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Abstract

The increasing trend of transformation of land at the expense of fertile agricultural land is becoming troublesome and threatens food security worldwide. The scenario is more severe at the rural-urban interface and the agrarian land on the outskirt of larger cities is at greater risk, however, the extensive literature is not readily available in the Nepalese context. This study focuses on the land use patterns and variables shaping farmers’ choices for the future use of land in Dhading, Nepal. The analysis of land use patterns showed that, between 2013 and 2022, productive agricultural land decreased by 60.28% while non-farm use of land increased by 93.14% in the study area of Dhunibeshi Municipality, Dhading. The cross-sectional survey data among vegetable farming households showed that 36% of the household were eager to switch from farming to non-farm use of their land in the near future. Based on binary logistic regression, land ownership, the share of family income from vegetable production, the proposal received for land conversion, and proximity variables like distance between farmland to the closest non-farm firm, were found to be statistically significant in shaping the farmers’ decisions on agricultural land conversion. The land ownership and lower family income from agriculture activities were identified as major push factors, while the proximity of the farm to non-farm firms, and proposals for urban use of land were identified as major pull factors for land conversion. The widespread adoption of low-cost production strategies in agriculture, and effective implementation of a land-use policy could contribute towards sustainable agricultural land management in the future.  
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1. Introduction
Land is a valuable resource, serving as a rich source of many essentials for human survival and providing a means for a multitude of economic activities. According to Myers [1], an individual requires a minimum of 0.07 hectares (ha) of arable land for sustainable living, but as there is currently less than 0.1 ha available per person, it is challenging to maintain a minimum nutrition level [2]. The per capita availability of cultivated land varies from less than 0.1 ha in East Asia to more than 2 ha in Australia [3]. Due to the traditional system of land management, an unprecedented rate of population growth, and externalities associated with global change, the available land is under tremendous strain. Furthermore, land is badly deteriorating as a result of industrial effluents, intensive agricultural operations, livestock rearing, unsystematic irrigation, deforestation, and urban expansion [4]. As degradation expedited with industrialization and urbanization, land is becoming scarcer as a resource due to intense and intricate competition among several uses. The struggle for land between agricultural and non-agricultural sectors has been made worse by the limited and non-renewable attributes of land [5]. Consequently, transformation of arable land for residential, commercial and industrial purposes is prominent worldwide.

Agriculture land transformation is the process of converting farmland for other purposes, particularly for urban developments [6]. This phenomenon has become increasingly relentless due to economic progress and population growth [7] leading to the depletion of myriads of fertile land resources. The conversion of agricultural land for non-agricultural purposes has become a global trend, primarily affecting developing countries in recent years [6]. This shift is driven by the rise in non-agrarian population and population growth rates. The conversion of land use is mainly pronounced in the rural-urban interface. Tan, Beckmann [8] argue that the land conversion process is almost inescapable in the face of economic development and population growth. Nevertheless, unrestrained land conversion has profound impacts, generally on the environment and particularly on the agriculture sector, although the trend, rate, intensity, and drivers of this phenomenon vary from one location to another. 

The conversion of arable land for non-agricultural purposes is influenced by several factors. The drivers of land conversion can be classified into two categories: external and internal [9]. The external drivers include industrialization, urbanization, socioeconomic condition, and government policies while the internal drivers encompass factors such as land location and its potential, ownership patterns, household size, and income. Inadequate policies and lack of effective land use management framework may further contribute to unplanned conversion of farmland, as observed in Nepal. The Government of Nepal introduced several environmental and sectorial policies in the past 30 years were that supposed to reduce arable land conversion, but the lack of an efficient and meaningful land use management framework made them largely ineffective. Recently, the Government of Nepal has adopted the National Land Use Policy 2012 with a strong focus on controlling the conversion of agricultural land through land zoning. However, the current provisions have loopholes facilitating zoning into residential areas or agricultural land. 

The fertile agricultural land surrounding major cities in Nepal is experiencing significant pressure for land conversion into urban areas. For instance, Dhunibeshi municipality, once renowned as the capital of vegetable farming, has now transformed into a hub for a plethora of factories. Until 2008, over 60% of population in Dhunibeshi Municipality were engaged in vegetable farming, which was a crucial source of livelihood of the residents [10]. However, since the establishment of non-farm firms began in 2008, the landscape has been changing. Due to proximity to the capital city and the availability of ample land for non-farm industries, land speculators have been eyeing the agricultural land of this area. In the past decade alone, the number of large non-agriculture firms established in the municipality has reached a significant count of thirty-five, which is substantial for a comparatively smaller settlement area [11]. Additionally, there are over four dozen brick kilns operating in Dhunibeshi and Tharke Municipality, with each kiln occupying around 200 to 500 ropanies[footnoteRef:3] of leased land.  Some farmers who used to cultivate vegetables in their land have been forced to lease their land to brick kilns due to adverse effects of the kilns on farming activities. The unpredictable fluctuation in vegetable prices have also discouraged farmers for continuing their vegetable production. While food insecurity and declining crop production are more pronounced in developing countries [12, 13], the increasing number of non-farm industries occupying fertile land is likely to exacerbate the scarcity of fresh vegetables as well. If appropriate measures are not taken to address this pressing issue and sustainable alternatives are not explored, meeting the basic demand for vegetables will become extremely challenging due to the secondary use up of fertile land.  [3:  1 ropani = 0.05 hectare] 



Numerous studies have examined agricultural land conversion at macro level, but the factors and rate of land conversion differ from country to country and region to region. Limited literatures have explored land use patterns using Geographic information systems (GIS) and remote sensing (RS) in the case of Nepal. Moreover, the drivers of agricultural land use from the perspective of farmers have often been overlooked. At the farmer level, socio-economic conditions, agriculture practices, physical or proximate variables, marketing facilities, and employment opportunities can influence household decisions regarding land use. Farmers, being at the grassroots level can offer their valuable insights toward land conversion and offer their perceptions on key forces driving rapid change in agricultural land use. Given that agriculture land conversion is a complex phenomenon influenced by various factors operating at various levels, it is crucial to systematically explore the drivers of land conversion at the local level. This study aims to assess land use and land cover changes in Dhunibeshi Municipality. Specifically, it seeks to understand the trends and rates of change in different land use classes and identify primary drivers of land conversion in the study area.  The study employs GIS to analyze changes in land use patterns, focusing on trends and rate of land use change and utilizes an econometric model, the Logit model to evaluate the factors shaping farmers’ decisions regarding the future use of their agricultural land. The findings of this study will be valuable for local governance in formulating the land use policies to address land conversion and develop agricultural programs at the local level. 

2. Literature Review
From 1700 and 2000, the global agricultural land area increased from 3 million km2 to 15 million km2 [14].  However, in recent decades, the agricultural land has undergone extensive conversion to commercial and residential uses, resulting in the loss of over two-thirds of cultivated land in various regions by 1995 [6]. Europe has experienced an 18% decrease in the area of cultivated land between 1960 and 2010 [15]. China witnessed extensive and intense conversion of arable land to non-agricultural land since 1980 [16]. The rate of agriculture land conversion was lower in the Netherlands (17ha per day) during 1996-2000 and in Germany (114ha per day) in 2006 while it was higher in China (802 ha per day) in 2004 [8] and Indonesia (514 ha per day) in 2000-2002 [17]. These figures explicitly demonstrate variations in the rate of agricultural land conversion worldwide. 

Industrial development is an important cornerstone for economic development and growth [18] and the expansion of industries often exerts immense pressure on nearby communities to transform agricultural land into non-agricultural uses [6]. Firman [19] reported, in Indonesia,  the industrial estate development was the main factor resulting in extensive land conversion. Similarly, in China, industrialization and increased non-farm wage incomes contribute to cropland abandonment [20]. Rural-urban migration and urbanization are important drivers of land conversion. As urban populations rise, employment shifts from agriculture to non-farm sectors [21], resulting in the conversion of agricultural land into urban uses. Urban expansion is noted as a key factor to change agricultural land in the Three Gorges region of China [22]. According to Ho and Lin [16], industrialization causes farmland conversion in coastal areas and several road projects demand a vast swath of agricultural land in China. They also conclude that industrialization is often synchronized with urbanization leading to farmland conversion in China. Furthermore, most of the government's economic development policies emphasize industrial growth and consequently instigate intensive land conversion in many developing countries [18].
Internal factors, such as land location and its potential, play a significant role as well. Spatial factors, such as proximity of arable land to urban areas and influx of rural population to cities areas exert great pressure to convert cultivated areas for non-farm uses. Rajan and Shibasaki [23] showed a probable positive linkage between population and demands for homes and services consequently emphasizing increasing population as a threat to agricultural land. Several studies inferred that the distance of land from urban areas displays a strong influence on land conversion [24, 25]. A study by Pribadi and Pauleit [26] concluded that farming in peri-urban areas is facing immense pressure from urbanization. Furthermore, internal factors such as agricultural use of land, soil fertility, accessibility, and cropping pattern are important variables determining land economic value [5] and consequently its use. Farm size, farm slope, and distance to the nearest cities and highways are the variables hypothesized as factors supporting farmland conversion in Massachusetts [27]. They stated that the larger farm with a higher scale of economy and land value, and flat and well-drained fertile land that is more profitable for construction are susceptible to the non-agricultural uses. Additionally, household income, land ownership and technological intensity have significant influence in land use pattern.

Regarding Nepal, historical reconstruction studies indicate that Nepal’s agricultural land use was approximately 15119 km2 in 1910 [28] and reached a peak of 43879 km2 in 2010 [29]. Based on aerial photograph, the agricultural land area was estimated to be 40019 km2 in 1978 [30], while satellite images revealed  an area of 43910 km2 in 2010 [31]. These studies highlights the rapid expansion of the area of agricultural land since 1910. However, in recent dates, the significant portions of the agricultural land surface surrounding major cities have been converted into built-up areas, particularly in Terai regions, alongside an increased rate of land abandonment in hills and mountain regions of the country [28]. Poor urban development planning and inadequate institutional arrangement have contributed to uncontrolled urban development, resulting in the fragmentation of large agricultural areas. Major city areas such as Kathmandu Valley [32, 33], Pokhara Valley [34], Surkhet Valley [35] and Jhapa district [33] have experienced substantial urban growth and corresponding losses of agricultural land The largest increase in urban development in Terai region occurred between 2006 and 2011, with approximately 93% of new urban development sourced from cultivated land alone [36].   

3. Data and Methods
3.1. Data
[bookmark: _Toc86094653]This study was carried out in Dhunibeshi Municipality of Dhading district located in central Nepal. This location was specifically chosen because of its proximity to the capital city (i.e., Kathmandu), widespread production of vegetables in the past, rising number of factories, and increasing population. Recently, there has been a decline in vegetable production due to the extensive conversion of fertile agricultural land for alternative purposes. This municipality has witnessed the establishment of numerous non-farm firms, leading to a trend of using agricultural land for non-agricultural purposes. As a result, the availability of land for farming has decreased. The selection of this site for the research purpose was intentional, aiming to examine the factors driving agricultural land conversion and decision-making process of farmers regarding changes in land use. 
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Figure 1. Map of study area in Dhunibeshi Municipality of Dhading district, Nepal

We focused on vegetable-producing households in Dhunibeshi Municipality as the target population. A simple random sampling method was used to select the vegetable-producing households for data collection. A total of 171 vegetable-producing households participated in the study. Among the respondents, 36% expressed interest in converting their farmland for non-farm purposes.

Data was collected through household surveys and key informant interviews conducted between October 2021 and November 2021. Initially, key informant interviews were conducted with agriculture officers and public representatives of Dhunibeshi Municipality to gather information about the situation of agricultural land conversion in the area. 

Following the key informant interviews, household surveys were conducted with vegetable farming households as the sampling units. Before administrating the questionnaire, a pre-testing phase was conducted with non-sample households to ensure questionnaire’s applicability.  Based on the feedback from key informant interviews and pretesting, the questionnaire was finalized. The household surveys were conducted through face-to-face interviews with the decision maker of the sampled farming households, who could be an adult of any gender. The interviews were conducted in the Nepali language and lasted approximately one hour. Verbal consent was obtained from all the respondents before proceeding with the survey interview. Altogether, 171 responses were obtained from the survey. 

3.2. Choice of variables
There may be several factors shaping the farmers’ decisions about their agricultural land use and transformation [37]. Based on the mechanism of land conversion and the Logit model, the explanatory variables such as gender, age, economically active family members, non-farm income, land availability, income from vegetable production, cost of vegetable production, access to training, a distance of farmland from non-farm firm and road, and the proposal received for land conversion were selected. To ensure the absence of multicollinearity, these variables were tested and subsequently selected for Logit regression. The details of these variables are given in Table 1.

Table 1. Variables name, definition and descriptive statistics for the sample.
	Variables
	Description
	Unit
	 Sample Mean
	 Std. Dev.

	Gender
	Gender of the household head
	1 if the household head is Male, 0 otherwise
	0.81
	0.39

	Education
	Schooling of household head
	Years
	4.12
	3.66

	Active_econ
	Number of economically active family members aged between 15 and 60 years
	-
	3.66
	1.37

	Non-farm income
	Family income from non-farm sources 
	‘000 NRs. Ѱ
	228.67
	195.18

	Land holdings
	Proportion of land rented to own land
	-
	0.72
	1.14

	Vegetable income
	Family income from veg production
	%
	59.88
	24.25

	Crop
	Number of vegetable crops grown per year
	-
	3.98
	1.43

	Cost
	Cost of vegetable production per Ropani 
	 ‘000 NRs. Ѱ
	25.82
	16.96

	Training
	Access to training
	1 if training received, 0 otherwise
	0.15
	0.35

	Dist_Firm
	Farm Distance to the nearest non-farm firm 
	Km
	0.25
	0.38

	Dist_road
	Farm distance from nearby roads 
	M
	0.15
	0.16

	Proposal
	Proposal received to sell or rent land 
	1 if the household has received a proposal, 0 otherwise
	0.36
	0.48

	Decision
	Farmers’ Decision on the future use of farmland  
	1 if the household is willing to convert farmland to non-farm use, 0 otherwise
	0.36
	0.42
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3.3 Methods
We used two approaches to achieve the study objectives. First, we assess the land use pattern in the study area using the Geographic Information System (GIS) tools. Second, we conducted household surveys among vegetable growers to identify the factors influencing land use change in the study area. The details about both approaches are provided in the sub-sections below.

3.3.1 Visualization of land use land cover change
To address the lack of comprehensive data on land use land cover and to analyze the pattern of land use in the study area, a geographic information system (GIS) was utilized. Detecting changes in land use land cover (LULC) is crucial for effective land management and planning. Various methods can be employed for change detection, including a comparison of land cover classifications, multi-date classification, band arithmetic, simple rationing, and vegetation index differencing [38, 39], and change vector analysis [40]. 

In this study, the normalized difference vegetation index was employed to track changes in the land cover. Landsat 8 satellite images for the years 2013 and 2022 were obtained from the USGS Earth Explorer website (https://earthexplorer.usgs.gov/). The 2013 image had a cloud cover of 5%, while the 2022 image had a cloud cover of 5.33%. Both were rectified to a common Universal Transverse Mercator (UTM) WGS1984 Datum, 45N Zone coordinate system. The radiometric correction was performed to correct the pixel value of the satellite image.
  
The top atmospheric correction is necessary to avoid the path radiance and band noise. The process first converts the digital number (DN) value to the atmospheric radiance using the following equation:
Lλ =                                   (1)

where SRi is the saturation radiance of ith band, DN is the digital number, and DNmax is the maximum possible value of a pixel.

The produced atmospheric radiance is further subjected to atmospheric sensor reflectance (Rsensor) using following equation:

                                                Rsensor =                        		(2)

where Π is 3.14159, Rsensor is the reflectance at the sensor, Lλ is spectral radiance at the sensor’s aperture, Esun is mean solar exoatmospheric irradiance,  is solar zenith angle and d is the earth-sun distance.

The radiometric correction was done for Landsat 8 red band (Band 4:0.64-0.67 mm) and near-infrared band (Band 5: 0.85-0.88 mm) for both years and the images were extracted for the area of interest using the ArcGIS software.

The classification of the extracted image was carried out using the normalized difference vegetation index (NDVI) method. NDVI is developed for estimating vegetation cover with the help of reflective bands of satellite data and the created NDVI images could be used to demonstrate the pattern of changes that had taken place between two different dates [41]. 

The NDVI values themselves are used to compare the greenness level of vegetation so that the land use can be known. In the NDVI calculation, band 4 (red) and band 5 (NIR) was used by dividing the reduction of the two bands with the addition of the two bands. The NDVI formula is as follows:
                                             NDVI =  =                                   (3)

Furthermore, reclassification was done with input raster data into several classifications at certain intervals on output raster data. The NDVI output was further divided into 5 classes namely non-farm use, human settlement, bare land, agricultural land, and natural vegetation based on the threshold value of each class. Compared with base maps, the threshold value for each land use class was determined for both NDVI maps. The result of the classification was analyzed and compared between two years in each land-use class. The classification was done based on the threshold values of the sample collected for each class. The threshold value of each class for both years is given in Table 2.

[bookmark: _Toc86094715]Table 2. Classification of land use and range of NDVI values for each class
	Classification
	Color
	Range of NDVI values

	
	
	2013
	2022

	Non-farm use
	
	<0.24
	<0.33

	Human settlement
	
	<0.34
	<0.50

	Bare land
	
	<0.37
	<0.57

	Agricultural land
	
	<0.51
	<0.65

	Natural vegetation
	
	≤0.78
	≤0.82


(Source: Author’s estimation using ArcGIS)

[bookmark: _Toc86094673]To assess the accuracy of the classified image in this study, a set of random points from the classified image was generated using ArcGIS and compared with the known reference (truth) sites for several sample points in a confusion matrix for the image of both years, i.e. 2013 and 2022. The reference data used were Google Earth images, true and false-color combination images, and base knowledge. The accurate assessment of the land cover maps extracted from the Landsat data included the generation of 300 random references (truth points) for each classified land map to estimate the error probability for each map. The number of reference points for each class is given in Table 3. For the classified map of both the years, overall accuracy, kappa coefficient, producer, and user’s accuracy were tested. 

[bookmark: _Toc86094709]Table 3. Number of reference points for each class taken for accuracy assessment
	Classification
	Sample size

	
	2013
	2022

	Non-farm use
	34
	37

	Human settlement
	66
	65

	Bare land
	37
	73

	Agriculture
	85
	49

	Natural vegetation
	78
	76

	Total
	300
	300


	 
3.3.2 Econometric modeling of farmers’ decisions on the future use of farm land
To the question of future use of their farmland, the response of farmers can be thought of as a binary choice: either to transform or not transform for non-farm use. Thus, farmers’ decision for the future use of farmland can be represented as:
{ 

                                        y =       1 convert farmland for non-farm use                                       (4)
                                                      0 continue farming

We use the binary logistic regression to study the influence of different factors on farmers’ decisions to convert their land on alternative uses. The logistic regression model can be mathematically represented as:

                                                     Pi = Prob (y = 1) =                        (5)

Equation (5) can be converted to:
                       
                                 logit(P(y=1|x)) = log ( =                         (6)


Where, y is the binary dependent variable, xi is the ith independent variable, and  denotes parameters to be estimated.. Further, the marginal effects is computed to estimate how the predicted probability of a binary outcome changes with a change in independent variables, which makes the result more interpretable [42]. The marginal is computed as:

                                        MEi =  =  × Pi × (1-Pi)                                     (7)
 
where σ is the standard deviation of the error term. 

4. Results and discussion
[bookmark: _Toc86094681]
4.1. NDVI images results
Figure 2 represents the grayscale NDVI images for the year 2013 and 2022, depicting the extent of vegetation at each respective time. In the first two images, white areas indicate areas with healthy vegetation, gray areas depict regions with little vegetation, and black areas signify the absence of vegetation. The white areas, representing vegetated regions, exhibit a stronger near-infrared reflectance. The NDVI value ranged from 0.048 (indicating area devoid of vegetation) to 0.648 (indicating areas with healthy vegetation) for the 2013 image and 0.135 to 0.82 for the 2022 NDVI image. Comparing the two images, the areas with black color are visibly more in NDVI image 2022 than in NDVI image 2013, which indicates lower vegetation and higher bare soil in 2022.  To highlight subtle details, both NDVI images were colored as shown in the Figure below. The yellowish color areas, representing lower vegetation and higher bare land, are noticeably more prominent in the 2022 NDVI map. Additionally, the bluish-colored areas, indicating natural, healthy and dense vegetation, are more prevalent in the 2022 NDVI map, suggesting an increase in such vegetation over the nine years period.
[bookmark: _Toc86094980][image: ]
[bookmark: _Toc86094682]Figure 2. NDVI in Grey-scale and colored-scale

4.1.1 Reclassification of Rater data based on NDVI values
The results in Figure 3 show that the dominant light green color represents agricultural land and the dark green represents the natural vegetation. The brown color shows bare land. The red color represents human settlement while the yellow color represents non-farm use of land which includes roads, brick kilns, soil extraction sites, gas plants, and the like. The threshold value of each class is different for two years. The value of NDVI indicates that the rater data with values less than 0.241 represent non-farm use of land, values less than 0.342 represent human settlement, values less than 0.371 represent bare land, values less than 0.510 represent agricultural lands, and values less than or equal to 0.78 represent natural vegetation for the year 2013. Similarly, the value of NDVI indicates that the rater data with values less than 0.33 represent non-farm use of land, values less than 0.5 represent human settlement, values less than 0.57 represent bare land, values less than 0.65 represent agricultural lands, and values less than or equal to 0.82 represent natural vegetation for the year 2022, given in Table 1. The yellow cover representing non-farm use of land is more prominent for the LULC map of 2022. Additionally, the natural vegetation seems to have increased in 2022 compared to 2013 as shown by the land use land cover map of 2013 and 2022.
[image: ]
[bookmark: _Toc86094981]Figure 3. Land use classification map for the years 2022 and 2013.
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4.1.2 Land cover maps and accuracy assessment
The classified maps are not useful without quantitative statements and accuracy assessment. The accuracy assessment process using confuse matrix on the land cover maps is given in Table 4. It was found that the overall accuracy of the land cover maps was 84% and 84.33% for the years 2013 and 2022 respectively. The kappa coefficient for land cover maps were 0.79 and 0.80 for the years 2013 and 2022 respectively.  The image classification is considered correct if the outcomes of the confusion matrix calculation are greater than or equal to 80% [43], thus the classification results have met the requirements.

[bookmark: _Toc86094716]Table 4. Accuracy assessment of classified maps for 2013 and 2022
	Land cover classes
	Land Cover Map 2013
	
	Land Cover Map 2022

	
	UA%
	PA%
	
	UA%
	PA%

	Non-farm use
	85.7
	85.7
	
	71.2
	100

	Human settlement 
	73.1
	95.0
	
	83.1
	98.5

	Bare land
	91.7
	73.3
	
	86.6
	79.5

	Agricultural land
	84.8
	90.3
	
	81.8
	73.5

	Natural vegetation
	93.3
	70.0
	
	96.7
	76.3

	Overall accuracy %
	84.0
	
	84.3

	Kappa coefficient 
	0.79
	
	0.80


Note: UA and PA denote the user’s accuracy and the producer’s accuracy, respectively.
[bookmark: _Toc86094684]
4.1.3 Land cover change pattern
The area of individual and change statistics from the reclassification technique for the two years are summarized in Table 5 below. The results show that in the year 2013, the area of agricultural land was 3820.33 ha, bare land 912.37 ha, human settlement 3186.58 ha, natural vegetation 930.96 ha and non-farm use of land 1001.48 ha respectively. By 2022, the agricultural land has decreased to 1517.38 ha, bare land increased to 1837.67 ha, human settlement decreased to 2684.28 ha, natural vegetation increased to 1878.13 ha and non-farm use of land increased and reached 1934.25 ha respectively. 

[bookmark: _Toc86094717]Table 5. Land-use change matrix and area in hectare during 2013 and 2022
	
	
	2013 Land Use
	

	
	Land cover classes
	Agriculture
	Bare land
	Human settlement
	Natural vegetation
	Non-farm use
	Area in 2022 (ha)

	2022 Land Use
	Agriculture
	1065.11
	147.06
	179.82
	108.90
	16.50
	[bookmark: _Hlk133166862]1517.38

	
	Bare land
	914.00
	277.77
	569.57
	20.16
	56.19
	1837.67

	
	Human settlement
	604.89
	326.53
	1450.99
	8.39
	293.48
	2684.28

	
	Natural vegetation
	1034.21
	28.53
	22.96
	790.18
	2.25
	1878.13

	
	Non-farm use
	202.13
	132.49
	963.24
	3.33
	633.06
	1934.25

	
	Area in 2013 (ha)
	3820.33
	912.37
	3186.58
	930.96
	1001.48
	9851.72

	
	Area changes (ha)
	-2302.95
	925.3
	-502.3
	948.13
	932.77
	

	
	Area change %
	-60.28
	101.42
	-15.76
	101.84
	93.14
	

	
	Average rate of change (ha/yr.)
	-255.83
	102.8
	-55.81
	105.35
	103.64
	

	
	Average rate of change %
	-6.70
	11.27
	-1.75
	11.32
	10.35
	



From Table 5, it can be observed that there is a significant increase in the area of natural vegetation (958.13 ha), bare land (925.3ha) and the non-farm use of land (932.77 ha) between 2013 and 2022.  The increase in the area of natural vegetation and bare land has occurred mainly due to the transformation of agricultural land areas into such areas as a result of the abandonment of farming practices. Such a phenomenon has been rising, especially, in the mid-hills of Nepal. The report by  DFRS [44] showed a rising trend in the forest areas of Nepal. The abandonment of cultivated lands, due to the migration of the population from upland to low land, which has transformed into vegetation cover, led to an increase in forest area [45]. 

[bookmark: _Toc86094983]The area of non-farm use of land has increased by 93.14%% until 2022 at the rate of 10.35% per year while that of agricultural land has decreased by 60.28%% at the rate of 6.70%% per year. Around 202.13 ha of agricultural land has been converted for non-farm use by 2022. Uddin, Shrestha [31] demonstrated a rapid increase in the urban area of Nepal between 1978/79 and 2010 which was clarified by the satellite-based study of urban growth in Kathmandu Valley between 1991 and 2010 and model-based prediction up to 2050 [46]. The study by Francis, Hansen [47] concluded a continuous conversion of farmland to non-agricultural uses thereby threatening agricultural production capacity. Furthermore, there is a contraction of agricultural land in hilly areas of Nepal as confirmed by Maharjan, Kochhar [48].

 
Figure 4. Land use change between the years 2013 and 2022

The area of human settlement has decreased by 15.76% at the rate of 1.75% per year. This might be the aftermath of the earthquake of 2015 which led to the abandonment of settlements, as illustrated as the secondary effect of an earthquake by Davis, Coningham [49]. Mostly, the human settlement area (994.24 ha) has been converted to non-farm use by 2022 followed by bare land. The outcomes might be the consequences of the devastating earthquake of 2015 destroying several traditional houses and settlement areas and shifting people’s attention towards more urban use of available land or abandonment of such areas. 

Some land area of non-farm use (16.50 ha) has been converted to agricultural land which might be due to the non-renewal policy of the municipality for brick kilns which started operating after 2015. The area of land under different classes in the years 2013 and 2022 can be seen in Figure 4.
[bookmark: _Toc86094698]
4.2. Econometric results: Determinants of farmers’ decision for ALC
The results from the logistic regression model showing the factors shaping farmers’ decisions to convert their agricultural land to non-farm use are presented in Table 6. 
The log-likelihood ratio was -50.229 and LR chi2 (12) was 123.51 for the model and was found statistically significant at 1% level implying that the model has good explanatory power. The Pseudo R2 value was 0.55. 
The results showed that among socio-economic variables, the gender of household head and land proportion (land rented/land owned) was found significant at 10% level keeping all other factors constant. The negative coefficient of the gender of the household head reveals that the probability of ALC decreases by 39.8% for the male-headed household. The household head is the main decision-maker regarding the use of the property. The decision of buying and selling land mostly rests with the household head, i.e. husband and family with its household head engaged in agriculture might not consider changing his way of life and transforming farming land for alternative uses. However, Tran, Nguyen [50] reported that the willingness to support land cover was significantly higher among male respondents. 
The negative coefficient of land proportion (land rented/land owned) reveals that the probability of ALC decreases by 15.3% if the rent-in land increases by one unit. The purpose of renting land for agriculture is to increase farm size thereby pursuing agricultural activities to continue in the future as well. Renting-in land might enable farmers to diversify crops and increase agricultural income. The unwillingness of farmers to land conversion with a higher proportion of rented land compared to total land owned might be due to satisfaction and sufficiency from vegetable production. On the other hand, the farmer with greater landholdings might consider alternate use of some plots of land for greater economic gains without changing their farming profession. However, the size of landholdings has been found to have both positive and negative influences on land use.  Lack of capitalization, higher economic cost of land and difficulty in renting the small farm size may consequently lead to urbanization with intense pressure on such land for urban use [51], but may discourage consumption of such land for real estate purpose due to diseconomies of scale [52] and vice versa. Arnáez, Lana-Renault [53] found that unfavorable conditions for the mechanization of small plots of land lead to abandonment or conversion to other use. Conversely, larger farm sizes are efficient in agriculture production and crop diversification which discourages its consumption for other uses [54]. 

In the case of vegetable production, the percentage of family income from vegetable production was found statistically significant at 1% level. The negative coefficient of the percentage of farm income from vegetable production indicates that the probability of agricultural land conversion decreases by 1.4% if the percentage of family income from vegetable production is increased by one unit. Low profitability of agriculture might be an appealing push factor for selling agricultural land or converting it into urban uses. But with the increase in income from agriculture, the tendency to convert land might shift. One of the major outcomes of the focus group discussion revealed that aggregate income from agriculture drives farmers’ decisions on land use. Similar findings have been reported by Allahyari, Poshtiban [55]. They explained that the economic factors such as high cost of production, low price of agricultural products and consequently low income of rural farmers and high non-agricultural income were appealing grounds for land use change. 

Table 6. Factors affecting farmers’ decision on agricultural land-use change 
	Variables
	Coefficient
	Standard
Error
	dy/dx
	Standard Error

	Gender of HH (1=Male, 0=Female)
	-1.941*
	0.995
	-0.398
	0.230

	Schooling of HH (years)
	0.097
	0.09
	0.015
	0.015

	Economically active family members
	0.40
	0.257
	0.063
	0.044

	Non-farm income (NRs. In ‘000)
	-0.003
	0.002
	-0.0004
	0.000

	Land proportion (Land rented/land owned)
	-0.965*
	0.506
	-0.153
	0.077

	Percent of family income from veg prod (%)
	-0.089***
	0.024
	-0.014
	0.005

	Veg crop per year
	-0.276
	0.245
	-0.044
	0.038

	Cost of production per Ropani (NRs. In ‘000)
	-0.011
	0.017
	-0.002
	0.003

	Access to training (1=Yes, 0=No)
	-1.583
	1.256
	-0.177
	0.094

	Farm distance to nearest non-farm firm (km)
	-4.887**
	2.402
	-0.774
	0.353

	Farm distance from nearby roads (meters)
	-2.374
	2.315
	-0.376
	0.383

	Proposal received to sell or rent land (1=received, 0= not received)
	.959*
	0.563
	0.162
	0.105

	Constant
	7.778***
	2.03
	
	

	Log-likelihood
	-50.229
	
	
	

	LR  χ2 (12)
	123.51
	
	
	

	Prob> χ2
	0.0000
	
	
	

	Pseudo R2
	0.5515
	
	
	

	Number of observations
	171
	
	
	



The proximity variable, i.e., distance to the nearest non-farm firm was statistically significant at 5% level while farm distance from nearby road was statistically non-significant at 10% level. The negative coefficient of distance to the nearest non-farm firm reveals that the probability of ALC increases by 77.4% if the farm distance to the nearest non-farm firm decreases by one unit.  Agricultural land nearer to urban land use has a higher sale and rental value. This monetary incentive might be the prime driving factor for land-use change. This result is in line with the study of Sharami, MoShiRi [56], which mentioned that the proximity to urban land use and people’s perception of such positional advantage is the most significant cause of rural land-use change.

Similarly, the variable proposal received to sell or rent land was found statistically significant at 10% level. The positive coefficient indicates that receiving the proposal for selling or renting the land for non-farm use increases the probability of ALC by 16.2%. The household receiving a proposal for selling or renting their land for urban uses might become aware of their land valuation for such uses and comparing the benefit of alternative use of land with agricultural use, farmers might consider land use change.
 

5. Conclusion
The urban and peri-urban use of vast swaths of agrarian land has encroached the productive agricultural land, causing its decline. The abandonment of farming land is another reason for the decline in fertile agricultural land. The areas of land with natural vegetation have been rising, nevertheless. The land use pattern shifting from agriculture to non-agriculture use may worsen in the future as farmers are becoming reluctant to the farming profession and are considering transforming their farmland for alternative use with a higher economic return. The farmers’ decisions on the future use of their farmland are influenced by the socio-economic and proximate attributes. While receiving proposals for non-farm uses of farmland and location of land are tempting to farmers, the size of land holdings and income from agrarian operations are forcing farmers to convert their land. 

Land conversion is inevitable as a result of economic development, but proper management and planning, it may possible to find an alternate, sustainable use for the land that preserves agriculture at the rural-urban interface. The land use policy 2015, introduced to guarantee food security, environment-friendly development works, secure human settlement, and plan urbanization encompassing sustainable and inclusive economic boost up, considers a particular way forward for land management all over the country, while the trend, rate, and causes of land conversion vary from place to place. Therefore, the land use policy needs to be amended to account for place and requirements. Additionally, by limiting build-up areas to unfertile land, local governments should firmly execute agricultural land management strategies. The agricultural policy should address the current needs of farmers and extensively promote agricultural practices that lower the cost of production. The government at all levels should coordinate their efforts to make agriculture a lucrative profession through effective market management, thereby improving farmers’ quality of life.  

Overall, the study finds that as a result of low economic return from agricultural use and location of land, which delineates its higher land use valuation, there is a rising trend in land conversion in peri-urban areas, consequently leading to a decline fertile land for agrarian use. However, land conversion is a complex in nature influenced by socio-economic, political, proximity, policies and several other attributes of the society, and findings of this study may not be equally valid for other regions due to its limited geographical focus. Therefore, further research is warranted incorporating larger areas along with a greater number of respondents to comprehend this issue. Future research in this area should focus on various internal and external factors that contribute to land use change, with adequate data to generalize the trends, rates and determinants of land conversion across the nation.
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