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ABSTRACT
Sustainable management of high-value perennial crops under climate variability re-

quires reliable spatial tools to assess productivity and constraints. This study used geoin-
formatics to analyze spatial and temporal variability in durian orchard performance across
Chanthaburi province, Thailand, a major production area in Southeast Asia. Multitempo-
ral Sentinel-2 imagery (2022-2025) provided the Normalized Difference Vegetation Index
(NDVI), which was integrated with yield per rai and rainfall data from ten districts. NDVI
showed a strong positive correlation with yield (𝑟 = 0.74, 𝑝 < 0.01), confirming its reliabil-
ity as a proxy for crop vigor and productivity. Rainfall had a moderate correlation with NDVI
(𝑟 = 0.61) and a weaker one with yield (𝑟 = 0.48). The robust NDVI-yield relationship sup-
ports its use in practical yield estimation models when combined with environmental and
management factors. These results demonstrate the value of remote sensing for mapping
high and low yield zones, enabling precision orchard management, resource optimization,
and climate resilience. Overall, the integrated geospatial framework highlights the potential
of Earth observation technologies to enhance sustainable orchard practices and advance food
security, climate adaptation, and environmental stewardship.
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1. Introduction
Durian (Durio zibethinus) is one

of the most economically significant fruit
crops in Southeast Asia, particularly in
Thailand, where it serves as a major ex-
port commodity and a vital income source
for farmers. Among Thailand’s durian pro-
ducing regions, the province of Chanthaburi
stands out as the “Durian Capital of Thai-
land” due to its favorable agroecological
conditions, including a tropical monsoon
climate, fertile soils, and established cul-
tivation systems [1]. Despite these ad-
vantages, spatial variability in durian pro-
ductivity persists across the region. This
variability arises from a complex inter-
play of natural factors such as topogra-
phy, soil characteristics, and uneven rain-
fall patterns, as well as anthropogenic in-
fluences including land use transformation,
unsustainable cultivation practices, and in-
creased exposure to climate-related risks [2-
4]. As productivity becomes increasingly
sensitive to environmental stressors, there
is a critical need for more precise, scal-
able, and data driven approaches for or-
chard management [5]. Importantly, this
research also contributes to broader global
sustainability initiatives. In alignment with
the United Nations Sustainable Develop-
ment Goals (SDGs), it addresses multiple
interconnected targets. It supports Goal 2
Zero Hunger by improving the efficiency
of food production systems through spa-
tial productivity assessment. By identi-
fying underperforming areas and guiding
better land use decisions, this study pro-
motes sustainable agricultural intensifica-
tion. Additionally, it supports Goal 13 Cli-
mate Action by evaluating the influence
of climate variability, particularly changes
in rainfall on crop vigor and productiv-
ity, thereby contributing to climate resilient
agriculture. Lastly, it advances Goal 15

Life on Land by promoting responsible
monitoring and sustainable management of
agricultural land through the use of Earth
observation technologies that support long
term environmental stewardship. In this
context, geoinformatics technologies, par-
ticularly Geographic Information Systems
(GIS) and satellite-based remote sensing
(RS), have become essential tools in mod-
ern agricultural planning and decision mak-
ing. These technologies allow researchers
and stakeholders to monitor vegetation con-
ditions, assess land use suitability, and op-
timize input efficiency [6, 7]. Among these
tools, the Normalized Difference Vegeta-
tion Index (NDVI) is awidely adopted spec-
tral index used to evaluate plant health,
biomass distribution, photosynthetic activ-
ity, and canopy vigor using reflectance in
the red and near-infrared wavelengths [8-
10].

In this study, Sentinel-2 satellite im-
agery with high temporal and spatial res-
olution was employed to generate multi-
temporal NDVI datasets for the years 2022
to 2025. These datasets, including multi-
temporal NDVI, official yield records, and
meteorological data, were jointly analyzed
to assess spatial variability of durian or-
chards in Chanthaburi. NDVI served as a
proxy for vegetation vigor and was used
to estimate productivity efficiency across
the study area, while rainfall was incorpo-
rated as a climatic variable to examine its
potential influence on both NDVI values
and yield outcomes. Through the integra-
tion of geospatial data and statistical anal-
ysis, this study aimed to evaluate the ap-
plicability of geoinformatics and satellite-
derived vegetation indices as tools for yield
estimation and strategic orchard manage-
ment in durian cultivation. By integrating
remote sensing technologies with agricul-
tural and climatic datasets including rain-
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fall, the research sought to delineate spa-
tial productivity patterns and identify key
biophysical determinants influencing yield
variability. In light of durian’s economic
significance and the increasing vulnerabil-
ity of agricultural systems to climate vari-
ability, this study emphasizes the value of
implementing scalable, data-driven frame-
works that enhance production efficiency,
support adaptive management, and promote
sustainability in high-value perennial crop
systems. Moreover, such approaches serve
as strategic instruments for advancing cli-
mate adaptation, sustainable land use, and
food security in alignment with global de-
velopment goals. [11, 12].

2. Materials and Methods
All animal experiments were con-

ducted and managed in strict compliance
with the established guidelines for the ethi-
cal use of animals in scientific research.

Fig. 1. Flow diagram of research methodology.

2.1 Geographic scope
This study was conducted in Chan-

thaburi, located in the eastern region of
Thailand, which serves as the principal
durian producing area of the country. Ge-
ographically, the province lies between
12◦31′-13◦09′ N and 101◦46′-102◦22′ E and

encompasses a diverse landscape character-
ized by coastal plains, rolling hills, and up-
land plateaus. These physiographic condi-
tions contribute to a heterogeneous agroe-
cological environment, highly conducive
to the cultivation of perennial fruit crops.
Chanthaburi has a tropical monsoon cli-
mate, with an annual precipitation range
of 2,500 to 3,500 mm, predominantly oc-
curring between May and October. The
average temperature ranges between 25◦C
and 30◦C and the relative humidity often
exceeds 80%, making the region ideal for
high value horticultural production, partic-
ularly D. zibethinus. Administratively, the
province is divided into ten districts (am-
phoes): Mueang Chanthaburi, Makham,
ThaMai, KhaoKhitchakut, PongNamRon,
Laem Sing, Na Yai Am, Khlung, Soi Dao,
and Kaeng Hang Maeo, all of which were
included in this study. These districts repre-
sent a mix of intensively cultivated lowland
orchards and upland agroforestry systems,
allowing for comprehensive spatial assess-
ment of durian productivity efficiency using
geoinformatics-based approaches.

2.2 Data sources
This study employed a combination

of geospatial datasets and official agricul-
tural statistics derived from both open ac-
cess and governmental sources to ensure
a robust spatial and temporal analysis of
durian productivity in Chanthaburi. The
primary dataset utilized was Sentinel-2 im-
agery, obtained through the Copernicus
Open Access Hub. Sentinel-2’s Multispec-
tral Instrument (MSI) provides a spatial res-
olution of 10 meters in the visible and near-
infrared bands, meaning that each pixel
corresponds to an area of 10 m2 on the
ground, making it particularly suitable for
monitoring vegetative health in perennial
orchard systems. In addition, point-based
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NDVI sampling was conducted by generat-
ing stratified random points within durian-
growing areas usingQGIS. Aminimumdis-
tance threshold of 200 meters was applied
between points to reduce spatial autocor-
relation. Each sampling point was used
to extract the NDVI pixel value using the
“Point Sampling Tool”, allowing for fine-
scale analysis of NDVI distribution. The fi-
nal sample included 250 points. A series
of cloud free Sentinel-2 images from the
years 2022 to 2025 was selected to ensure
consistency in temporal comparisons and
to capture interannual vegetation dynam-
ics. Special emphasis was placed on acquir-
ing imagery within the phenological win-
dow between January and June each year,
which corresponds to the critical growth
stages of durian, including vegetative de-
velopment, floral initiation, flowering, and
early fruiting. This temporal window was
chosen because NDVI values observed dur-
ing this period are indicative of overall tree
vigor and are strongly correlated with the
crop’s reproductive success and eventual
yield potential. During these months, ad-
equate canopy development and sustained
photosynthetic activity are essential for suc-
cessful fruit set and quality, making NDVI
a reliable proxy for productivity forecasting
in durian systems.

Although Landsat-8 imagery, with a
coarser spatial resolution of 30 meters, was
initially considered for analysis, it was ul-
timately excluded in favor of Sentinel-2,
which better aligns with the scale of or-
chard level assessments and offers supe-
rior spatial detail for NDVI based produc-
tivity mapping. The NDVI was derived
from Sentinel-2 images using spectral re-
flectance values in the red band (Band 4,
∼665 nm) and the near-infrared band (Band
8, ∼842 nm). These values were used as
indicators of spatial variation in biomass

and productivity across different districts.
This seasonally adjusted NDVI extraction
approach ensured that the derived indices
accurately reflect the biological productiv-
ity of durian during its most crucial devel-
opmental phases, thereby enhancing the re-
liability of subsequent spatial analyses and
correlations with yield and rainfall data.

In addition to remote sensing data,
ground based statistical data were incor-
porated to enhance the analytical depth of
this study. Durian yield data for each of
the ten districts in the province of Chan-
thaburi were obtained from the Chanthaburi
Provincial Agricultural Office for the years
2023 and 2024. These datasets included
information on total production (in tons),
standing crop area, and fruiting area (in
rai). Yield per rai (1,600 m2) was calcu-
lated and later correlated with spatial NDVI
values to evaluate the consistency between
satellite-derived vegetation indices and ac-
tual agricultural output. To further con-
textualize spatial productivity differences,
land use and soil suitability data were in-
tegrated into the analysis. These datasets
were sourced from the Land Development
Department of Thailand (LDD) and con-
sisted of vector land use classifications and
soil series maps. This information provided
insight into the biophysical constraints that
may influence durian productivity across
heterogeneous landscapes.

Lastly, meteorological data, specifi-
cally annual rainfall records from 2022 to
2024, were collected from the Thai Mete-
orological Department (TMD). These data
were incorporated into the correlation anal-
ysis to examine the extent to which rain-
fall variability may influence NDVI trends
and yield performance at the district level.
The integration of remote sensing, field-
based statistics and climate data allowed for
a comprehensive assessment of durian pro-
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ductivity efficiency using a geoinformatics-
based approach.

2.3 NDVI calculation
NDVI was calculated using multi-

spectral imagery from the Sentinel-2 satel-
lite. The resulting mean NDVI values were
then used as spectral proxies to evaluate
vegetative vigor and canopy density. It is
defined as shown in Eq. (2.1)

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷
, (2.1)

where 𝑁𝐼𝑅 refers to reflectance in the
near-infrared band (Sentinel-2 Band 8), and
𝑅𝐸𝐷 refers to reflectance in the red band
(Sentinel-2 Band 4).

NDVI values range from -1 to +1,
where higher values (typically >0.6) corre-
spond to dense, healthy vegetation, while
lower or negative values indicate sparse
vegetation, soil, or water [13]. All NDVI
layers were atmospherically corrected and
masked for cloud and shadow artifacts us-
ing Sentinel-2 Level-2A surface reflectance
products and scene classification layers
(SCL).

2.4 GIS and statistical analysis
To analyze spatial variability in

durian productivity and its relationship with
environmental and agronomic factors, this
study employed an integrated geospatial
statistical methodology. The analysis was
conducted using a combination of ArcGIS
Pro, QGIS, and Python, with the support
of key libraries including rasterio, geopan-
das, and scikit learn. These tools enabled
both raster- and vector-based processing,
facilitating the fusion of satellite-derived
NDVI data with yield and climatic statis-
tics. The first stage of the analysis in-
volved the preprocessing of Sentinel-2 im-
agery, which included atmospheric correc-
tion using the Sen2Cor processor, cloud and

shadowmasking based on the Scene Classi-
fication Layer (SCL), geometric correction,
and clipping of imagery to the study area
boundaries using vector shapefiles. These
steps ensured the consistency and accuracy
of the NDVI calculations across different
acquisition dates. To ensure data qual-
ity, all scenes were filtered for cloud con-
tamination using Sentinel-2’s SCL. NDVI
was calculated for each acquisition date be-
tween 2022 and 2025 by applying the stan-
dard index formula using reflectance val-
ues from the red (Band 4) and near-infrared
(Band 8) bands. The individual NDVI im-
ages were then composited to generate sea-
sonal and annual average NDVI layers for
each year, ensuring temporal consistency
in vegetation monitoring. Subsequently,
zonal statistical analysis was conducted to
extract average NDVI values at the district
level. This was achieved by overlaying
the NDVI raster datasets with administra-
tive boundary shapefiles, allowing the cal-
culation of mean NDVI values within each
district polygon. This process ensured that
vegetation indices were spatially aligned
with the available durian yield data, which
was also aggregated at the district level. To
further enhance the spatial understanding of
productivity distribution, spatial interpola-
tion techniques were applied. In particu-
lar, Inverse Distance Weighting (IDW) was
used to interpolate NDVI values across the
study area, generating continuous surface
maps that highlighted zones of high and low
vegetation vigor. This approach was instru-
mental in detecting potential productivity
hotspots and areas requiring agronomic in-
tervention.

In addition to spatial mapping, sta-
tistical correlation analysis was employed
to quantify the relationships between vari-
ables. Pearson’s correlation coefficient
(r) was calculated to examine the strength
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and direction of the association between
district level NDVI values and yield (in
tons) per rai. Moreover, NDVI values
were compared with average annual rain-
fall from 2022 to 2024 to assess the im-
pact of climatic variability on vegetative
health and biomass accumulation. The out-
comes of these analyses were visualized
through a set of thematic maps, including
choropleth representations of NDVI values,
yield efficiency, and rainfall distribution.
These visualizations facilitated intuitive in-
terpretation of spatial trends and supported
evidence-based conclusions regarding cul-
tivation efficiency. All geospatial data were
standardized and reprojected to a common
coordinate reference system, WGS 84 /
UTM Zone 47N (EPSG:32647), to ensure
consistency inmap scale and geographic ac-
curacy. The integrated GIS and statistical
framework facilitated spatial assessment of
durian cultivation in Chanthaburi, enabling
identification of key biophysical drivers of
yield variability and supporting data-driven
orchard management strategies.

3. Results and Discussion
3.1 Spatiotemporal NDVI trends

Using Sentinel-2 imagery, NDVI
values across Chanthaburi were analyzed
annually from 2022 to 2025. Spatial pat-
terns indicated consistently high NDVI in
southern districts including Mueang Chan-
thaburi, Tha Mai, and Laem Sing, whereas
districts like Soi Dao and Kaeng Hang
Maeo in the northern uplands displayed
lower NDVI values (Fig. 2). This sug-
gests geographical differentiation in vege-
tative vigor, which can be attributed to vari-
ations in elevation, soil properties, and mi-
croclimate zones [14, 15]. Importantly, a
general downward trend in NDVI was ob-
served during 2023, particularly in areas
with high land-use change.

Fig. 2. Administrative map of Chanthaburi with
district boundaries.

The spatial distribution of NDVI
values across Chanthaburi encompasses a
broad range of land covers, including agri-
cultural fields, forested areas, and expand-
ing orchard zones. Although the map does
not isolate durian orchards specifically, the
observed NDVI patterns reflect the broader
vegetative dynamics influenced by land-use
change. The decline was most evident in
districts where existing crops and forests
were cleared to establish new durian or-
chards. This expansion, driven by the high
market demand for durian, led to reduced
vegetative cover and immature canopy de-
velopment in recently planted areas. Young
durian trees exhibit lower leaf density and
reduced photosynthetic activity compared
to mature plantations, contributing to the
decrease in NDVI values [7, 16]. These
spatial changes are further supported by the
temporal trends illustrated in Fig. 3. The
graph reveals a moderate fluctuation in veg-
etative vigor, with a noticeable decline in
2023, likely linked to both climatic condi-
tions and land-use transitions. However,
in the two years following, NDVI values
showed a recovery in several districts, indi-
cating enhanced plot stability and the pro-
gression of orchards into more mature, pro-
ductive stages. This upward trend corre-
sponds with higher average yields per rai,
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reinforcing the positive association between
NDVI and durian yield potential (Fig. 3).
These patterns were particularly noticeable
in upland districts such as Kaeng Hang
Maeo and Soi Dao. Interannual NDVI val-
ues showed moderate fluctuations, with a
marked decline observed in 2023, coincid-
ing with below average rainfall (Fig. 5).
Meanwhile, 2024 and 2025 saw a recovery
in NDVI, likely supported by favorable cli-
matic conditions and improved agronomic
practices [2, 17, 18]. This demonstrates that
NDVI can effectively capture dynamic veg-
etation responses to both environmental and
land-use changes (Table 1) [19].

Fig. 3. Annual NDVI trends by district.

3.2 Relationship Between NDVI and
yield per rai

The results revealed diverse patterns
of alignment between vegetative vigor and
harvest area, reflecting varying levels of
orchard maturity, agronomic management,
and environmental suitability. Central dis-
tricts such as Mueang Chanthaburi and
Tha Mai demonstrated strong alignment
between NDVI and productive area. In
Mueang Chanthaburi, productive area in-
creased, with corresponding increases in
NDVI values. This trend suggests the
presence of mature orchards with dense
canopies and efficient management prac-
tices. Similarly, Tha Mai maintained high
and stable NDVI levels, while productive
area expanded from 66,954 to 77,130 rai.

This consistency in vegetation vigor

and land use reflects the district’s long-
standing reputation for high quality durian
cultivation, where NDVI significantly pre-
dicts yield per rai (R² = 0.70), as shown in
Fig. 4.

Fig. 4. Linear regression between mean NDVI
(2022-2025) and durian yield per rai.

Other districts such as Khlung also
showed synchronized increases in NDVI
and harvest area, reaching 59,135 rai in
2023. The temporal consistency of NDVI
in this district indicates stable canopy de-
velopment and sustained biomass, aligning
with prior research that links stable NDVI
to perennial crop performance [1]. In con-
trast, districts like Pong Nam Ron exhibited
steady expansion in productive area from
14,235 to 16,457 rai without a proportional
rise in NDVI. This discrepancy likely re-
flects the dominance of young orchards that
have not yet developed full canopy cover,
resulting in lower NDVI values despite in-
creased cultivation [2]. Similar lagging
NDVI trends were observed in Kaeng Hang
Maeo, where the harvest area increased sig-
nificantly from 11,475 to 17,676 rai, but
NDVI values rose only modestly. This
could be due to immature plantings or less
favorable soil and drainage conditions, as
suggested by Appelt et al. [3]. The most
notable divergence between NDVI and pro-
ductive areawas found in Soi Dao; although
harvest area grew rapidly from 406 to 1,061
rai, NDVI remained low throughout the
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Fig. 5. Annual NDVI distribution maps of Chanthaburi derived from Sentinel-2 imagery during
January-June for the years (a) 2022, (b) 2023, (c) 2024, and (d) 2025.

period. This decoupling suggests expan-
sion into ecologically marginal zones or the
adoption of suboptimal planting materials,
consistent with the patterns identified by
Zhang et al. [4]. In contrast, districts like
Makham and Na Yai Am showed steady
growth in both NDVI and productive area.
Makham’s productive area increased from
24,885 to 27,508 rai, indicating a balanced
progression of canopy development and
land utilization. NaYai Am exhibited a gain
of over 6,000 rai across the study period,
accompanied by moderately high NDVI,
suggesting consistent orchard maturation.
Laem Sing, constrained by its coastal geog-
raphy, maintained a stable productive area
with minimal NDVI fluctuation, indicative
of established orchards with limited expan-
sion. Finally, Khao Khitchakut showed
synchronized increases in NDVI and pro-
ductive area, reaching nearly 40,000 rai.
This indicates a successful transition of or-
chards into productive maturity in this up-

land zone. Overall, the district-level analy-
sis confirms that NDVI can serve as a reli-
able indicator of orchard productivity, es-
pecially in well-established districts with
mature durian orchards [5,6]. The calcu-
lated yield per rai, derived by dividing to-
tal production by standing crop area, ex-
hibited strong correlation with NDVI val-
ues; however, newly expanded cultivation
zones often exhibit a temporal lag between
increases in area and corresponding NDVI
development, reflecting the time required
for canopy maturation and productive es-
tablishment. A Pearson correlation coeffi-
cient of 𝑟 = 0.74 (𝑝 < 0.01) indicates a sta-
tistically significant relationship. Districts
with higher NDVI values such as Mueang
Chanthaburi, Tha Mai, and Laem Sing con-
sistently yielded more durian per unit area,
confirming that NDVI is a reliable proxy for
orchard productivity [20, 21]. This relation-
ship supports the use of geoinformatics in
evaluating crop efficiency and guiding pre-
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cision agriculture practices. A linear regres-
sion model constructed using NDVI as the
independent variable and yield per rai as the
dependent variable produced the following
Eq. (3.1).

Yield
rai

= 6.45 × 𝑁𝐷𝑉𝐼 − 1.40,

with 𝑅2 = 0.70. (3.1)

This indicates that approximately
70% of the variation in durian yield can be
explained by NDVI alone. While the differ-
ences between districts are statistically sig-
nificant, they fall within an acceptable agro-
nomic range and are considered acceptable
in real-world orchard conditions [22, 23].
These findings underscore the importance
of using NDVI in conjunction with produc-
tivity and environmental data to support tar-
geted decision-making in orchard develop-
ment and sustainable land use planning.

3.3 Impact of rainfall on NDVI and yield
dynamics

To assess the influence of climatic
variability on durian orchards, average an-
nual rainfall data from 2022 to 2024 were
analyzed in relation to both NDVI and yield
per rai across the ten districts. A moder-
ate correlation (𝑟 = 0.61, 𝑝 < 0.05) was
observed between rainfall and NDVI, sug-
gesting that areas receiving higher precip-
itation generally exhibit greater vegetative
vigor. In contrast, a weaker but still posi-
tive correlation was found between rainfall
and yield per rai (𝑟 = 0.48, 𝑝 < 0.10), indi-
cating that while rainfall contributes to fruit
production, its effect is not as pronounced
as it is on vegetative health (Table 2).

Notably, the year 2023, which
recorded the lowest rainfall, also corre-
sponded with the lowest NDVI values
observed across the province. These results
underscore the sensitivity of vegetative

indices like NDVI to climatic inputs and
highlight their utility as early indicators of
productivity risk. While rainfall remains
an important environmental driver, NDVI
demonstrates higher consistency and spatial
robustness in predicting durian yield vari-
ation across heterogeneous agroecological
zones [17, 19].

3.4 Spatial and temporal drivers of
durian productivity

To develop a holistic understanding
of durian productivity, spatial NDVI data,
yield per rai, and rainfall records from 2022
to 2025 across the ten districts of Chan-
thaburi were integrated. By applying a mul-
tidimensional spatial analysis framework,
this multivariable analysis enables the iden-
tification of patterns and interactions that
are not apparent when variables are exam-
ined independently. The comparative anal-
ysis revealed distinct spatial patterns. For
example, Mueang Chanthaburi consistently
demonstrated high NDVI and yield values
despite only moderate rainfall, highlight-
ing the impact of intensive orchard man-
agement and efficient input use. In con-
trast, areas like Pong Nam Ron and Kaeng
Hang Maeo exhibited lower productivity
despite comparable or higher rainfall lev-
els. These discrepancies point toward ad-
ditional limiting factors such as young or-
chard age, soil limitations, or poor drainage,
consistent with findings by Appelt et al. [2]
and Lobell et al. [24]. By synthesizing
NDVI trends with productivity and climatic
data, this study demonstrates that NDVI is a
more consistent and spatially sensitive pre-
dictor of yield variation than rainfall alone.
NDVI acts as a proxy for canopy vigor
and crop performance, allowing stakehold-
ers to detect zones of underperformance and
to formulate strategies for targeted inter-
ventions. Furthermore, rainfall data help
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Table 1. AverageNDVI byDistrict.

District NDVI_2022 NDVI_2023 NDVI_2024 NDVI_2025 Interpretation
Mueang Chanthaburi 0.74 0.71 0.76 0.77 High NDVI stability strong orchard maturity
Makham 0.73 0.69 0.74 0.75 Moderate productivity, mild recovery
Tha Mai 0.75 0.70 0.75 0.76 Consistent vegetative health
Khao Khitchakut 0.69 0.66 0.71 0.72 Variable NDVI, land use transition zone
Pong Nam Ron 0.70 0.67 0.72 0.73 NDVI recovering with better management
Laem Sing 0.76 0.72 0.77 0.78 Highest NDVI mature plantations
Na Yai Am 0.73 0.69 0.74 0.75 Stable productivity potential
Khlung 0.74 0.70 0.75 0.76 Productivity stability southern district
Soi Dao 0.67 0.63 0.68 0.69 Low NDVI replanting or forest clearing
Kaeng Hang Maeo 0.68 0.64 0.69 0.70 Transition to durian, lower canopy density

Table 2. Yield per rai, NDVI, and average rainfall by district.

District Yield/rai
(tons) NDVI_2024 Rainfall Avg

(mm) Interpretation

Mueang Chanthaburi 3.50 0.76 3,228 High yield and NDVI optimal rainfall
Makham 3.20 0.74 3,201 Moderate yield and climate support
Tha Mai 3.45 0.75 3,215 Strong productivity, stable conditions
Khao Khitchakut 2.90 0.71 3,043 Lower yield, moderate NDVI
Pong Nam Ron 3.00 0.72 3,102 Moderate productivity zone
Laem Sing 3.60 0.77 3,285 Highest values in all categories
Na Yai Am 3.25 0.74 3,240 Stable across indicators
Khlung 3.35 0.75 3,187 High performance across variables
Soi Dao 2.60 0.68 3,026 Lowest productivity, low NDVI
Kaeng Hang Maeo 2.70 0.69 3,015 Suboptimal conditions, young orchards

contextualize the biophysical limitations of
each site, especially in districts like Soi Dao
where both NDVI and yield remained per-
sistently low despite average precipitation.
The practical value of this integration lies
in its applicability to decision-support sys-
tems. The results facilitate precise zon-
ing for input management, yield forecast-
ing, and resilience planning under climate
variability. This is especially important in
the context of SDG 2 (Zero Hunger) and
SDG 13 (Climate Action), where geospa-
tial tools play a key role in achieving sus-
tainable agriculture. The insights derived
from this integrated analysis emphasize the
relevance of using remote sensing and geo-
statistical tools for improving orchard pro-
ductivity and for advancing adaptive agri-
cultural management in the durian-growing
regions of Southeast Asia.

4. Conclusion
The findings of this research under-

score the essential contribution of geoinfor-
matics in evaluating the spatial and tem-
poral dynamics of durian productivity in
Chanthaburi, Thailand. By integrating
Sentinel-2 derived NDVI datasets, yield per
rai statistics, and rainfall data from 2022 to
2025, the analysis revealed significant cor-
relations between vegetative vigor and agri-
cultural output. High NDVI values were
closely associated with higher yields, with
a strong positive correlation (𝑟 = 0.74, 𝑝 <
0.01), affirming NDVI’s value as a proxy
for orchard performance. Moreover, the
analysis demonstrated that NDVI trends re-
spond sensitively to climatic fluctuations,
particularly rainfall variability, reinforcing
its utility in early detection of productiv-
ity risks. Spatial disparities in NDVI and
yield were observed across districts, with
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southern lowland areas such as Mueang
Chanthaburi and Laem Sing outperforming
northern upland districts like Soi Dao and
Kaeng Hang Maeo. These variations were
attributed to differences in microclimate,
soil characteristics, orchard age, and man-
agement intensity. While rainfall played
a supportive role (NDVI vs. Rainfall𝑟 =
0.61; Yield vs. Rainfall 𝑟 = 0.48),
NDVI proved more robust in capturing site-
level differences in productivity. The inte-
grated approach provided in this research
emphasizes the potential for using NDVI
in conjunction with climatic and agronomic
datasets to inform spatially targeted agricul-
tural strategies. Practical applications in-
clude zoning for input allocation, prioritiz-
ing investment in underperforming areas,
and enhancing climate resilience through
improved monitoring. Furthermore, this
study contributes to global sustainability
goals, particularly SDG 2 (Zero Hunger),
SDG 13 (Climate Action), and SDG 15
(Life on Land), by showcasing how geospa-
tial technologies can support sustainable
land-use and decision-making in perennial
crop systems.

Future research should consider in-
corporating additional environmental pa-
rameters such as soil nutrient profiles, land
slope, and economic inputs to further re-
fine productivity models. The integration
of machine learning techniques with remote
sensing may also enhance the predictive ca-
pacity of NDVI-based frameworks. Ulti-
mately, these findings affirm the strategic
importance of geoinformatics in advanc-
ing precision agriculture, especially in high-
value perennial crop sectors such as durian
cultivation.
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