly update zoning regulations 

to reflect evolving needs and involve stakeholders; enhance forest conservation and promote 

reforestation to maintain biodiversity; boost agricultural productivity through modern techniques 

and infrastructure development; support commercial and industrial growth with targeted 

investments and incentives; plan for sustainable residential development by improving amenities 

and enforcing zoning regulations; preserve cultural and natural heritage through conservation 

and sustainable tourism; establish an integrated land use management committee for oversight 

and compliance; and engage the community through awareness campaigns and participatory 

planning to foster ownership and successful implementation. Request the concerned authorities 

to expedite the cadastral survey for the remaining area of the Gharapjhong Rural Municipality, 

which spans 31,086.76 hectares that have not yet been surveyed. Incorporating this additional 

area into the existing land use plan is crucial for comprehensive and effective resource 

management, ensuring all land is accurately mapped and utilized optimally for sustainable 

development. 
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Appendix A: Accuracy Assessment of Present Land Use Classification 

Confusion Matric and Accuracy Table 

Land Use 
Categories 

 
Agriculture 

 
Forest 

 
Residential 

 
Commercial 

 
Industrial 

Public 
Services 

Cultural and 
Archeological 

River, 
Lake 
and 
Marsha 
Area 

 
Other 

 
Total 

Agriculture 95 0 1 0 0 1 1 0 1 99 

Forest 1 46 0 0 0 1 1 0 0 49 

Residential 0 0 33 2 0 0 1 0 0 36 

Commercial 0 0 0 13 1 0 0 0 0 14 

Industrial 1 0 0 0 9 0 0 0 0 10 

Public Use 0 0 1 0 0 36 2 0 0 39 

Cultural and 
Archeological 

 
0 

 
0 

 
1 

 
0 

 
0 

 
0 

 
15 

 
0 

 
1 

 
17 

River, Lake 
and 
Marsha Area 

 
1 

 
1 

 
1 

 
0 

 
0 

 
0 

 
0 

 
28 

 
0 

 
31 

Other 1 0 0 0 0 0 0 0 17 18 

Total 99 48 37 15 10 38 20 28 20 315 

 

Accuracy Table 

  
User Accuracy 

Producer 
Accuracy 

Commission 
Error 

Omission 
Error 

 
KIA 

Agriculture 95.96 95.96 4.04 4.04 0.94 

Forest 93.88 95.83 6.12 4.17 0.93 

Residential 91.67 89.19 8.33 10.81 0.91 

Commercial 92.86 86.67 7.14 13.33 0.93 

Industrial 90.00 90.00 10.00 10.00 0.90 

Public Services 92.31 94.74 7.69 5.26 0.91 

Cultural and 
Archeological 

 
88.24 

 
75.00 

 
11.76 

 
25.00 

 
0.83 

River, Lake and 
Marsha Area 

 
90.32 

 
100.00 

 
9.68 

 
0.00 

 
0.89 

Other 94.44 85 5.56 15.00 0.94 

 

Overall Accuracy = 92.70%  

Overall KIA = 0.91 
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Appendix B: Ward Minutes 
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Appendix C:  Photographs 
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Appendix D:  Approved Guidelines and Criteria For Land Use Zoning 
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Appendix E:  Maps 

 


