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Land surface temperature (LST) is a critical indicator variable in climate science. In this study, the variation of LST on the island of
New Guinea during 2000 to 2019 was investigated using a cubic spline model and a multivariate regression model. The data were
obtained from the National Aeronautics and Space Administration moderate resolution imaging spectroradiometer database. This
study focused on 90 subregions with 105-pixels of latitude 90 kilometer apart. These subregions were categorized into 10 super-
regions. The results showed that the mean change in LST for all 90 subregions was +0.086°C per decade with a confidence interval
of (0.028, 0.144)°C. There were five super-regions with a significant mean LST change. LST increased significantly in the central-
north, central-south of the island (super-regions B1, C1, and C2 with 0.117°C, 0.162°C, and 0.185°C, respectively) and the southern
part of Papua New Guinea (super-region E2 with 0.217°C), whereas it decreased in the middle part of the Indonesian territories
(A2 with -0.122°C). The results also showed that LST variation occurs at the subregional level. Climate change mitigation methods

are critical for reducing temperature rise and limiting any negative effects on the region.

1. Introduction

Land surface temperature (LST) represents the radiative skin
of the Earth’s surface, is primarily influenced by solar ra-
diation, and holds significant importance in climate re-
search. LST serves as a crucial parameter in comprehending
land surface dynamics across various scales, from local to
global, within the realm of physics. Globally, it will impact
ecosystems, living things, and human health [1, 2]. LST is
a combination of vegetation and bare soil temperature. LST
varies rapidly as a result of the two components’ rapid re-
sponses to changes in incoming solar prominence. Varia-
tions in LST are also affected by changes in the quantity of
clouds and aerosols in the atmosphere and by the intensity of

daylight during the day. LST influences the energy distri-
bution between land and vegetation, resulting in the surface
air temperature [3]. The increase in LST as an indicator of
climate change has caused the melting of ice in the regions of
the poles and areas of high elevation, which has resulted in
rising sea levels and endangered several cities around the
world [4].

Global LST has increased approximately 0.8°C per
century since 1880 and approximately 0.2°C per decade
since 1951 [5]. In 2020, the global average temperature was
1.2 +0.1°C above the 1850-1900 baseline [6]. In Asia, the
average temperature was 1.39°C higher than the 1981-2010
average [7]. In high-mountain Asia, the LST was signifi-
cantly rising during 2001-2017 [8]. Since 1910, annual and
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seasonal ocean surface and island air temperatures in the
southern Pacific region, including Papua and Papua New
Guinea, have increased by 0.6°C-1.0°C per decade [9]. By
2030, the projection for all emissions scenarios indicates
that the annual average temperature in New Guinea will
increase in the range of 0.4-1.0°C [10]. However, the
National Aeronautics and Space Administration moderate-
resolution imaging spectroradiometer database revealed no
substantial increase in LST in New Guinea during
2000-2019, with an average temperature change of
+0.012°C per decade [11], whereas the nearby New Britain
Island has a significant increase in LST with an average of
0.56°C per decade [12].

The purpose of this study is to examine at the pattern and
variation of daytime LST on New Guinea Island from 2000 to
2019 by extending the study of Munawar et al. [11], which
reduces the distance between subregions and takes care of
spatial correlation. The cubic spline and a multivariate re-
gression model were used to analyze the LST time series data.

2. Materials and Methods

2.1. Study Area and Data. New Guinea is the world’s second-
largest island, after Greenland. Politically, it is divided into
two territories: Indonesia to the west and Papua New Guinea
to the east. The land use has changed from rainforests to oil
palm plantations. The climate in Papua New Guinea is
predominantly tropical, characterized by rainfall throughout
most seasons. However, significant changes in climate have
been observed over recent decades, attributed to fluctuations
in solar radiation, increased occurrences of volcanic erup-
tions, and heightened levels of greenhouse gas emissions [13].
The average maximum annual temperature ranges from 23°C
to 32°C [14]. During 2000 and 2019, the minimum, average,
and maximum LSTs from all subregions in Figure 1 were
13.8°C, 25.6°C, and 32.8°C, respectively.

New Guinea Island is located within the geographical
coordinates of 130° to 152° East longitude and —11° to
0° South latitude. This study took a sample of 90 subregions
as shown in Figure 1. The subregions were placed 105 pixels
(95 km) apart in latitude and longitude. The distance be-
tween each region’s central point and its nearest neighbor is
equal and contains 49 pixels in a 7 x 7 array, a layout that
covers the whole island. The first analysis based on the
previous study [11] focused only on 45 subregions (shaded
circles in Figure 1) where the subregions were positioned at
intervals of 210 pixels along the sample line widths, ap-
proximately 190 km apart. This analysis classified the island
into five super-regions named super-regions A to E which
represent north-west, central-north Papua Indonesia,
central-south of the island between Indonesia and Papua
New Guinea, north-east, and south-east of Papua New
Guinea, respectively.

For the second analysis, all 90 subregions were included.
This analysis divided each super-region of the first analysis
into two super-regions. For example, super-region A was
divided into Al and A2, yielding ten smaller super-regions.
The distance between each subregion is 105-pixels of latitude
95km apart.
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The LST eight-day time data in Kelvin scale (then
converted to Celsius) were downloaded from the NASA
MODIS database, specifically from NASA’s Terra MODIS
satellite, during 2000-2019 for each subregion [15]. The data
are based on the sample points that have been determined on
the island by avoiding placing points on the sea. If the point
is placed on the sea, there will be no LST data from the
satellite or considered as a missing value. MODIS LST data
are obscured by clouds and other atmospheric disturbances
and consequently influence the data availability. The R
language and environment was used to analyze the data and
to create the graphics [16].

2.2. Statistical Methods. Several statistical techniques have
been used in a number of studies to examine trends and
patterns in surface temperature such as least-squares linear
regression [17-19] and cubic splines [20]. However, the
distribution of LST varies considerably in both time and
space. Data that are related to each other in terms of time
lags and between two nearby places will influence one
another, which can affect the results of inferential
analyses [21].

The seasonal pattern of the LST for the 90 subregions was
examined and seasonally adjusted. The seasonally adjusted
LST is given by

Ya:Y—Sf'f';, (1)

where Y, is a seasonally adjusted time series of LST, Y is the
observed LST per day over 18 years, S is a vector of spline
fitted values that are calculated from the cubic splines, and x
is the average LST per year. The seasonally adjusted LST was
then fitted using a second-order autoregressive model to
account for the autocorrelation. The pattern of seasonally
adjusted LST data was examined using cubic spline and
a multivariate regression model [22].

Cubic spline functions are defined as piecewise poly-
nomials with degree r where knots are the chosen positions
that join the pieces. A spline function of degree r is a con-
tinuous function with r — 1 continuous derivative [23, 24].
The cubic spline function approach is given by [25]

p-2
S(x)=a+bx+ Z s (%)2, (2)
k=1

where Se)=(x-x )i - ((xp -x)/d;) (x - xp_l)fr +
((xpy —xp)dy) (x = x,), dy=x,—-x,, and x, =max
(x, 0). These splines are a linear function of p parameters
a, b, and ¢;, ¢, and c,, to fit the data by using
a linear model.

The position and number of knots used to smooth the
data are critical for cubic spline fitting. Some studies have
selected the positions of knots based on the season
[20, 26, 27]. The difference in LST may be associated with
heatwaves in the tropical area during April and May and
rainfall during June-September [28]. This study used eight
knots, four of which were placed at the start of the year and
four at the end, in accordance with the seasons that are
typical of tropical regions.
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FIGURE 1: New Guinea Island located at longitude 130 to 152° East and latitude —11 to 0° South. Letters A-E represent super-regions, each
split into two smaller regions; all the numbers represent the 90 subregions.

3. Results and Discussion

Super-region A (north-west) was selected to describe the
results of New Guinea Island for the northwest region.
Figures 2-4 show the seasonal patterns after fitting a natural
spline function with eight knots, denoted by solid red curves.
The eight knots’ locations in the model are indicated by the
blue crosses.

The results of the first analysis revealed that the LST has
a seasonal pattern with two summer peaks (Figure 2).
During the rainy season, the lowest LST occurred on day 210
(the end of June), and the highest LST occurred on day 324
(the end of October). Subregion 9 has the highest average
LST (27.7°C).

Figures 3 and 4 show the results of the second analysis
for the northwest area of two super-regions Al and A2. The
LST patterns in each subregion showed only minor seasonal
changes. Even though each subregion has different co-
ordinates (latitude and longitude), the seasonal patterns are
very similar. In general, the local minima for LST occurred in
January corresponding to the rainy seasons.

As shown in Figures 3 and 4, LST increased from Oc-
tober to November (days 286-305) in subregions 1, 2, 3, 5, 7,
and 8. On the other hand, LST increased from October to
December (days 286-363) in subregions 4, 6, and 9, with
stability toward the end of the year. Regarding the seasonal
pattern, LST decreased on approximately days 172-210 (June
to July), corresponding with the rainy season. This is due to
the fact that land is covered with wet vegetation [29]. These
findings showed that seasonal patterns were not clear in the
subregions of New Guinea Island.

Figures 5-7 display the patterns and trends of seasonally
adjusted LST for super-region A (north-west) of New Guinea
island. The estimated coefficients of autoregressive ar; and
ar, were small, indicating that the time series of seasonally
adjusted of daytime LST are independent. The black lines
denote the fitted lines from the linear model, and red curves

denote the natural cubic splines. Figure 5 shows that the LST
was significantly increasing in subregion 4 and decreasing in
subregions 7 and 9. However, the results of cubic spline
model showed that the LSTs in subregions 7 and 9 were
significantly changing. Figures 6 and 7 reveal that more
subregions in the northwest super-regions had LSTs that
were significantly changing.

The z value statistics displayed in the bottom-right panel
of Figures 5-7 are based on statistical testing; there is no
average daytime LST increase in a super-region, assuming
that increases in subregions of the same super-region are
the same. The average daytime LST for super-region A
(north-west) of —0.11°C per decade was statistically sig-
nificant with a z value of —2.098 and 95% confidence in-
terval of (—0.21, —0.01) (Figure 5). As shown in Figure 6, the
mean daytime LST for super-region Al was 0.058°C with
a 95% confidence interval of (—0.048, 0.164), with a non-
significant z value of 1.077. As shown in Figure 7, the
average daytime LST for super-region A2 was —0.121°C with
95% confidence interval of (-0.226, —0.018), showing
significant z value of —2.293. The variations in LST varied by
super-region.

Figure 8 shows 95% confidence interval of average
daytime LST variations for 45 subregions (top panel) and for
all 90 subregions (bottom panel) together with the overall
average LST. The 45 subregions showed a nonsignificant
increase of an overall average daytime LST with 0.012°C
(95% confidence interval: —0.052, 0.077), while the overall
average daytime LST for the 90 subregions was a statistically
significant increase, with 0.086°C per decade (95% confi-
dence interval: 0.028, 0.144).

There were variations in the overall daytime LST for each
super-region with five super-regions containing 45 sub-
regions. The average daytime LST changed per decade in
super-regions A (north-west), B (central-north), C (south),
D (north-east), and E (south-east) by —0.116°C, 0.0026°C,
0.206°C, —0.076°C, and 0.046°C, respectively. However, only
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FIGURE 2: New Guinea super-region A (north-west) seasonal land surface temperature patterns.
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FIGURE 3: New Guinea super-region Al (north-west) seasonal land surface temperature patterns.

the northwest and south regions showed a significant change
in overall daytime LST. For the analysis of ten super-regions
containing 90 regions, only super-region A2 (north-west)
had a significant LST decrease with —0.122°C, whereas for
super-regions B1 (central-north), C1 and C2 (central-south),
and E2 (south-east), the LST significantly increased with
0.107°C, 0.162°C, 0.185°C, and 0.217°C, respectively.

A schematic map of New Guinea Island’s super-regions
and subregions is shown in Figure 9. Significant increases in
daytime LST are depicted by dark-pink-colored regions,
decreases are depicted by dark-blue-colored regions, and
likely increases and decreases are depicted by light-pink
and light-blue colored regions, respectively. Regions
exhibiting no change are shown in green. The daytime LST in
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FIGURE 4: New Guinea super-region A2 (north-west) seasonal land surface temperature patterns.
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FIGURE 5: Seasonally adjusted LST in New Guinea’s super-region A (north-west).

super-region A2 decreased significantly, while in super-
region D2 it likely decreased. The daytime LSTs in super-
regions B2, C2, and E1 were stable. In super-region Al, the
daytime LST was likely to be increased, while daytime LST in
the remaining super-regions significantly increased. Overall,
New Guinea Island had warmer LST with an average in-
crease of 0.086°C per decade in the range (0.028, 0.144) or
0.86°C per century. This result is similar to the Papua New

Guinea National Weather Service’s prediction of
0.4-1.0 [10].

During the study period spanning from 1956 to 2016,
shifts in climate conditions were observed, specifically re-
garding rainfall and temperature patterns in Papua New
Guinea. Rainfall has shown a notable increase in the region.
Although temperatures in Papua New Guinea do not typ-
ically reach extreme lows or highs like in other nations, the



6 Advances in Meteorology
LST.Day (°C) Season-adjusted Time Series - New Guinea: Super-region Al Fitted Models
Ir-sq:| 0.54% n:[ 777 Subreg 1] [rsa. 1.28% n: 746 Subreg 2| [r-sa. 0.78% n:| 765 Subreg 3
40 Itsag: 0.25% ar1;0.112 ru?l%ﬂ rsag: 0.73% ar1; 0,056 (oe%s r-sag: 0.02% ar1:0.028 ';ﬁ% 27
mean: 24,851 | ¢ | ar2: 0.00: (0.[!4; mean: 26823 arz: -0. 031 (I] 04; mean: 25.514 ar2: 50019 50.0393
26
20
10 25
Mean Inc/dec: -0.252 p: 0.087 Mean Inc/dec: 0.273 p- 0.011 Mean Inc/dec: -0.125 p: 0.278
0 —— Spline Model p: 0.117 —— Spline Model p: 0.016 — Spline Model| p: 0.063 24
r-sq: 18% n: 705 Subreg 4| [rsa. £47% n: 611 Subr r-sa: -0.36% n: 671 Subreg 6
40 i<q: 10.03% ar1:0.075 (0.042) | |r-sa0: 1.55% 026 (0. r-sg0: -0.12% arl: -0.012 (0.043 28
mean: 21,682 ar2: -0.011 [0.04; meﬁn:37.832 ar2 D 024 ED 051; mean: 26614 b ar2: -0.052 {&048;
30 dobdr el Aol la b . Jdalobobal Wi
26
20
24
10
Mean Inc/dec: 0125 p: 0.364 Mean Inc/dec: 0.4 p- 0.001 Mean Inc/dec: 0.052 p- 0.669 2
0F | | ——spline Model | p! 0.005 ——Spline Model | | p- 0.000 ———Spline Model | | |p 0.733
r-sq: 0.85% n: 750 Subreg 7| [r-sa: 0.34% n: 676 Sub: r-sq. 2.24% n: 767 Subreg 9
40 1 sq0: 1.05% ar1]0.084 (0.041)| [r-300: 0.11% arl: 0.08 (0.048)| [T-sad: 0-48% arl: 0.07 (0 27.0
mean: 25%952 4 ar2: 0.01 ED.MZ; mean: 264548 & ar2 0.022 ED 1147; mean: 26.343 | 10
sofLLETLLL . L
26.5
Pk b el SRR S R ot 4 i i
20 Lt T T Yo e AR . i L1 2.0
o't 4 n | o . ¥ *
- . (% - . N
10 . . 25.5
* | Mean Inc/dec: 0.125 p: 0.422 Mean Inc/dec: 0.226 p: 0.184 Mean Inc/dec: -0.319 p: 0.031 550
0 — Spline Model p: 0.048 ——Spline Model p- 0.218 T Spline Model p- 0.001 # B S E '
0 3 6 9 12 15 18 0 3 6 9 12 15 18 0 3 6 9 12 15 18 0 3 6 9 12 15 18
Year after 2000 Year after 2000 Year after 2000 Year after 2000
FIGURE 6: Seasonally adjusted LST in New Guinea’s super-region Al (north-west).
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FIGURE 7: Seasonally adjusted LST in New Guinea’s super-region A2 (north-west).

analysis indicates a clear upward trajectory. Without in-
tervention to address the current pace of climate change, the
upward trends in both rainfall and temperature are expected
to persist [30].

The rise in LST on New Guinea Island can be an indicator
of climate change due to its association with frequent
fluctuations in weather patterns [31]. Changes in LST could
be caused by urbanization LU/LC change as a human effort
to fulfill the population’s needs [32]. The West of New

Guinea Island has 2% of forest lost since 2001 as an effect of
the development of industrial plantation, mining, and
building of facilities [33]. The environmental damage,
mainly due to reduced rainforest or green open space as the
result of massive human activities, would have a substantial
effect on global warming. The increase in LST would affect
the reduction of crops and fishing yield, which can lead to
a reduction in the quality of life of the people living on the
island.
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4. Conclusions

On New Guinea Island, many regions were found to have an
increase in daytime land surface temperature. There was not
significant increase of overall average LST in 45 subregions.
However, when the number of subregions was increased for
90 subregions by reducing the distance between subregions,
the overall average LST was significantly increased with
+0.086°C per decade (confidence interval: 0.028, 0.144). LST

increased significantly in the central-north, central-south of
the island (super-regions B1, C1, and C2) and the southern
part of Papua New Guinea (super-region E2), whereas it
decreased in the middle part of the Indonesian territories
(super-region A2). The LST variation also occurs at the
subregion level. This finding was part of the study by
Munawar [34].

This study chose a distance between each region’s central
point of 105-pixels (95 km in latitude and longitude), which



is reasonable to use as a representative sample and to
minimize spatial correlation. However, it is important to
take into account the optimal spacing between subregions on
the smaller islands. New Guinea Island consists of many
mountains and vegetation, which is typical of tropical areas
in general. This result is only based on the LST eight-day time
from Terra MODIS; further investigation should compare
the LST variation data obtained from MODIS Terra and
Aqua. Future research should take into account additional
elements connected to LST, such as land elevation, land use/
land cover, and the Normalized Difference Vegetation
Index.

Data Availability

The data can be obtained from https://tinyurl.com/New-
Guinea2.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] A. Haines, R. S. Kovats, D. Campbell-Lendrum, and
C. Corvalan, “Climate change and human health: impacts,
vulnerability and public health,” Public Health, vol. 120, no. 7,
pp. 585-596, 2006.

[2] S. M. Prober, N. Raisbeck-Brown, N. B. Porter, K. J. Williams,
Z. Leviston, and F. Dickson, “Recent climate-driven ecological
change across a continent as perceived through local eco-
logical knowledge,” PLoS One, vol. 14, no. 11, p. 0224625,
2019.

[3] Copernicus Global Land Service, “Land surface temperature
copernicus global land Service,” Land Surface Temperature,
2020.

[4] L. G. Thompson, “Climate change: the evidence and our
options,” The Behavior Analyst, vol. 33, no. 2, pp. 153-170,
2010.

[5] J. H. Lawrimore, M. J. Menne, B. E. Gleason et al., “An
overview of the Global Historical Climatology Network
monthly mean temperature data set, version 3,” Journal of
Geophysical Research, vol. 116, no. D19, 2011.

[6] World Meteorological Organization, “State of the Global
Climate 2020,” 2020, https://library.wmo.int/doc_num.php?
explnum_id=10618.

[7] World Meteorological Organization, “State of the climate in
Asia 2020 (WMO-No. 1273),” 2020, https://library.wmo.int/
doc_num.php?explnum_id=10867.

[8] S.Raniand S. Mal, “Trends in land surface temperature and its

drivers over the High Mountain Asia,” The Egyptian Journal of

Remote Sensing and Space Science, vol. 25, no. 3, pp. 717-729,

2022.

D. Kiktev, D. M. H. Sexton, L. Alexander, and C. K. Folland,

“Comparison of modeled and observed trends in indices of

daily climate extremes,” Journal of Climate, vol. 16, no. 22,

pp. 3560-3571, 2003.

[10] International Climate Change Adaptation Initiative, “Current
and future climate of Papua New Guinea,” 2007, http://www.
pacificclimatechangescience.org/wp-content/uploads/2013/
06/14_PCCSP_PNG_8pp.pdf.

[9

Advances in Meteorology

[11] M. Munawar, T. A. E. Prasetya, R. McNeil, and R. Jani,
“Pattern and trend of land surface temperature change on
New Guinea Island,” Pertanika Journal of Science and Tech-
nology, vol. 28, no. 4, pp. 1517-1529, 2020.

[12] R. M. Devi, T. A. E. Prasetya, and D. Indriani, “Spatial and
temporal analysis of land surface temperature change on New
Britain Island,” International Journal of Remote Sensing and
Earth Sciences, vol. 17, no. 1, pp. 45-56, 2020.

[13] F. B. Pereira, O. Renagi, J. J. Panakal, and G. Anduwan, “A
study of climate variability in Papua New Guinea,” Journal of
Geoscience and Environment Protection, vol. 07, no. 05,
pp. 45-52, 2019.

[14] Climate Change Knowledge Portal, “Papua New Guinea,” 2021,
https://climateknowledgeportal. worldbank.org/country/papua-
new-guinea/climate-data-historical.

[15] O. R. N. L. Daac, MODIS and VIIRS Land Products Global
Subsetting and Visualization Tool, ORNL Distributed Active
Archive Center, Oak Ridge, Tennessee, 2018.

[16] R Core Team, R: A Language and Environment for Statistical
Computing, R Core Team, Vienna, Austria, 2018.

[17] N. McNeil and B. Chirtkiatsakul, “Statistical models for the
pattern of sea surface temperature in the North Atlantic
during 1973-2008,” International Journal of Climatology,
vol. 36, no. 11, pp. 3856-3863, 2016.

[18] F. Mao, X. Li, H. Du et al., “Comparison of two data as-
similation methods for improving MODIS LAI time series for
bamboo forests,” Remote Sensing, vol. 9, no. 5, pp. 401-417,
2017.

[19] S. Wiist, V. Wendt, R. Linz, and M. Bittner, “Smoothing
data series by means of cubic splines: quality of approxi-
mation and introduction of a repeating spline approach,”
Atmospheric Measurement Techniques, vol. 10, no. 9,
pp. 3453-3462, 2017.

[20] N. Wongsai, S. Wongsai, and A. R. Huete, “Annual seasonality
extraction using the cubic spline function and decadal trend in
temporal daytime MODIS LST data,” Remote Sensing, vol. 9,
no. 12, p. 1254, 2017.

[21] Y. Kestens, A. Brand, M. Fournier et al., “Modelling the
variation of land surface temperature as determinant of risk of
heat-related health events,” International Journal of Health
Geographics, vol. 10, no. 1, p. 7, 2011.

[22] K. V. Mardia, J. T. Kent, and J. M. Bibby, Multivariate
Analysis, Academic Press, Inc, Cambridge, MA, USA,
1979.

[23] G. Wahba, Spline Models for Observational Data, Society for
Industrial and Applied Mathematics, Philadelphia, PA, USA,
1990.

[24] S. Wold, “Spline functions in data analysis,” Technometrics,
vol. 16, no. 1, pp. 1-11, 1974.

[25] J. H. Alberg, E. N. Nilson, and J. L. Walsh, The Theory of
Splines and Their Applications, Academic, New York, NY,
USA, 1967.

[26] R. Kohavi, “A study of cross-validation and bootstrap for
accuracy estimation and model selection,” 14th International
Joint Conference on Artificial Intelligence (IJCAI), Springer,
Berlin, Germany, 1995.

[27] M. A. Lukas, F. R. de Hoog, and R. S. Anderssen, “Efficient
algorithms for robust generalized cross-validation spline
smoothing,” Journal of Computational and Applied Mathe-
matics, vol. 235, no. 1, pp. 102-107, 2010.

[28] P. P. Gogoi, V. Vinoj, D. Swain, G. Roberts, J. Dash, and
S. Tripathy, “Land use and land cover change effect on surface
temperature over Eastern India,” Scientific Reports, vol. 9,
no. 1, pp. 8859-8910, 2019.


https://tinyurl.com/New-Guinea2
https://tinyurl.com/New-Guinea2
https://library.wmo.int/doc_num.php?explnum_id=10618
https://library.wmo.int/doc_num.php?explnum_id=10618
https://library.wmo.int/doc_num.php?explnum_id=10867
https://library.wmo.int/doc_num.php?explnum_id=10867
http://www.pacificclimatechangescience.org/wp-content/uploads/2013/06/14_PCCSP_PNG_8pp.pdf
http://www.pacificclimatechangescience.org/wp-content/uploads/2013/06/14_PCCSP_PNG_8pp.pdf
http://www.pacificclimatechangescience.org/wp-content/uploads/2013/06/14_PCCSP_PNG_8pp.pdf
https://climateknowledgeportal.worldbank.org/country/papua-new-guinea/climate-data-historical
https://climateknowledgeportal.worldbank.org/country/papua-new-guinea/climate-data-historical

Advances in Meteorology

(29]

(30]

(31]

(32]

(33]

(34]

S. Khandelwal, R. Goyal, N. Kaul, and A. Mathew, “Assess-
ment of land surface temperature variation due to change in
elevation of area surrounding Jaipur, India,” The Egyptian
Journal of Remote Sensing and Space Science, vol. 21, no. 1,
pp. 87-94, 2018.

N. Sapala, Y. Cheng, and D. Li, “Analysis of rainfall and
temperature variations between 1956 and 2016 for Papua New
Guinea,” Journal of Geoscience and Environment Protection,
vol. 09, no. 06, pp. 66-85, 2021.

V. A. Ayuningtyas, Pengolahan Data Thermal (TIRS) Citra
Satelit Landsat 8 Untuk Temperatur Suhu Permukaan (Studi
Lokasi: Kabupaten Banyuwangi), Malang, Indonesia, 2015.
P. Fu and Q. Weng, “A time series analysis of urbanization
induced land use and land cover change and its impact on
land surface temperature with Landsat imagery,” Remote
Sensing ofEnvironment, vol. 175, pp. 205-214, 2016.

D. L. Gaveau, L. Santos, B. Locatelli et al., Forest Loss in
Indonesian New Guinea: Trends, Drivers, and Outlook, Bio-
Rxiv, 2021.

M. Munawar, Spatial and Temporal Variation of Land Surface
Temperature in New Guinea and Borneo Island, Prince of
Songkla University, Pattani, Thailand, 2021.





