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Lamongan Regency is one of Indonesia’s regencies in Indonesia that contribute to the
country’s sugarcane and sugar production. Land-use/land-cover changes (LULC) have
happened in various areas, including Lamongan Regency in East Java, Indonesia. This
study aimed to analyze the impact of land-use/land-cover change (LULCC) in 2007–2031
on the sugar balance in the Lamongan Regency in 2031. The LULC forecast in 2031 was
made using R studio using the CLUE-s function in the LULCC package. Following that, the
sugar requirements and sugar balance in Lamongan Regency in 2031 were forecasts. The
kappa accuracy of the LULC model tested in 2019 was 0.81 when using the CLUE-s
model in R studio’s LULCC package. The findings of the LULC prediction in Lamongan
Regency for 2031 indicated that there could be significant changes in LULC, resulting in an
estimated reduction in 1,687.5 ha sugarcane, influenced by LULC competition for built-up
areas. The Built-up areas in Lamongan Regency have exploded in size as a result of
population. An increase in built-up areas and a reduction in sugarcane plantations as a
result of LULCC are expected to diminish the sugar balance in Lamongan Regency by
10,470.76 tons in 2031when compared to 2019. The results of this study can be utilized to
prevent uncontrolled LULCC in the future to meet sugar needs in Lamongan Regency and
at the national level.
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1 INTRODUCTION

Indonesia’s current sugar production capacity is insufficient to meet the community’s high demand
for sugar, which exceeds six million tons per year. National sugar production in 2019 was only 2.23
million tons. Meanwhile, in 2019 sugar imports in Indonesia imported 4.09 million tons, worth up to
US $1.36 billion, or approximately Rp19.3 trillion. Sugar was imported from 20 countries, with
Thailand importing the most (86.53%) and Australia importing the least (13.26%) (Indonesian
Statistics, 2020). Sugar production is poor as a result of sugarcane production being low. Domestic
sugar production peaked in the 1930s. At that time, 179 sugar factories were operational, but today,
less than half of those remain operational, totaling 64 sugar factories (Marpaung et al., 2011). One of
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the causes of the fall in the number of sugar factories in Indonesia
is a scarcity of raw materials sufficient to match the sugar
factories’ production capacity.

East Java Province is Indonesia’s major producer of sugarcane
and sugar. East Java Province itself accounted for 51.5% or 1.11
million tons, of the total national total sugar production in 2018.
(Indonesian Statistics, 2019). East Java’s top three sugarcane/
sugar producers are Kediri, Malang, and Lumajang Regencies.
Lamongan Regency is one of the regencies that contributes as a
producer of sugar cane as well as sugar in East Java. Sugar
production in Lamongan Regency has been highly erratic over
the last 10 years. In 2008, sugar production was 18,445 tons, and
subsequently declined until 2010 when it was only 11,542 tons.
After that, production improved until 2014, it reached 24,995
tons. However, it dropped again in the following year, to 23,832
tons. In 2016 production grew to 28,521 tons, then fell to 28,104
in 2017 and 24,497 tons in 2018.

The increase in population in Lamongan Regency from 2015
to 2019 increased by 31,124 people or 2.31%, from 1,342,266 to
1,373,390 people (Lamongan Statistics, 2020). This rising
population has an impact on the increasing demand for sugar
usage. Population growth is also pushing changes in agricultural
land use, particularly the convention of the sugarcane plantation
sub-sector to non-agricultural. LULCC can be driven by a variety
of factors, including population growth (Mhawish and Saba,
2016), industrialization (Hatami and Shafieardekani, 2014),
urbanization (Tali and Murthy, 2013), and the lower economic
value of agricultural land relative to built-up areas (Rondhi et al.,
2018; Peerzado et al., 2019). Changes in LULC influence a variety
of areas, such as agriculture, the economy, society, and the
environment.

Modeling of LULC has been widely used to forecast future
trends in LULCC. Several approaches were employed to model
the LULC, including CLUE (the Conversion of Land Use/Land
Cover and Its Effect) (Veldkamp and Fresco, 1996), Cellular
Automata (Clarke and Gaydos, 1998), Spatial Markov (Wood
et al., 1997), and the Logit model (Wear and Flamm, 1993).
CLUE-s (The Conversion of Land Use/Land Cover and Its Effect
at Small Regional Scale) is a variant of CLUE that takes into
account the interaction between current LULCs and their
underlying variables as well as competition among LULCs for
regional applications (Verburg et al., 2002). The CLUE-s model is
commonly utilized in land-use planning research (Islam et al.,
2021; Song et al., 2021; Xu et al., 2021).

Therefore, it is necessary to investigate changes in LULC that
are both existent and predictable to ascertain the future pattern of
LULC changes in the Lamongan Regency. This study aimed to
analyze the impact of land-use/land-cover change (LULCC) in
2007–2031 on the sugar balance in the Lamongan Regency in
2031. This research used the CLUE-s model to examine the
influence of LULCC from 2007 to 2031 on the sugar
sufficiency balance in Lamongan Regency in 2031. The
prediction year in this research is 2031, which corresponds to
the end of the Lamongan Regency’s 2011–2031 Regional Spatial
Plan (RTRW), and thus this research is expected to contribute to
science related to land-use change and its impact on future food
availability and can be used as input for formulating policy

strategies related to sugarcane plantations and meeting the
community’s sugar needs in the coming period.

2 MATERIALS AND METHODS

2.1 Study Area
This study was conducted in the Lamongan Regency, Indonesia’s
East Java Province (Figure 1) Lamongan Regency, located
between 6o51′54″‒7o23′06″ south latitude and 112o33′45″‒
112o34′45″ east longitude has a tropical climate. Lamongan
Regency is divided into 27 sub-districts had a population of
2019 of 1,373,390 people. The Java Sea forms the northern
boundary of Lamongan Regency; Gresik Regency forms the
eastern border boundary; Mojokerto and Jombang Regencies
from the southern boundary, and Bojonegoro and Tuban
Regencies form the western boundary.

2.2 Data
The orthorectified SPOT satellite images from 2007 to 2013 and
2019 were collected by the National Institute of Aeronautics and
Space. The 2007 image was taken by a SPOT 4 satellite on 22 June
2007. The 2013 image was obtained by a SPOT 5 satellite on 12
June 2013, and the 2019 image was taken by a SPOT 5 satellite on
10 June 2019. The slope data is coming from NASA’s Digital
Elevation Model; the distance between the road and
administration boundary comes from the Geospatial
Information Agency; and the climate data from the
Meteorology, Climatology, and Geophysics Council. The final
resolution of all spatial data is processed is 30 × 30 m. Indonesia
statistics provided statistical data on population and sugarcane
productivity. GPS was used to conduct field checks, ArcGIS was
utilized to rectify spatial data, R Studio was used for modeling,
and Microsoft Office was used for other analyses.

2.3 Data Processing and Analysis
2.3.1 Analysis of Land-Use/Land-Cover Change in
2007, 2013, and 2019
The land use and cover of Lamongan Regency were investigated
visually (Andries et al., 2021; Wei et al., 2021) using SPOT satellite
images of 2007, 2013, and 2019. The analyzed LULC was classified
using a one-level classification scheme into nine categories, including
forest, field/moor, built-up area, open land, sugarcane plantation, rice
field, shrubs, fishpond, and water body. The classification findings
were validated in the field utilizing a purposive sample technique
specific to the LULC type. The status of LULC in the past was
determined through interviews with residents who knew the
condition of the location in the past (Debeko et al., 2018) and
also integrated with high-resolution time-series imagery on Google
Earth (Getachew andMeten, 2021). Each type of LULC was assigned
eight sample points, for a total of 72 points, taken under limited
mobility during the COVID-19 pandemic. These sample points are
then used as a reference for evaluating the classification accuracy of
LULCs. The kappa accuracy test was used to obtain the accuracy. The
greater the kappa accuracy score, the more precise the results of the
LULC prediction. The kappa accuracy test has the following equation
(Cohen, 1960; Foody, 2002; Adhiatma, 2020):

Frontiers in Environmental Science | www.frontiersin.org February 2022 | Volume 10 | Article 7872072

Artikanur et al. Land-Use Change Impact on Sugar-Balance

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Ki � N∑r
i�1Xii −∑r

i�1(Xi+ +X+i)
N2 −∑r

i�1(Xi+ +X+i)
where Ki denotes the kappa accuracy index; xii: denotes the
simulation result of the i LULC type which corresponds to the i
LULC the observed; xi: the simulation result of the i LULC; x + i
denotes the observed i LULC type; N denotes the total number of
observation points, r denotes the total type of LULC.

2.3.2 Prediction Model of Land Use/Land Cover in
Lamongan Regency in 2031
Model Description
The CLUE-s model was utilized in this research to simulate and
predict changes in LULCs by considering the empirical
conditions of a place, spatio-temporal dynamic interactions,
and competition between LULCs at that location (Verburg,
2010). Elasticity is a measure of competition among LULCs;
the greater the elasticity, the more competitive the LULC is in
comparison to other LULCs (Liao et al., 2010). After determining
the relationship between LULC and its driving factor through
neighborhood analysis using binary logistic regression analysis
the CLUE-s model can be employed to stimulate LULCC
(Setiawan and Kunihiko, 2020). The binary logistic regression
formula is:

ln[ p

1 − p
] � β0 + β1x1 + β2x2 + β3x3 + . . . + βnxn

where the dependent variable is the probability of occurrence
of nonoccurrence; β0 is the intercept; and β1, β2, β3,.., βn: the
coefficients of the driving factor as independent variables (x1,
x2, x3,.., and xn) (Siagian et al., 2019). The slope, distance
from the road, rainfall, and temperature are all considered
driving considerations in this study (Supplementary
Figure S1).

Following that, LULCC modeling can be carried out. The
stages of LULCC modeling began with a simulation in 2007, and
then the model was validated to predict LULC in 2013. The initial
elasticity value for each LULC class was determined based on a
previous study (Sinurat et al., 2015) then adjusted based on the
model’s performance in 2013 so that better modeling results are
obtained. After that, the simulation is continued by predicting
and validating LULC in 2019. If the validation results indicate
that the model is accurate, LULC predictions for 2031 can be
produced. In this investigation, the procedure of modeling and
predicting LULC using the CLUE-s model was performed using
the LULC package in the R studio software (Moulds et al., 2015),
because it lacks cell boundaries and thus enables high-resolution
analysis.

Model Validation
Model is validated is by comparing the LULC in 2019 obtained
the simulation and the LULC in 2019 resulting from the
categorization (actual map) (Leta et al., 2021; Yu et al., 2021).
The accuracy of the model validation results was illustrated by the
kappa index value which ranges from 0 to 1. A kappa index worth
one means that there is a perfect agreement or the model is doing

better, while the kappa index closer to 0 means there is a bad
agreement (poor agreement) or the resulting model is not good
(Landis and Koch, 1977).

2.3.3 Calculation of Sugar Balance in 2031
Before establishing the sugar balance, the sugar requirements for
Lamongan Regency in 2031 were calculated by population
projections. The population in 2031 is forecast by first
estimating the rate of population growth over the previous
5 years (2015–2020). The population growth rate and
population predictions are measured as follows (Indonesian
Statistics, 2010; Mekonnen, 2018; Al-Eideh and Al-Omar,
2019) is:

r � 1
t
ln(Pt

P0
)

Pt � P0e
rt

where r donates the population growth rate, Pt is the total
population in year t (projected year); P0 denotes the
population in year 0 (base year); t denotes the time between
years 0 and year t. Sugar needs may be obtained after determining
the population in 2031. Sugar needs in Lamongan Regency are
calculated as follows:

Sn � ScpPt

where Sn denotes sugar needs (ton); Sc denotes sugar
consumption per capita, which is 9.25 kg/capita/year (Food
Security Agency, 2017); and Pt is the total population in year t
(people) (Murdaningsih et al., 2017). following measuring of
sugar requirements in 2031, the next step was to compute the
sugar balance in 2031 using Rejekiningrum’s (2013) formula:

S/D � SPt − SCt

where S/D stands for surplus/deficit; SPt stands for sugar
production at time t (tons), which is calculated by multiplying
the area of sugarcane plantations (ha) resulting from the
classification and projection of LULC by the average
productivity value of sugarcane plantations in Lamongan
Regency, which is 70.66 tons/ha (Lamongan Statistics, 2020);
and SCt stands for sugar consumption at time t (tons).

3 RESULTS

3.1 Land-Use/Land-Cover Classification of
2007, 2013, and 2019
The classification of LULC was carried out to ascertain the
state of the current LULC in the Lamongan Regency. The
classification of LULC in Lamongan Regency using SPOT
images in 2007, 2013, and 2019 demonstrated that LULC has
comprised of forest, fields/moors, built-up areas, open land,
sugarcane plantations, rice fields, shrubs, fishponds, and water
bodies. The accuracy procedure was conducted to test the
accuracy of the findings of the LULC classification. The
accuracy test was conducted using 72 points. Each LULC
type had eight sample points. The kappa accuracy-test
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values were above 0.84 (2007), 0.82 (2013), and 0.86 (2019)
(Supplementary Table S1), illustrating that the LULC
classification was acceptable because the kappa accuracy-

test values were above the minimum level of nearly perfect
agreement (very high accuracy) of 0.81 (Rwanga and
Ndambuki, 2017).

FIGURE 1 | The study area map.
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From 2007 to 2019, there was a change in the LULC
classification, as demonstrated by the annual changes in the
area of each every year (Figure 2). Land uses/land cover that
has reduced in the area from 2007 to 2019 include forests, rice
fields, shrubs, fishponds, and water bodies. The greatest reduction
occurred in the forest area, which decreased by 9,080.4 ha
(47.41%). Between 2007 and 2019, the forest turned into
fields/moor at most, which was 9,429.8 ha, but there was also

an increase in forest area from the previous fields/moor, which
totaled 757.2 ha (Supplementary Table S2). In general,
Indonesian forests are decreasing as agricultural land is
converted (Austin et al., 2019). Meanwhile, the area built-up
land increased the most, which totaled 10,780.2 ha. The increase
in the built-up land was mostly due to the addition of 7,508.5 ha
of rice fields. Rice fields were converted to built-up land as a result
of the development of infrastructure, housing, and economic

FIGURE 2 | The distribution of LULC in Lamongan Regency in 2007, 2013, 2019, and the anticipated results for LULC in Lamongan Regency in 2025 and 2031 (A);
graph of change of each LULC (B).
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activity centers in numerous regions, all of which were a result of
Lamongan Regency’s population growth. Sugarcane plantations
increased by 2,298.9 ha because in 2015 there was a new sugar
factory built in Lamongan Regency, but starting in 2020 the
plantation area began to decline again (Lamongan Statistics,
2020).

3.2 Prediction Model of Land Use/Land
Cover in Lamongan Regency in 2031
Land-Use/Land-Cover Change Model
The LULCCmodel in this research incorporates input in the form
of driving factors affecting land-use/land-cover changes in the
modeling. Natural variables such as slope, climate, elevation,
hydrological effects, construction costs, and forest distribution
play amajor role in LULCC (Bajocco et al., 2016; Zhao et al., 2018;
Zhu et al., 2021). According to the analysis’s results, the driving
factor, as expressed as slope, has a substantial impact on all types
of LULC. The slope is positively associated with forest, filed/
moor, open land, sugarcane plantation, and shrubs, but negatively
associated with the built-up area, rice field, fishpond, and water
body. Distance from the road has a considerable negative
influence on the field/moor and rice fields and fishpond, but a
large favorable effect on the fishpond. Rainfall has a large positive
influence on the forest, sugarcane plantation, and water bodies
but has a significant negative effect on field/moor, built-up area,
and open land. The temperature has a significant positive impact
on the forest, sugarcane plantation, rice fields, fishpond, and
water body but has a significant negative effect on field/moor,
open land, and shrubs (Supplementary Table S3).

Model Validation
The kappa value generated from this study’s validation of the
LULC prediction model was 0.81 (Supplementary Table S4). As
a result of the categorization and range of kappa value classes, the
model generated in this study has a near-perfect level of similarity
with the current LULC conditions in 2019 as a result of the
classification (Alkaradaghi et al., 2018). Therefore, the finding
model can be used to project LULC over the next years. In other
words, this research is capable of predicting the distribution of
LULC in 2031 in Lamongan Regency.

Land-Use/Land-Cover Prediction in 2031 in
Lamongan Regency
The LULC prediction for 2031 is based on a “business as usual”
scenario. Along with 2031, a projection for 2025 was created to
obtain changes during a 6-year interval. LULCmaps from 2007 to
2013, and 2019 were utilized as inputs. The LULC modeling of
CLUE-s conversion demands that the elasticity of LULC
conversion be specified. The elasticity value is a characteristic
that indicates whether or not the land may be used for another
LULC. The elasticity value of LULC conversion has a range of
0–1. The closer the value to zero, the easier it is to convert the
land; on the other hand, the closer the value to one, the more
difficult it is to convert the land (Luo et al., 2010). Each form of
LULC has an elasticity value that is adjusted to the conditions of
land-use/land-cover changes that occur in a given area

(Murdaningsih et al., 2017). The elasticity of 0.7 for the forest,
0.5 for fields/moor, 1.0 for built-up areas, 0.3 for open land, 0.7 for
sugarcane plantations, 0.6 for rice fields, 0.6 for shrubs, 0.5 for
fishponds, and 0.9 for water bodies were utilized in this study. The
distribution of LULC in Lamongan Regency in 2007, 2013, 2019,
as well as prediction, projected findings for LULC in Lamongan
Regency in 2025 and 2031 are depicted in Figure 2.

Based on the prediction results, between 2019 and 2031,
Lamongan Regency is expected to experience an increase in
the area of field/moor and built-up areas. The area covered by
built-up areas increase the most by 10,881.6 ha. Meanwhile, it is
anticipated that there is the extent of forest, open land, sugarcane
plantations, rice fields, shrubs, ponds, and bodies of water. Rice
fields will lose most of the area, totaling 1,687.5 ha. The reduced
rice fields are predicted to be converted to built-up land covering
an area of 2,632.7 ha. The area and percentage of each LULC in
2019–2031 and their changes are shown in Table 1.

3.3 Sugar Balance of Lamongan Regency in
2031
Based on the results of the LULC classification and predictions,
the area of sugarcane plantations between 2019 and 2031
decreased by 1,687.5 ha which may have contributed to the
loss in the sugar balance in Lamongan Regency, as the
population was predicted to increase while the output of
sugarcane decreased. The total population of Lamongan
Regency total population in 2019 was 1,373,390 and is
anticipated to reach 1,419,843 in 2031. Lamongan Regency’s
sugar production in 2019 was 27,357.39 tons. According to the
projections, the value of sugar production in the Lamongan
Regency in 2031 will reach 17,316.32 tons (Figure 3). This
means that sugar production in Lamongan Regency in 2031
compared to production in 2019 is expected to fall by
10,470.76 tons. Sugar balance projections for 2031 showed that
Lamongan Regency will have a total sugarcane surplus of 4,182.77
tons. According to the analysis’s results, Lamongan Regency had
a sugar surplus in 2007, 2013, 2019, 2025, and 2031 but the
surplus are expected to decrease in 2025 and 2031 due to the
decline in the area of sugarcane plantations, which is influenced
by changes in land use from sugarcane plantations to other land-
uses, particularly built-up areas. Sugarcane plantations, it is
predicted, will eventually be unable to compete with built-up
areas in the future. This is because the built-up area in Lamongan
Regency has an elasticity value of one, making it more
competitive than sugarcane plantations with an elasticity value
of 0.7.

4 DISCUSSIONS

4.1 Sugar Balance as the Impact of
Land-Use/Land-Cover Change Dynamics
In this study, there was a land-use/land-cover change in
Lamongan Regency in 2007–2019 which has caused the
greatest loss in the forest. Human activities and population
growth influence land-use/land-cover change (Awotwi et al.,
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2019; Hailu et al., 2020; Mengist et al., 2021). The population
growth stimulates the conversion of LULC from forests to
agricultural land as the population grows, so will the diverse
needs. This encourages the community, especially farmers, to
encroach on the forest and convert it into agricultural land to suit
their needs. Meanwhile, the built-up area tends to continue to
develop. The built-up area increase the most, from 10,780.2 ha in
2007–2019. The phenomenon of urbanization and population
growth contributes to the expansion of built-up areas and
changes in spatial structure in suburban areas (Surya et al., 2021).

Based on these conditions, we have modeled the LULCC,
including driving factors and elasticity settings, to forecast LULC
in 2031. Based on the results of the investigation, it is predicted that
the built-up areas will see themost development, reducing the area of
sugarcane plantations to 1,687.5 ha. Although sugarcane plantations
increased from 2007 to 2019, the annual increase rate of sugarcane
plantation areas is still substantially lower than the increase rate of
built-up area. The built-up area increased by 898.4 ha on average in
2007–2019, whereas sugarcane plantations increased by only
191.6 ha on average. Due to the built-up area’s huge growth,
areas that previously had the potential to see a rise in sugarcane
plantations finally overlapped with built-up areas. The built-up areas
have been expanded to sugarcane plantations because the area is
close to the inter-district road so it is very massive to experience
development. Furthermore, there has been competition among
LULCs. The built-up area has an elasticity of one, makes it
difficult to convert to other LULCs, whereas sugarcane
plantations have an elasticity of 0.7, allowing sugarcane
plantations to be converted to other LULCs, and allowing
conversion from sugarcane plantations to built-up areas to be
possible in 2031.

According to the predicted drop in sugarcane plantations in 2031
as a result of competition from built-up areas, sugar production in
Lamongan Regency is still quite susceptible to falling in the future.
Lamongan Regency had a sugar surplus in 2031 of 4,182.77 tons but
the surplus is expected to decrease compared to previous years due to
the decline in the area of sugarcane plantations which caused a
reduction in sugar production. If the reduction is not countered by
prevention initiatives, it is believed that sugar self-sufficiency in
Lamongan Regency will be jeopardized in the future. As a result
of this, the growth of sugarcane plantations is critical in Lamongan
Regency. The development of sugarcane plantations in Lamongan
Regency is expected to continue to support sugar self-sufficiency in
Lamongan Regency and contribute to the fulfillment of sugar needs
in East Java and throughout the country.

4.2 Managerial Implication
The regional spatial plan of Lamongan Regency makes sugarcane the
main plantation commodity to be developed, but currently, there is
no specific map for sugarcane, but only for plantations in general
(Supplementary Figure S3). This study is expected to be an input for
the government in formulating policies for developing sugarcane
plantations and controlling LULCC in the future. Apart from
promoting regional and national self-sufficiency in sugarcane and
sugar, the development of sugarcane plantations has the potential to
improve people’s welfare. According to Anam and Qibtiyah (2018),
sugarcane plantations are possible to cultivate in Lamongan based on
the R-C ratio analysis. The existence of sugarcane plantations in
Lamongan Regency has also facilitated the establishment of the
Sugarcane Farmer Cooperative (KPTR) which can support
economic development (Perdana and Nasution, 2016). The
establishment of sugarcane farmer cooperatives the acquisition of

TABLE 1 | Area and percentage of each land-use/land-cover in 2019–2031 and their changes.

No LULC 2007 2013 2019

Area (ha) Percentage (%) Area (ha) Percentage (%) Area (ha) Percentage (%)

1 Forest 19,153.2 11.02 15,627.9 8.99 10,072.8 5.80
2 Field/Moor 24,257.2 13.96 28,358.9 16.32 32,437.1 18.67
3 Built-up Area 13,518.0 7.78 17,405.4 10.02 24,298.2 13.98
4 Open Land 310.2 0.18 316.9 0.18 334.0 0.19
5 Sugarcane Plantation 2,571.2 1.48 3,476.3 2.00 4,870.1 2.80
6 Rice Field 98,346.5 56.60 94,419.0 54.34 89,935.0 51.76
7 Shrubs 2,217.1 1.28 2,168.7 1.25 1,909.3 1.10
8 Fishpond 12,091.0 6.96 10,840.0 6.24 8,818.3 5.07
9 Water Body 1,301.8 0.75 1,153.1 0.66 1,091.3 0.63
Total 173,766.1 100.00 173,766.1 100.00 173,766.1 100.00

No LULC 2025 2031

Area (ha) Percentage (%) Area (ha) Percentage (%)

1 Forest 12,925.6 7.44 9,785.3 5.63
2 Field/Moor 32,916.9 18.94 33,174.8 19.09
3 Built-up Area 28,787.0 16.57 35,179.8 20.25
4 Open Land 274.9 0.16 238.8 0.14
5 Sugarcane Plantation 4,151.6 2.39 3,182.6 1.83
6 Rice Field 88,603.0 50.99 88,097.9 50.70
7 Shrubs 1,346.8 0.78 1,292.3 0.74
8 Fishpond 3,920.9 2.26 2,187.1 1.26
9 Water Body 839.3 0.48 627.5 0.36
Total 173,766.1 100.00 173,766.1 100.00
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capital and production facilities, the conduct of savings and loans
activities, and the improvement of coordination among sugarcane
farmers.

5 CONCLUSIONS

The land-use/land-cover patterns in Lamongan Regency were highly
diversified from 2007 to 2019. Changes in LULC are predicted to lead
to a drop in sugarcane plantation areas in 2025 and 2031 as a result of
competition between built-up areas and sugarcane plantation growth.
The built-up area has grown rapidly in line with the population
growth of Lamongan Regency in 2031, resulting in the built-up area
being the most competitive when compared to other LULC, such as
sugarcane plantations. The elasticity of LULC conversion

demonstrates the conflict between built-up areas and sugarcane.
The built-up area is elastic of one, while sugarcane plantations are
elastic of 0.7.

The estimated area of sugarcane plantation in 2031 can be
transformed into sugarcane production in 2031, allowing for the
determination of the sugar balance in 2031. The dynamics of land-
use/land-cover change in 2007–2031 and population growth are
projected to have an impact on the sugar balance in Lamongan
Regency in 2031. The population is expected to grow, but sugarcane
production is expected to decline, leading to the sugar balance in 2031
being predicted to decrease by 10,470.76 tons compared to 2019. This
may jeopardize regional and national sugar sufficiency, so a strategy is
required to secure sugar sufficiency in the future, including the
development of sugarcane plantations and control of the built-up
area in the Lamongan Regency.

FIGURE 3 | The population projection result in Lamongan Regency until 2031 (A); the sugar balance in 2007, 2013, 2019, 2025, and 2031 (B).
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