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Simple Summary: Thai people and elephants have coexisted for many centuries. However, data
analysis from the past decade revealed that human-wild elephant conflict (HEC) has occurred in 44%
of provinces, causing significant damage to both humans and elephants. High-risk areas for HEC are
characterized by large wild elephant populations, insufficient forest cover, and increased cultivation
of crops that attract elephants. The cultivation period poses a higher risk of HEC, with most incidents
occurring in agricultural areas, where elephants forage for human food. These findings can inform
future HEC prevention strategies.

Abstract: The Asian elephant, an endangered species and Thailand’s national symbol, faces
increasing threats from human-wild elephant conflict (HEC). Over the past decade, HEC has become
a major conservation and socio-economic issue, requiring urgent study. This study aimed to
investigate the occurrence of HEC and its associated factor. This research analyzed 341 HEC incidents
reported across 34 of Thailand’s 77 provinces from 2014 to 2023, using data from government and
private reports. HEC led to human and elephant casualties and property damage, with occurrences
peaking in 2008 and 2023. The highest HEC rates were recorded in the eastern region, especially from
July to February, likely due to peak crop production, reduced forest area, and a larger elephant
population. Most incidents occurred in agricultural zones where elephants foraged for food. HEC
frequency was significantly associated with region, period, crop production, forest cover, and
elephant numbers. In conclusion, regions with abundant crops, limited forests, and high elephant
populations are most at risk, especially during the cultivation period. Addressing these factors is
essential for effective elephant conservation and conflict mitigation.

Keywords: human; wild elephant; conflict; Thailand

1. Introduction

Elephants (Elephas maximus indicus) have been an integral part of Thai culture, history, and
national identity for centuries, serving as a revered symbol of the nation (Han, 2020). In Thailand,
elephants are classified into two distinct populations: captive elephants, which have worked
alongside humans for centuries and are now primarily used in the tourism industry (Bansiddhi et al.,
2020), and wild elephants, which are classified as an endangered species (IUCN, 2021). The latter
population is involved in human-elephant conflict (HEC), leading to significant collateral damage,
including human and elephant fatalities, injuries, and property destruction (Withanage et al., 2023).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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HEC has been a persistent issue in regions where human activities overlap with elephant
habitats. This conflict has been reported in 31 countries, with the majority of reports originating from
Asia (Saha and Soren, 2024). Thailand is among the leading countries affected by HEC, which has
significant impacts on conservation efforts, society, and the national economy (Wettasin et al., 2023;
Jarungrattanapong and Olewiler, 2024; Saha and Soren, 2024). HEC is suspected to be driven by
agricultural expansion and infrastructure development encroaching upon the natural habitats of wild
elephants, largely due to increasing human populations (Graham et al., 2009; Kumari et al., 2024).

Although elephant is considered the national symbol of the country, the study of HEC in
Thailand is still limited. One national report showed 107 occurrences of HEC across Thailand during
between 2012 and 2018, resulting in 75 human deaths or injuries and 32 elephants were killed or
injured, and the trend of injuries for both humans and elephants tend to continuously increase in
Thailand (Noonto et al., 2018).

HEC is considered to be a multifactorial issue, influenced by environmental, elephant-related,
and human-related factors. Environmental factors associated with HEC include habitat loss, the
replacement of natural vegetation with economic crops, and climate or seasonal changes. The
conversion of forests into agricultural lands and infrastructure development has significantly
reduced elephant habitats, forcing elephants to encroach on human-dominated areas (Sukumar, 2006;
Kopke et al., 2024; Perera, 2009). Certain economic crops, such as durian, cassava, and sugarcane, are
particularly attractive to elephants, drawing them into agricultural areas (Wettasin et al., 2023).
Additionally, climate change affects water availability and food sources, exacerbating the conflict by
altering elephant migration patterns and increasing their reliance on agricultural areas (Guarnieri et
al., 2024; Ounlert and Sdoodee, 2015; Jarungrattanapong and Olewiler, 2024).

Elephant associated factors may include population growth, foraging behavior, adaptation and
learning ability. A high number of wild elephants can lead to human-elephant conflict (HEC) when
elephants and humans compete for food, water, and land. The growth of elephant populations is also
affected by many demographic factors, such as births, deaths, immigration, and emigration. These
are affected by environmental factors like the quality of the habitat and the amount of water available,
as well as human disturbances like poaching and land conversion (Nampindo and Randhir, 2024).
Elephants might change their foraging behavior seasonally to meet their nutritional needs. During
wet seasons, they prefer grasses, which are more abundant and nutritious, while in dry seasons, they
shift to browsing woody plants due to the scarcity of grasses (du Plessis et al., 2021). Moreover,
elephants exhibit advanced cognitive abilities, including memory and social learning (Nampindo and
Randhir, 2024), they learn to navigate human-dominated landscapes, adapt their behavior to access
crops or avoid barriers like fences (Huang et al., 2024).

Human associated factors include human population growth, economic status, and societal
attitudes. Increasing human populations intensify competition for space and resources, leading to
habitat encroachment and fragmentation, which exacerbate conflicts (Shaffer et al., 2019). Lower-
income individuals often exhibit lower tolerance toward elephants due to the substantial economic
losses associated with crop damage and property destruction (Van de Water and Matteson, 2018).
Notably, past experiences with crop damage or safety threats influence community attitudes, often
reducing tolerance toward elephants (Kitratporn and Takeuchi, 2020; Gunawansa et al., 2023). In
contrast, communities that benefit financially from elephants, such as those engaged in ecotourism,
are more likely to support conservation efforts and coexistence (Van de Water and Matteson, 2018).

Although many strategies have been used to resolve HEC (Sukmasuang et al.,, 2024), the
occurrence of HEC is still generally increasing, this could reflect the fact that the underlying of this
problem may not be found or the resolution is not entirely corrected, since the research of HEC in
Thailand is still limited (Sukmasuang et al., 2024). Therefore, the importance of this research lies in
its potential to deepen our understanding of the factors driving national HEC and to inform the
development of sustainable management practices. The objective of this study was to investigate the
dynamic occurrences and identify the contributing factors of HEC in Thailand based on a decade of
data (2014-2023). Ultimately, addressing HEC is essential not only for the protection of elephants but
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also for promoting sustainable coexistence between human populations and wild elephants in
Thailand.

2. Materials and Methods

Ethics

This study did not require ethical approval for human or animal research, as all information was
obtained from publicly available online sources provided by private and government agencies.

Data collection

HEC occurrences were collected from online news reported from January 2014 to December
2023. Data collection was conducted using google search engine in Thai languages with keywords
such as “human, death, injury, elephant, and/or conflict” focusing on incidents that occurred between
January 2014 to December 2023”.

Forest area data was obtained from website of Thailand Royal Forest Department
(https://data.forest.go.th/), while wild elephant population data was obtained from website of
Thailand Wildlife Conservation Office (https://portal.dnp.go.th).

HEC raw data was recorded in Microsoft® Excel® 2016 MSO (Version 2501, Build
16.0.18429.20132, 64-bit). The dataset included details such as date, duration, season, location, news
reference, number of people involved, number of wild elephants involved, and contributing causes
and factors. All data were thoroughly reviewed to eliminate duplication.

Data visualization

The occurrences of HEC were categorized into 6 regions, eastern, northern, northeastern,
southern, central and western. The national map of HEC occurrence was created using ArcGIS Pro
(ESRI, Redlands, California, USA). The occurrences were also categorized into three periods
throughout the year: March to June (considered the summer season in Thailand), July to October (the
rainy season), and November to February (the winter season). The occurrences were presented as
raw number of HEC and mean + standard error mean (SEM) for each area or season. For collateral
damage of HEC, it was defined into 3 groups: elephant casualty (injury and death), human casualty,
and property damage (agricultural area, vehicles, and buildings). Forest area data was presented in
terms of Rai and the percentage of forest area relative to the total land area.

Statistical analysis

Statistical analysis was conducted using R program (version 3.4.0) (R: The R Project for Statistical
Computing, 2023). Geographic and seasonal effects on HEC were analyzed using generalized
estimating equations (GEE), while multiple comparisons among areas and seasons were conducted
using Tukey’s post-hoc tests. Statistical significance was set at p < 0.05.

3. Results
3.1. Occurrences of HEC

HEC was reported by 30 news agencies, documenting 341 occurrences of human-wild elephant
conflicts across 34 out of 77 provinces in Thailand (44.15% of the country). Each occurrence is detailed
in Figure 1.
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Figure 1. Geographical distribution of occurrence of human-wild elephant conflict in Thailand from January
2014 to December 2023.

The occurrence of HEC in Thailand exhibited a fluctuating trend over the past decade, as shown
in Figure 2 and Table 1. The number of reports increased from 2014 (n = 23) to a peak in 2018 (n=79),
followed by a sharp decline in 2020 (n = 17). The occurrence remained relatively stable until 2022
before rising dramatically in 2023 (n = 48), particularly in the northeastern region. HEC occurrences
were reported in all regions of Thailand (Figure 1 and Table 1). The highest number of occurrences
was recorded in the eastern region (n = 147), while the northern region had the lowest number of

incidents (n=1).

Table 1. Geographic effects on the occurrence of human-wild elephant conflict in Thailand January 2014 to
December 2023.

Year Regions of Thailand
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Total/
Eastern Northern Northeastern Southern Central Western year
2014 10 0 4 4 0 5 23
2015 13 0 1 3 2 5 24
2016 22 1 2 14 6 1 46
2017 16 0 7 5 0 13 41
2018 27 0 26 13 0 13 79
2019 10 0 9 3 1 5 28
2020 8 0 3 1 0 5 17
2021 10 0 3 2 2 2 19
2022 12 0 2 0 0 2 16
2023 19 0 24 3 0 2 48
Total 147 1 81 48 11 53 341
Mean £ SEM 14.22+1.964 0.10+0.102 8.1+2.92bed 4.8+1.520¢ 1.10+0.602 5.30+£1.37¢
ad represents a statistically significant difference, p < 0.05.
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Figure 2. Annual trends in national HEC occurrence, wild elephant population, and forest area from 2014 to
2023.
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HEC was also found in all periods of the year as shown in Table 2. The highest number of
occurrences were recorded between July to October (n = 162), while the period of March to June had
the lowest number of incidents (n = 47).

Table 2. Periodical effects on the occurrence of human-wild elephant conflict in Thailand from January 2014 to

December 2023.
Year Period Total
March to June July to October November to February
2014 2 15 7 24
2015 1 9 14 24
2016 10 16 20 46
2017 5 25 11 41
2018 13 29 37 79
2019 3 21 4 28
2020 1 12 4 17
2021 1 8 10 19
2022 0 9 7 16
2023 11 18 18 47
Total 47 162 132 341
Mean+SEM 4.70 +1.532 16.20 £2.25° 13.2+3.16°

ab represents a statistically significant difference, p < 0.05

3.2. Collateral Damage of HEC

Over the past decade, HEC incidents involved 9,812 wild elephants and 360 humans. These
conflicts have resulted in various forms of damage, including human casualties, elephant casualties,
and property damage. The details of collateral damage of HEC regarding to casualty are shown in
Table 3.

Table 3. Human and wild elephant casualties caused by their conflict between January 2014 to December 2023.

Year Wild elephant Human
Injury Death Total casualties Injury Death Total casualties

2014 1 2 3 10 13 23
2015 2 5 7 8 4 12
2016 2 5 7 7 15 22
2017 10 8 18 25 19 44
2018 4 14 18 19 19 38
2019 13 26 39 27 22 49
2020 9 27 36 11 24 35
2021 9 26 35 12 24 36
2022 8 43 51 23 27 50
2023 10 10 20 29 22 51
Total 68 166 234 171 189 360

A total of 234 elephant casualties were recorded, comprising 166 deaths and 68 injuries (Table
3). Elephant casualties increased continuously from 2014 (n = 3) to the highest occurrence in 2022 (n
= 51). Most elephant casualties resulted from electrocution (42.31%, n = 99/234), followed by road
accidents (29.91%; n="70), gunshots (23.50%; n =55), and poisoning (4.27%; n=10). Notably, incidents
of electrocution, gunshots, and poisoning of elephants have all occurred on agricultural land.

Human casualties involved 360 individuals, comprising 189 deaths and 171 injuries. Human
casualties slightly increased from 23 cases in 2014 to 51 cases in 2023 (Table 3). Humans were most
frequently attacked on agricultural farms (55.56%; n = 200/360), followed by incidents occurring in
forests (27.78%; n = 100), villages (11.11%; n = 40), and roads (5.56%; n = 20).

Property damage, including broken cars and motorcycles resulting from road accidents, was
reported in 4.10% of all HEC occurrences (n = 14/341). Severe agricultural damage was reported in 72
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instances (20.11%), despite elephants entering the agricultural farm on 253 occasions (74.19%). Wild
elephants intruded into agricultural farms in search of water and food, causing substantial damage
to various crops, including rice, unmilled rice, bananas, cassava, palm, durian, coconut, jackfruit,
mango, rambutan, longkong, sugarcane, date palm, cashew nuts, corn, longan, pineapple, rubber
trees, watermelon, cucumbers, and yardlong beans. Moreover, some wild elephants (31%, n =
106/341) destroyed buildings to find food; they targeted food sources such as areca nuts, turmeric,
and mangosteen, as well as non-plant-based items like fermented fish, shrimp paste, and fish sauce.

In 2023, the occurrence of HEC in the eastern and northeastern regions increased again (Table
1). The majority of occurrences were associated with elephants entering agricultural land in the
northeastern region (27.08%, n = 13), compared to the eastern region (8.33%, n = 4).

3.3. Effect of Geography and Periods on HEC

There were significant geographical effects on national HEC occurrences in Thailand from 2014
to 2023 (P < 0.05). The eastern region had the highest annual average occurrence of HEC (14.22 +1.96
per year, P <0.05), whereas the northern part had the lowest average occurrence (0.10 + 0.10 per year)
(Table 1).

National HEC occurrences were also statistically associated with periodical variations. On
average, the highest number of HEC occurrences appeared between July and October (rainy season)
(16.20 £ 2.25 per year, P < 0.05), while the lowest occurrences were reported between March and June
(summer) (4.70 £ 1.53 per year, P <0.05) (Table 3).

When considering only the eastern region, the highest total and average occurrences of HEC
were observed from November to February. HEC occurrences during this period were significantly
higher than those from March to June (P < 0.05) but not compared to July to October (P > 0.05). The
HEC occurrences for each period in the eastern region are presented in Table 4.

Table 4. Periodical effects on occurrence of human-wild elephant conflict in eastern part of Thailand from
January 2014 to December 2023.

Season March to June July to October November to February Total
Year
2014 2 6 2 10
2015 1 7 5 13
2016 4 7 11 22
2017 1 9 5 15
2018 6 9 12 27
2019 2 6 1 9
2020 2 4 1 7
2021 1 1 8 10
2022 0 7 5 12
2023 2 3 14 19
Total 21 59 64 144
Mean + SEM 2.10+0.552 5.90+0.81° 6.40+1.48°

b represents a statistically significant difference, p < 0.05.

3.4. Comparing the Pattern of Forest Area, Number of Wild Elephants, and HEC

Over the past decade, Thailand’s forest areas exhibited fluctuations, increasing from 2017 to
2018, stabilizing for one year, and continuously decreasing till 2023. (Figure 2). The pattern of the
forest area did not match the trend of national HEC, since the forest area was continuously declining,
the same as the HEC occurrence. However, the pattern of national HEC corresponded with the
estimated wild elephant population. When national HEC peaked in 2018, the wild elephant
population also reached its highest level in the previous four years (2014-2018) (Figure 2). The
population then declined around 2020 before increasing again in subsequent years.
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Regarding the eastern area, where the highest total HEC occurrence was reported, this region
has the lowest forest area (around 4.71 million Rai) compared to other regions, with the proportion
of forest per total area being approximately 21% (Supplementary data, Table S1). In contrast, the
northern region has the highest forest area (38.43 million Rai), with 64% of the total area covered by
forests (Table S1). The highest forest area in the northern region appears to coincide with the lowest
total occurrence of HEC in that area. Additionally, the wild elephant population in the eastern region
was found to be lower than that in the western, central, and northeastern regions (Figure 3).

Table S1. The forest area for each region represented as Rai or percentage (%) of forest per total area.

Regions Whole Country
Northern Northeastern Eastern Central Western Southern
Rai % Rai % Rai % Rai % Rai % Rai % Rai %
307004 64,57 19770932 15,09 4079840 51 7 10212 90 91 2012580 59 15 1LIDAT 53,97 10225540 31 62
38,1;%,09 64.48 15,6.3(;,166 14.94 4,69é1é143. 2177 11,8%4(1),33 21.06 20,;17'?23 59.09 11,5(’).72%,00 23.99 1025;1};),98
38,(6)52(1,57 64.37 15,6@72,822 14.93 4,7027(,5393. 2184 12,((5).(;%,92 21.09 20,8.%325 59.03 11,3;2,83 24.00 102;551,80
38,;%2,20 64.21 15,6.5755,553 14.94 4,71}21792. 21.86 12,22%,14 2115 20,;%%,31 5906 11,3())33(,34 24.02 1026%5516,35
38,523(‘),42 64.17 15,7.[:_)03,098 15.03 4,723?(,5162. 2193 12,;%3(;,86 2137 20,;%&251 5908 11,;(%,22 2428 102;.1;398,30
38,54i%,18 63.99 15,7.312,998 15.03 4,72&696. 2193 12,;%19,30 21 47 20,;_34612 59 15 11,531276 2433 102;1;314,07
38,2.3521,11 63.84 15,7%%049 14.99 4,72;16547. 21.92 12,;3322,81 21 50 20,91%25,97 59 12 11,2.28%3,97 2431 10221?752,48
38,53%70 63.66 15,7228,387 14.98 4,72;.‘,1201. 2191 12,2213,54 2151 20,51.(;)1:}3,05 59.05 11,;2;%,54 2431 10221?;72,43
38,;.171,66 63.53 15,6.9856,705 14.97 4,712].é228. 2186 12,92.235’),41 2157 202&(3)3;,47 59.00 11,2%45,48 2432 102212?.932,97
37,3.736;,51 63.24 15,6.(())87,130 14.89 4,70§é353. 2182 12,;613;,46 21 55 20,83;3;,80 58.86 11,51;27,88 2434 101&,_)?.3712,15

38,433,68 15,693,884 4,710,236. 12,132,29 20,101,73 11,163,15 102,234,99
e;cr)ggst 9.72 64.01 53 14.97 62 21.86 553 21.32 6.53 59.06 335 24.19 6.29

Total 70,859,65 104,823,16 21,550,02 56,925,63 23,226,87 46,133,50 323,518,86
land 7.65 1.31 5.73 1.11 6.94 8.32 1.06

Year

2014

2015 31.60

2016 31.58

2017 31.58

2018 31.68

2019 31.68

2020 31.64

2021 31.59

2022 31.57

2023

Averag

31.47

31.60

Over the past decade, the wild elephant population has shown an increasing trend (Figure 3),
particularly in the northeastern and southern regions, where the population nearly doubled between
2018 and 2023 (Figure 3). The highest wild elephant population was observed in the western region,
while the lowest was recorded in the northern region. Additionally, the substantial rise in the wild
elephant population in the northeastern region in 2023 corresponded with the highest occurrence of
HEC in the same area and year (Table 1).
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Figure 3. Estimated wild elephant populations in different regions of Thailand from 2018 to 2023.

4. Discussion

This study described HEC in Thailand for a decade (between 2014 to 2023). The occurrences
were found in 45% of all provinces in Thailand. HEC resulted in several collateral damages, including
human and elephant casualties, as well as property destruction. Notably, national HEC was found
to be significantly associated with specific areas and periods. The pattern of national HEC also
appeared to be related to the wild elephant population but not to forest area. However, when
focusing on the regional HEC pattern, it was found to be complex, influenced by factors such as
period, crop production, forest area, and the number of wild elephants.

The occurrence of HEC was statistically associated with regions, and the highest occurrence
reported in the eastern region. As most HEC incidents occurred on agricultural farms, leading to crop
damage, it indicates that elephants primarily entered human settlements in search of food. This
theory is supported by findings from another study, which identified 29 types of crops consumed by
elephants (Wettasin et al., 2023). The present study suggested that the high occurrence of HEC in the
eastern area might be strongly associated with its status as a major crop-producing area, including
provinces such as Rayong, Chonburi, Chachoengsao, and Chanthaburi. These provinces are key
producers of many crops including rice, casava, para rubber, sugarcane, corn, pineapples, longans
durian, mangosteens, rambutans, mangoes and longkong, with peak production occurring from May
to February, potentially attracting elephants in search of food (Ounlert and Sdoodee, 2015;
Thongkaew et al.,, 2021). A similar pattern is also observed in Cambodia, where the highest HEC
incidents occur during the crop growing season, when elephants are drawn to agricultural areas in
search of food (Webber et al., 2011).

Conversely, the northern region had the lowest HEC occurrence, possibly due to its lower wild
elephant population and a smaller quantity of fruit production compared to the eastern region.
Additionally, the types of crops cultivated in northern Thailand may be less attractive to elephants
than those grown in the east, reducing the likelihood of crop-raiding incidents (DOA Thailand, 2015).
A similar seasonal effect has been observed in Cambodia, where HEC follows a trend comparable to
that in Thailand. This period coincides with crop growth and ripening, making agricultural fields
particularly attractive to elephants (Webber et al., 2011). Notably, the rainy season may increase water
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availability, drawing elephants toward areas near human settlements where water sources are
located (Matsuura et al., 2024; Tiller et al., 2021).

Generally, July to October is recognized as the rainy season in Thailand, during which improved
plant growth is expected to provide elephants with more natural forage in the forest. Therefore, HEC
occurrences would not be expected to be higher during the rainy season compared to the summer,
when food availability in the forest is at its lowest, unless elephants prefer human food over natural
forage. This incident was similar in the HEC in India where most wild elephants came to human
property for seeking a food during rainy season (Osborn, 2003; Dissanayake and Jayasundara, 2024).

The occurrence of HEC in Thailand significantly decreased between 2019 and 2022. This decline
may be attributed to the implementation of several mitigation strategies by the government, NGOs,
and local communities aimed at promoting coexistence between humans and wild elephants. These
strategies include crop protection methods that involve securing crops from wild elephants
(firecrackers, guns to scare elephants) (Sukmasuang et al., 2024), single-strand fencing, beehive
fencing (Van de Water and Matteson, 2018), the creation of barrier vegetation, the establishment of
buffer zones, and the cultivation of certain plant species as vegetative barriers, such as bamboo groves
(DNP, 2023). Additionally, artificial intelligence (AI), referred to as the True Smart Early Warning
System (TSEWS), incorporates Al software, an internet network, and security cameras, and has been
integrated into systems designed to detect and notify authorities of wild elephant movements in
Thailand (True, 2024). Additionally, drone has been developed and used to manage HEC in Thailand
by tracking elephant movements, and managing them back to forest (Yindee et al.,2024; Thai PBS,
2024; Vasquez, 2023).

Moreover, the decline in HEC occurrences in this study may also be associated with the COVID-
19 pandemic, as strict lockdowns and travel restrictions were implemented, which initially reduced
human activity in forest areas, roads, and workplaces (Cukor et al., 2021). This hypothesis is
supported by studies in North America (Schrimpf et al., 2021) and Sri Lanka studies, (Graham, 2020)
where reduced human activity during COVID-19 lockdowns benefitted wildlife by decreasing
disturbances. In Sri Lanka, for instance, the occurrence of HEC also decreased during this period
(Graham, 2020). However, after the end of the COVID-19 lockdown in 2023, the national occurrence
of HEC rose again, with the northeastern area experiencing the highest number of incidents. This
increase is likely due to several factors, including a rise in the wild elephant population and possibly
an increase in the production of crops such as rice, maize, tapioca, sugarcane, and natural rubber
(PRD Thailand, 2023).

5. Conclusion

The present study suggests that HEC in Thailand is a multifactorial issue. The occurrences are
strongly associated with specific areas and periods, with the eastern region and the period between
July and October exhibiting the highest incidence. Additionally, factors such as crop production,
forest area, and the number of wild elephants may influence HEC. Specifically, the eastern region,
which has a high wild elephant population, abundant crops that attract elephants, and low forest
area, faces a higher risk of HEC. In contrast, the northern region, with fewer elephants, larger forest
areas, and lower crop production, is at a lower risk of HEC.
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