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Abstract—This study quantifies the thermal environmental
impact of Pokhara International Airport in Nepal by analyzing
land surface temperature (LST) trends before and after its
construction. Using the Google Earth Engine (GEE) platform,
TerraClimate (1987-2025) and MODIS datasets are processed to
perform a spatiotemporal analysis across two distinct periods
from pre-construction (i.e., 1987-2017) and post-construction
(i.e., 2018-2025) of Pokhara International Airport. The derived
LST trends is validated through zonal analysis of urban heat
island (UHI) intensity using urban (500 m, 1 km) and rural
(2-4 km) buffers and correlated with a time-series analysis
of the Normalized Difference Vegetation Index (NDVI). The
results indicate a pronounced acceleration in warming following
the airport’s construction, with the LST trend rising from
0.44◦C/decade in the pre-construction period to 2.53◦C/decade
afterwards. Statistical validation via the Mann–Kendall test and
Sen’s slope estimator confirmed a significant increasing trend
(p < 0.001). This warming is coupled with a strengthening of
the UHI effect, where the mean urban–rural LST difference
increased from 0.5◦C to 1.34◦C, and a sustained decline in NDVI,
signifying vegetation loss. The findings demonstrate that major
infrastructure projects can rapidly alter local microclimates,
exacerbating surface warming and UHI effects.

Index Terms—Land Surface Temperature, Urban Heat Island,
Remote Sensing, Climate Change, Infrastructure Impact

I. INTRODUCTION

One of the most pressing challenges of the 21st century is
climate change, with land surface temperature (LST) serving
as a critical indicator of environmental change. Land surface
temperature (LST) serves as a primary indicator of climate
change and environmental health, directly influencing ecolog-
ical processes, urban microclimates, and human well-being.
Urban expansion and large-scale infrastructure development
are among the primary drivers of land cover transformation
and local climate modification worldwide [1]. Large infras-
tructure, such as airports, is recognized as a major contributor
to localized surface warming due to extensive impervious
surfaces, vegetation clearance, and high-energy activities. In
developing countries, rapid infrastructure growth often occurs
with limited consideration of environmental and climatic im-
pacts, exacerbating urban heat island (UHI) effects [2], [3].

Pokhara, Nepal-a metropolitan and tourist capital city in the
Himalayan foothills-has experienced accelerated urban expan-
sion in recent decades, accompanied by substantial changes
in land use and land cover. The construction of Pokhara
International Airport, operationalized in 2022, represents one
of the most substantial infrastructure interventions in the
region. While such projects are critical for economic growth
and enhance regional connectivity, their environmental im-
plications—particularly on land surface temperature–remain
insufficiently documented [4]. Previous study conducted in
Pokhara and Bharatpur metropolitan cities [5], a multi-fold
increase in built-up areas along with a plunge in agricultural
lands was found from 1990 to 2018, which may result in
increased LST and corresponding UHI effect [6]. However,
a targeted investigation into the thermal impact of a singu-
lar, large-scale infrastructure project like an airport remains
lacking.

Recent advancements in cloud computing platforms, partic-
ularly Google Earth Engine (GEE), have revolutionized the
capacity to conduct reproducible, large-scale environmental
analyses [7]. Remote sensing and geospatial platforms such
as GEE provide efficient access and processing of long-term
remote sensing data enabling robust trend analysis and change
detection. TerraClimate is a high-resolution global climate
dataset, enables consistent assessment of temperature variabil-
ity at monthly scales [8], [9]. When integrated with vegetation
indicators such as the Normalized Difference Vegetation Index
(NDVI), allow for a holistic evaluation of land cover and its
thermal behavior [10].

This study aims to quantify the change in land surface
temperature before and after the construction of Pokhara Inter-
national Airport and evaluate associated changes in vegetation
cover and UHI intensity. Specifically, the research objectives
are to:

1 Analyze long-term LST, UHI and NDVI temporal trends
before and after the construction of Pokhara International
Airport
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Fig. 1: Proposed Workflow of the study

2 Evaluate spatial temperature differences between urban
(airport) and rural zones

3 Quantify the thermal impact of airport-induced land cover
changes

The findings of this study will offer evidence-based insights
into the local climatic impacts of major infrastructure, sup-
porting informed urban and environmental planning in rapidly
developing regions such as Nepal.

The rest of the paper is organized as follows: Section II
includes the details of the entire process and the model used.
Section III discusses the detailed results. Finally, a conclusion
is in section IV.

II. MATERIALS AND METHODS

The overall proposed methodological framework of the
study is shown in Fig. 1, which integrates data acquisition,
preprocessing, analysis, and validation.

A. Study Area

The analysis focuses on a geographical region centered at
Pokhara International Airport [84.0148◦E, 28.1838◦N], repre-
senting a concrete paved urban land cover as shown in fig.
2. The study area encompasses a 1000-meter radius circular
region around the selected point for localized temperature
analysis. After the construction of the airport, the urbanization
expansion has increased rapidly, which also influences the
land surface temperature. Pokhara valley, where the airport
is located, lies geographically between 83.9750◦ to 84.0342◦E
and 28.1667◦ to 28.2667◦N, at an elevation range from 827 to
1,740 meters above Mean Sea Level (MSL). Summer tempera-
tures average 30◦C to 32◦C, while winter temperatures range
from 6◦C to 8◦C [11]. The analysis specifically focuses on
three concentric zones surrounding of the airport: (1) an urban
core zone defined by a 500 m radius buffer representing the

Fig. 2: Geolocations map of Pokhara International Airport as
the study Area

immediate airport infrastructure, (2) an urban influence zone
with a 1 km radius buffer encompassing the airport and its
immediate vicinity, and (3) a rural reference zone comprising a
2-4 km concentric ring representing less-developed peri-urban
areas. This zonal approach enables comparative analysis of
localized thermal impacts against background conditions.

B. Data Sources and Preprocessing

This study utilized multi-source remote sensing and cli-
mate data processed within the GEE cloud platform (Table
I). GEE provides computational infrastructure for large-scale
geospatial analysis without requiring local data storage or
high-performance computing resources [9].

TABLE I: Summary of datasets used in the study.

Dataset Spatial Resolu-
tion

Temporal
Resolution

Time Period

TerraClimate
[12]

∼4 km Monthly 1958–Present

MODIS
MOD11A1
V6.1 [13]

1 km Daily 2000–2025

Sentinel-2
MSI [14]

10–20 m 5 days 2015–2025

1) Climate Data (TerraClimate): The TerraClimate dataset
provides globally gridded monthly climate data derived
through spatial interpolation of station observations and cli-
matically aided extrapolation. Monthly minimum (tmin) and
maximum (tmax) air temperature layers were accessed via
GEE. The monthly mean temperature, calculated as (tmin +
tmax)/2, served as a proxy for land surface temperature for
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long-term (1987–2025) trend analysis, given its high temporal
consistency and suitability for climate trend studies [8], [12].

2) Thermal Remote Sensing Data (MODIS): The MODIS
Terra Land Surface Temperature and Emissivity product
(MOD11A1 V6.1) provides daily LST retrievals under clear-
sky conditions at 1 km spatial resolution [13]. Daily daytime
LST data were filtered for quality (using QC Day layer ≤ 1
), masked for clouds, and aggregated to monthly means. This
dataset was used exclusively for the higher-resolution spatial
analysis of UHI effects from 2001 onward [4].

3) Optical Satellite Imagery (Sentinel-2): Sentinel-2 Mul-
tiSpectral Instrument (MSI) Level-2A surface reflectance data
were used to compute the Normalized Difference Vegetation
Index (NDVI) [14]. Images were filtered for cloud cover
(< 20%) using the scene classification layer (SCL). NDVI
was calculated per-pixel based on Band 8 (NIR) and Band 4
(Red).

4) Ancillary Data: A polygon delineating the Pokhara
International Airport boundary was digitized from high-
resolution basemaps in ArcGIS and imported into GEE for
spatial extractions.

C. Temporal Framework

The analysis period was divided into two distinct phases
based on the construction timeline of Pokhara International
Airport:

1) Pre-construction Period (1987-2017): 31-year baseline
period before major airport construction activities commenced
(i.e., pre-2018).

2) Post-construction Period (2018-2025): 8-year period en-
compassing airport construction from 2018 to 2021 and the
operational phase from 2022 to 2025.

This temporal partitioning enables direct comparison of
thermal conditions before and after the infrastructure inter-
vention.

D. Analytical Methods

1) LST Trend Analysis: Monthly mean temperature was
extracted from TerraClimate for the urban buffer zone and ag-
gregated to annual means. The trend magnitude was expressed
as ◦C per decade to facilitate comparison with global climate
change metrics [3].

2) NDVI Analysis: NDVI was computed for all cloud-
free Sentinel-2 imagery to generate time series that reflect
vegetation changes across periods of imagery using:

NDV I =
ρNIR − ρRed

ρNIR + ρRed
(1)

where ρNIR is reflectance in the near-infrared band (Band 8),
and ρRed is reflectance in the red band (Band 4). Seasonal me-
dian NDVI composites were generated for the monsoon period
(July–September) each year to minimize seasonal variability
and focus on peak vegetation conditions [15], [16].

(a) Urban buffer with 500 radius

(b) Urban buffer with 1 km radius

Fig. 3: Buffer zone having urban and rural radius

3) UHI Quantification: UHI intensity was quantified as the
temperature difference between urban and rural zones is given
by

∆T = LSTurban − LST rural (2)

where LSTurban is the mean LST within urban buffers (500
m or 1 km radius) and LST rural is the mean LST within the
rural reference zone (2–4 km ring) as shown in 3. Monthly
mean LST values from MODIS were extracted for each zone,
and annual mean ∆T was computed for both temporal periods.

4) Statistical Trend Validation: Mann-Kendall (MK) Test
is non-parametric test used to detect monotonic trends in time
series data without assuming normal distribution [14]. The test
statistic S is calculated as

S =

n−1∑
i=1

n∑
j=i+1

sgn(xj − xi) (3)

where xi and xj are sequential data values, n is the dataset
length, and sgn is the sign function.
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Fig. 4: Temporal variation of monthly mean LST before the
construction of the airport

Fig. 5: Temporal variation of monthly mean LST before the
construction of the airport

Sen’s Slope Estimator is non-parametric method to quantify
trend magnitude. The slope β is calculated as the median of
all pairwise slopes using

β = median
(
xj − xi

j − i

)
for all i < j (4)

where positive β indicates increasing trends and negative β
indicates decreasing trends.

III. RESULTS AND DISCUSSION

A. Temporal Temperature Trends

Fig. 4 illustrates the time-series analysis of the land surface
temperature trends for the 30-year span before the construction
of the Pokhara International Airport. The pre-construction pe-
riod (1988–2017) exhibited a linear warming trend of 0.44◦C
per decade, consistent with regional climate patterns. In con-
trast, the post-construction period (2018–2025) showed a 5.7-
fold increase in warming rate to 2.53◦C per decade as shown
in fig. 5. The temperature near Pokhara International Airport
has increased at an alarming rate after the construction of the
airport. The magnitude of change suggests that infrastructure-
induced warming can outpace background climate change in
localized contexts. The magnitude of the change suggests
that, under certain localized conditions, infrastructure-induced
warming may exceed background climate change. Statistical
validation confirmed the significance of these trends. The
Mann-Kendall test yielded a Z-statistic of 3.675 with a p-
value of 0.0002, indicating a highly significant increasing
trend (p < 0.001). Sen’s slope estimator quantified the overall

TABLE II: Statistical significance test results using Mann-
Kendall and Sen’s slope

MANN–KENDALL TEST RESULTS

Trend: increasing
Z-statistic: 3.675
P-value: 0.0002
Kendall Tau: 0.476

SEN’S SLOPE RESULTS

Slope: 0.0369◦C/year
Intercept: 20.800

TABLE III: UHI effect on urban buffer zone with 500m and
1 km radius and rural reference zone (2–4 km ring)

UHI Effect for 500 m Buffer Zone

Parameter Pre-construction
(2001–2017)

Post-construction
(2018–2025)

Change

Mean Urban LST 26.099◦C 26.484◦C +0.385◦C
Mean Rural LST 25.598◦C 25.143◦C −0.455◦C
UHI Intensity (∆T ) 0.501◦C 1.341◦C +168%

UHI Effect for 1 km Buffer Zone

Parameter Pre-construction
(2000–2017)

Post-construction
(2018–2025)

Change

Mean Urban LST 26.157◦C 26.343◦C +0.186◦C
Mean Rural LST 25.598◦C 25.143◦C −0.455◦C
UHI Intensity (∆T ) 0.559◦C 1.200◦C +114%

warming rate at 0.0369◦C/year (0.37◦C/decade), with the
trend remaining significant after correcting for serial autocor-
relation as shown in Table II.

The urban heat island analysis demonstrated significant
intensification following airport construction across both buffer
zones as shown in Table III. For the 500 m urban buffer, UHI
intensity (∆T ) increased from 0.50◦C during 2001–2017 to
1.34◦C during 2018–2025—a 168% increase. Similarly, the 1
km buffer showed UHI intensification from 0.56◦C to1.20◦C
(114% increase). The stronger UHI effect in the 500 m buffer
(1.34◦C) compared to the 1 km buffer (1.20◦C) suggests that
thermal impacts are most pronounced immediately adjacent
to the airport infrastructure. The concurrent cooling in rural
zones (−0.455◦C) may reflect background climate variability
and an increase in afforestation, but the consistent urban-rural
temperature gradient increase confirms UHI strengthening.
This rate of warming (∼ 0.37◦C per decade) is notably higher
than the global average surface warming rate observed since
the pre-industrial era (approx. 0.08◦C/decade since 1880) and
even the more recent rapid warming (approx. 0.18◦C/decade
over the last 40 years).

B. NDVI Variation

Fig. 6 shows the NDVI time-series analysis which revealed
substantial vegetation decline following airport construction.
Pre-construction monsoon season (July–September) NDVI val-
ues averaged +0.60, indicating healthy vegetation cover. Post-
construction values rarely exceeded +0.40 during the same pe-
riod, representing an approximate 33% reduction in vegetation
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Fig. 6: NDVI time-series analysis indicating vegetation change
associated with airport development

vigor. The NDVI time-series showed a pronounced downward
trend post-2018, with the most significant declines occurring
during peak construction years (2019–2021). This reduction
was particularly evident during monsoon months when veg-
etation typically reaches peak greenness in the region. This
indicates there is significant vegetative cover loss after the
construction of the airport. This suggests that vegetation loss
represents a permanent land cover transformation rather than
seasonal variation.

The observed increasing trends in LST and UHI and de-
creasing trends in NDVI align with findings from similar
airport-related urban studies [2], [5], [17]. Large impervi-
ous surfaces, reduced evapotranspiration, and altered surface
albedo contribute significantly to surface warming. The 1.3◦C
urban–rural temperature differential within just 4 km radius
apart indicates a strong localized UHI effect, which may ex-
acerbate thermal discomfort, increase cooling energy demand,
and elevate public health risks during heatwaves.

In Pokhara’s context, the thermal impact is further in-
fluenced by valley topography and limited air circula-
tion. The convergence of three independent lines of evi-
dence—accelerated LST warming, intensified UHI effects, and
substantial vegetation decline—provides robust confirmation
of the Pokhara International Airport’s thermal environmental
impact.

The findings emphasize the need for integrating green
infrastructure, reflective materials, and vegetation buffers in
airport and urban planning. Specifically for Pokhara, climate-
responsive design strategies should include high-albedo ma-
terials for paved surfaces, strategic vegetation buffers, and
consideration of natural ventilation corridors in the valley
setting.

IV. CONCLUSION

This study demonstrates that the construction of Pokhara
International Airport has significantly altered local ther-
mal conditions, resulting in accelerated land surface tem-
perature increase, intensified urban heat island effects, and
reduced vegetation cover. LST trends increased 5.7-fold
from 0.44◦C/decade pre-construction to 2.53◦C/decade post-
construction. Urban heat island effects strengthened by
114–168% across buffer zones, with temperature differentials
reaching 1.34◦C. NDVI declined by approximately 33% dur-
ing monsoon months, confirming extensive vegetation clear-

ance. The application of TerraClimate data and GEE proved
effective for long-term spatiotemporal climate assessment,
providing a reproducible framework for similar investigations.
The findings provide critical evidence for policymakers and
planners to incorporate climate-sensitive design strategies in
rapidly urbanizing regions. This study relies on moderate-
resolution climate data (∼ 4 km for TerraClimate, 1 km
for MODIS), which may not capture micro-scale temperature
variations within the airport complex. The use of TerraClimate
air temperature as a proxy for land surface temperature, while
suitable for trend analysis, may not fully represent surface
thermal conditions for different land cover types.
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