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The condition of mangrove forests in East Lampung Regency is currently experiencing 

degradation, resulting in the function of mangrove forests being reduced, especially in 

preventing natural disasters. This research is the third-year measurement of the activities 

of monitoring the health of mangrove forests in East Lampung Regency. The purpose of 

this study was to determine the value and trend category of the health condition of the 

mangrove forest in East Lampung Regency. The stages of this research, namely: 

measuring the health trend of mangrove forests in the six FHM clusters that have been 

built and analysing the data using the Forest Health Assessment Information System 

software. The results of this study indicate that the trend value of the health condition of 

mangrove forests in each location is Kuala Penet (8.64-20.90) with a good category 

because CL-1 and CL-2 are constant, Margasari (2.52-5.57) in the bad category because 

CL-3 and CL-4 decreased, and Purworejo (5.58-8.63) in the moderate category because

CL-5 and CL-6 increased. Thus, the average trend value of the health condition of the

mangrove forest in East Lampung Regency (7.70) is in the moderate category. This can

provide information to the community on preparedness in dealing with natural disasters.
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1. INTRODUCTION

The development of science on forest health in Indonesia 

has made forest health science applicable to a particular 

forest/ecosystem management [1]. One of them can be 

implemented in the mangrove forest ecosystem. One of the 

potential resources that have a variety of unique and distinctive 

uses is the mangrove forest. Mangrove forests play a role in 

stability in coastal areas, currently, the majority are aware of 

the importance of mangrove ecosystems which act as 

protectors of coastal areas from various threats of natural 

disasters, including tsunamis [2, 3]. Some of the other benefits 

of mangroves are to prevent seawater intrusion, protect coastal 

areas from waves, serve as animal habitats and restrain 

sediment flow to protect corals on the coast and function as a 

green belt [4, 5]. Forests that can carry out their functions can 

be said to be healthy forests. Currently, to see the sustainability 

of the mangrove forest ecosystem, it is possible to know the 

health condition of the forest [6]. In the management of forest 

areas, especially areas in coastal areas, data and information 

are needed regarding the ecological conditions of the area, 

especially the health condition of the forest [6]. The method 

for monitoring forest health conditions (status, changes, and 

trends) is by periodically measuring forest health based on the 

Forest Health Monitoring (FHM) method. Measurement of 

forest health is carried out on the parameters of ecological 

indicators of forest health, namely: tree growth (productivity), 

tree damage and crown condition (vitality), species diversity 

(biodiversity), and soil fertility (site quality). Forest health 

conditions (status, changes, and trends) were analyzed by 

assessing forest health conditions which were the result of the 

sum of the multiplication between the weighted values and the 

parameter scores of each parameter of the ecological 

indicators of forest health [7, 8]. East Lampung Regency has 

the potential for a dominant coastal area to grow mangrove 

plants. As much as 23% of the mangrove area in Indonesia is 

included in the East Lampung Regency [6]. 

This area has high waves and wind conditions extending 

from the southern part of Muara Sekampung bordering South 

Lampung Regency to the northern part in the Way Kambas 

National Park (TNWK) area bordering Tulang Bawang 

Regency. However, with the conditions and potential of the 

mangrove forests of East Lampung Regency, they are 

damaged or degraded due to various problems that exist in 

them caused by nature and humans. Urbanization and changes 

in land use have had a direct impact on the destruction of 

mangrove forests [9]. The negative effects of the dam threaten 

the mangrove's benefits, functions, and the health condition of 

the forest. As in research [10], the health of mangrove trees is 

currently suffering from a decline. Due to this, it is necessary 

to carry out research into the potential effects of a train wreck 

on the mangrove ecosystem in East Lampung Regency. 

According to the study [11], This measurement can be done to 

find out how the condition of forest health trends may occur 

so that it can be a reference in forest management. To ensure 

the quantity and quality of the forest, regular monitoring of 

forest health trends can be carried out realistically [12]. In the 

other situation, there is still a lot of work to be done and no 

interest from relevant parties in measuring forest health trends 

[13, 14]. Whereas an attempt is made to prepare important 

stakeholders in making judgments regarding the necessity of 

disaster mitigation preparedness by being aware of trends in 

the health state of mangrove forests. 

The purpose of this study was to obtain the values and 
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categories of health trends of the mangrove forest in East 

Lampung Regency that might occur. 

 
 

2. MATERIALS AND METHOD 
 

This research is the third-year measurement of the 

mangrove forest health monitoring activities in the East 

Lampung Regency (2020, 2021, and 2022) which are located 

in three locations, including the Margasari mangrove forest, 

Labuhan Maringgai District; Kuala Penet Resort mangrove 

forest, TNWK; and the Purworejo mangrove forest, Pasir Sakti 

District, where each location built two FHM Cluster-plots, as 

shown in Figure 1. This FHM method is designed to monitor 

forest health conditions (status, changes, and trends) based on 

the results of measurements of predetermined ecological 

indicators (key ecological indicators for the health of 

Indonesia's tropical rain forests, namely: productivity, vitality, 

biodiversity, and site quality) [7].  
 

 
 

Figure 1. Research location 
 

This research will be carried out in several stages of 

activities, namely: 

1. Measurement of Mangrove Forest Health Trends. 

The measurement of the health trend of mangrove forests 

is carried out in six cluster plots that have been built by 

measuring ecological indicators, including biodiversity, 

vitality, and site quality. Calculations were carried out on 

each parameter of the ecological health indicators of 

mangrove forests, namely: biodiversity indicators 

characterized by tree species diversity parameters. Tree 

species diversity was calculated based on the Shannon-

Wiener index value (H'); the vitality indicator was 

characterized by the parameters of tree damage and canopy 

conditions. The condition of tree damage was calculated 

based on the value of the cluster-plot level damage index 

(CLI) and the canopy condition was calculated based on 

the value of the visual crown ratio (VCR), and the indicator 

of site quality was characterized by soil fertility. Soil 

fertility is calculated based on the value of Cation 

Exchange Capacity (CEC) from soil analysis [15, 16]. The 

measurement of trends in the health of mangrove forests in 

each of the ecological indicators of the health of mangrove 

forests is as follows: 

a. Vitality measurement was carried out by measuring the 

condition of tree damage and crown condition [15, 16]. 

Measurement of tree damage and crown condition was 

carried out on trees in the annular plot.  

The condition of tree damage was measured based on the 

location where the damage was found, namely: roots, stems, 

branches, crowns, leaves, shoots, and shoots (Figure 2).  

 

 
 

Figure 2. Location of damage to mangrove trees 

 

If a tree has more than three damages that meet the severity 

threshold, the first three damage encountered starting from the 

root are recorded. The tree damage recording consists of three 

sequential codings that describe the location of the damage to 

the tree, the type of tree damage, and the severity of the tree 

caused; performed for a maximum of three damages that meet 

the severity threshold value, starting with the location with the 

lowest code. 

The condition of the tree crown was measured based on the 

crown parameters, namely: Live Crown Ratio (LCR), Crown 

Density (Cden), Foliage Transparency (FT), crown diameter, 

and dieback. The method for measuring all the parameters of 

the crown condition is to use a scale card, as shown in Figure 

3. 

 

 
 

Figure 3. Cden-FT scale card 

 

The crown conditions were calculated by the VCR rating. 

The VCR value for each tree is obtained from the result of each 

crown condition parameter based on three tree crown 

condition categories, as shown in Table 1.  

 

Table 1. Categories for tree crown conditions 

 

Parameters 

Categories 

Good 

(score=3) 

Moderate 

(score=2) 

Bad  

(score=1) 

Live Crown Ratio ≥40% 20-35% 5-15% 

Crown Density ≥55% 25-50% 5-20% 

Foliage Transparency 0-45% 50-70% ≥75% 

Crown Diameter ≥10.1 m 2.5-10m ≤24% 

Dieback 0-5% 10-25% ≥30% 
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The VCR value of a tree is between 1-4 depending on the 

magnitude of the observed value for each parameter of the 

crown condition. Value 1 (very low) if all header condition 

parameters are 1; 2 (low) if at least 1 parameter is worth 1, 

but not all parameters; 3 (moderate) if there are more 

combinations of values 3 and 2 in the header parameter, or 

all values are 2, but none of the parameters is worth 1; and 

4 (high) if all header condition parameters are 3, or only 1 

parameter has a value of 2, none of the parameters has a 

value of 1 [7]. 

b. Biodiversity measurement is carried out by measuring the 

diversity of tree species in the research location which is 

then calculated using the Shannon-Wiener Index formula 

[17]. 

c. Measurement of site quality was carried out by taking soil 

samples from three circular points located between two 

subplots with each circle having a diameter of 15 cm and a 

depth of about 30 cm from the ground surface. The level of 

soil layers from top to the bottom has different soil types 

and it can give affect sampling in places that have different 

depths. Soil sampling was taken at a depth of 30 cm because 

at this depth there was a layer of soil used for root growth 

[7]. Then soil testing in the laboratory to determine the value 

of CEC contained in the soil.  

2. Processing and data analysis. 

 Data processing and analysis are carried out on the results of 

measuring trends in the health of mangrove forests. The data 

processed and analyzed are CLI, VCR, and CEC data. 

Processing and analyzing data from the monitoring of 

changes in the health of this mangrove forest using the Forest 

Health Assessment Information System (SIPUT) software 

[15]. 

3. Assessment and Categorization of Mangrove Forest Health 

Trends 

Assessment of mangrove forest health trends using SIPUT 

software [15]. Based on this assessment, the categories of 

health trends for mangrove forests were obtained, namely: 

good, moderate, and bad [16]. 
 

 

3. RESULTS AND DISCUSSION 
 

Measurements of forest health in East Lampung Regency 

were carried out in three locations, namely Margasari 

mangrove forest, Labuhan Maringgai District; Kuala Penet 

Resort mangrove forest, TNWK; and the Purworejo mangrove 

forest, Pasir Sakti District with measurements carried out 3 

times. This measurement is carried out using ecological 

indicators of forest health, including vitality (tree damage and 

crown condition), biodiversity (diversity of tree species), and 

site quality (soil Cation Exchange Capacity). In detail, the 

results of the three measurements are described in Table 2. 

Based on Table 2, it is known that the vitality indicator with 

tree damage parameter (CLI) in all locations has increased. 

This means that each location experienced an increase in tree 

damage. The increasing trend of tree damage will have an 

impact on the decline in tree health which will result in the tree 

not being able to carry out its functions properly [18]. One of 

the causes of this condition is the pressure one of the reasons 

for this situation is the pressure caused by use and 

management that does not take into account the sustainability 

aspect. Management that does not take the sustainability 

aspect into account has an impact on the destruction of the 

mangrove forest itself. Environmental factors and 

unsupportive growth locations also affect the state of tree 

damage, which can stunt a plant's growth. Therefore, this tree 

damage assessment will be useful in determining sustainable 

forest management. Tree damage assessment is intended to 

obtain precise and accurate data and information regarding the 

condition of tree damage (location, type, and severity of trees) 

for management decisions of forest managers. For example, in 

the case of pests and diseases that cause damage. These pests 

and diseases can reduce the quality and quantity of trees which 

in turn can lead to failure in harvesting and reduce the income 

of forest managers. Tree damage can be caused by biotic 

factors (pests and diseases) and abiotic factors (forest fires, 

lightning, and management actions). If the damage occurs in a 

large and lethal area, it will cause harvest failure, while tree 

protection efforts are generally carried out when the stands 

have symptoms of advanced damage. Therefore, data and 

information on the symptoms, causes, severity, and location of 

forest stand damage are needed to keep the risk of damage 

below the loss threshold to ensure and realize sustainable 

forest management. 

 

 

Table 2. Forest health indicator values 
 

Location Indicator 
1st Measurement (2020) 2nd measurement (2021) 3rd measurement (2022) 

CL-1 CL-2 CL-1 CL-2 CL-1 CL-2 

Kuala Penet 

CLI 0.9 0.4 0.9 0.4 0.9 0.4 

VCR 3.7 3.9 3.7 3.9 3.9 3.9 

H' 0.4 0.8 0.4 0.8 0.4 0.8 

CEC 19.3 19.5 19.3 19.5 19.3 19.5 

  CL-3 CL-4 CL-3 CL-4 CL-3 CL-4 

Marga-sari 

CLI 2.1 1.6 2.7 1.6 2.9 1.5 

VCR 3.3 3.7 2.7 3.6 2.6 2.6 

H' 0.0 0.0 0.0 0.0 0.0 0.0 

CEC 18.3 19.2 18.3 19.2 18.3 19.2 

  CL-5 CL-6 CL-5 CL-6 CL-5 CL-6 

Purwo-rejo 

CLI 1.1 1,2 1.1 1.2 1.2 1.2 

VCR 3.6 2.9 3.6 2.9 4.0 3.5 

H' 0.0 0.0 0.0 0.0 0.0 0.0 

CEC 16.5 17.5 16.5 17.5 16.5 17.5 
Description: 

CL = Cluster-plot (1, 2, 3, 4, 5, 6) 
CLI = Cluster-plot Level Damage Index 

VCR = Visual Crown Ratio 

H’ = Tree species diversity index 
CEC = Cation Exchange Capacity 
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In addition to tree damage, the assessment of the crown 

condition is also included in the vitality indicator assessment 

which is important to do. The condition of the tree crown can 

describe the general health of the tree. The value of the crown 

condition is known that only the Kuala Penet, TNWK, and 

Purworejo locations have an increasing trend. Meanwhile, for 

the location of Margasari, the trend of crown conditions 

decreased. This is because at the location of Margasari the 

crown is small and sparse, causing the growth rate to be 

hampered. Small, sparse crowns indicate unfavorable growing 

site conditions (such as competition with other trees or too 

little or too much moisture) or other influences (such as 

defoliation from insects, disease of the leaves, or windstorms) 

[19]. 

The location of the Margasari mangrove forest has shrunk, 

which suggests that the crown condition at this place is 

deteriorating, according to the trend value of the crown 

condition. The availability of nutrients, sunlight, water, and 

insufficient room for vegetation to develop all contributed to 

the decline of the vegetation cover in this area [10]. Damage, 

such as the loss of dominating shoots, leaves, or shoots, as well 

as damaged shoots, have an impact on the density of the 

mangrove crown. The amount of sunlight that cannot reach the 

forest floor is measured by the crown density, which also takes 

into account the number of plant organs that make up the 

crown. Crown density can be measured using a scale card of 

crown density and foliage transparency (Figure 3). The unit of 

crown density is a percentage (%) and size in multiples of 10%; 

with crown density criteria, namely: good (≥55%), moderate 

(25-50%), and bad (5-20%) [7]. Thus, the fraction of total light 

that is obstructed by trees is known as crown density. The high 

density of the tree can be interpreted as a tree crown with lush 

foliage that satisfies the need for photosynthesis to sustain tree 

growth [10]. 

Assessment of site quality is a way to determine the level of 

soil fertility, besides that the assessment of site quality can also 

be used to determine the chemical processes of the soil that 

occur through the assessment of cation exchange capacity [20]. 

Based on the results in Table 2, it is known that for the 

assessment of the trend of tread quality there is no increase or 

decrease. This indicates a high CEC value in this mangrove 

forest because the mangrove ecosystem has soil conditions 

that are rich in organic matter dissolved in sediment [21]. 

Mangrove trees will grow well if they are supported by the 

quality of the site or place of growth that can support optimal 

growth [22]. Good soil conditions in the mangrove forest will 

make the plants healthy and resistant to attack by plant pests 

[23]. Good soil conditions and low damage can improve the 

health quality of mangrove forests to carry out their functions. 

One of the biological components found in the forest is a 

tree [13]. If biodiversity refers to all living things in a forest, 

then tree diversity refers to all tree species in a forest [24]. 

According to the results obtained in Table 2, it is known that 

the trend of tree diversity did not increase or decrease. This 

indicates that the tree diversity at each location is constant. The 

diversity index of tree species is an indicator that reflects the 

community structure; therefore, ecosystem stability is strongly 

affected by the high value of the species diversity index [17, 

25]. Based on the measurements, it is known that the lowest H' 

value with H'=0 is observed in Margasari and Purwerejo 

mangrove forests. The low value of H' is due to the lack of 

diversity of tree species. The highest H' value is found in 

mangrove forests on the coast of Kuala Penet, TNWK because 

many different tree species can be found in this place. 

Based on the results of the assessment of each ecological 

indicator of forest health, the trend values and categories of 

mangrove forest health in Lampung Timur district are shown 

in Table 3. 

Based on Table 3, the trend value at the location of Kuala 

Penet, TNWK (8.64-20.90) is in a good category. This is 

because in because CL-1 and CL-2 are constant. Then the trend 

value at the Margasari location (2.52-5.57) was in a bad category 

because CL-3 and CL-4 decreased. This decrease is due to the 

more significant damage to trees in this location. Furthermore, 

the trend value in the Purworejo location (5.58-8.63) is in the 

moderate category, this is because CL-5 and CL-6 increased. The 

graphs describing the health trend of mangrove forests at each 

research location are shown in Figures 4, 5, and 6. 

 

Table 3. The trend values and categories of mangrove forest 

health in Lampung Timur district 

 

Location 

1st 

Measure

ment 

(2020) 

2nd 

measure

ment 

(2021) 

3rd 

measurem

ent (2022) 

Categories  

CL-1 (Kuala Penet) 14.50 14.95 15.40 Good 

CL-2 (Kuala Penet) 20.90 20.90 20.90 Good 

CL-3 

(Margasari) 
4.32 2.52 2.52 Bad 

CL-4 

(Margasari) 
8.10 8.55 5.85 Moderate  

CL-5 

(Purworejo)  
6.57 7.47 7.92 Moderate 

CL-6 

(Purworejo) 
4.23 5.13 7.38 Moderate  

 

 
 

Figure 4. Trend graph of Kuala Penet mangrove forest health 

value conditions 

 

 
 

Figure 5. Trend graph of Margasari mangrove forest health 

value conditions  
 

According to Figure 4, the trend of mangroves at the CL-1 

Kuala Penet location has increased, while the trend at the CL-

2 Kuala Penet area has not changed. Based on Figure 4, at the 

location of the Kuala Penet mangrove forest, namely: the final 

946



 

value of the health condition of the CL-1 mangrove forest has 

increased (from 14.50 to 15.40). This increase was due to an 

increase in the value of the visual crown ratio (VCR value 

from 3.7 to 3.9). The VCR value is the sum of the five crown 

measurement parameters (LCR, Cden, FT, Crown Diameter, 

Dieback) which greatly affect the criteria for the condition of 

the tree crown, while the magnitude of the value will affect the 

high and low value of the VCR. In CL-1 the VCR value is high 

because all parameters of the crown condition are worth 3, or 

only 1 parameter has a value of 2, and none of the parameters 

has a value of 1. While the final value of the health condition 

of the CL-2 mangrove forest does not change because the VCR 

value is constant. Additionally, the value of the mangrove 

forest's health trend is declining for the Margasari location in 

CL-1. However, it is fluctuating for CL-2 in Figure 5 below.  

According to Figure 5, this suggests that the Margasari 

mangrove forest's ability to function as a forest has declined. 

The health of the mangrove forest trended upward in both plot 

clusters at the site of the Purworejo mangrove forest shown in 

Figure 6 below.  

 

 
 

Figure 6. Trend graph of Purworejo mangrove forest health 

value conditions  

 

According to the graph in Figures 4, 5, and 6, it is known 

that there are variations in results between the three research 

locations based on the findings of the analysis of the value of 

the mangrove forest health trend. Different mangrove forest 

management practices in each research location may be to 

blame for the variation in the health trend of the mangrove 

forests. 

The main function of the forest can run optimally if the 

constituent trees are in good condition [26]. The trees that 

make up the vegetation in the mangrove forest will later play 

a role in the formation of a microclimate, improving air quality 

and reducing carbon dioxide, as well as protecting the city's 

water supply [27]. photosynthesis and respiration [28]. 

Mangrove forests with good tree conditions will certainly have 

good physiological processes from each plant. 

In the context of preparedness in preventing natural 

disasters, mangrove forests have a function to prevent coastal 

abrasion, reduce gas emissions, prevent flooding and protect 

against waves. In addition, the presences of many trees in 

mangrove forests have provided many benefits such as being 

able to absorb carbon and filter dirt due to vehicle pollution, 

reduce air pollutants, and make the surrounding environment 

shadier [29-31]. Assessment of forest health trends can be one 

of the efforts in disaster preparedness. If the mangrove forest 

experiences an increase in the trend value of its forest health, 

then this indicates that the condition of the forest is in good 

condition. Thus, the mangrove forest located at the Kuala 

Penet and Purworejo mangrove forests will affect preventing 

natural disasters, while the mangrove forest in the Margasari 

location requires further management in repairing the 

damaged forest. 

In essence, maintaining forest health involves attempting to 

keep the rate of deforestation below an economically tolerable 

level [32]. Monitoring the health of the forest is essential to 

understanding its current condition as well as any future shifts 

and trends brought on by activities within the forest. 

Ecological measures of forest health, such as vitality, 

productivity, biodiversity, and field quality, can be used to 

assess the health of a forest [7, 16]. In addition to the four key 

ecological indicators for the health of Indonesia's tropical 

rainforests, namely: productivity, vitality, site quality, and 

biodiversity. Other indicators that can be used to measure 

forest health are regeneration and browse impacts, 

fragmentation, urbanization, landscapes, carbon, and 

community socio-economic factors [10, 33]. However, this 

study measures the available characteristics to determine 

indices of viability, biodiversity, and land quality. 

Data and information on the results of forest health 

monitoring are important to know for consideration by the 

government or anyone authorized to manage mangrove forests 

in making appropriate management decisions [13]. In this case, 

the decision is used to manage the forest to prevent natural 

disasters. These decisions include appropriate planning, 

management, and silvicultural techniques as well as actions 

that need to be taken on arable land with low ecological 

indicators. It is hoped that from the existing data and 

information, forest utilization can be maximized according to 

its function to achieve a sustainable and sustainable 

management system [13]. 

 

 

4. CONCLUSIONS 

 

The trend value of the health condition of mangrove forests 

in East Lampung Regency at each location is Kuala Penet 

(8.64-20.90) with a good category, Margasari (2.52 -5.57) in 

the bad category, and Purworejo (5.58-8.63) in the moderate 

category. Thus, the average trend value of the health condition 

of mangrove forests in East Lampung Regency is 7.70 

(moderate category). Therefore, the right and accurate data 

and information are needed by the community in management 

decisions for preparedness for natural disasters in the coastal 

area of East Lampung Regency. 
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