Cities need to modify and/or adapt their urban form, the distribution and
location of services and learn how to handle the increasing complexity to face
the most pressing challenges of this century. The scientific community is
working in order to minimise negative effects on the environment, social and
economic issues and people’s health. The three issues of the 14th volume will
collect articles concerning the topics addressed in 2020 and also the effects
on the urban areas related to the spread Covid-19 pandemic.
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Abstract

Major factors driving agricultural land use in Malaysia were characterized with Principal Component Analysis
(PCA). Discrete variables assumed to drive agricultural land use were converted into spatial data. Vector
data subsequently obtained from these conversions were later rasterized before being disaggregated. ASCII
data of each of the disaggregated was derived using ArcGIS 10.3.1. A MatLab program was thereafter used
to convert the ASCII data into vector column where systematic sampling was performed after Moran I test
to select the samples for PCA analysis in SPSS/IBM version 23. The result of the PCA analysis finally
aggregated variables driving agricultural land use into: urbanization, availability, ageing and cross sectoral
mobility of labour, geophysical, accessibility, and climatic factors. These factors explained about 88 % of
the cause of agricultural land use in the study area. The proposed transition of Malaysia to a high income
nation will no doubt put additional pressures on the identified drivers (factors) of the agricultural land use,
therefore, it is expected that the policy makers put in place measures that will minimize environmental
effects of these pressures in order to make the proposed transition sustainable.
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1. Introduction

Land use and land use change (LULUC) is one of the manners by which mankind influences the natural
landscape (Hu et al., 2019; World Bank, 2008; Lechesten et al., 2005) and the processes have been linked to
the human socio — economic activities (FAO, 1996; Kleemann et al., 2017; Marchant, 2018; Ding, & Giil, 2021)
with implications on food, water and energy security (IPBES, 2019; Naschen et al., 2019); urban spatial
structure (Nuissl et al., 2021) biodiversity loss (Kuemmerle et al., 2016), climatic change (Zucaro & Morosini,
2018) and direct impacts on oceans, terrestrial and freshwater ecosystems (IPBES, 2019; Naschen et al.,
2019). Several attempts have been made by researchers to identify the drivers and the dynamics of land use
processes with the use of different methodologies and models (Huang et al., 2007; Vasco and Eric, 2010;
Qasim et al. 2013), the attempts have not generated specific model that will be suitable for and in all situations
(Verburg et al., 2004; Leta et al., 2021). Generally, models of land use change serve as useful tool for assessing
the mechanisms (Veldkamp and Fresco, 1999); identifying the drivers (Batty and Longley, 1994; Alexander et
al., 2015; Hu et al., 2019); projecting the impacts of land use change (Theobald et al., 1997) and evaluating
the effects of alternative policies and management opportunities (Bockstael, 1996; Verburg et al., 2004) due
to land use change.

1.1 Models in land use change analysis

Generally land use models are useful for selection of specific drivers (independent variables) for a particular
land use class (dependent variable) at a specific scale from several hypothetical driving factors (Kok and
Veldkamp, 2000; Verburg et al., 2004). Therefore, the choice of a particular methodology is dependent on
what research questions to be answered, the available data and the application of the research outcome
(Nelson, 2002; Wester - Herber 2004). Previous researches on land use and land use change analysis have
focused on assessment of drivers (Alexander et al., 2015; Wang et al., 2016) and effects of LULUC on climate
change (Lambin et al., 2001) soil erosion 11, biodiversity loss (Lambin et al., 2003), food security (Lambin et
al., 2003), public health (Shi et al., 2018) and urban spatial structures (Nuissl et al., 2021). However, in this
study, attempts were made to describe and validate the methodologies involved in the use of Pricncipal
Component Analysis (PCA) for identifying and characerizing important factors driving agricultural land use in
the study area with a view to gaining deeper understanding of the process, the drivers, the dynamics and the
potential implications for attaining sustainable development in the study area.

1.2 Application of Pricncipal Component Analysis (PCA) in environmental analysis

PCA is a simple and non-parametric test that has been applied over a century (Hotelling, 1933; Pearson, 1901),
on socio - economic (Lordan et al., 2012; Nyaga & Doppler, 2009; Fujii, 2008); geophysical datasets
(Hassanzadeh et al., 2016; Parker et al. 2013) and environmental datasets (Hassanzadeh et al., 2016) aside
the conventional regression analyses, to characterize, model (Jobson, 2002; Jolliffe, 2002; Legendre &
Legendre, 1998; Jongman et al., 1995); classify (Cochard-Picon et al., 2012; Jayawardana et al., 2012;
Richards et al., 2012) and identify hidden structure/dimension in a dataset (Hassanzadeh et al., 2016; Lordan
et al., 2012). PCA is series of linear regressions where a vector line is drawn through an n - dimensional
dataset such that the sum — of - squares (n-dimensional) distances from the line to all the points in the dataset
are minimal (Jolliffe, 2002) thus significantly reducing the number of dimensions in the dataset before using
the datasets for further analysis. The decision of the numbers of components to retain are usually guided by
the scree (or broken-stick) test; Kaiser’s rule (that eigenvalues should be greater than 1), and the principle
that components should explain at least 70 — 80% of the retained variance (Jackson, 1993).

A scree plot helped to determine the maximum number of factors (usually indicated by the point before the
eigenvalues plot flattens out) that can be extracted from a dataset. While communalities measured the
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percentage variability in a data and it is regarded as high when its value is greater than 0.8 (Velicer & Fava,
1998); moderate when 0.7; low when 0.4 and considered not related when less than 0.4 (Costello & Osborne,
2005). Thus, factor loading threshold is 0.4 (Costello & Osborne, 2005) and the criteria used in differentiating
between different component (drivers of agricultural land use) is Kaiser’s rule which involves retention of any
component whose eigenvalue is greater than 1 (Wiktorowicz, 2016). Correction for spatial auto - correlation
is an important procedure in land use change analysis because spatially - autocorrelated data contradicts the
assumption of independence between data points (Anselin, 2002; Millington et al., 2007) and can undermine
the power of the regression coefficients (Kok & Veldkamp, 2001; Chou, 1991).

Like several other statistical techniques, PCA, has limitation of being affected by variable scaling thus automatic
data normalization is a required operation before conducting PCA (Abdi & Williams, 2010). Secondly, PCA
results could be misleading particularly where the data contain outliers (Sapra, 2010). Essentially, the conduct
of PCA becomes necessary where large number of variables exist and for initial reduction in dimensionality of
the datasets before further statistical analysis are conducted (Johnstone & Lu, 2009).

2. Methodology

2.1 Study area

Selangor is one of the 13 states that constitute Malaysia. Selangor is located between latitudes 2.580N and
3.830N and longitudes 101.170E and 102.000E covering about 8000 square kilometers (Fig. 1). The average
daily temperature of the state ranges between 210C to 320C while the mean relative humidity is above 80%
(Jasim et al., 2013; Suhaila & Deni, 2010). Of the 13 states in Malaysia, Selangor is the most populous (Fig.
2), most urbanized (Fig. 3) and the richest state (Fig. 4) (Alias et al., 2010). Agricultural sector has contributed
significantly to the economic development of the state (Alias et al., 2010; Abdullah and Nakaghozi, 2007).
Despite the economic transformation of the state, agricultural sector still remained important in the production
of food for the growing population (EoN, 2010) and major source of economic stability to Malaysia during the
global economic meltdown thus making the sector a major cause of land use change in Malaysia (Abdullah &
Hezri, 2008; Abdullah & Nakaghozi, 2007).
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Population by states in Malaysia
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2.2 Data sources

In conducting this study, it was assumed that the agricultural land use is mainly driven by economic decision
(McMorrow and Talip, 2001) therefore locations with low slope, moderate elevation and good soils (Mdiller et
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al., 2009; Ioffe et al., 2004) are the most preferred location for agricultural land use (Olaniyi et al., 2013).
Climatic factors such as relative humidity, rainfall, temperature and numbers of raining days that are likely to
influence agricultural land use were equally selected into the model (Tab.1) (Ge et al., 2008).

Geophysical data derivation

The slope data for the study area were derived from the 1:50,000 contour data using ArcGIS 10.3.1 software
and were then converted into a multilayer binary raster data of size 300m (Deng, 2011) to represent the
spatial distribution of the landforms (Deng et al., 2006).

Since these data were in form of point, second order inverse distance weightings (IDW) was used to interpolate
them to produce a spatial elevation and slope data for the study area (Miiller et al., 2008).

The slope data produced by this method is continuous and was reclassified to several classes (Fig. 5a — 5c)
that have been used in related studies (Vasco & Eric, 2010; JUPEM, 2010).

Climatic data

Climatic data such as average annual relative humidity, minimum, maximum, average temperatures and the
number of raining days were used to indicate the effects of climate on agricultural land use in the study area
(Backlund et al., 2008; Deng et al., 2006).

Kriging spatial interpolation algorithm was used to calculate the value of the variables on each grid before it
is imported into the model as parameters (Fig. 5d. — Fig. 5i.) (Deng, 2011). Available evidence from literatures
suggest that IDW was the best method for slope interpolation whereas kriging and spline were preferred for
climatic dataset because IDW assumes that each measured point has an influence that diminishes with
distance (distance decay influence).

However, several studies indicated better performance of kriging over IDW in point estimates (Nusret & Dug,
2009).
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Socioeconomic factors

Socioeconomic variables applied in this study were age category, housing density, urban work force, rural
work force, agricultural GDP and non-agricultural GDP.

The socioeconomic variables were disaggregated into district levels. Spline interpolation algorithm (Muller &
Zeller, 2002) was employed to convert socio — economic data into a 300m grid cells (Zhuang et al., 2002; Gao
& Deng, 2002; Deng et al., 2008).

Spline interpolation was used for spatializing the socio - economic dataset because of the need to retain the
observed measurements at points where they were measured (Deng, 2011).

Effects of accessibilities on agricultural land use in this study area were determined by estimating the densities
of each mean of transportation (road, rail and river) within each grid cell (Simone et al., 2010; Dai et al.,
2005). This was done by estimating the road, rail, and river lengths per square grid cell to obtain road, rail
and river densities respectively (Simone et al., 2010; Deng et al., 2008).

All these were digitized from 1:50,000 topographic maps with the ArcMap module of ArcGIS 10.3.1

The impact of urbanization as a proxy for availability of labour and market for agricultural produce was
estimated using housing, population densities per grid cell, road densities and percentage urban population.
The agricultural productivity in this study area was estimated using spatial distribution of agricultural and non
- agricultural GDP.

These variables were estimated from the amount of available labour per unit cell in the rural and or in urban
location with assumption of zero mobility of labour and locational productivity of labour. The values were then
interpolated using IDW method (Fig.5j — Fig.5v) (Olaniyi et al., 2012). All data were resampled to grid size
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(300m) to make them have common spatial extent and resolutions (Huang et al., 2007) thus resulting in
206,736 pixels per disaggregated variable.

2.3 Data preparation for statistical analysis

Conversion of ASCII data into vector columns

The raster format of each variable used in this study was converted into ASCII format. The matrix — based
ASCII data were converted to vector column using a code written in matlab program. The total number of
columns in this file equalled to the sum of all variables hypothesized to influence agricultural land use (Luijten
et al., 2006).

Spatial autocorrelation test

Spatial autocorrelation is a metric used to describe and compare the structure of a spatial dataset (Niu et al.,
2018; Hu et al., 2021). Correcting problem due to spatial autocorrelation is an important operation in spatial
analysis (Hu et al., 2019; Griffith, 2003; Anselin, 2001) because spatial autocorrelation contradicts the
assumption of independence between data points (Millington et al. 2007; Anselin, 2002; Munroe et al. 2002;
Lennon, 2000); leads to underestimation of uncertainty thus undermining the power of regression coefficients
(Griffith, 2003; Wikle, 2003; Ver Hoef et al. 2001; Kok & Veldkamp, 2001; Chou, 1991; Anselin & Griffith,
1988). Therefore, spatial autocorrelation was conducted in this study with the use of Moran's I test (Millington
et al. 2007; De Pinto and Nelson, 2002; Cliff & Ord, 1973) to indicate locations (and this (above twenty eight
pixels where samples were selected by systematic sampling techniques (Prishchepov et al., 2013; Millington
et al. 2007).

Spatial sampling

After Moran I test (which assist to detect location where samples are to be picked; such as to eliminate spatial
autocorrelation), a systematic sampling technique implemented in matLab software was used to select 68,962
pixels from the available 206,736 pixels from both the dependent and independent variables (Prishchepov et
al. 2013; Prishchepov et al. 2011). The samples selected represented 30% of the available total number of
pixels (Prishchepov et al. 2013; Millington et al. 2007; Verburg et al. 2002). This sampling technique and size
was equally applied by Prishchepov et al. 2011 who picked 132,015 (0.25%) samples from 52million pixels in
their studies (Prishchepov et al. 2013; Millington et al. 2007; Verburg et al., 2004; Cheng & Masser, 2003; De
Pinto & Nelson, 2002; Muller & Zeller, 2002; Carmel et al. 2001; Overmars, 2000).

Disaggregation of hypothesized drivers of agricultural land use

The factors hypothesized to drive agricultural land use applied in this study were spatially explicitly
disaggregated into 88 (Tab.1). Xie et al., (2005); Easterly et al., (2003); Brumm et al., (2003); Burnside and
Dollar, (2000) have also utilized large variables in similar studies. Of these 88 hypothesized drivers of
agricultural land use, Hierarchical Partitioning (HP) statistics was used to rank variables according to their
predictive power on the dependent agricultural land use (Millington et al., 2007; Aspinal, 2002).

2.4 Data analysis

Correlation coefficients
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In land use change analysis, independence between predictor variables is an important criterion for the
application of statistical method. Independence (frequency tables and measures of association) of variables
hypothesized to drive agricultural land use was assessed using descriptive statistics (Gobin et al., 2002). This
procedure is important to remove redundant datasets (Goetzke et al., 2008; Millington et al., 2007; Menard,
2002) thus, highly correlated variables were rather retained.

Factor analysis

Factor analysis, was performed with the use of principal component analysis (PCA) in order to identify specific
dimension in the independent variable (IVs) (Cu Van Pham et al., 2009; Demirci et al., 2006; Agilent
Technologies, 2005) using varimax rotation so as to differentiate IVs by factors and to obtain maximum
variance (Cu Van Pham et al., 2009). The criterion used in retaining variable was component having
eigenvalues greater than 1 - Kaiser’s rule.

IVs Level of measurement Unit of measurement References

Age above 64

1 " 2-3 Olaniyi et al. 2012
" 4-5 Olaniyi et al. 2012
" 6-7 Olaniyi et al. 2012
Age 15 to 64
4 " 56 — 60 Olaniyi et al. 2012
" 61 — 65 Olaniyi et al. 2012
6 " 66 — 70 Olaniyi et al. 2012
Age 0 to 14
" 29 -33 Olaniyi et al. 2012
" 34-38 Olaniyi et al. 2012
" 39-43 Olaniyi et al. 2012
Housing Density
10 " 12 -107 Olaniyi et al. 2012
11 " 107 - 202 Olaniyi et al. 2012
12 " 202 - 296 Olaniyi et al. 2012
Rural Work Force
13 " 0-23 Verburg & Chen, 2000
14 " 24 — 47 Verburg & Chen, 2000
15 " 48 - 71 Verburg & Chen, 2000
Urban Work Force
16 " 0-21 Deng, 2011
17 " 22 -43 Deng, 2011
18 " 44 - 65 Deng, 2011
Population Density
19 " 100 - 500 Deng, 2011
20 " 501 - 900 Kok & Veldkamp 2001
21 " 901 - 1,300 Kok & Veldkamp 2001
Percent Urban Population
22 " 0-31 Deng, 2011
23 " 32-63 Kok & Veldkamp 2001
24 " 64 — 95 Kok & Veldkamp 2001
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Percent Rural Population

25 " 0-38 Verburg & Chen, 2000

26 " 39-77 Verburg & Chen, 2000

27 " 78 - 116 Verburg & Chen, 2000
Distance to Major Rail

28 " 0-4.0 Deng, 2011

29 " 4.1-8.0 Deng, 2011

30 " 8.1-12.0 Deng, 2011

31 " 12.1-16.0 Deng, 2011
Distance to Major Road

32 " 0-78 Deng, 2011

33 " 7.9-15.6 Deng, 2011

34 " 15.7-23.4 Deng, 2011

35 " 23.5-31.3 Deng, 2011
Distance to Major River

36 " 0-53 Deng, 2011

37 " 5.4-10.7 Deng, 2011

38 " 10.8 - 16.0 Deng, 2011

39 16.1-21.4 Deng, 2011
Distance to Minor Road

40 " 0-1.6 Deng, 2011

41 " 1.7-3.2 Deng, 2011

42 " 3.3-4.38 Deng, 2011

49-6.5 Deng, 2011

Total rain (mm)

43 " 1,900 Kok & Veldkamp 2001

44 " 2,435 Kok & Veldkamp 2001

45 " 2,972 Kok & Veldkamp 2001

46 " 3,510 Kok & Veldkamp 2001
Terrclass

47 " 1 Deng, 2011

48 " 2 Deng, 2011

49 " 3 Deng, 2011

50 " 4 Deng, 2011

51 " 5 Deng, 2011
Soil Group

52 " 1 Deng, 2011

53 " 2 Deng, 2011

54 " 3 Deng, 2011

55 " 4 Deng, 2011

56 " 5 Deng, 2011
Soil Suitability Classes

57 " 1 Verburg & Chen, 2000

58 " 2 Verburg & Chen, 2000

59 " 3 Verburg & Chen, 2000

60 " 4 Verburg & Chen, 2000
Slope Class

61 " 1 Mottet et al. 2006

62 " 2 Mottet et al. 2006

63 " 3 Mottet et al. 2006

64 " 4 Mottet et al. 2006
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65 " 5 Mottet et al. 2006

66 " 6 Mottet et al. 2006
Relative Humidity (%)

67 " 79 Verburg & Chen, 2000

68 " 80 Verburg & Chen, 2000

69 " 81 Verburg & Chen, 2000

70 " 82 Verburg & Chen, 2000
Average Temperature °C

71 " 27 Verburg & Chen, 2000

72 " 28 Verburg & Chen, 2000

Elevation Class

73 " 1 Vasco and Eric, 2010
74 " 2 Vasco and Eric, 2010;
75 " 3 Vasco and Eric, 2010
76 " 4 Vasco and Eric, 2010
77 " 5 Vasco and Eric, 2010
78 " 6 Vasco and Eric, 2010
" 7 Vasco and Eric, 2010
Maximum Temperature °C
79 " 32 Serra et al. 2008
80 " 33 Serra et al. 2008
Minimum Temperature °C
81 " 23 Serra et al. 2008
82 " 24 Serra et al. 2008
83 " 25 Verburg & Chen, 2000
NORDs(days/mth)
84 " 13 Kok & Veldkamp 2001
85 " 15 Kok & Veldkamp 2001
86 " 18 Kok & Veldkamp 2001
87 " 20 Kok & Veldkamp 2001
88 " 23 Kok & Veldkamp 2001
Spatial Effects Every 30t Every 30t Muller and Zeller, 2002

NORDs: Number of Raining Days; Max Temp: Maximum Temperature; Min Temp : Minimum Temperature
Tab.1 Hypothesized drivers of agricultural land use in Selangor

3. Findings

The result on Tab.1 showed the hypothesized drivers of agricultural land use in the study area. From the table,
about 27 potential factors driving agricultural land use were selected into the study. These 27 hypothesized
variables were later disaggregated into 89 (Tab.1).

From the 89 variables, hierarchical partitioning test selected and identified 26 most significant variables
influencing agricultural land use in the study area. The descriptive statistics of the 27 significant variables were
presented on Tab.2.

The PCA extracted 7 principal components which explained 88.1 % of the agricultural land use in the study
area (Tab.3 and 4). PC 1, explained 33.3 % of the variance, with loadings between 0.679 and 0.892. This
component indicated influence of urbanization on agricultural land use (Tab.3 and 4).

PC 2 showed impacts of availability of farm labour with highest loading being 0.825 and least being 0.531.
This factor explains 21.2% of the total variation (Tab.3 and 4). PC 3 is highly correlated with three variables
representing ageing of the farm labour with highest loading being 0.844 and least being 0.709.
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This factor explained 12.2% of the driving forces behind agricultural land use (Tab.3 and 4). The component
4 indicated the transfer/release of labour from the agricultural sector to the industrial sector. This factor
explained 7.3% of the reason behind agricultural land use with loading varying from 0.766 to 0.867 (Tab.3
and 4).

PC 5 is a factor that can be used to represent the effects of geophysical factors in agricultural land use. This
factor was captured by elevation, terrain and slope class.

This factor explained 5.8% of the total variation of the original data (Tab.3 and 4)with loading between 0.705
to 0.851. PC 6 indicated importance of accessibility on agricultural land use.

This factor explains 4.4% of the total variance and it was captured by distance to minor road, distance to
major road and distance to major river (Tab.3 and 4). PC 7 can be used to describe the effects of climate
variables on agricultural land use in the study area. This factor explained 4.0% variation in agricultural land
use (Tab.3 and 4) with variables such as maximum temperature, total rainfall and relative humidity being most
important variables.

S/No IVs Min Max Mean Std Dev
1 age above 64 2 5 4 1
2 age 0 to 14 29 40 37 3
3 average Temp 27 28 27.89 0.84
4 dep ratio 5 8 7 1
5 ds2majral 0 75,240 21,473.9 15,802.7
6 ds2maijrd 0 89,120.2 35,056.2 20,048.2
7 ds2minrd 0 73899.9 12,813.2 15,719.2
8 ds2majrv 0 63,488 11,562 13,654
9 elevation 1 9 6.97 3.05
10 age 15 to 64 56 68 59 4
11 housing density 12 296 67 77
12 maxtemp 32.3 35.6 33.6 0.71
13 mintemp 23 25 22.3 0.69
14 NORDs 13 23 18.8 4.8
15 percent rural 7.1 100 58.9 3
16 percent urban 0 92.9 40.8 34.7
17 pop density 100 1,400 300 40
18 rel.humidity 79 82 81.98 0.89
19 rural GDP 49 194 109 37
20 Ruralwkfc 4 59 33 20
21 Slope 1 4 2.3 1.42
22 soil class 1 5 3.43 1.33
23 soil suitability 1 4 2.29 1.31
24 Terrain 1 5 3.45 1.32
25 total rain 1,360 3,510 2,489 6.74
26 urban GDP 0 8,935 1,282.4 2,606.2
27 Urbanwkfc 0 64 26 23

Average temp: average temperature; dep ratio: dependency ratio; ds2majral: distance to major rail; ds2majrd: distance to major road;
ds2minrd: distance to minor road; ds2majrv: distance to major river; NORDs: number of raining days; pop density: population density; rel
humidity: relative humidity; ruralwkfc: rural work force; rural GDP: rural gross domestic product; urban GDP: urban gross domestic
product; urban wkfc: urban work force.min: minimum; max : maximum; std dev: standard deviation

Tab. 2 Summary of the hypothesized drivers of agricultural land use
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Total Variance Explained

Extraction Sums of

Rotation Sums of Squared

Initial Eigenvalues Squared Loadings Loadings
% of  Cumulative % of Cumulative % of  Cumulative
Component Total Variance % Total Variance % Total Variance %
1 8.665 33.327 33.327 8.665 33.327 33327 7.154 27.516 27.516
2 5499 21.151 54478 5.499 21.151 54478 3.967 15.258 42.775
3 3.178  12.222 66.700 3.178 12.222 66.700 2.787 10.718 53.493
4 1.892 7.279 73.978 1.892 7.279 73.978  2.369 9.110 62.603
5 1.497 5.759 79.738 1.497 5.759 79.738  2.318 8.914 71.517
6 1.144 4.400 84.137 1.144 4.400 84.137 2.243 8.626 80.143
7 1.031 3.965 88.102 1.031 3.965 88.102 2.069  7.959 88.102
8 0.802  3.083 91.186
9 0.637  2.448 93.634
10 0.544 2.092 95.726
11 0.366 1.408 97.134
12 0.294 1.130 98.264
13 0.233  0.896 99.160
14 0.120 0.462 99.621
15 0.037 0.141 99.762
16 0.027  0.105 99.868
17 0.015  0.058 99.925
18 0.013  0.049 99.974
19 0.005  0.019 99.993
20 0.002  0.006 99.999
21 0.000 0.001 100.000
Extraction Method: Principal Component Analysis
Tab.3 Variance explained by the identified components
Rotated Component Matrix®
IVs Component
1 2 4 5 7
ds2majrd_1 0.278 -0.372 -0.202 -0.005 0.210 0.807 0.041
ds2minrd_1 -0.001 0.222 0.268 -0.009 0.165 0.772 0.132
ds2majrv_1 -0.001 0.222 0.668 -0.009 0.165 0.762 0.132
elev_3 0.388 0.083 0.531 0.118 0.851 0.214 0.567
terrclas_1 0.275 -0.034 0.453 0.343 0.773 0.125 0.785
slopeclass_2 0.562 0.461 0.212 0.407 0.717 0.224 0.249
suit_1 0.119 0.164 0.992 0.231 -0.705 0.015 0.845
ubnwkfc21_42 0.892 -0.100 0.947 -0.014 -0.08 0.132 0.169
ubnwkfc42_64 -0.881 -0.040 -0.073 0.466 0.838 0.131 0.089
ubnwkfc0_21 0.846 0.235 -0.133 -0.064 -0.073 0.016 0.107
pctubn31_62 0.805 0.540 0.582 -0.017 -0.129 0.227 0.194
popden100_500 0.799 0.177 0.316 -0.067 -0.107 0.077 0.179
hden12_107 0.679 0.177 0.316 -0.067 -0.107 0.077 0.179
rurwkfc0_33 -0.176 0.825 -0.073 0.464 0.837 -0.041 0.090
agel5to64_56_60 0.288 0.773 0.308 -0.867 -0.963 0.177 0.185
age15to6460_64 -0.119 0.723 -0.092 0.859 0.217 -0.015 0.129
age15to6464_68 -0.122 0.694 -0.007 -0.766 0.914 -0.035 -0.006
ag0to14_37_40 0.199 0.677 0.316 -0.067 -0.107 0.177 0.179
agabv64_3_4 0.160 0.635 0.844 -0.051 -0.008 0.112 0.096
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Rotated Component Matrix®

IVs Component
1 2 3 4 5 6 7

agabv64 4 5 0.287 0.603 -0.803 -0.041 -0.112 0.118 0.135

pctrur69_100 0.195 0.588 -0.709 -0.065 -0.022 -0.216 0.057

pctrur0_38 -0.180 0.531 -0.073 0.466 0.838 -0.040 0.089
maxtemp_32 0.318 -0.463 -0.142 -0.008 -0.050 0.077 -0.837
maxtemp_33 0.105 0.581 -0.079 -0.033 0.671 0.315 0.834
totalrain_2435 -0.045 -0.002 0.034 0.886 0.106 -0.161 -0.732
relhum_80 0.334 0.185 0.002 -0.045 -0.029 0.182 0.649

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization

a. Rotation converged in 8 iterations.

Tab.4 Components extracted by principal component analysis and varimax rotation method

4. Discussion

4.1 Impact of urbanization

Industrialization and urbanization are very important determinant of the rate of agricultural land conversion
into non - agricultural uses. Futhermore, high population densities might result to increase in agricultural land
use for horticultural products and animal protein which may lead to the conversion of arable farmland into
orchards and fish ponds (Olaniyi et al., 2012; Mottet et al., 2006) or lead to rural dwellers abandoning their
farmlands for more profitable and non — agricultural activities (Mazzeo & Russo, 2016; Rigg, 2006; Rigg &
Nattapoolwat, 2001).

4.2 Availability of agricultural labour

This study indicated that availability of labour for agricultural production is the most important factor in
agricultural land use in the study area accounting for 40 — 60% of the cost of production (Arshad et al., 2007).
Despite the high labour requirement in agricultural production, available agricultural labour in Malaysia has
been decreasing from 1980 till date as a result of economic transformation (Arshad et al., 2007; Vincent and
Rozali, 2005). Since 1990, the average and marginal return per labour in the agricultural sector is below what
is obtained in the other sectors, outflow of labour from agricultural to non-agricultural sectors will continued
to be experienced in Malaysian agricultural economy (Arshad et al., 2007) thus leading to observed aging of
agricultural labour (Olaniyi et al., 2011; Arshad et al., 2007; MDoA, 2003).

4.3 Ageing of farm labour

Malaysian agricultural production like every other country’s agricultural production is suffering due to ageing
of the farm labour (Hayrol Azril et al., 2009; Ezhar et al., 2007). While agricultural transformation has been
acknowledged to assist the country to achieve the expected economic growth and development to a high
income country National Transformation 2050 (2021 - 2050), ageing of the farmers would be impediments to
achieving this ambition. The ageing problem will exacerbate the rural-urban income differential. Government’s
reactions to the farmers ageing condition defer. For instance, in France and Korea, the government were
buying out ageing farmers and granting them secure lifelong pensions and thereafter attract youth
agropreneurs after farm consolidation. In Malaysia ageing of farmers has led to the reliance on migrant labor
as a source of labour.
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4.4 Cross sectoral mobility of labour

Several factors are responsible for inter sectoral mobility of labour. Geenaway et al. 2000 argued that
globalization, trade, technological changes and differences in inter sectoral returns on labour investments are
the major factors causing labour mobility. Significant agricultural transformation as a result of technological
advancement witnessed in Malaysia has led to the release of farm labour to the industrial sector due to higher
rate of return on labour in the secondary and the tertiary sectors has equally favoured the release (Bakar,
2021; World Bank, 2019). However, as land is also becoming scarce because of the government’s policy of
restraining the expansion of farmland to forest areas. There is an indication that the future of agriculture in
the country will be dependent on intensive farming (Sidique & Shaharudin, 2019).

4.5 Geophysical factors

This study has found the location of the agricultural land use to be closely related to the geo-physical condition
of the area. Elevation and slope are two important geophysical factors influencing suitability of a location for
agricultural usage. For example, Huang et al., 2007 reported a decrease of 0.50C — 0.60C in temperature and
an increase of 92mm in rainfall for every 100m increase in elevation. Also, at a higher elevation, agricultural
land use is less probable because, the difficulty of the terrain will make the agricultural activities on such land
not to be feasible (Qasim et al., 2013). Likewise, agriculture on steeper slopes and poorer soils will be more
difficult and less profitable (Bender et al., 2005; Mottet et al., 2006).

Drivers of agricultural land use include availability of suitable agricultural land (FAO, 1976). Variables used to
capture this factor in this study include soil suit_1; terrain class 1, elevation class_3 and slope class_2.
Agricultural land uses were found to be prominent on flat or relatively gentle slope. These areas are locations
where agricultural practices could be done with ease and (Qasim et al., 2013; Koulouri and Giourga 2007).
Suitable agricultural land is the land that is characterized by elevation between the range of 750m — 1000m;
slope between 0 - 150 and terrain class 1 (Qasim et al., 2013).

4.6 Accessibility

Distance to transportation infrastructures has been identified as a major driver of agricultural land use. (Deng,
2011; Vasco and Eric, 2010) since accessibility serves as the means of transportation of agricultural produce
to the local markets and inputs to the farm. Available literatures have indicated that land use is related by the
transportation systems through the movement of passengers and freights. The influence mechanism of
accessibility on land use and landscape pattern is complex and is a function of socio — economic, demographic
and cultural factors, land availability, land demand and spatial policy (Yongwei et al., 2020) and has been
linked to the land fragmentation (Yongwei et al., 2020; Kaphegyi et al., 2012) and landscape pattern.

4.7 Climatic factors

Effects of climatic factors is crop specific and dependent on the stage of growth of the crop and could be
synergistic with other non - climatic factors to produce greater impacts (Siwar et al., 2011; Anete & Amusa,
2010). In Malaysia, where temperature of most planted areas is already at the optimum range, slight
fluctuation in temperature is not likely to the affect yield but rainfall variability would limit agricultural
productivity (MMD, 2009). While, oil palm and coconut prefer warm and humid conditions (Kumar et al., 2009).
However, excessive humid condition would impact their development because of the reduction in the
transpiration ability, reduce pollination, embryo and fruit development (Kumar et al., 2009); provide suitable
condition for the spread of bud rot diseases in oil palm (Arshad et al., 2012). High temperature would diminish
rainfall, reduce soil moisture due to increase in evaporation, impair the growth of crops in non — irrigated areas
and increase the risk of pests, diseases and weeds on crops (Siwar et al., 2011; Al - Amin & Siwar, 2008).
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5. Conclusion

The drivers of agricultural land use in Selangor, Malaysia have been identified and characterized with the use
of PCA. Use of PCA as a statistical tool in this study is based on its ability to reduce and categorize the variables
into their components. Significant variables retained in the study were chosen by inspecting the components
with eigenvalues higher than the unity. The appropriateness of PCA for these datasets were determined with
Kaiser — Meyer — Olkin (KMO) and Bartlett’s tests. Kaiser-Meyer-Olkin (KMO) measure was used to test whether
the partial correlations among variables are minimal. While Bartlett's test was used to ascertain whether the
correlation matrix was an identity matrix or not. Eventually, major drivers of agricultural land use that were
identified in this study include availability of agricultural labour, urbanization, accessibility, climatic factors,
geophysical factors and availability of suitable agricultural land. These six variables driving agricultural land
use in the study area can be broadly categorized into geophysical, climatic and socio - economic factors. For
the geophysical factors, variables such as slope, soil series, elevation and land suitability, climatic variables
include number of raining days, relative humidity, maximum and average temperatures while for the socio —
economic factors, variables such as availability of farm labour, accessibility and urbanization are very
important. The story of Malaysian transition from low to middle - income country is one of the world’s most
successful one. However, the government target of achieving high income status by the year 2030 may not
be possible without inclusive growth in the agricultural sector. This proposed economic growth would bring
about increased pressures on the agricultural resources in the study area (FAO, 2020 & 2002). Expected
demographic increase consequent upon the economic growth would further increase pressures on the
agricultural resource inputs (land, labour, capital and management) therefore the need for the policy makers
to put in place measures that would minimize environmental effects of these impacts in order to make the
proposed transition sustainable.
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