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Abstract: The high population in urban areas makes the area of green open space decrease as the time goes by. Jakarta 
Megapolitan Area (Jabodetabek) is one of the megapolitans that are affected. The reduction of green open spaces in this 
area slowly impacts temperatures increase in urban areas or commonly called urban heat islands (UHI). IPB University 
and the University of Indonesia are two campuses located in the Jabodetabek and have contributed to urban green open 
space. The study was conducted to see the greenness index (NDVI) effect and size of green open space in reducing air 
temperature in both campuses. QGIS software was used to obtain the total area of each GOS sample. This software was 
also used to obtain the NDVI and LST value. NDVI values were used to analyze the relationship between vegetation 
coverage with LST. From the result, the comparison of NDVI and LST values in the both campuses did not show a strong 
correlation. In IPB University, the comparison between GOS size and LST value showed a weak negative correlation with 
R

2
 0.35. In contrast, in the University of Indonesia, GOS Size and LST value showed a strong negative correlation. 

 
Index Terms: green open space, urban heat island, NDVI, LST, Jabodetabek. 

——————————      —————————— 

1 INTRODUCTION                                                                    

Population growth in urban areas is increasing from year to 
year. The increase in population growth in urban areas is 
directly proportional to the conversion rate of green open space 
(GOS) to built space. This effect has resulted in a decrease in 
green open space. According to [1], [2], [3], the development of 
urban areas can impact decreasing natural habitats, industrial 
pollution, decreasing catchment areas, and worsening 
microclimatic conditions. In fact, 80% of the temperature 
increase in urban areas is estimated to come from urban 
development [4]. This has an impact on environmental climatic 
conditions in urban areas. The Jakarta Megapolitan or 
Jabodetabek area consisting of Jakarta, Bogor, Depok, 
Tangerang and Bekasi is one of megapolitan in the world that 
has experienced a significant urbanization process. According to 
[5], the built-up area dominates the land cover of Jabodetabek, 
which is around 60% of the total land cover. In 2015, there was 
an increase in the built-up area's growth by more than 20%. The 
development of this land cover has an impact on decreasing of 
green open space. The decrease of green open space impacts 
rising air temperatures in urban areas or what is commonly 
referred to as the urban heat island (UHI) phenomenon. UHI is 
a phenomenon where the air temperature in urban areas is 
higher than in the surrounding area (sub-urban). The high 
activity in urban areas compared to the surrounding areas (sub-
urban and rural areas) causes the temperature in urban areas 
to increase. Moreover, the land use and land cover in urban 
area can change abruptly due to urbanization [6]. Based on 
several studies, the effect of UHI in urban areas can be reduced 
by the presence of GOS. The ability of vegetation to reduce 
absorb carbon dioxide and evapotranspiration makes the 
surrounding air temperature decrease. Vegetation structures in 
the form of trees that have the ability to shade the surrounding 

area can increase their ability to carry out microclimate 
amelioration [7]. Campus is one type of land use in urban areas 
that still maintains the existence of GOS. GOS in campus is 
usually functioned for research activities, socialization, water 
absorption area, etc. GOS in campus areas can contribute to 
GOS in urban areas [8]. Concerns about the worsening of the 
microclimate in urban areas have made several campuses in 
the world begin the green campus movement. There are several 
green campus ranking systems for universities in the world. The 
ranking has been used to become a standard reference for the 
development of universities in the academic field. In America 
there is a rating system that includes information about 
reforestation under the name of the United States Green Report 
Card. At least, 322 universities that are members of the United 
States Green Report Card. In 2010, the official UI GreenMetric 
was established by the University of Indonesia, which is a world 
ranking university based on Green Campus performance. In 
2011, UNEP delivered the Greening Universities Toolkit, which 
became a standard for universities to develop into 
environmentally friendly campuses through low-carbon 
development, ecosystem management, waste and pollution 
reduction [9]. IPB University (IPB) and the University of 
Indonesia (UI) are two of many campuses in Indonesia that take 
part in the UIgreenmetric ranking every year. In 2018, UI was 
ranked 27th while IPB University was ranked 40th on the 
international level. The two campuses are ranked in the top two 
of UIgreenmetric for national campuses and have a great 
commitment to go to green campus. 
Until now, not much information is known about the effect of 
the greenness index and size of green open space on the 
surrounding air temperature. Also, there have been no studies 
comparing the microclimate conditions on IPB University and 
the University of Indonesia. Most of the research on the effect 
of NDVI and size of GOS was carried out in subtropical areas 
using Land Surface Temperature (LST) calculations via remote 
sensing. Based on this, a study was conducted to see the 
effect of the greenness index and size of green open space on 
its impact in reducing air temperature in those two campuses. 

 
2 METHODS 
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2.1 Study Location 
This research was held at IPB University, Bogor, and the 
University of Indonesia, Depok, in September 2020. These two 
campuses were chosen as research locations because they 
have many green open spaces in various shapes and sizes. In 
addition, these two campuses are the two national campuses 
in Indonesia those have the highest ranking of UIGreenMetric, 
an international ranking of environmental friendly campuses. 
Both campuses also located in two cities of Jabodetabek, 
Bogor and Depok. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Study location in IPB University 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Study location in University of Indonesia 
 

Data collection was carried out at 5 GOSs at IPB (Figure 1) 
and 5 GOSs at UI (Figure 2). The ten locations were selected 
randomly. All designated green open spaces have a size of 
more than 1 hectare. 
 
2.2 Data Analysis 
QGIS software was used to obtain total area of each GOS 
sample. This software was also used to obtain the NDVI and 
LST value. NDVI value were used to analyze the relationship 
between vegetation coverage with LST. 

In this study, microclimate condition in those two campuses in 
2020 will be compared using Landsat 8 satellite data. Two 
satellite images of IPB and UI (Path 122 Row 65) were 
collected from USGS webpage in September 18, 2020. 
Satellite data imagery was used to analyze NDVI and LST 
value. Normalized Difference Vegetation Index (NDVI) was 
commonly used for vegetation distribution monitoring. NDVI 
was actually a greenness index. This index can be calculated 
with the formula below. 
 
 
       (1) 
 
The range of NDVI values is between -1.0 and +1.0. Values 
greater than 0.1 usually indicate an increase in the degree of 
greenness and intensity of the vegetation. Value -1 indicates 
deep water, values between 0 and 0.1 are generally 
characteristic of rocks and bare lands, and values less than 0 
may show ice clouds, water vapor clouds, and snow. The 
vegetation surface ranges from NDVI values of 0.1 for 
savanna land (grasslands) to 0.8 for tropical rainforest areas. 
The Land Surface Temperature (LST) depends on several 
factors such as vegetation cover, albedo, and soil moisture. In 
general, LST is a combination of vegetation conditions and soil 
temperature. LST can be analyzed using Bands 
10 and 11 from the Thermal Infrared Sensor (TIRS) of the 
Landsat 8 satellite.  [10] stated that NDVI shows a robust 
negative correlation with LST.  
 

3 RESULT AND DISCUSSION 
 
3.1 NDVI and LST 
Figure 2 shows the Greenness Index and LST on both 
campuses. It can be seen that NDVI and LST slightly have a 
negative correlation. Areas with high levels of greenness have 
low temperatures and vice versa. Based on the LST value, the 
air temperature range in IPB ranges from 24.52 to 30.47°C, 
while the LST UI value shows a range between 24.62 to 
30.51°C. This indicates that IPB has a lower air temperature 
based on LST analysis, although the difference is not 
significant. Table 1 shows the value of NDVI and LST in each 
sampling point using remote sensing analysis. Data 
presentation using a scatter diagram was carried out to find 
out the correlation between NDVI and LST values. Based on 
Figure 3(a), it is known that the NDVI and LST values at IPB 
have a positive correlation. The closer NDVI value to 1, the 
higher the surface temperature. In contrast to IPB, the 
correlation between NDVI and LST values at UI shows a 
negative correlation. The closer the NDVI value to 1, the lower 
the surface temperature.  
 

TABLE 1 
COMPARISON OF NDVI VALUE AND LST IN EACH GOS 

No Location NDVI Value Land Surface 
Temperature (°C) 

1 GOS 1 IPB 0.42 26.12 

2 GOS 2 IPB 0.33 26.08 

3 GOS 3 IPB 0.43 26.23 

4 GOS 4 IPB 0.34 26.50 

5 GOS 5 IPB 0.40 27.21 

6 GOS 1 UI 0.38 25.00 

7 GOS 2 UI 0.25 27.88 
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8 GOS 3 UI 0.38 26.68 

9 GOS 4 UI 0.40 25.00 

10 GOS 5 UI 0.41 27.02 

 

(a) (b) 

(c) (d) 

Fig. 3. NDVI Map of IPB University (a), LST Map of IPB 
University (b), NDVI Map of Univ. of Indonesia (c), and LST 

Map of Univ. of Indonesia (d) 
 
Based on the hypothesis, higher NDVI value will indicate a 
decrease in surface temperature, as indicated by UI 
conditions. However, the value of R

2,
 which shows the 

correlation strength of NDVI and LST in the two locations, has 
a fairly low value. This indicates that the NDVI and LST values 
in the two locations did not have a strong correlation. 
According to [11], LST is an indicator of the surface 
temperature of climate change. ESG is strongly influenced by 
factors such as vegetation density, plant transpiration, and 
several biophysical conditions of surface temperature [12], 
[13]. The condition of the sampling point, which is very 
heterogeneous at the two locations, can also affect the LST 
value. Water body features such as rivers and lakes can 
create a cooling effect even in locations with a fairly low 
greeness index. The validation of the satellite LST products is 
rather hard, mainly due to the variety, heterogeneity, and 
emission isotropy of land surface. The success of this 
application lies in the best of validation of the remote sensed 
LSTs. 

 

(a) 

(b) 
Fig. 4. Correlation of NDVI and LST in (a) IPB Univ and 

(b) Univ. of Indonesia 
 

3.2 Correlation between GOS Size and LST 
Besides comparing the value of LST with NDVI, a comparison 
LST value with GOS size was also carried out. This 
comparison was conducted to determine how important the 
GOS size factor has on the decrease in surface temperature. 
Table 5 showed the size and LST value in each GOS. 
 

TABLE 2 
THE SIZE AND LST VALUE 

No Location Size (Hectares) LST (°C) 

1 GOS 1 IPB 9.50 26.12 

2 GOS 2 IPB 4.40 26.08 

3 GOS 3 IPB 5.40 26.23 

4 GOS 4 IPB 6.00 26.50 

5 GOS 5 IPB 3.10 27.21 

6 GOS 1 UI 20.00 25.00 

7 GOS 2 UI 1.20 27.88 

8 GOS 3 UI 2.80 26.68 

9 GOS 4 UI 31.00 25.00 

10 GOS 5 UI 1.70 27.02 

 
IPB University and Univ. of Indonesia are located in different 
cities with different conditions of surrounding areas. Based on 
this condition, a correlation of size and temperature should be 
made in each of campuses. From Table 5, we can see that the 
GOS with the most significant size (GOS 1) in IPB did not 
show the lowest LST value. Although the size of GOS plays an 
important role, this is not the only factor that can influence the 
LST value. GOS at IPB has different plant densities from one 
location to another. Besides the size, vegetation density plays 
an essential role in air temperature amelioration. GOS 2, 
which has the fourth rank as the biggest GOS, has the lowest 
LST value. This location is an experimental forest that has a 
high and massive density of plant structure. Based on these 
data, although the size of GOS and the LST value shows a 
negative correlation, the value of R

2
 did not show a strong 

correlation between those two factors (Figure 4a). 
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(a) 

(b) 
Fig. 4. Correlation of GOS size and LST in (a) IPB Univ and 

(b) Univ. of Indonesia 
 
Unlike IPB, the composition and density of vegetation in each 
green open space in UI have relatively uniform conditions. The 
relationship between the size of GOS and the LST value also 
shows a strong negative correlation with R

2
 0.832 (Figure 4b). 

From Table 5, it can be seen that the two GOS with the most 
significant size have the lowest LST values while the GOS with 
the smallest size have the highest LST values. Among the 5 
GOS in UI, GOS 2 has the smallest size and has a different 
shape, linear. Based on [4], the linear park category 
contributes with a less cooling effect. 

 
4 CONCLUSIONS 
Based on the LST value, the air temperature range in IPB 
ranges from 24.52 to 30.47 °C, while the LST UI value shows 
a range between 24.62 to 30.51°C. This indicated that IPB has 
a lower air temperature based on LST analysis, although the 
difference is not significant. The surrounding condition of the 
two campuses can be an essential factor of this difference. 
The comparison of NDVI and LST values in both campuses 
did not show a strong correlation. Waterbody features such as 
rivers and lakes can create a cooling effect even in locations 
with a reasonably low greenness index. In IPB University, the 
comparison between GOS size and LST value showed a weak 
negative correlation with R

2
 0.35, while in UI, GOS Size and 

LST value showed a strong negative correlation. The condition 
of vegetation density was predicted as the factor that caused 
different results.  NDVI value and GOS size are not the only 
factors affecting air temperature. Plants, water bodies, slope 
direction, height difference, and spatial morphology also have 
essential roles in improving the microclimate comfort in a 
portion of sites [14]. It is necessary to consider several factors 

related to GOS in creating an ideal microclimate and thermal 
comfort for green open space users. 
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