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Abstract: Sugar is a significant commodity for Indonesia because the need for sugar reaches 7 million
tons. Meanwhile, imports from Thailand, Australia, and Brazil were approximately 5.54 million
tons in 2020. Sugarcane and sugar production in East Java province is also supported by Lamongan
Regency. Therefore, this study aims to evaluate the possible sugarcane plantation expansion areas
in Lamongan. The evaluation process carried out in this study was an analysis of land suitability
using the analytic network process (ANP) and land availability using an overlay analysis of several
policy maps. Three parameters with the highest weight of the ANP were soil drainage (0.181),
cation exchange capacity and base saturation (0.134), and rainfall (0.133). The total possible area for
sugarcane plantations expansion in Lamongan was 32,552.37 ha and the largest class was Possible
Area 2 (65.67%). The three sub-districts with the highest possible areas include Solokuro, Ngimbang,
and Mantup. We recommend that the government and stakeholders extend the area allocated
to sugarcane plantations in Lamongan because the possible expansion areas are still more than
30 ha, while in the 2011–2031 spatial plan they were only 8927 ha. Expansion plans must take into
consideration other uses such as residence, industry, food crops, and protected areas.

Keywords: analytic network process; expert judgment; land suitability and availability; overlay
analysis; spatial plan

1. Introduction

The rising demand for sugar coincides with a reversal in the national production
pattern, resulting in a significant increase in sugar imports. Several studies have found
that land conversion has led to an annual decline in its production [1,2]. The conversion of
agricultural land, including the sugarcane plantation to non-agricultural land, is a serious
issue that can threaten the sustainability of the plant. In addition to the national level,
this problem is also experienced in East Java, including in Lamongan Regency, which also
affects the dynamics of sugarcane and sugar production. Lamongan Regency is one of the
regencies of East Java province which contributes to the production of sugarcane and sugar.
East Java is the largest contributor to sugar production in Indonesia (47%) [3].

One of the factors causing land conversion is the increased population growth rate [4–6].
Agricultural lands are frequently transformed into residential, commercial, and industrial
zones. Continuous conversion may threaten sugarcane and sugar production in Lamongan,
East Java, and at the national level. Land conversion is strongly influenced by the development
of infrastructure that drives non-agriculture new growth centers [7].

A previous study revealed that a decline in sugarcane plantation areas can cause
difficulties in achieving self-sufficiency [8]. Furthermore, self-sufficiency is the ability of
a region to address its needs independently [9]. In this case, it is an effort to meet the
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demand for sugarcane and sugar. Sugar self-sufficiency can be achieved through effective
cooperation among stakeholders.

The expansion of sugarcane plantations is important to minimize the negative impact
of land conversion, which can reduce the cultivation area as well as the production of
the plant. This expansion policy is contained in the technical material of the 2011–2031
Lamongan Regency’s spatial plan [10], especially in the agricultural sector, but there are
still possible cultivation areas that have not been utilized. These regions can be allocated in
the spatial plan as an effort to increase sugar production in Lamongan Regency.

Areas that have the potential to be expanded into sugarcane plantations can be assessed
by analyzing the suitability and availability of land. Several methods can be used to analyze
land suitability, including the matching criteria [11] and multi-criteria decision-making
(MCDM) techniques [12]. One of the methods included in the MCDM and widely used
in several fields is the analytic hierarchy process (AHP) and analytic network process
(ANP). The ANP technique allows the production of more accurate modeling than the AHP
technique because all elements of the network can be related to each other [13–15].

An earlier study carried out a suitability analysis for major crops by using ANP and
overlay analysis in the Andit Tid watershed, Ethiopia [16]. The ANP technique has also
been used to perform spatial suitability analysis for land use planning in coastal areas
of Malaysia [17]. A spatial-based suitability analysis with ANP was also carried out to
evaluate the sustainable citrus land planning integrated with the GIS method [18].

Studies on the use of the ANP method have been continuously developed because it
can be applied in various sectors, including the assessment of land suitability [19], supply
chain management [20], and conservation [21]. Meanwhile, this study used the ANP
method to analyze the land suitability for sugarcane plantations. In addition to land
suitability analysis, it is important to carry out an analysis of land availability to ensure
that suitable areas are available for use. Therefore, land suitability analysis with ANP
is combined with land availability analysis by overlaying several policy documents to
evaluate potential areas for sugarcane plantation expansion. This study aims to evaluate
the possible expansion areas of sugarcane plantations in Lamongan Regency. Evaluation of
possible sugarcane plantation expansions area is helpful in increasing sugar production at
the regional level to support sugar self-sufficiency in Indonesia.

2. Methodology
2.1. Study Area

This study was carried out in Lamongan Regency, East Java province, Indonesia, in
2021, as shown in Figure 1. Furthermore, the regency has a tropical climate that is suitable
for the cultivation of sugarcane [11] because it is located between 6◦51′54′′–7◦23′06′′ south
latitude and 112◦33′45”–112◦34’45” east longitude [22]. It has an area of 175,985.39 hectares,
directly adjacent to the Java Sea in the north; Jombang and Mojokerto in the south; Gresik
in the east; and Bojonegoro and Tuban to the west [23]. The population of this area in 2021
was 1,356,027 [24], and most of the inhabitants worked in the agricultural sector [25]. The
agriculture, forestry, and fishery sectors were the largest contributors to the region’s gross
domestic product, representing 30% [26].
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Figure 1. Study area map.

2.2. Data Collection

The data used in this study were obtained from Indonesian government agencies,
the government of Lamongan Regency, interviews, and questionnaires, as well as other
secondary data sources. Some of them included the land unit map sourced from the Center
for Agricultural Land Resources [27]; climate data obtained from weather measurement
stations of the Meteorology, Climatology, and Geophysics Agency [28]; a topographical
earth map from the Geospatial Information Agency [29]; coordinates of sugar factories and
sugarcane plantations as a result of field checks taken using GPS; sugarcane plantations
production and land area data from Lamongan Regency Statistics [30]; a land use/cover
map from the previous study [31]; digital elevation model (DEM) data from the United
States Geological Survey (USGS) [32]; results of expert and stakeholder interviews and
questionnaires; Lamongan Regency’s spatial plan map from the Regional Development
Planning Agency [10]; and a forest area map from the Ministry of Environment and
Forestry [33].

2.3. Land Suitability Analysis

Land suitability analysis was carried out using Spatial-ANP, which is a combination
of spatial analysis and the analytic network process, a development of the AHP (analytic
hierarchy process) method. The analytic network process (ANP) is a technique for obtaining
relative importance or priority based on multi-criteria assessed by individuals or based
on the normalization of measurement results [34]. The use of the ANP method allows all
elements at all levels to be connected within the network [35].

The ANP analysis in this study was used to obtain the weights of the land suitabil-
ity for sugarcane criteria using several parameters including climate, land, topographic,
and land management factors [36]. Land parameters include soil type, cation exchange
capacity, base saturation, pH, soil depth, drainage, and land capability obtained through
land unit map analysis [37]. Furthermore, the topographical parameters include slope
and elevation collected through DEM data analysis [36]. The climate factors consist of
rainfall and temperature obtained from the results of climate data measurements [38]. The
land management parameters include the distance to roads, which was analyzed using
a topographic map, the distance to sugar factories, collected through an analysis of the
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coordinates of sugar factories, and land use/cover [37]. Each criterion consists of subcriteria
presented in Figures 2–5.
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The weights in the ANP were determined after interviews were carried out with
six experts and stakeholders. Each participant identified the level of importance of the
criteria based on the pairwise comparison matrix of the questionnaire. Opinions from
different experts were then combined with geometric mean [39,40]. Furthermore, the cation
exchange capacity and base saturation criteria were combined in the assessment because
they represented the level of nutrient retention in the soil.
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The steps for land suitability analysis using ANP include:

(a) Perform pairwise comparisons and estimate relative weights

The relative weight of the ANP method was determined using pairwise comparisons
on a scale of 1–9 to compare the two elements [41,42]. Subsequently, the consistency
index (CI) value was then calculated using the following formula:

CI =
λmax− n

n− 1
(1)

where CI is the consistency index; λmax is the principal eigenvalue of the matrix; and
n is the number of elements. In addition, the consistency ratio (CR) was calculated to
determine the consistency of expert and stakeholder opinions, and it was obtained by
dividing the CI by the random consistency index (RI) based on the following formula:

CR = CI/RI (2)

The consistency ratio value was estimated to be below 10% [43–45].

(b) Assemble the initial supermatrix

The AHP procedure was used to determine the relative weights of the ANP. All vector
eigenvalues from the pairwise comparison matrix were subsequently entered into the
ANP supermatrix.

(c) Construct the weighted supermatrix

The weighted supermatrix was arranged according to each weighted priority vector
obtained from the pairwise comparison matrix between the clusters.

(d) Create the limiting supermatrix
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This stage was carried out by raising the weighted supermatrix to the power of k (1,
2,..., n) until the numbers for each column in one row were the same.

(e) Combine each data with the weighted linear combination (WLC)

The final weight of the land suitability analysis was the total of the weighted results of
the criteria with ANP multiplied by the score of each sub-criteria [46–48]. The largest
final value indicated the most suitable class. The WLC formula is presented below:

WLC =
n

∑
i=1

Wi ∗ Xi (3)

where WLC, n, Wi, and Xi represent the final land suitability weight, the number of
criteria, the criterion weight to i, and the score of each class on criterion i, respectively.
The WLC results will be classified into four land suitability classes, namely S1 (highly
suitable), S2 (moderately suitable), S3 (marginally suitable), and N (not suitable) [49–51].

(f) Test the accuracy of land suitability analysis

The accuracy test results of the land suitability analysis were carried out by comparing
the land suitability map with the field checking coordinate taken using GPS and
productivity data generated from production and land area data [19]. The total points
used in the accuracy test are 36 sample points. Furthermore, the calculation of overall
accuracy (OA) and kappa accuracy (KA) is performed to determine the accuracy value
of the results of a land suitability analysis, which is carried out using the following
formula [52]:

OA =
∑m

i=1 nii

Nn
x 100% (4)

Ki =
N ∑m

i=1 nii −∑m
i=1(ni+ + n+i)

N2 −∑m
i=1(ni+ + n+i)

(5)

where the OA is overall accuracy; n is the total point of the classification results; ii
is the element in the ith column and row; ∑m

i=1 nii is the total result of the test point
which corresponds to the control point in the field checking; N is the sum of all points;
ni+ is the point of land suitability analysis; and n+i is the field checking point. If
the accuracy value is close to 1, the results of the land suitability analysis are getting
better. An accuracy test value of 0 means that the accuracy of the analysis results is
very bad; a value of 0.01 to 0.20 is bad; a value of 0.21 to 0.4 is sufficient; a value of 0.41
to 0.60 means moderate; a value of 0.61 to 0.80 means good; and an accuracy value of
0.81 to 1.00 means very good [53].

2.4. Land Availability Analysis

Information on suitable land was still insufficient to identify regions likely to be
expanded into sugarcane plantations, considering that available areas were increasingly
limited due to population growth [38]. Therefore, an analysis of availability was carried out
to determine the potential expansion area of sugarcane plantations. Availability analysis for
sugarcane plantations was carried out by overlaying land use/land cover maps (Figure S1),
forest area maps (Figure S2), and spatial plan maps (Figure S3) [54]. The spatial plan map
with the possibility of being expanded for sugarcane plantations consists of cultivation
areas in the form of plantations, dry fields/fields, and rainfed rice fields. Food agricultural
land in the form of protected agriculture was excluded from the analysis to ensure that
it does not interfere with the fulfillment of staple food needs [55–57]. The location on the
forest area map that can be used to expand sugarcane plantations was included in the area
of other uses, namely undesignated regions. The types of land use/land cover that may be
used are shrubs, open land, fields/moors, and existing plantations.
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2.5. An Evaluation of Possible Expansion Areas of Sugarcane Plantations in Lamongan Regency

Possible expansion areas can be evaluated by overlaying land suitability and availabil-
ity maps [58,59]. This method will produce output in the form of a map showing the most
feasible regions for sugarcane plantation expansion without violating the boundaries set
by regulations, such as protected forest areas and regional spatial plans. After obtaining
suitable and available land maps, an evaluation of the possible sugarcane plantation expan-
sion areas was carried out by overlaying them. Furthermore, three classes of possible areas
were obtained, namely, PA1 (Possible Area 1), PA2 (Possible Area 2), and PA3 (Possible
Area 3) which are highly, moderately, and marginally suitable and available.

3. Results
The Weighting of Land Suitability Criteria

Criteria weighting by experts using the ANP method has been carried out to deter-
mine the order of importance of each criterion used in the analysis of land suitability for
sugarcane plantations in Lamongan. The order of importance of the resulting criteria
includes soil drainage, cation exchange capacity and base saturation, rainfall, soil depth,
land capability, slope, temperature, soil type, elevation, land use, soil pH, distance to the
sugar factory, and distance to the road. The consistency ratio of the analysis using ANP
is 0.091, so the results of the criterion weighting may be accepted because it is below the
10% inconsistency limit [20]. The pairwise comparison matrix weight and the rank of each
criterion result based on all expert opinions analyzed using the ANP method are presented
in Table 1.

Table 1. Pairwise comparison matrix results based on all expert opinions.

1 2 3 4 5 6 7 8 9 10 11 12 13 Weight Rank

1 1.00 0.24 1.53 1.63 0.82 1.85 0.87 0.86 0.18 1.11 0.77 3.75 1.26 0.062 8
2 4.17 1.00 1.00 0.93 0.44 2.04 2.83 5.35 0.69 2.07 5.92 4.24 4.90 0.134 2
3 0.65 1.00 1.00 1.00 0.33 0.52 1.41 1.49 0.38 0.41 0.89 5.43 1.03 0.055 11
4 0.61 1.08 1.00 1.00 1.00 1.08 2.24 1.41 1.39 1.30 0.97 4.38 0.29 0.086 4
5 1.22 2.27 3.03 1.00 1.00 2.83 2.83 2.00 2.00 2.00 3.74 32.86 5.49 0.181 1
6 0.54 0.49 1.92 0.93 0.35 1.00 1.08 1.00 0.91 2.00 0.88 6.00 4.00 0.070 5
7 1.15 0.35 0.71 0.45 0.35 0.93 1.00 2.12 0.35 2.70 2.00 6.57 4.38 0.069 6
8 1.16 0.19 0.67 0.71 0.50 1.00 0.47 1.00 0.58 0.92 0.71 10.25 7.75 0.061 9
9 5.56 1.45 2.63 0.72 0.50 1.10 2.86 1.72 1.00 3.40 1.00 14.00 9.17 0.133 3

10 0.90 0.48 2.44 0.72 0.34 0.40 0.36 1.09 0.29 1.00 1.83 7.25 0.71 0.062 7
11 1.30 0.17 1.12 1.03 0.27 1.14 0.50 1.41 1.00 0.54 1.00 4.07 0.47 0.056 10
12 0.27 0.24 0.18 0.23 0.03 0.17 0.15 0.10 0.07 0.14 0.25 1.00 0.41 0.011 13
13 0.79 0.20 0.97 0.30 0.06 0.25 0.23 0.13 0.11 0.14 0.40 2.44 1.00 0.021 12

Information: 1. Soil Type. 2. Cation Exchange Capacity and Base Saturation. 3. Soil pH. 4. Soil Depth. 5. Soil
Drainage. 6. Land Capability. 7. Slope. 8. Elevation. 9. Rainfall. 10. Temperature. 11. Land Use. 12. Distance to
Road. 13. Distance to Sugar Factory.

Each criterion used in the land suitability analysis consisted of several sub-criteria,
which were determined by thresholds and intervals based on academic literature and other
legal sources [60–62]. The sub-criteria with the highest weight in the criteria for soil type
are mollisols and alfisols because these two soil types have fertile parent material and
are the most productive soil types in the world [63]. The higher the soil CEC, the higher
the KB, which indicates that the soil is fertile because it has not experienced too much
leaching [64]. The deeper the soil, the higher the score, because the root media for plants
will be wider. The highest score in the pH sub-criteria is in class 6.6–7.5 because the pH in
this class is assumed to be neutral. Class 3 drainage has the highest score because it is in
good condition. The land capability class in Lamongan Regency with the highest carrying
capacity is class II, so this class has the higher score.

The criterion for the slope with the highest score is the slope of 0–3% because the
surface is flat, making it easier for cultivation activities. An excellent altitude for sugar
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cane plantations is less than 600 m above sea level [65]. Rainfall of 1300–1500 mm has
the highest score because the sugar content in sugarcane will decrease if the rainfall is
too high. Temperatures of 26–30 ◦C are given the highest score because temperatures
that are too low can slow down sugarcane growth and result in low yields [66], while
temperatures that are too high may reduce sugarcane production. Types of land use that
have the highest score are sugarcane plantations, fields/moors, and paddy fields. Fish
ponds, water bodies, and built-up areas are given a score of 0 because these criteria are not
suitable for sugarcane plantations [36]. The closer the distance to the road and the distance
to the sugar factory, the higher the score given because it is easier to access to and from the
sugarcane plantations [37]. The results of scoring of the sub-criteria for each criterion are
presented in Table 2.

Table 2. Score of each criterion for each parameter.

Parameter Criteria Sub-Criteria Score

Land

a. Soil Type

Mollisol 10
Alfisol 10

Inceptisol 8
Entisol 6
Vertisol 6

b. Cation Exchange Capacity (cmol), Base Saturation (%) 25–40, 61–80 10
17–24, 36–60 8

c. pH 6.6–7.5 10
5.6–6.5 8

d. Soil Depth (cm)

76–100 10
51–75 8
25–50 6
<25 0

e. Drainage
Class 3 8
Class 4 6
Class 6 4

f. Land Capability

Class II 8
Class III 6
Class IV 4
Class VI 0

Class VIII 0

Topography a. Slope (%)

0–3 10
3–8 8

8–15 6
15–25 4
25–40 2

b. Elevation (m) <600 10

Climate
a. Rainfall (mm) 1300–1500 10

2500–3000 6

b. Average Temperature (◦C) 26–28 10
29–30 10

Land Management

a. Land Use/Land Cover

Sugarcane Plantation 10
Field/moor 10

Ricefield 10
Forest 8
Shrubs 6

Open Land 4
Fishpond 0

Water Body 0
Built-Up Area 0

b. Distance to Road (m)
0–1000 10

1001–2000 8
2001–3000 6

c. Distance to Sugar Factory (km)

0–15 10
16–30 8
31–45 6
46–60 4
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Based on the results of the analysis, lands in Lamongan were dominated by the S2,
with a total area of 103,616.73 ha (58.88%). The land suitability accuracy test results were
86.11% for overall accuracy and 73.72% for kappa accuracy, which means that the resulting
land suitability map is good. Meanwhile, the area and percentage of each class of land
suitability for sugarcane plantations in Lamongan Regency are presented in Table 3, while
their distribution is shown in Figure 6.

Table 3. Area and percentage of each class of land suitability for sugarcane plantations in Lamon-
gan Regency.

Land Suitability Class Area (ha) Percentage (%)

S1 (Highly Suitable) 32,198.86 18.30
S2 (Moderately Suitable) 103,616.73 58.88
S3 (Marginally Suitable) 15,916.97 9.04

N (Not Suitable) 24,252.83 13.78
Total 175,985.39 100.00
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After overlaying the land use/land cover maps, forest area maps, and spatial plan
maps, the area and distribution of land available for sugarcane plantation expansion in
Lamongan are obtained. The total available land with the potential to expand sugarcane
plantations in Lamongan Regency was 32,552.37 ha, as shown in Figure 7. Most of the
available land is located in the northern and southern parts of Lamongan Regency (Figure 7)
because the area is still not widely utilized for other purposes.
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The results of the analysis show that most of the regions observed were in Possible
Area 2 (PA2), with a total area of 21,376.39 ha (65.67%). Most of PA 2 areas are spread
in the southern part of Lamongan district, which includes the sub-districts of Ngimbang,
Sukorame, Bluluk, Sambeng, Mantup, Kembangbahu, Modo, and Kedungpring, as shown
in Figure 8. Meanwhile, the area for each class is presented in Table 4.
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Table 4. Area and percentage of possible sugarcane plantations expansion areas in Lamongan Regency.

Possible Area Class Area (ha) Percentage (%)

PA1 (Possible Area 1) 9413.91 28.92
PA2 (Possible Area 2) 21,376.39 65.67
PA3 (Possible Area 3) 1762.07 5.41

Total 32,552.37 100.00

Table 4 shows that the total possible sugarcane plantation expansion areas in La-
mongan Regency were 32,552.37 ha. Furthermore, most of them were in the moderate
suitability class with an area of 21,376.39 ha (65.67%). Based on the results of the analysis,
the identified regions and sub-districts have a high possibility of expansion of sugarcane
plantations in Lamongan Regency. The three big sub-districts in this study were Solokuro,
Ngimbang, and Mantup sub-districts, which have areas of 4335.50 ha, 4144.25 ha, and
3278.25 ha, respectively, as shown in Figure 9.
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4. Discussion

The three main criteria for the determination of land availability in East Java include
soil drainage, cation exchange capacity and base saturation, and rainfall. Furthermore,
soil drainage has the greatest weight, namely 0.181, and it indicates the extent to which
water is lost from the surface [64]. Good water drainage canals are very important for
sugarcane plantations because stagnant water causes root rot [66]. Several studies have also
revealed that it has a significant impact on productivity and plays a role in the conservation
of agricultural land [67]. These are in accordance with the previous study that drainage is
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very important for sugarcane plants because the drainage system can prevent the loss of
nutrients due to soil erosion [68].

Cation exchange capacity and base saturation ranked second in the land suitability
analysis with a weight of 0.134. A previous study revealed that they served as indicators
for the determination of soil fertility [69]. Cation exchange capacity and base saturation
are attributes that have a direct effect on sugarcane production [70]. The higher the cation
exchange capacity and base saturation values, the more readily nutrients are absorbed by
plants [71].

Rainfall had the third-highest weight of 0.133 in the analysis. An increase in rainfall
from the optimal level reduced sugarcane production [72]. Therefore, the maturation period
often occurred during the dry months to optimize sunlight energy, thereby increasing the
sugar content in the plant. In addition, changes in rainfall patterns caused by climate
change can cause water stress on sugarcane [73].

The distance to the road has the lowest weight compared to all criteria, namely
0.011. This was because almost 99% of locations in Lamongan Regency have a distance
of 0–1000 m from the road. This indicates that road network infrastructures are relatively
quite easy to obtain. The quality of transportation infrastructure in the form of roads is
very important because they serve as a link in the supply chain [74].

The total possible sugarcane plantation expansion areas in Lamongan Regency were
32,552.37 ha, and the three highest contributing sub-districts include Solokuro, Ngimbang,
and Mantup. The distribution of sub-districts allows the expansion of sugarcane areas in
Lamongan. This study complies with the spatial plan of Lamongan Regency [10]. The
results of the analysis showed that these areas were dominated by Possible Area 2 (PA2)
with moderately suitable land (S2). The dominant soil types in this area are inceptisols; soil
depth 76–100 cm; cation exchange capacity 17–24 cmol; base saturation 61–80%; drainage
class 3; pH 5.6–6.5; land capability class II; slope 8–15%; elevation < 600 m above sea level;
rainfall 2500–3000 mm; temperature 26–28 ◦C; land use in the form of paddy fields; distance
to the road 0–1000 m; and distance to the sugar factory 0–15 km.

This study shows that Lamongan Regency still has the opportunity to expand the
plantation area to support the growth of sugar production in the region, as well as in other
regencies. The 2011–2031 technical material spatial plan also allocated the expansion of
plantations covering an area of 8927 ha, including sugarcane [10]. Therefore, sugarcane
plantations can be allocated with a larger area in the spatial plan for the next period in
order to optimize their production. These results can be used as input for reviewing the
spatial plan for Lamongan Regency in the context of expanding land allocation, as well as
for the next period.

5. Conclusions

Soil drainage, cation exchange capacity and base saturation, and rainfall were some of
the criteria that played a very important role in determining the land suitability for sugar-
cane plantations in Lamongan Regency. Furthermore, Possible Area 1 had a percentage
of 28.92%, which indicates that Possible Areas 2 and 3 with lower suitability can still be
improved through various efforts, such as improving soil drainage, adding organic matter,
providing limestone, ensuring sufficient water, making terraces for less sloping land, and
improving infrastructure.

The political implication of this study is that the expansion of sugarcane plantations in
Lamongan Regency still has a large possible area of 32,552.37 ha and is spread over several
sub-districts. The spatial allocation is currently only 8927 ha; meanwhile, during this time,
it is still possible to expand to 23,625.37 ha. Therefore, we recommend that the government
and stakeholders expand the area allocation for sugarcane plantations in Lamongan. The
development of sugarcane plantations on the basis of potential areas for expansion can
be carried out by paying attention to other aspects, such as spatial allocation plans for
residential, industry, food crops, water catchment, and protected areas. The expansion
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plan that is in line with the possible areas evaluation results is expected to support the
achievement of national sugar self-sufficiency, create jobs, and reduce importation volume.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/su15065390/s1, Figure S1: Land use/land cover map of Lamongan
Regency; Figure S2: Forest area map; Figure S3: Spatial plan map of Lamongan Regency 2011–2031.
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