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One of the indicators in achieving the goal of sustainable forest management is
maintaining forest health. Forest health can describe the good and bad conditions of forest
management. Management is carried out based on the functions owned by the forest.
With these different managements, there is a need to assess and map the current state of
forest health across various parts. This study aimed to obtain values of forest health status
in each plot for different forest functions and generate a cluster map of forest health status
in other forest functions. This study was on three types of forest based on their functions:
conservation forest, production forest, and protection in Lampung Province. The method
used is the Forest Health Monitoring (FHM). Method to determine the health of forests
using indicators of vitality, productivity, and biodiversity and using Web-GIS to create a
map of the distribution of cluster plots. The sample plot used is in the form of cluster
plots, with the number of each forest function is divided into 3 clusters whose status is
categorized as good, moderate, and bad. Based on the research, it was found that the
protected forest cluster 1 had bad health status, cluster 2 was good, and cluster 3 was
moderate. The overall health condition of the production function is bad, and the forest
health status of the conservation forest function is all good. The current distribution map
of the forest's sanitary conditions for the three localities helps guide management
decisions to be made soon. The conclusion obtained from this study is that existing forest
functions influence forest health status because forest management is adjusted to forest

functions so that each function has a different status of forest health conditions.

1. INTRODUCTION

Lampung Province has forests classified as complete
functions, namely protected forests, conservation forests, and
production forests. Currently, rapid growth is consuming
many resources and increasing pressure on the environment
[1], especially forest ecosystems. Each forest has different
conditions. This condition is influenced by way of forest
management, which will also have an impact on whether the
forest is sustainable or not. According to Safe’i et al., [2],
sustainable forest management aims to maintain the health of
the forest. Forest health serves as forest management
recommendations and foundations for forest sustainability.
Therefore, monitoring forest health is vital for long-term forest
management [3].

Forest health is determined by evaluating existing vitality,
productivity, site quality, and biodiversity indicators. The
Forest Health Monitoring (FHM) method was used to measure
the health status of the forest. USDA introduced FHM as a
condition monitoring method for monitoring forest health [4].
This method is one of the methods that begins with
determining the sampling index of the forest to look for its
health status. In addition, FHM can assist in providing
management recommendations to forest managers, thus
applying the principles of forest sustainability [5].

In the FHM method, the type of plot used is cluster-plot.
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Previously, the distribution of conditions in each cluster plot
in various areas had never been mapped, so it became a
significant problem in the implementation of monitoring forest
conditions. A map of the distribution of forest health status is
needed. The data can show the health status of forests in
various functions in Lampung Province. Through this data, it
can also be seen whether there is an effect of the forest having
a different position with the forest health status. Based on this,
a map is needed that indicates the distribution of the current
state of forest health monitoring. In many countries, it is
essential to regularly monitor forest health because
information on the health of forest ecosystems has become an
indicator of sustainable forest management [6].

This research is needed for policymakers to explain and
provide an overview related to forest health conditions in
forest types based on their functions so that further analysis
can be carried out on how changes and trends that may occur
in the land. This study will analyze various statuses of forest
health conditions across multiple forest functions. This study
aimed to obtain a value for the condition of forest health status
in each cluster plot on forest types based on their function and
produce a map of the distribution of clusters in various types
of forest functions.

This is because monitoring forest conditions is essential in
obtaining accurate data in order to achieve sustainable forest
management [7]. In addition, this research will map the


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.170212&domain=pdf

distribution of forest health. Therefore, it is expected that the
distribution and health status of forests according to various
forest functions can be known through this study. In addition,
this research can be used as a reference for users of
information, both researchers and related stakeholders.

2. MATERIALS AND METHOD

The implementation of this research used in data collection,
namely a compass, GPS, location maps, hagameter, calipers,
hand counter, roll meter, tape meter, tally sheet, and stationery,
while data processing equipment is computer and Microsoft
Excel and ArcGIS software. The location of this research is in
mixed forests based on their function, namely conservation
forest in Cilimus Village, Teluk Pandan District, Pesawaran
Regency, Production Forest in Buana Sakti Village,
Batanghari District, East Lampung Regency, and protected
forest in Beringin Jaya Village, Gisting District, Tanggamus
Regency. This location was chosen to meet the criteria that
became the focus of the study.

Forest health measurement plots were constructed
according to the design of the Forest Health Monitoring (FHM)
method [8]. FHM is a monitoring method used to identify and
identify forest health conditions measured in clusters, with
four measurement plots in one cluster [9]. This method aims
to provide information related to forest conditions at a specific
time and assess forest ecosystems' status and condition. The
basis for monitoring and measuring this method is three forest
ecological indicators, including vitality, productivity, and
biodiversity [10]. Determination of measurement area
according to forest function. This study uses a cluster analysis
method in which the cluster plots are made to measure and take
several research objects from the entire observed area [11].
Cluster analysis groups observations into clusters based on
several values and variables. This analysis can maximize the
similarity between individuals in the same cluster and other
plot clusters [12]. The clustering of FHM forest plots for
various forest functions is nine clusters (36 plots), namely each
of the three clusters of plots in production forest, conservation
forest, and protection forest. The design of the FHM forest
health cluster for various forest functions in Lampung
Province is shown in Figure 1.
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Figure 1. Cluster plot design
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Final data on forest health is obtained by measuring the
forest environmental health index using the FHM method [13].
According to the development of forest health insurance
quality indicators for each forest function, forest health is
calculated as an ecological indicator. Measurement of forest
health in various forest functions based on the FHM method.
The creation of a cluster map of the forest health status plot
begins with obtaining the coordinates of the location of the
plots in various forest functions using a GPS tool. Then the
coordinate data is exported to data processing software. The
coordinate information is adjusted to the format owned by the
software. In this case, the software used is ArcGIS. The next
step is to overlay the plot coordinate data with administrative
maps and Lampung Forest maps.

Data processing and analysis were carried out on the
measurement results of forest health indicators in various
forest types. The data that is processed and analyzed is based
on the measurement of environmental forest health indicators,
namely: data processing and analysis based on the
measurement of tree Community Forest Plantation (HTR)
health indicators can describe parameters of the current tree
growth rate, can be measured through a basic area (LBDs),
which can be used in interpreting productivity levels [5].

LBDs are an indicator of productivity. The use of LBDs to
determine and calculate the growth of individual trees. The
LBDs parameter is not difficult to measure and has an accurate
consistency [4]. LBDs value can use the following formula:

LBDs="% X 1 X d? (1)

Furthermore, tree damage (Cluster plot Level Index-CLlI)
and crown condition (Visual Crown Ratio-VCR) were used to
determine vitality indicators [14]. Tree damage was analyzed
based on the damage index (IK) for each tree (TLI), which was
then identified the level of damage in each plot (PLI) and
identified the level of damage in each cluster (CLI). The
equation that can be used to measure the level of tree damage
is as follows [15]:

TLI = [IK1] + [IK2] + [IK3] 2)
TLI in the plot
PLI = 2 e b A3)
Y Tree in the plot
Y'PLI
CLl = =— 4
Y'Plot @

The condition of the crown was analyzed based on the level
of the VCR. The value of the VCR was obtained from
assessing the five parameters of the crown condition [15, 16].

In addition, for indicators of flora and fauna species
diversity, the Shannon-Whiener (H') species diversity index is
used. The formula for the Shannon-Whiener (H") species
diversity index that can be used is as follows:

H’ 5)

Forest health assessed for unequal forest functions is
calculated from the final value of forest health status for
unequal forest functions. The end of the value of forest health
status is the result of multiplication between the weight values
and the respective parameter scores on each forest health
indicator in different forest functions. Eq. (1) is the final value
of forest health. Through formula 6, it can be seen that NKH

=-Y piln.pi



is the final value of forest health status, NT is the parameter
weight value of each forest health indicator, and NS is the
parameter score of each forest health index.

NKH = > (NT x NS) (6)

The weighted value is expressed in the form of eigenvalues
obtained using the Analytic Networking Process (ANP)
method [10]. The score is obtained by transforming the value
of each parameter of the forest health ecological indicator into
other forest features.

Meanwhile, according to references [17, 18], the weighted
values of forest health indicators for various forest functions
can be seen in Table 1.

Table 1. Value weighted across various forest functions

Forest Type LBDs CLI VCR W
Conservation Forest - 0.10 0.10 048
Production Forest 0.24 023 027 0.15
Protection Forest - 025 025 0.15

3. RESULTS AND DISCUSSION
3.1 Health condition status of conservation forest

Forest health in conservation forests is obtained by looking
for the value of each indicator, namely vitality and biodiversity.

The results of these measurements are presented in Table 2.

Table 2. Value score of conservation forest health indicators

Score Value
Plot Cluster CLl VCR W
1 261 298 0.76
2 287 310 101
3 219 296 0.89

Table 3. Status value and category of conservation forest
health condition

Final Value of Forest Conservation

Plot Conservation Forest Health Category
Cluster
Health
1 5.95 Good
2 4.18 Good
3 4.00 Good

Based on the calculations interpreted in Table 2, the lowest
CLI value is owned by cluster plot 3, followed by cluster plot
one, and the highest is owned by cluster plot 2. The different
CL1 values are influenced by factors that also influence them.
Types of tree damage are damage that interferes with plant
growth, the symptoms of which can be ascertained through the
shape, size, color, and texture [19, 20]. For the minimum VCR
value, cluster plot three is followed by cluster plot 1, and the
highest is cluster plot 2. The low value of VCR is indicated by
low forest cover in conservation forest, and conversely, the
high value of VCR indicates higher forest cover. According to
[21], crown quality also impacts forest vitality because crown
quality can play a role in photosynthesis that occurs in each
tree. As for the diversity value, the lowest value was owned by
plot 1, followed by plot 3, and the highest was plot 2. Plot 2,
which had the highest H' value, showed that the diversity of
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tree species contained in the plot was classified as high. The
value of each indicator is then multiplied by the weight value
of each forest function. The multiplication results indicate the
state of forest health. The data and value of the health
condition of the conservation forest are presented and can be
seen in Table 3.

The results of the calculation of the final value of the health
status of the protected forest, it can be seen that cluster plot 1
scores 5.95, which is included in the high-quality category,
and cluster 2 gets a value of 4.18 points, which is also included
here, in a good category. This is due to the high value of each
indicator. The results in Table 2 are based on the sum of the
multiplication values between the forest ecology indicator
parameters and the parameter weight values. The
categorization in Table 3 is obtained based on the range of
values (Likert scale), the highest and lowest final scores from
the three clusters of observation plots. So that the results of the
cluster-plot category are obtained in the table above. Besides
that, forest management in the function of conservation forest
is limited by regulations that do not require managers to
maintain existing biodiversity. In terms of productivity,
conservation forest managers are also not allowed to harvest
wood on their cultivated land to maintain its availability.
Cultivators may only harvest Multy Purpose Tree Species
(MPTSs) or Non-Timber Forest Products (NTFPs). NTFPs can
be defined as derivative products of forest products other than
wood, whether biological, vegetable, or animal [22]. With the
preservation of this forest, the life that is supported by its
existence can be maintained.

3.2 Health condition status of production forest

Forest health in production forests is obtained by looking
for the value of each indicator, namely productivity, vitality,
and biodiversity. The results of these measurements are
presented in Table 4.

Table 4. Value score of production forest health indicators

Score Value
Plot Cluster BDs CLI VCR
1 44219 2.00 2.90 0
2 500.55 250 230 1.7
3 94332 250 3.00 21

In the conservation forest, the highest LBDs value is in
cluster plot 3. Cluster plot 3 contains various plants because,
in this cluster plot, the cropping pattern used is agroforestry.
The tree that became the research sample has a large diameter,
so that the results of the LBDs value are the highest. The
smallest LBDs values are in cluster plot 1. The CLI values for
cluster plots 2 and 3 have the same value of 2.50, whereas for
cluster 1 it is 2.00. The highest VCR value is owned by cluster
plot 3, and the lowest is owned by cluster plot 1. The highest
diversity value, or can be called H', is owned by cluster plot 3,
the lowest is owned by cluster plot 1, and the value is 0. This
is caused by the cropping pattern belonging to the cluster. Plot
1 is monoculture. This is consistent with the statement [23]
that factors that can affect population numbers include
environmental conditions, food availability, the presence of
predators, and human activities. The value of the health
condition of the production forest can be seen in Table 5.

The results of calculating the final status of health
conditions in production forests show that all clusters have a
bad category. This is because the existing production forest



has a relatively low score. Bad management of production
forests affects forest health. However, production forests that
can be used for timber or non-timber forest products are
believed to have the ability to improve the economic welfare
of the surrounding community if managed properly [24].

Table 5. Status value and category of production forest
health condition

Final Value of Production Forest

Plot Production Forest Health Category
Cluster
Health
1 3.20 Bad
2 3.64 Bad
3 3.42 Bad

3.3 Health condition status of protection forest

Forest health in protection forests is obtained by looking for
the value of each indicator, namely productivity, vitality, and
biodiversity. The results of these measurements are presented
in Table 6.

Table 6. Value score of protection forest health indicators

Score Value
Plot Cluster CLI VCR I
1 494 250 0.77
2 483 325 141
3 3.26 3.08 055

While the smallest value is owned by plot cluster 1, whereas
for CLI results, the highest values are in graph cluster 1, high
CLI values indicate a lot of damage. Damage to trees can be
caused not only by environmental factors but also by various
causes [25], such as destructive activities of humans and
animals and attacks of pests and diseases. This part of the
protected forest has the most significant VCR value owned by
cluster plot 2 with a value of 3.25, and the smallest is owned
by cluster plot 1 with a value of 2.50. The largest share of
diversity is owned by cluster plot 2, while the smallest is
owned by cluster plot 3. High diversity indicates that the forest
can still carry out ecosystem functions well. The final value of
protected forest can be seen in Table 7.

Table 7. Status value and category of protection forest health
condition

Final Value of Forest Protection

Plot Protection Forest Health Category
Cluster
Health
1 2.34 Bad
2 8.79 Good
3 5.36 Moderate

From the calculation results in Table 7, the final value of the
health status of the protected forest varies. In cluster 1, the plot
has a bad value (2.34). Cluster 2 is good (8.79), and cluster 3
is moderate (5.36). Various factors influence the health status
of the protected forest. One of the factors is how the forest is
managed. Hence the need for forest management that
prioritizes forest sustainability. According to the statement of
[26], Although the success of sustainable forest management
is still not determined by the number of funds allocated to
these activities, it is highly dependent on the participation and
engagement of the community. They can use forest resources
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for their daily needs and generate significant income [27, 28].
According to [29], The benefits that humans feel come directly
or indirectly from all forest ecosystem functions.

3.4 Map of distribution of forest health status in various
forest functions

In the conservation forest, all the cluster plots have good
status, which is shown in the green plan. Good forest
management is one of the factors that make this forest status
good. Limitations in conservation forests have a positive effect
on its status. The distribution map of the health status of the
conservation forest can be seen in Figure 2.

DISTRIBUTION MAP OF
CONSERVATION FOREST
HEALTH CONDITIONS
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nservation Forest Health Category

CL1- Good
CL2 - Good

CL3- Good

Figure 2. Distribution map of conservation forest health
conditions

Distribution map of production forest health conditions can
be seen in Figure 3. All clusters that are sampled have bad
status. The red cluster color indicates this.
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Figure 3. Distribution map of production forest health
conditions

Production is a forest that has the function of producing
wood as the main component of forest products. This forest is
managed intensively to ensure the productivity of its products.
The overall land use found is generally livelihood-oriented and
economically oriented [29]. However, the impact of this is the



condition of their health status. In addition, the distribution
map of the health status of the protected forest can be seen in
Figure 4.
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Figure 4. Distribution map of protected forest health
conditions

Figure 4 shows the distribution of the cluster plots of the
health status of the protected forest. On the map, it can be seen
that there are various statuses, namely bad, which is marked
with a red cluster color. At the same time, those in yellow and
green indicate good status. the various statuses provide a
reference for decisions that need to be taken in order to
improve forest conditions. In addition, good management is
indicated by good status conditions, so it is necessary to
improve the management of this protected forest.

4. CONCLUSION

The health status of forests for different functions of forests

is different. In conservation forests, forest health status is good.

In the protected forest, the status of the good forest is in cluster
two, cluster one is bad, and plot 3 is moderate. Meanwhile, the
overall health status of production forests is classified as bad.
The distribution of each health condition status is shown in
color. Red indicates the cluster has a bad status, yellow is
moderate, and green is good.

Based on the results obtained, it is necessary to do more
repairs on forests that are categorized as bad. The results of
this study can be used as a reference in policy design in
decision making on the implementation of forest management
in various types of forest so that it becomes the primary key in
leading to sustainable forests management to further analyze
changes and trends that may occur in forest health conditions.
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