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Abstract. Bakri S, Monik DT, Setiawan A, Winarno GD. 2022. Short Communication: Assessing the relationship of Sumatran elephant’s
movement (Elephas maximus sumatranus) with vegetation intensity in Kotaagung Utara, Lampung Province, Indonesia using NDVI 
method. Biodiversitas 23: 1920-1928. The Indonesian Elephant Conservation Forum stated that the population of Sumatran elephants 
(Elephas maximus sumatranus) had decreased dramatically up to 70% in the last 20-30 years due to illegal hunting, land conversion, and 
encroachment, so the availability of elephant food in the wild is gradually inadequate. With the decline of the elephant population in 
Indonesia, several parties such as the government, NGO, and the public are beginning to monitor the Sumatran elephant. The monitoring 
is carried out by observing and studying the movements of elephants using a GPS Collar. The research aims to find out the consistency 
of elephant movement and its relationship to the availability of feed as indicated by the intensity of vegetation in KPH Kotaagung Utara, 
Lampung Province, Indonesia. This research used GIS technology (Correlation Citra Landsat 8 OLI and BIG Demnas Data), elephant 
movement data using GPS Collar in 2020, and land use data by BPKH Lampung. The results showed that the monthly movement 
pattern of elephants in 2020 was consistently monitored. From January-July, elephants are in the North area, while in August-December 
are in the South. The intensity of elephant movement in the Mixed Shrub Dryland Agriculture area is higher than in the other areas, at 
107 points or about 90% of all the areas in KPH Kotaagung Utara. Meanwhile, in the Dryland and Shrub Agriculture areas, there are 6 
points each, or about 5% of all the areas. The vegetation classification in KPH Kotaagung Utara is dense with an NDVI value range of 
0.63-0.85. Furthermore, the regression results prove that NDVI and the monthly season affect the movement of elephants with a p-value 
of <0.001. 

Keywords: KPH Kotaagung Utara, NDVI, Sumatran elephant (Elephas maximus sumatranus) 

Abbreviations: API: Application Programming Interface; EEC: Earth Engine Computing; GPS: Global Positioning System; H: 
Hypothesis; IUCN: International Union for Conservation of Nature and Natural Resources; IVI: Important Value Index; KHL: Kawasan 
Hutan Lindung; KPH: Kesatuan Pengelolaan Hutan; NDVI: Normalized Difference Vegetation Index; NGO: Non-Governmental 
Organization; NIR: Near Infra-Red; R-Sq: R-Square (Coefficient of Determination); R-Sq (Adj) is the Adjusted R-Square (Coefficient 
of Determination); SEE: Standard Error of Estimate; WWF: World Wide Fund for Nature 

INTRODUCTION 

The Sumatran elephant (Elephas maximus sumatranus) 
is the largest herbivore in Sumatra (Indonesia) with the 
classification Proboscidea (Imtiyaaz et al. 2021). 
According to the International Union for Conservation of 
Nature and Natural Resources (IUCN) 2022, Sumatran 
elephants are included in the Red List Data Book in the 
critically endangered category. According to the 
Directorate of Biodiversity Conservation, Directorate 
General of Natural Resources and Ecosystem 
Conservation, Ministry of Environment and Forestry of the 
Republic of Indonesia Jakarta (2020), in 2017, the 
Sumatran elephant population was estimated at 1,694- 
2,038 individuals found in 36 habitat pockets and spread 
over seven provinces, including Aceh, North Sumatra, 
Riau, Jambi, South Sumatra, Bengkulu and Lampung. The 
Government Regulation Number P.20/MenLHK/Setjen/ 

Kum.1/6/2018 about Protected Types of Plants and 
Animals in Indonesia strengthens the protection of 
Sumatran elephants, with the second amendment of 
Regulation of the Minister of Environment and Forestry 
Number P.106/MenLHK/Setjen/Kum.1/12/2018, however, 
the conversion of forest functions to agricultural and 
plantation areas, resulting in depression in elephant’s
natural habitats as a refuge, and become one of the 
factors’s causing the decline of elephants population
(Kumar et al. 2020). 

In general, Sumatran elephants can be found in stable 
habitats, such as tropical rainforests in some parts of 
Indonesia (Moßbrucker et al. 2016). In line with Shaffer et 
al. (2019), elephants live in groups by traveling long 
distances out of their roaming area to fulfill their food 
needs and water, find social partners, and reproduce. The 
availability of adequate food and water will indirectly 
affect the activities and behavior of the elephants. 
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According to Wall et al. (2021), elephants often choose to 
be in protected areas, with security better than in other 
areas, aside from the abundance of food and water. 
However, as time goes by, anthropogenic activities, forest 
encroachment, and land clearing in protected forest areas 
are increasing, and the home range and food chain of the 
elephants that inhabit the rest of the forest are interrupted 
(Calabrese et al. 2017). These negative activities will 
destroy the elephant's natural habitat and trigger conflicts 
between elephants and humans. Thus, monitoring is needed 
to determine the elephant's roaming area. Analysis of land 
use maps was carried out using satellite imagery to see the 
greenery level of plants in the observation area (Prasetyo et 
al. 2017). Doing mapping and observation is one of the 
methods used to find out the relation between the roaming 
area and the wild elephant feed in KPH Kotaagung Utara. 
The first thing to do is see the intensity of elephant 
movements based on the land use map. According to Nedd 
et al. (2021) land use and land cover are important to be 
understood because such data refer to the purpose and the 
land function, such as wild animal habitat, land change, and 
development, as well as the physical appearance of the 
earth's surface such as bodies of water, rocks, built-up land, 
and others. Moreover, these appearances are valuable 
information for nurturing elephant programs that live 
naturally or domestically (Meytasari et al. 2014). The 
development of technology nowadays, like GPS (Global 
Positioning System) and non-invasive molecular technic, 
helps increase our understanding of observing and studying 
the wildlife ecology, especially wild elephants (Wong et al. 
2018). After that, analyzing the vegetation intensity 
damage at KPH Kotaagung Utara using the vegetation 

indexes. Index vegetation is needed to identify pixels 
covered by the size of vegetation proportion. According to 
Xue and Su (2017), the vegetation index is obtained from 
the greenness of vegetation or canopy based on digital 
signal intensity, or what is known as a fairly simple 
algorithm. There are many vegetation indexes with 
different algorithms, one of them is the vegetation index 
Normalized Difference Vegetation Index (NDVI). NDVI is 
an index that is often used to calculate the greenery scale, 
counted by the multispectral information as the 
normalization ratio between red-bow and closer infra-red 
this classification can be done with a good technique using 
remote sensing because of the special vegetation 
characteristic towards electromagnetic waves (Woźniak et
al. 2020). Finally, do the correlation of NDVI value with 
the presentation of the elephant's move. Based on the 
background given, this observation aims to see the 
consistency of the elephant’s movement and the relation
with the food supply availability indicated by the 
vegetation's intensity in KPH Kotaagung Utara, Lampung 
Province, Indonesia. 

MATERIALS AND METHODS 

Research location 
The research was conducted at a protected area, namely 

Kawasan Hutan Lindung (KHL), located inside KPH 
Kotaagung Utara, Tanggamus District, Lampung Province, 
Indonesia (Figure 1). Data analysis was carried out using a 
laptop and ArcGIS software in January 2022.  

 
 

 
 
Figure 1. Research location KPH Kotaagung Utara, Tanggamus District, Lampung Province, Indonesia 
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Procedures 
Types and data source 

The data were collected from secondary data obtained 
from the internet, newspaper, or journal (Ajayi 2017). The 
data collected were GPS Collar data in 2020 kindly 
provided by WWF, land use data in KPH Kotaagung Utara 
consisting of BPKH data, a constellation of Citra Lansat 8 
OLI, and BIG Demnas, as well as NDVI, which were 
obtained by searching using Google Earth Engine. 

Data collecting 
Secondary data were obtained from the results of 

mapping the consistency of the Sumatran elephant roaming 
area using the GPS Collar (data WWF) in 2020, consisting 
of land use data, a constellation of Citra Lansat 8 OLI and 
BIG Demnas data, and NDVI results using Google Earth 
Engine. Currently, there are 24 elephants in the province of 
Tanggamus, which are divided into 2 groups. 
GPS Collars were installed on each Bunga and Citra 
elephant group leader. According to Nazaruddin, chairman 
of the Mahout Forum, the elephant fitted with the GPS 
Collar is a female elephant aged 25-30 years, may weigh 
up to 2,500 kg (5511.56 lb.) and stand about 2.19 m (7.1 
ft.). The data generated from the GPS Collar is in the form 
of recording the points of elephant movement per day 
every year. The data was obtained from WWF and has 
been granted permission to be processed. The goal of the 
GPS Collar is to track the movement patterns of animals in 
great detail (Stabach et al. 2020). 

 
Data analysis 
Distribution of coordinate points based on land cover 

The elephants wearing GPS Collars were moved across 
different land covers. The data obtained were then 
processed and analyzed using the formula: 

 

 

Normalized Difference Vegetation Index (NDVI) analysis 
based on Earth Engine Computing (EEC) 

Vegetation intensity analysis was carried out by NDVI 
using the red band and Near Infra-Red (NIR) in remote 
sensing to determine the vegetation index from the satellite 
(Shafizadeh-moghadam et al. 2021). Viewing the NDVI 
value of an area can be done by using Earth Engine 
Computing. Earth Engine is a platform developed by 
Google with various open-source data available in the data 
catalog and ready for analysis in multi-petabyte sizes 
processed through computing services with high-
performance capacities (Gorelick et al. 2017). GEE offers 
substantial advantages over conventional processing, 
including easy-to-develop and open algorithms and the 
ability to do various computing tasks efficiently (Xia et al. 
2020). This is because the Application Programming 
Interface (API) can be accessed through the related website 
(IDE), allowing for rapid generation of prototypes and 
visualizations in a large cloud computing chart (Gorelick et 
al. 2017; Sidhu et al. 2018; Chen et al. 2021) An NDVI 
score near 1 indicates that the area is becoming denser in 

terms of vegetation cover; and vice versa, a value near 0 
indicates that the area's vegetation is becoming rarer 
(Pahlefi et al. 2021). Ahmed and Akter (2017) describe the 
NDVI algorithm as follows: 

 

  
 
Where, NDVI is the Normalized Difference Vegetation 

Index; NIR is the spectral reflectance value in the near-
infrared band; R is the spectral reflectance value in the red 
band. The vegetation density level is classified into five 
categories (Table 1): cloud and water, non-vegetation, 
sparse vegetation, moderate vegetation, and dense
vegetation (Sunaryo and Iqmi, 2015; Hardianto et al. 
2021). Correlations will be made between the data and data 
from image processing using NDVI at the same 
coordinates. Through statistical correlation analysis, data 
validation will demonstrate the similarity of image 
processing data to actual conditions. The higher the 
correlation coefficient, the more comparable the two 
compared outcomes are.  

Multiple linear regression  
The main motivation for developing the linear model 

in this research is to obtain a tool that can be used to 
accurately predict the proportion of an elephant herd or 
elephant area density (EAD) using two predictor 
variables (independent variables) in the form of NDVI 
data and the distribution of elephant movement variables 
according to time. While the NDVI variable reflects the 
environmental and ecological conditions of land use at 
the observation point in 2020, it shows the movement of 
elephants according to time (t), where (t) is January to 
December. To make a comparison between one month 
and another in influencing EAD, one month must be 
used as a reference. This means that the predictor 
variable by month that affects EAD needs to be treated 
as a dummy variable (Artaya 2019). In this study, 
December is used as a reference, meaning that in this 
modeling analysis, December must be given a score of 
0. Meanwhile, other months are always compared to 
December in influencing EAD at every point. 
Mathematically, this description can be expressed by the 
postulates of the linear model as follows: 

 
[EAD]it = β

0
+ β

1
[NDVI]it + β

2
[JAN]it + β

3
 [FEB]it + 

β
4
[MAR]it + β

5
[APR]it 

+ β
6
[MAY]it 

+ β
7
[JUN]it + β

8
[JUL]it 

+ β
9
[AUG] it 

+ β
10

[SEP] it + β
11

[OCT] it 
+ β

12
[NOV] it 

+ ξ it 

 

In the model, β
0
 to β

12
 are the parameters found using 

the least-squares deviation method (OLS = Ordinary Least 
Square) using software, namely Minitab 16. This is an error 
or deviation originating from various variables that are not 
considered in the prediction model or errors in the 
measurement of both EAD and NDVI data. In this regard, 
the hypothesis tested is: 
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Hypothesis: 
H0: β1 =β2=β3=β4=β5=β6=β7=β8=β9=β10=β11=0  
H1: β1≠β2≠β3≠ β4≠β5≠β6≠β7≠ β8≠ β9 ≠β80 ≠β11≠0 

 
Where, H0 means that the EAD Value is not 

significantly different according to NDVI or according to 
the month of observation. And then, H1 means that the 
EAD Value is significantly different according to NDVI or 
the month of observation.significantly  different according to NDVI or according to the month of observation.  

 
As for variables, symbols in models, units, data sources 

of variable response, and predictors are presented in Table 
2. 

Hypothesis testing 
 Hypothesis testing is a subset of inferential statistics 

that aims to draw conclusions using data from a population 
sample. Simultaneously, the F method was conducted to 
test the independent variable's effect on the dependent 
variable. To determine if the independent variable had a 
partial effect on the dependent variable, the t-test was 
performed. The significance level used in this study was 
10%. The coefficient of determination test is intended to 
determine the percentage or proportion of total variance 
explained by the dependent variable by the independent 
variable. Because the equation is multiple regression, the 
value used is R2. Testing the multiple linear regression 
equation parameters was carried out using Minitab 16. 

 
 

Table 1. Classification of vegetation density on NDVI value 
 

Classification of vegetation density NDVI value 

Cloud and Water 
Non-Vegetation 
Sparse 

-2.0-0 
0-0.21 

0.21-0.42 
Moderate 0.42-0.63 
Dense 0.63-0.85 
Data Source: Sunaryo and Iqmi (2015); Hardianto et al. (2021) 
 
 
Table 2. Variables, symbols in models, units and scores, data 
sources 
 

Variable Symbol Data source 

Elephant movement 
(Elephant Area Density) 

[EAD] it World Wide Fund for 
Nature 

NDVI [NDVI] it Interpretation of Landsat 
Imagery 

January [JAN] it Research results in 2022 
February [FEB] it Research results in 2022 
March [MAR] it Research results in 2022 
April [APR] it Research results in 2022 
May [MAY] it Research results in 2022 
June [JUN] it Research results in 2022 
July [JUL] it Research results in 2022 
August [AUG] it Research results in 2022 
September [SEP] it Research results in 2022 
October [OKT] it Research results in 2022 
November [NOV] it Research results in 2022 

RESULTS AND DISCUSSIONS 

Movement patterns of Sumatran elephants  
Wild animal behavior is the movement of animals to 

fulfill the stimuli in their bodies by utilizing the stimuli 
obtained from their environment. Movement behavior is 
carried out to find food, breed, or escape from predators 
and other disturbances. The behavior of wild animals is 
determined by two elements: primary and secondary 
factors (Gill et al. 2019). Primary factors encourage 
animals to move to meet their physiological demands, such 
as hunger, thirst, and sexual desire. As a result, it is 
believed that the distribution of feed, water, and mating is 
the primary predictor of a place's utilization. Additionally, 
secondary factors affect how space is used and may include 
variances in a place's microclimate, terrain conditions, risk 
of encountering predators, and risk of disease. Animals 
prioritize time and space, as these factors limit and scale 
animal behavior patterns (Torres et al. 2017). 

In Tanggamus District, 24 Sumatran elephants (Elephas 
maximus sumatranus) were observed, divided into two 
groups: the Bunga group (16 elephants) and the Citra group 
(8 elephants). This is related to Williams et al. (2019), 
which state that elephants live with matriarchal patterns or 
large and complex social groups in the wild. Elephants 
move in a wide-roaming area, thus, they utilize a variety of 
habitat types, including swamp forest, peat swamp forest, 
lowland forest, and low montane rainforest (Sukumar 
1999).  

Elephants, as herbivores, require a greater amount of 
food than other herbivores due to their big body size. 
Elephant feed is made from plants, including leaves, fruit, 
stems, bark, tubers, gums, and roots of various plants. 
According to Riba'i et al. (2013), in general elephants 
consume five different plant parts: leaves, stems, fruit, 
roots, and skin. The quantity and diversity of food sources, 
which vary considerably between areas, are the primary 
reasons the wild elephant group in the KPH Kotaagung 
Utara has such a large roaming area. The findings of this 
study indicate that the Sumatran Elephant’s movement in 
the KPH Kotaagung Utara from 2020 tends to be steady. 
Between January and July, elephants go to the North, 
whereas between August and December, elephants tend to 
travel to the Southern area of the KPH Kotaagung Utara 
(Figure 2). 

Coordinate points distribution based on land cover 
The movement of each group is influenced by the 

season and the condition of its habitat resources, especially 
feed and the available home range. During the dry season, 
groups of elephants typically wander from highland to 
lowland forest in search of feed, but during the rainy 
season, elephants do the opposite. Basically, elephants 
prefer areas with cold weather and will stop feeding 
activities when the weather is hot. During the dry season, 
groups of elephants typically wander from highland to 
lowland forest in search of food, but during the rainy 
season, elephants do the opposite. In general, elephants 
prefer chilly climates and will cease feeding activities in 
hot weather. This is aligned with Williams's (2009) 
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statement that elephants are warm-blooded animals 
(thermal cover), which means that in hot situations, the 
elephant will seek shelter and adjust its body temperature 
to adapt to its environment. Elephants also avoid sunburn 
by covering their body in soil or mud to keep cool 
(Imtiyaaz et al. 2021). Elephant populations will thrive in 
habitats with a balanced blend of physical and biotic 
environments. Mineral salts, water availability, and slopes 
contribute to these physical circumstances. While 
biological variables in the form of vegetation composition 
or structure, vegetation profile, and feed availability 
(Shaffer et al. 2019). Elephants equipped with 
GPS collars migrate or travel in a variety of land use and 
cover types. In KPH Kotaagung Utara, there are 119 
elephant coordinates distributed throughout 9 different land 
uses. Primary Dryland Forest, Secondary Dryland Forest, 
Settlement, Mining, Dryland Agriculture, Shrub Mixed 
Dryland Agriculture, Rice Fields, Scrub Bush, and Open 
Land are the different forms of land use. Elephant activity 
is more intense in the Mixed Shrub Dryland Agriculture 
area than in other places, with 107 points accounting for 
approximately 90% of all areas in KPH Kotaagung Utara. 
Meanwhile, the Dryland and Scrub Agriculture sectors 

each have six points or approximately 5% of all areas. This 
is demonstrated in Table 3 and Figure 3. 
 

 
Table 3. Distribution of the coordinates of Sumatran elephants 
fitted with GPS Collars on various types of land use in KPH 
Kotaagung Utara, Tanggamus District, Lampung Province, 
Indonesia 
 

Land use Number of 
points 

Percentage Wide  
(ha) 

Primary Dryland 
Forest 

0 0 206.3090 

Secondary 
Dryland Forest 

0 0 5,641.1765 

Settlement 0 0 125.9465 
Mining 0 0 96.2618 
Dryland Farming 6 5% 2,002.1857 
Mixed Shrub 
Dryland 
Agriculture 

107 90% 45,772.5237 

Rice Field 0 0% 851.3812 
Shrubs 6 5% 1,485.7736 
Open Land 0 0% 76.2225 
Grand Total 119 100% 56,257.7808 

 
 
 

 
 

Figure 2. Map of Sumatran elephant movement in KPH Kotaagung Utara, Tanggamus District, Lampung Province, Indonesia for 2020 
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Figure 3. Map of Sumatran elephant movement in KPH Kotaagung Utara Tanggamus District, Lampung Province, Indonesia based 
on land use 2020 
 
 
 
Based on the elephant’s land uses and roaming, Mixed 

Shrub Dryland Agriculture receives the most points, 107 
out of 119. Due to the predominance of Mixed Shrub 
Dryland Agriculture usage by elephants in KPH Kotaagung 
Utara, such area is look like very ideal for Sumatran 
elephants who live around. The reasons are clear, why they 
really like those Mixed Shrub Dryland Agriculture. That 
are because the elephants still found plenty of food, and the 
ecosystem has a reasonably dense canopy cover, which 
protects elephants from direct sunburn. The second type of 
land use that elephant crossed the most is Dryland and 
Shrub Farm, which received six points out of 119 points. 
This is reinforced by Putri's research (2021) which states 
that the vegetation in the northern area is dominated by 
woody plant species such as harendong trees (Melastoma 
affine), masi-masian (Mimusops elengi), bendo (Artocarpus 
elasticus), and cocoa (Theobroma cacao), while the 
vegetation that dominates the southern area is non-woody 
plant species, such as reed grass (Saccharum spontaneum), 
tepus (Phrynium pubinerve), resam fern (Dicranopteris 
linearis), jerumo manok (Leea indica), Bandotan 
(Ageratum conyzoides), Kasapan (Clidemia hirta ), reeds 
(Imperata cylindrica), bone grass (Eleusine indica), teki 
grass (Cyperus rotundus), and ganyongan (Canna 
discolor). Additionally, gamal tree (Gliricidia sepium) with 
an IVI of 111, and dadap (Erythrina variegata) with an IVI 
of 105 dominated the plant species of dryland agricultural 
ecosystem type in KPH Kotaagung Utara during the tree 
phase. The vegetation in an area has a positive influence on 
the elephant’s habitat, which varies depending on the

structure and composition of vegetation that grows in the 
area (Farhan et al. 2019). Additionally, there was no 
evidence of Sumatran elephant points in six other types of 
land cover in the KPH Kotaagung Utara, namely: 
Settlement, Mining, Primary Dryland Forest, Secondary 
Dryland Forest, Rice Fields, and Open Land. This is 
because the land area is so small. Each NDVI's value and 
area can be viewed in Table 4.  

Types of land use in the classification of vegetation 
density in the form of Non-Vegetation and Sparse, the 
Sumatran elephant is barely traversed. Apart from having a 
smaller land area compared to others, elephants are also 
one of the animals with a high level of sensitivity, making 
them minimize their activity on human territory. According 
to Abdullah et al. (2019), elephants can detect sounds in the 
frequency range from 1-20,000 Hz, with a hearing distance 
of roughly 10 km. Therefore, increased human activities 
around elephant habitats, such as mining, agriculture, or 
urbanization, will generate noise effects that decrease the 
quality and quantity of elephant habitats, which can impact 
population decline. 

NDVI value based on elephant point distribution 
Based on the data analysis, the results of the 

classification of elephant distribution points with NDVI
variations in the KPH Kotaagung Utara for 2020 were 
classified into Cloud and Water, Non-Vegetation, Sparse 
Moderate, and Dense, as presented in Table 4. The NDVI 
value describes the vegetation cover above the ground 
surface with different brightness values based on the 
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difference in digital number values through a calculation of 
visible light and near-infrared. The classification can be 
seen in Figure 4. 

According to Figure 4, the vegetation condition in KPH 
Kotaagung Utara is classified as dense. This is because 
KPH Kotaagung Utara has a relatively high vegetation 
density, with an average NDVI of 0.63-0.85 and 107 
elephant distribution spots out of a total of 119. This is 
aligned with studies (Huang et al. 2020) indicating that the 
theoretical range of the NDVI value is -1 to 1 (the closer to 
1, the more vegetation), with values less than 0 
representing sea (water) or unoccupied land. The amount of 
land cover categories also influences the density 
classification, specifically Secondary Dryland Forest, 
Primary Dryland Forest, and Mixed Shrub Dryland 
Agriculture, which dominate in the KPH Kotaagung Utara, 
covering 51,620.0092 Ha of the total 56,020 Ha. 
Furthermore, Moderate’s NDVI classification which has 12
elephant distribution points. Meanwhile, the Sparse, Cloud 
and Water, and Non-Vegetation classifications do not have 
elephant distribution points. A low NDVI value indicates 
that the vegetation is experiencing moisture stress, and a 
higher value indicates a higher density of green vegetation. 
Furthermore, according to Sugiyanto et al. (2017), 
elephants will choose fresh grass in the rainy season 
because it contains carbohydrates and low fiber content 
(Lignohemicellulose). Meanwhile, elephants prefer leaves 
containing high protein content in the dry season, like (8-
10% Malvaceae and 10 to 20% Leguminosae). A low 
NDVI value indicates that the vegetation is under water 
stress, whereas a high value implies a dense canopy of 
greenery. 

Multiple linear regression T-Test against dependent 
variables 

The T-test, also known as the partial test, was employed 
to determine the effect of each independent variable of 
vegetation intensity (NDVI) on the dependent variable of 
elephant migration in this study (elephant area density). 
The T-test results on multiple linear regression can be seen 
in Table 5. 

 
Table 5. Monthly distribution results and Vegetation Intensity 
(NDVI) on elephant movement (elephant area density) in KPH 
Kotaagung Utara, Tanggamus District, Lampung Province, Indonesia 
 

Predictor Coef SE coef T-value P-value 

Constant 1.688 0.118 14.27 0.000 
[NDVI] it -2.220 0.282 -7.87 0.000 
[JAN] it 0.976 0.121 8.09 0.000 
[FEB] it 
[MAR] it 

0.761 
0.802 

0.108 
0.099 

7.07 
8.07 

0.000 
0.000 

 
[APR] it 0.759 0.106 7.15 0.000 
[MAY] it 0.755 0.118 6.42 0.000 
[JUN] it 0.736 0.093 7.88 0.000 
[JUL] it 0.423 0.074 5.56 0.000 
[AUG] it 0.335 0.065 5.15 0.000 
[SEP] it 
[OCT] it 
[NOV] it 

0.014 
0.215 
0.201 

0.060 
0.731 
0.072 

2.33 
2.94 
2.76 

0.022 
0.004 
0.007 

S = 0.0726422; R-Sq = 60.29%; R-Sq(adj) = 55.80% 

Note: S is the Standard Error of Estimate (SEE); R-Sq is the R-
Square (Coefficient of Determination); R-Sq (Adj) is the Adjusted 
R-Square (Coefficient of Determination) 

 
 
Table 4. Value and area of each NDVI classification in KPH Kotaagung Utara, Tanggamus District, Lampung Province, Indonesia for 2020 
 

Classification of vegetation density NDVI value Type of land use Total land use (ha) 

Cloud and Water -2.0-0 - - 
Non-Vegetation 0-0.21 Open Land, Settlement, and Mining  298.4309 
Sparse  0.21-0.42 Rice Field 851.3812 
Moderate  0.42-0.63 Dryland Farming, and Shrubs 3,487.9593 
Dense  0.63-0.85 Secondary Dryland Forest, Primary Dryland 

Forest, and Mixed Shrub Dryland Agriculture 
51,620.0092 

 
 

 
 
Figure 4. NDVI classification on elephant point distribution in January-December 2020 
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The relationship between the dependent variable (EAD) 
and the independent variable (NDVI and the monthly 
distibution) in the regression: 

 
EAD = 1.688 - 2.220 NDVI + 0.976 [JAN]it + 
0.761 [FEB]it + 0.802 [MAR]it + 0.759 [APR]it + 
0.755 [MAY]it + 0.736 [JUN]it + 0.423 [JUL]it + 
0.335 [AUG]it + 0.141 [SEP]it + 0.215 [OKT]it + 
0.201 [NOV]it 

 
The R-square value, or the resulting determinant 

coefficient, is 60.29% based on the data processing in 
Table 3. This value indicates that the diversity of about 
60.29% of the vegetation intensity in the KPH Kotaagung 
Utara affects the presence of elephants. However, the other 
39.71% is influenced by other aspects, like salticks. The 
thing that elephants do to keep their metabolism balanced 
is by saltlicks (Sitienei et al. 2012). According to Sach et 
al. (2019), mineral salts such as calcium, magnesium, and 
potassium contained in the soil or cliffs taken by the 
elephant’s trunk are deemed helpful for elephants to help
strengthen their bones, teeth, and tusks. Other factors that 
may influence elephant movement, such as the need for 
safe locations to carry out daily activities: rest, 
communicating, and dressing up, are elephant behaviors to 
defend themselves from threats (Setiawan et al. 2021). 
Additionally, some variables substantially affect elephant 
mobility (elephant area density) in KPH Kotaagung Utara, 
specifically monthly seasonal effects in January, February, 
April, May, June, July, August, October, and November. 
Sugiyanto et al. (2017) also revealed that elephants have 
foraging strategies when consuming grass and leave in the 
dry and wet seasons. Elephants will choose fresh grass in 
the wet season because it contains carbohydrates and low 
fiber content (Lignohemicellulose). Meanwhile, elephants 
prefer leaves containing high protein content in the dry 
season, like (8-10% Malvaceae and 10 to 
20% Leguminosae) (Singh 2019). The T-test and 
coefficient of the determination indicate that NDVI has a 
volume of 0.000, which corresponds to a 99% confidence 
interval. The NDVI coefficient value is -2.220, which 
means that if the value of vegetation intensity (NDVI) 
decreases by 1%, it will reduce the movement of elephants 
by 2.200 from the total movement of elephants in 56,257 
hectares of the KPH Kotaagung Utara area. It demonstrates 
that the high NDVI represents land use and cover in the 
KPH Kotaagung Utara, which will affect Sumatran 
elephant distribution. This is consistent with the findings of 
Lim and Campos-Arceiz (2022), which indicated that the 
closed-canopy primary rainforest is a marginal habitat for 
elephants and humans alike and if the forest is harmed, the 
elephant's habitat will be disrupted. Essentially, grass, 
shrubs, or denser canopy biophysical characteristics enable 
satellite sensors to detect their reflectance as cover 
(Stagakis et al. 2010). However, according to (Hidayati et 
al. 2018), the vegetation index does not always accurately 
reflect the field conditions at the NDVI value. 

According to this study, the intensity of dense 
vegetation is directly proportional to the distribution of 
Sumatran elephant points in KPH Kotaagung Utara. The 

intensity of elephant movement in the Mixed Shrub 
Dryland Agriculture area is higher than in the other areas, 
namely 107 points, or about 90% of all areas in KPH 
Kotaagung Utara. Meanwhile, in the dry and shrub 
agriculture areas, there are 6 points each, or about 5% of all 
the areas. Therefore, the vegetation classification in KPH 
Kotaagung Utara is categorized as dense with an NDVI 
value range of 0.63-0.85. Furthermore, the regression 
results prove that NDVI and the monthly season will affect 
the movement of elephants with a p-value of <0.001. Thus, 
the government, non-governmental organizations, and the 
community can accurately monitor the state of vegetation 
and elephant movement, thereby minimizing elephant-
human conflicts resulting from land-use changes. Suppose 
it was determined that the status of the Sumatran elephant's 
habitat is deteriorating due to encroachment. In that case, it 
is hoped that specific parties can collaborate to restore the 
elephant's natural habitat to its original state. 
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