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ABSTRACT 

Climate change in Sumatra island is likely a result of widespread land-use changes by the plantation industry. This 

study aims to investigate trends in land surface temperatures in Sumatra island. Land surface temperatures from 2001-

2020 were downloaded from the National Aeronautics and Space Administration moderate resolution imaging 

spectroradiometer Terra satellite and divided into 5 regions and 45 sub-regions spread equally across the island. The 

statistical method that used to analyzed the data was cubic spline and multiple regression. The seasonal pattern and 

variation in the land surface temperature were examined using a cubic spline method and the seasonally adjusted land 

surface temperature was analyzed using a multiple regression model. On average, the land surface temperature on 

Sumatra island significantly increased over the ten years by 0.076°C with a 95% confidence interval of [0.010, 

0.141]°C. 
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1. INTRODUCTION

Global warming and climate change are global

problems that are currently being discussed with various 

disciplines trying to find solutions [1]. The temperature 

increase is an important indicator of climate change. It 

can cause a rise in sea levels, escalate the spread of 

disease, and result in food deficiency due to crop failure 

[2], [3].  

A study shows that the world will experience a 

temperature increase probable to reach 1.5°C between 

2030 and 2052 [4]. Temperatures in the Southeast Asia 

region are predicted to continue to increase with average 

temperatures increasing every decade since 1960 [5]. In 

Indonesia, the temperature is projected to become 

warmer by 0.2 – 0.3°C per decade, and Sumatra and 

Borneo islands will change in the season[6]. Sumatra 

island relies on agriculture and fishery products as its 

main source of income. Climate change in Sumatra 

island is believed to be caused by land-use change by 

the plantation industry [7]. Therefore, this research will 

examine the seasonal pattern and the increased variation 

of Land Surface Temperature (LST) in Sumatra island. 

2. METHODS

Sumatra island is divided into 5 regions with each

consisting of 9 equally spread subregions 95 km apart to 

avoid overlap and spatial correlation. LST was 

downloaded from the National Aeronautics and Space 

Administration moderate resolution imaging 

spectroradiometer (NASA MODIS) Terra satellite from 

2001 to 2020 [8].  

The seasonal pattern of LST was examined through 

the combination of a cubic spline model and a linear 

regression model as shown below [9]: 
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The trend of LST was analyzed using a multiple 

linear regression model with 95% confidence intervals 

of the changes displayed for each region [10]. The 

graphical and statistical methods were analyzed using 

the R language and environment [11]. 

3. RESULT AND DISCUSSION 

 

Figure 1 Aceh region seasonal pattern. 

Figure 1 shows the seasonal pattern for subregions 1 

- 9 in the Aceh region. The red line is the cubic spline 

showing some low variations, which may be due to the 

rainy season. The other four regions were also examined 

and the seasonal patterns were similar. The LST was 

then seasonally adjusted. 

 

Figure 2 Seasonally adjusted time series of LST for the 

Aceh region. 

In Figure 2, the seasonally adjusted LST time series 

indicated that the data has low autoregressive 

coefficients (ar1 and ar2), indicating that the time series 

of daily temperatures were independent. The right panel 

of the figure shows the variation for each region, using 

the 7 knots (solid lines) of the cubic spline model, which 

indicate that the LST of subregions 1, 3, 4, 6 increased, 

sub-regions 5 and 7 decreased, subregion 2 slightly 

decreased, and subregions 8 and 9 slightly increased. 

The zero knots (dashed line) on the right panel also 

confirm the changes for each subregion. Overall, the 

LST of the Aceh region was stable with z = 1.037. A 

similar figure was also reconstructed for the rest of the 

regions. 

 

Figure 3 Means and 95% confidence intervals of LST 

on Sumatra island. 

 The changes in LST for each region are shown in 

Figure 3. LST in Riau & West Sumatra and Jambi & 

Bengkulu significantly increased while in North 

Sumatra it significantly decreased. LST in North 

Sumatra decreased by -0.141°C per decade with 95% CI 

[-0.237, -0.045], Riau & West Sumatra, Jambi & 

Bengkulu increased by 0.145oC per decade with CI 

[0.050, 0.240], and 0.382°C per decade with CI [0.279, 

0.484], respectively. Overall, the average LST in 

Sumatra significantly increased by 0.076 °C per decade 

with 95% CI [0.010, 0.141]. 
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Figure 4 LST changes in Sumatra from 2001-2020. 

Figure 4 displays the LST changes for each region of 

Sumatra. The LST in Aceh was stable (green), North 

Sumatera decreased (steel blue), Riau & West Sumatra 

and Jambi & Bengkulu increased (pink) and the South 

of Sumatra slightly decreased (cyan).   

The stable LST in Aceh contrasts with a study in 

Banda Aceh which found that the region has the 

potential for an increase in temperature [12]. Other 

studies also illustrate the fact that there is an increase in 

temperature in the Aceh region due to land-use changes 

[13]. 

The northern and southern regions of Sumatra are 

areas that still have a large amount of forest and the 

northern region also has a fairly large water body in the 

form of an ancient volcanic lake (Toba Lake) [14]. The 

characteristics of the areas in the north and south of the 

island contribute to declining LST. Another study found 

that LST in the North Sumatra region increased, but in 

areas close to the water the LST decreased [15]. 

In contrast to other regions, the LST increased in 

Riau & West Sumatra and Jambi & Bengkulu regions. 

These areas have experienced an increase in temperature 

due to extensive land-use changes [16]. Massive 

deforestation is also one of the factors causing the 

increase in temperature in this region [17]. If control 

efforts are not well-managed in the process of land-use 

change and deforestation, the average LST is expected 

to continue to increase [18]. 

4. CONCLUSION 

On average, the LST in Sumatra increased between 

2001 and 2020. Climate science variables such as land 

elevation and normalized difference vegetation index 

should be investigated in further research.  
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