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Land surface temperature (LST) is one of the important factors in the
physics of land surface processes to ensure about temperature change in
environment. Sumatra was one of the biggest islands in Indonesia that suffering
from deforestation. The objective of this study was to investigate LST trend in
Sumatra Island from 2000-2018. LST-day data for each super region of Sumatra
island was analyze with cubic spline to see seasonal pattern. Daily seasonal
pattern for LST-day ('C) was not so many variations. The highest LST-day in all
area of region 25 super region 1 happened between day 229 and day 267. LST-
day was increased in the beginning of year and decreased at the end of the year.
The other findings indicate that on a decade 28.2% of all Sumatera surface had
been increasing, 35.6% decreasing, 36.3% stable.
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INTRODUCTION

Climate change, particularly rising temperature, is one of the important
environmental problem facing the world today. Satellite-based climate-related
data, such as Land Surface Temperature (LST), play a critical role in monitoring
climatological processes, land surface energy interactions and water balance at
regional to global scales (1,2), as well as climate change impacts. These changes
in climate affect human lives and have a large impact on society as a whole (3).
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This is reflected in the slowing down of the
long-term reduction in the prevalence of undernutrition,
which is partly due to extreme climatic events (4).

This is particularly relevant for Southeast Asia
because agriculture and food security are vulnerable
sectors already and Southeast Asia has vital role as
major exporter (5). Since the 1950s, the tropics have
become a domain of permanently increasing interest
among meteorologists mainly because the weather in the
tropics is dominated by convective storms. These
develop mainly along the Intertropical Convergence
Zone (6).

A report finding claimed that Sumatra islands
are chosen as research area because of high rates of
deforestation (7). Sumatra Islands are also the largest of
three islands that suffered from deforestation in
Indonesia. Sumatra forest conversion into non-forest
area has attracted national and international researchers.
This study was investigated Land Surface Temperature
trend in Sumatra Island. Thus, cubic splines as a
statistical tool will be applied to investigate the seasonal
pattern and time trend of Land Surface
Temperature in Sumatra. Cubic splines are very accurate
in practice and the error depends on the second

series

derivative(8). Multiple linear regression will be applied
to analyze the correlation of elevation, land cover, and
NDVI to Land Surface Temperature in Sumatra Island.

METHODS

This research uses secondary MODIS data
which is obtained from NASA website where we focus
on from 2000-2018. The data consist of LST and we
concentrate on Sumatera Island, Indonesia. Moreover,
we mainly have stand-points in seasonal pattern of LST.
Time series trends and patterns of land surface
temperature will be analyzed using cubic spline.

1.1. Study area

This study was conducted in Sumatra Islands.
Sumatra archipelago includes the islands of Sumatra and
small islands in vicinity. Sumatra islands located from
east longitude 950 to 109.20 east longitude and north

latitude 60 to 6,20 south latitude (Figure 1).

Latitude
5]

Sumatra super-regions

96 98 100 102 104 106
Longitude

Figure 1. Super regions of Sumatra with the center of latitude
and longitude.

This research attempt to analyze satellite data
that might have several uncommon terminologies.
Before going to further explanation about data source
and data management, these are several terms used in
this research to ensure readers have same view.

a. Super region is an area cover 105 km x 105 km
using a specific coordinate latitude and
longitude as central point. Sumatera Island
consists of 70 super region and each of them
covers 25 region.

b. Region is an area with large 21 km x 21 km and
this area comprises 9 sub-region.

c. Sub-region is an area with dimension 7 km x 7
km which is contained 49 pixel with area 1 km x
1 km.

d. Pixel is our research unit which is compressed
all satellite data (LST, LV, LC, and NDVI) in
time series record from 2000-2018.

1.2. Data source

Land Surface Temperature data was data from
independent data sets of Moderate Resolution Imaging
Spectroradiometer (MODIS)(9—11). To get data from
https://modis.ornl.gov we must sign in and decide the
location centered on Latitude, Longitude which is
calculated or converted by Modland tile calculator tool
(https://landweb.modaps.eosdis.nasa.gov/cgi-
bin/developer/tilemap.cgi) in vertical tile, horizontal tile,
line, sample and put it in the website.

The analysis was only for land because the data
was from MOD11A2 Terra Land Surface Temperature
data(12). The analysis of this study was conducted with
R program (13). The website will give the resume of
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data that we download, and choose order, so the data set
link will send to our email. LST and NDVI data must be
ordered in different time, because the website only give
one option name of data each order.

We must download LST data in CSV format and
process extracting then raster each data that has been
downloaded. The last step is processing and analyzed the
data with R program (10,11). Land Surface Temperature
data are independent set of data that can be freely
downloaded from Moderate Resolution Imaging
Spectroradiometer (MODIS) and
https://earthexplorer.usgs.gov/. LST data are from
MODIS 8 days Tera LST (MOD11A2) from 2000 to
2018 at 0.05° spatial resolution. The original LST degree
measurement was Kelvin then converted into Celsius.
MODIS 8 day LST data are mean of the clear-sky
condition data only, and elevation data was extracted
from LST data (9-11).

MODIS LST data were collected over time, they
fluctuate over the season (1). The seasonal pattern was
assumed to be the same for every year, and the change in
other parameters such as the land cover change that has a
direct or indirect effect on the LST data is consistently
increasing or decreasing. A sudden natural disaster, for
instance a forest fire or landslide or tsunami that could

cause the instantanecous change of data behavior, is
excluded in this model consideration. Ideally, the model
should provide continuous seasonal patterns for each day
of the year within a year. These considerations suggest
that the most appropriate model is a cubic spline with
specific boundary conditions that smooth
periodicity. Choosing the location and number of

ensure

parameter knots for smoothing the spline curve is a
critical issue. However, there are current strategies for
the optimal selection of those parameters based on
procedures to add knots in intervals where the residuals
show trends as indicated by autocorrelation or in
intervals where the residuals are inadmissibly significant
(14).

RESULTS

Firstly, the R program was run for each super
region to analyze LST day data with cubic spline and
linear regression. Figure 2 and 3 show daily and
annually LST for region 25 in super region 1 where both
figures depicted distribution of records. Figure 4 show
the LST change result for 25 regions in super region 1.
After analyzing for 70 super regions, the result of p
value and r-square was tabulated in Table 1.

Lat: 5688 Lon: 95.457 Sumatra Region 1.25

LST.Day (°C)
I Tsaloz3e Northvest 665 T-sq 0333

Narth n: 651 r-sq:0.359 ,  NorthEagt- n: 655

r-sq; 0.352

Central n: 633 r-sq 0.315 Bast n: 652

rsq: 0.4 Southiest n:691 rsq; 0.317

South n; 677 r-sg:0.209 SouthEast n: 667

Day of Year

3 b 4| * + [ b - + - sk , + +| b + b
1 39 77 115 153 191 229 267 305 343 1 39 77 115 153 191 229 267 305 343 1 39 77 115 153 191 229 267 305 343

Day of Year Day of Year

Figure 2. Daily LST — Day (‘C) in Sumatra 2000-2018 Super Region 1, region 25.

Figure 2 visualized the distribution of daily
record in 19 years that meant every scale in x-axis had
19 dots representing each year (if there is no missing
value on it). According to Figure 2, daily seasonal
pattern for LST-day ('C) was not so many variations.
The highest LST-day in all area of region 25 super
region 1 happened between day 229 and day 267. LST-

day was increased in the beginning of year and
decreased at the end of the year.

Figure 3 consisted of nine plots where each plot
representing one center of region and eight point of
compass (northwest, west, southwest, north, south,
northeast, east, and southeast). According to Figure 3,
LST increase per decade by cubic spline will show by
red dot line and linear show by blue dot line. Figure 3
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also showed the outlier value with the purple dot. Figure  increased of LST. The other point area of super region 1
3 depict that south (S), east (E), center (C) and south east ~ was predicted decreased.
(SE) area of super region 1 was area that predicted

Seasonally-adjusted LST Day (°C) Lat: 5.688 Lon: 95.457 Sumatra Region 1.25
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Figure 3. Seasonally-adjusted LST — day ('C) in Sumatra 2000-2018.

AR (ARIMA coefficient) 1 to 3 also shown in  was plot and show below. Figure 4 illustrated the change
this figure and its mean that the program already take out ~ of LST in super region 1. It showed that in a decade this
the autocorrelation of LST-day data(15,16). Overall p-  area was getting cooler where the spline indicated minus
value and r squared had been released from the Figure 4. value.

The increasing LST-day trend result for super region 1

Latitude

6.57

]
A

5.57
LST trend
5.0Mean ar1: 0.109 ar2: 0.063 ar3: 0.041 | = staple
Mean r-sq: 2.94% rsq0: 0.71% B ncrease
Spline Inc/dec: -0.321 pVal 0.086 Decrease
Inc/dec: Mean 0.096 pVal 0.3
945 95.0 955 96.0 96.5

Longitude
Figure 4. Plot of LST-day trend for super region 1.
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As needed to gain best model and the highest r-  knots gives the highest r-square (for super region 1)-
square we run the program of cubic spline strat from 4  shown in Table 1. The highest r-square will be the
knots until 9 knots for 70 super regions of Sumatra. criteria for deciding the best model also.

Based on the program and result, the cubic spline with 8

Table 1. Average p-value, r-square and knot by cubic spline for Sumatra super region 2000-2018.

4 knots 5 knots 6 knots 7 knots 8 knots 9 knots
avg. | avg.p- | avg. | avg.p- | avg. | avg.p- | avg. | avg.p- | avg. | avg.p- | avg. | avg. p-
R? value R? value R’ value R? value R? value R? value

1 240 0.07 2.70 0.06 2.73 0.07 2.75 0.09 294 0.09 287 0.10
2 532 0.03  5.50 0.05 5.52 0.05 5.45 0.07 5.44 0.07 5.37 0.11
3 1.65 0.10 2.32 0.06 2.40 0.07 2.40 0.08 2.35 0.10 2.42 0.11
4 1.78 0.16 2.16 0.14 227 0.13 242 0.11 241 0.13 242 0.15
5 193 0.13  2.20 0.12  2.38 0.12 255 0.11 2.60 0.12  2.55 0.14
6 3.02 0.11 3.92 0.06 4.23 0.06 4.42 0.06 4.44 0.06 4.37 0.07
7 533 0.06 5.82 0.05 5.87 0.06 5.88 0.06 5.88 0.06 5.95 0.06
8 1.72 0.15 235 0.08 2.46 0.09 2.60 0.09 2.64 0.09 2.60 0.11
9 151 0.16 2.70 0.04 2.89 0.04 3.15 0.03 3.31 0.03 3.37 0.03
10 2.81 0.17 3.22 0.13  3.37 0.12  3.65 0.11 3.79 0.11  3.69 0.12
11 282 0.0l 2.69 0.02 2.60 0.03 3.45 0.01 3.28 0.02 3.08 0.03
12 0.88 021 215 0.01 2.13 0.02 2.09 0.03 2.09 0.04 2.13 0.04
13 2.01 0.13 259 0.05 2.79 0.05 3.25 0.04 3.40 0.04 3.34 0.05
14 1.59 0.12 191 0.09 2.10 0.08 2.26 0.06 247 0.06 2.40 0.07
15 3.62 0.09 4.11 0.06 4.60 0.04 4.78 0.04 4.88 0.05 4.87 0.06
16 1.43 0.19 245 0.11  2.69 0.10 2.82 0.10 2.77 0.12 2.71 0.14
17 4.96 0.08 6.00 0.01 6.05 0.01 6.10 0.02 6.14 0.02 6.20 0.02
18 2.16 0.18 2.58 0.11 2.78 0.09 3.19 0.06 3.41 0.06 3.46 0.07
19 134 0.12 1.67 0.10 1.91 0.09 2.03 0.08 2.13 0.08 2.05 0.10
20 8.05 0.10 8.54 0.09 8.83 0.09 9.29 0.09 9.46 0.07 9.29 0.10
21 7.16 0.08 8.52 0.03 8.75 0.03 9.35 0.03 9.62 0.03 9.71 0.04
22 446 0.04 734 0.01 7.67 0.01 7.87 0.01 8.45 0.01 8.19 0.01
23 6.75 0.04 837 0.03 8.56 0.03 8.73 0.02 879 0.03 8.91 0.03
24 349 020 3.72 0.17 3.86 0.16 4.14 0.15 427 0.14 4.18 0.17
25 107 0.03 112 0.03 115 0.02 12.0 0.02 125 0.03 125 0.03
26 148 0.05 162 0.02 169 002 174 0.02 18.0 0.01 18.0 0.01
27 6.85 0.08 9.25 0.03 104 0.02 115 0.02 122 0.02 12.6 0.02
28 1.53 0.16 2.25 0.12 237 0.13  2.68 0.11 295 0.10 2.90 0.11
29 3.5 0.11 3.44 0.08 3.59 0.07 3.69 0.06 3.72 0.06 3.89 0.07
30 2.01 0.13 225 0.12 235 0.12  2.46 0.12  2.40 0.14 246 0.14
31 4.87 0.06 5.27 0.07 5.68 0.06 6.08 0.06 6.47 0.07 6.52 0.08
32 649 0.10 7.06 0.10 7.54 0.09 8.15 0.07 9.07 0.06 10.0 0.05
33 4.10 0.12 494 0.08 5.41 0.08 6.12 0.07 6.62 0.06 6.89 0.07
34 213 020 2.79 0.12  3.04 0.13 3.22 0.13 3.46 0.12 343 0.13
35 6.59 0.00 7.16 0.00 7.48 0.00 7.46 0.00 7.50 0.00 7.50 0.00
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4 knots 5 knots 6 knots 7 knots 8 knots 9 knots

avg. | avg.p- | avg. | avg.p- | avg. | avg.p- | avg. | avg.p- | avg. | avg.p- | avg. | avg. p-

R? value R? value R? value R? value R? value R’ value
36 1.82 0.14 2.13 0.12 232 0.11 2.43 0.11 2.43 0.12 241 0.14
37 3.58 0.11 3.80 0.11 4.18 0.12 433 0.12 4.46 0.12 4.62 0.11
38 129 0.02 137 0.02 14.1 0.03 145 0.03 147 0.03 15.0 0.03
39 745 0.05 7.72 0.06 8.11 0.06 8.19 0.07 8.49 0.06 8.67 0.07
40 1.53 0.15 1.88 0.13  1.92 0.14 195 0.14 2.07 0.14 1.99 0.16
41  2.68 0.05 3.14 0.05 3.28 0.05 3.47 0.05 3.66 0.04 3.76 0.04
42 2.56 0.13 277 0.13 2.86 0.14  3.09 0.13  3.09 0.13 3.15 0.15
43 9.11 0.03 9.42 0.04 9.78 0.04 9.78 0.05 9.78 0.05 9.88 0.06
44 1733 0.04 7.64 0.04 7.92 0.04 8.71 0.03 9.05 0.04 9.53 0.04
45 2.59 021 3.73 0.13 3.88 0.13 391 0.15 4.3 0.16 4.21 0.18
46 1.50 0.14 1.67 0.14 1.73 0.15 2.03 0.13 239 0.10 2.54 0.10
47 5.18 0.10 5.44 0.11 5.53 0.12  5.65 0.12 5.75 0.12  5.89 0.11
48 3.71 0.03 3.76 0.04 3.79 0.04 3.84 0.05 3.88 0.06 3.85 0.06
49 17.16 0.03 7.35 0.03 7.65 0.03 7.70 0.03 7.70 0.04 7.76 0.04
50 795 0.06 8.47 0.06 8.94 0.06 9.19 0.07 9.50 0.07 9.70 0.08
51 4.04 0.13  4.45 0.13  4.62 0.13 4.87 0.13 4.99 0.13  5.00 0.13
52 348 0.10 4.32 0.05 4.92 0.04 5.59 0.03 5.78 0.04 5.85 0.05
53 395 0.04 4.15 0.03 4.51 0.03 4.61 0.03 4.53 0.04 4.62 0.04
54 222 0.06 2.40 0.07 245 0.08 2.66 0.07 2.79 0.07 2.83 0.08
55 347 0.05 3.68 0.06 3.99 0.05 4.22 0.05 4.40 0.05 4.45 0.05
56 5.50 0.08 5.96 0.08 6.18 0.08 6.38 0.08 6.54 0.09 6.65 0.10
57 452 025 5.00 021 5.32 020 5.56 020 5.85 0.20 6.21 0.19
58 297 030 3.61 0.25 5.61 0.19 6.64 0.15 7.84 0.12  8.55 0.11
59 3.68 0.02 5.49 0.01 5.72 0.01 5.94 0.01 6.03 0.01 6.07 0.01
60 3.27 0.07 3.61 0.07 3.75 0.06 4.01 0.05 4.18 0.05 447 0.05
61 5.64 0.06 5.98 0.07 6.88 0.05 7.32 0.04 794 0.04 8.79 0.02
62 8.71 0.13 9.11 0.13  9.56 0.13 9.76 0.14 10.1 0.15 104 0.13
63 3.73 021 471 0.14 545 0.13 587 0.13 6.22 0.13 647 0.14
64 2.80 0.05 3.82 0.02 4.05 0.02 4.24 0.02 4.22 0.02 4.29 0.03
65 4.54 0.07 4.96 0.05 5.83 0.03 6.16 0.03 6.36 0.04 6.64 0.04
66 3.46 028 3.76 0.27 4.28 025 4.44 029 4.68 031 5.18 0.29
67 145 0.44 2.40 0.29 2.68 030 2.74 034 279 039 337 0.34
68 2.53 0.07 3.56 0.03 3.96 0.02 4.86 0.01 5.23 0.01 5.42 0.01
69 198 0.19 2.18 021 2.53 0.16 2.50 020 2.75 0.21 3.30 0.16
70 3.08 023 3.29 0.27 3.66 025 3.74 0.28 4.03 029 433 0.29

The highest r-square per super region is obtained  the highest r-square will be selected to plot in map as
from cubic spline analysis as shown in Table 1 and for =~ shown in Figure 6. The changing of LST in °C/Decade
each super region possibly depict different results on  with cubic spline will be shown as follows.
knots. There are 3 considered criteria for analyzing
overall model which were knots (17), p-value and r-
square(18,19). The lowest knot, the lowest p-value, and
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Decrease 35.6 %

Stable 36.

crease 282 %

Figure 5. Percentage of LST-day changing by cubic spline
model in Sumatra 2000-2018.

According to cubic spline result, the proportion
of LST changing depicted as shown in figure 5 where
more 28.2% of all Sumatera surface had been increasing
on a decade. Decreasing of LST changing reach 35.6%
of all Sumatra area which is higher ratio rather than
increasing area. And 36.3% of all Sumatra area
categorized stable LST changing. Figure 5 indicated that
more than 1/3 part of Sumatera had decreased in a
decade. Difference findings was shown in area of part
Sumatra that in a decade, minimum air temperature
showed significance increasing trend in North Sumatra
(20).

Latitude Day LST in Sumatra island

LST trend
Decrease 356 %
"Stable 363%
Wncrease 282 %

6

96 98 100 102 104 106
Longitude

Figure 6. LST day changing trend by cubic spline model in
Sumatra 2000-2018.

Figure 6 represented the LST day change based
on cubic spline result which a prediction from time
series data since 2000-2018. The increasing
accelerations (red area) is occurred in many areas in

Sumatra island and decreasing accelerations (blue area)
is occurred in some areas also, and stable (Green area).

DISCUSSION

Seasonal pattern of this research showed that the
highest LST-day in all area of region 25 super region 1
happened between day 229 and day 267. Other findings
in of seasonal pattern in area with four season show that
the highest LST appeared in summer season(21). In
another region, the highest LST was emerged between
May to September(22). Finding of seasonal pattern from
some different area leading us that LST affected by other
factor such as vegetation and land use-land cover
(LULC) and surface solidity(23).

Research on Land-Use and Land-Cover Change
(LUCC) using remote sensing technology has a long
history and has made progress (24). LUCC is an
important indicator in understanding the interactions
between human activities and the environment (25). The
linear change of temperature and its association with
land cover depends upon many environmental factors.
Land cover (i.e. urban land) has relationship with high
pollution and temperature change(26). The land cover
has a substantial impact on urban environmental
conditions such as biodiversity, climate change, and
atmosphere particulate pollution at local and/or global
scales(27,28).

A study in West Sumatra depict the same result
with this study that there was variation in increased of
average air surface temperature (29). In other study that
this variation was affecting by many factor such as
elevation, normalized difference vegetation index
(NDVI), and land cover (26,30,31). The great variation
on land elevation has a major impact on LST (32). Other
findings had presented land cover product between
surface urban heat island (SUHI) and urban heat island
(UHI) which were effect measured from LST maps and
air temperature (AT) data (33). Vegetation correlated
with most of factors which cause climate change
including temperature changing. NDVI is being a tool
for analyzing the vegetation status in present, past, and
predict its future. According to Sharma et al. (2018),
Normalized Difference Vegetation Index (NDVI) is
created based on MODIS remote sensors capturing the
spectral behavior of vegetation.

CONCLUSION

Little wvariations were exhibited by daily
seasonal pattern for LST-day ('C). LST-day was
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increased in the beginning of year and decreased at the
end of the year. This study finding also mentioned that
not all LST in area of Sumatra island was increased.
Other factors that affecting this variation must be
investigated such as elevation, NDVI and land cover.
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