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Abstract �e condition of the geological structure in the surrounding Sermo reservoir shows 
that there is a fault crossing the reservoir. Deformation monitoring of that fault has been carried 
out by conducting GNSS campaigns at 15 monitoring stations simultaneously. However, those 
campaigns were not well designed. With such a design, it took many instruments and spent 
much money. For the next GNSS campaign, it should be designed so that the optimal network 
con�guration is obtained and the cost can be reduced. In the design of deformation monitoring 
network, sensitivity criteria become very important for detecting the deformations. In GNSS 
relative positioning, the baseline components are correlated, but this correlation is o�en ignored. 
�is research examined the e�ect of baseline component correlations on the design results of the 
GNSS con�guration of the Sermo Fault network based on sensitivity criterion. In this case, the 
western side of the fault was taken as a reference, while the other side as an object moving rela-
tively against the western side. �is study found that the baseline component correlation a�ects 
the results of GNSS network con�guration. Considering the correlation could result a sensitive 
network con�guration with a fewer baseline; therefore, the cost and time of �eld surveys can be 
reduced. It can be said that the baseline component correlation needs to be taken into account in 
the con�guration design of deformation monitoring network.
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1. Introduction
Sermo reservoir is located in the western part 

of Yogyakarta, Indonesia. It was built by damming 
Ngrancah river and o�cially operated in 1997. It can 
hold 25 million cubic meters of water and serves a 
vital role as a water reservoir from which water is then 
distributed by the Water Utilities (PDAM) serving the 
needs for clean water, irrigation, and �ood prevention.

�e condition of the geological structure in the 
Sermo reservoir and surrounding have an interesting 
phenomenon. Overlaying geological map and Landsat 
imagery show that there are reverse and thrust faults 
which cross the reservoir (Figure 1). �is condition is 
con�rmed by (Widagdo, Pramumijoyo, Harijoko, & 
Setiawan, 2016) in their research about the geological 
structure of rock distribution in the area of Kulonprogo. 
�ey found that the secondary structure which controls 
the rock distribution in Kulonprogo mountain is in the 
form of Northwest-Southeast normal fault, Southwest-
Northeast reverse fault, and North-Northwest lateral 
fault. �e similar description is also found in the main 
report of Sermo Reservoir Project Details Design 
(Departemen Pekerjaan Umum, 1985).

�e fault, henceforth referred to as the Sermo fault, 
potentially a�ects the Sermo Dam deformation. In 

the last three years, deformation monitoring has been 
carried out by conducting GNSS campaigns. However, 
those campaigns were not well designed. Observations 
were carried out simultaneously at 15 monitoring 
stations distributed around the fault. With such a design, 
it took many instruments and spent much money. For 
the next GNSS campaign, it should be designed so that 
the optimal network con�guration is obtained and the 
cost can be reduced.

In general, network optimization design can 
be classi�ed into several orders, namely zero, �rst, 
second, and third orders (Halicioglu & Ozener, 
2008; Kuang, 1996; Mehrabi & Voosoghi, 2014). A 
geodetic network needs to be designed to meet the 
criteria of accuracy, reliability, and low cost. However, 
a deformation monitoring network must meet one 
more criterion, that is, sensitivity to the occurring 
deformation (Benzao & Shaorong, 1995; Even-Tzur, 
2002). Several study has been done to design the 
optimum geodetic and deformation monitoring 
network, wherein accuracy and reliability have been 
the most used criteria. Mehrabi and Voosoghi (2014) 
used the precision criteria with analytical methods 
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Abstract  This research aim to investigate the urban thermal environment profile and land cover 
classification  in the Jakarta Metropolitan Area (JMA) in 1989 and 2013. Thermal environment 
conducted by installing fix point ground measurement of air temperature and land surface 
temperature. The land cover classification was carried out  by using Landsat TM 5 and Landsat 
7 ETM+ data sets. The diurnal variation of air temperature shows that Urban Heat Island (UHI) 
was occurring in urban and suburban JMA, which can be seen the slower cooling period in 
the urban area than suburban areas. Positive correlation between air temperature (Ta) and land 
surface temperature (Ts) on the brush (r2 = 0.78) and the asphalt surface (r2= 0.88) is clearly 
shown during the study. The rapid urbanization was detected during 1989 to 2013 where the 
urban sprawl is spread over to the whole area of JMA. Urban built up is the dominant of high 
increase due to years, while vegetation is decreasing.     
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1. Introduction 
Urbanization has various impacts on the urban 

environment. United Nation stated that during 1990 
to 2015 the world’s population had risen  to 54%.  For 
instance, 48% are Asian urban population, the most 
populated region in the world (United Nation, 2014).  
The rapid population in  the urban area may  expand 
rapidly within the past several decades where strongly 
affects the urban land features and suspected of urban 
temperature  increases. The difference  between thermal 
environment in urban areas and compare  to rural 
surrounding areas named  urban heat island (UHI) 
(Nastran et al, 2018; Debbage and Shepherd, 2015; Yin 
et al., 2018). The study of UHI related to land cover has 
been widely known in remote sensing study since it 
cover in wider area, low cost, and relatively fast (Rawat 
and Kumar, 2015; Hegazy and Kaloop, 2015). 

There are three basic types of UHI, Canopy Layer 
Heat Island (CLHI), Boundary Layer Heat Island 
(BLHI) and Surface Urban Heat Island (SUHI). CLHI 
and BLHI are refers to atmospheric heating, and SUHI 
is temperature difference between urban and rural areas 
(Ali et al., 2017). Normally, UHI can be identified by using 
thermal infra red remote sensing satellite by extracting 
land surface temperature (LST) which generally use to 
assess urban green space, urban impervious surfaces, or 
land form configuration (Weng, 2012; Ali et al., 2017). 
Land cover is the physical features on earth surfaces 
that can be recognized by the distribution of vegetation, 
water, soil, and other manmade feature on the land as 
result of human activities (Rawat and Kumar, 2015). 

Land cover is very close related to urbanization and 
urban surface temperature distribution which driven 
by anthropogenic and natural activities. 

The used of remote sensing data satellite has 
been successfully proof  to detect urbanization within 
land cover distribution (Edwin et al., 2015;Windusari 
et al., 2017) or  urban thermal status (Van et al., 
2015), however there are few researchers that explore 
connectivity of the observe LST temperature (Ts) and 
air temperature (Ta) before applied to the image data 
for further analysis. The urbanization impact to the 
urban thermal environment is quantify  by measuring 
the urban thermal surfaces and the near surface 
atmosphere.  The objective of this research are (1) to 
understand the relation of Ts and Ta , and (2) urban 
land cover profile in Jakarta Metropolitan Area (JMA) 
to reveal the urban thermal profile.

2. The Methods
The present Jakarta and its extended surrounding 

zone  (Jakarta special region, Bogor, Tangerang, Bekasi) 
cover total 7500 km2, namely Jakarta Metropolitan 
Area (JMA) or Jabodetabek (Jakarta, Bogor, Depok, 
Tangerang, and Bekasi). JMA covered 0.33% of the 
Indonesia land area where  12% of Indonesia`s total 
population are living. Due to 2010s, the built-up of 
Jakarta has been sucessfuly growth to be a mega city 
and sprawls to  it peripheries crosses provinces of 
Greater Jakarta, West Java, and Banten (World Bank, 
2015). Figure 1 shows the study area at JMA where has 
been spread as a mega city.
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Figure 1.  Jakarta Metropolitan Area, Indonesia.

digitalize the result as a thematic map. The investigation 
of this study, mostly was done in September-October of 
meteorological data time series (1990-2013) as the peak 
time of the dry season in Indonesia. A ground survey 
was done in order to proceed the land cover accuracy 
by collected 20 points for each land cover categories. 
The targeted categories are : (1) vegetation, (2) water 
body, (3) brush, (4) urban/built-up. A high spatial 
resolution of image satellite was chosen to evaluate the 
land cover in 1989, and a direct field survey was done to 
evaluate the land cover in 2006. A kappa coefficient and 
overall accuracy was used to measure the classification 
accuracy (Hua and Ping, 2018). 

3. Result and Discussion 
Urban thermal profile in Jakarta

 We observed the 24 hour diurnal Ta in 1.5 
m height measurement tools in four locations, Bogor, 
Depok (the equipment broken) Kramatjati (Jakarta 
core city), Tangerang, and Bekasi. Figure 2 shows the 
fix point measurement of diurnal Ta. The investigation 
started at the midnight when most atmospheric  
process and wind speed are getting decrease according 
to the meteorological data. We can see the graph, at the 
midnight to before sunrise (0:00 – 05:00 local time), the 
Ta was gradually decreased. Although whole cities of Ta 
to be decreasing, Bogor, the southern part of JME has 
the lowest (23.5⸰C) because was getting less influence 
of the sea breeze from the Java sea (northern Jakarta), 
whereas Tangerang, the most southern part was getting 
more influence of the sea breeze where impacted to the 
heat loss. In the daytime, the temperature reached the 
peak level and cooling down in around 15 p.m. Here, 
Jakarta (urban) were kept on their higher temperature 
than Bogor (suburban). Urban area much slower in 
cooling and has stronger heat than the suburban area at 
the night time, this can be identified as the urban heat 
island (UHI) phenomenon.

Urban thermal observations in Jakarta Metropolitan 
Area (JMA)

 The Fix point measurement was conducted 
to investigate and validate the thermal environment 
profile in JMA. There were two types temperature 
measurement during the observation period,  ground 
measurement of Ta and Ts, both are conducted in 20 
September– 15 October  2013 for 24 hours to observe 
the diurnal variation of air and surface temperature. 
We installed five thermal equipments in the pointed 
areas to observe the diurnal Ta and Ts.  Ta is an 
energy exchange of  heat volume where flowing into 
radiation, conduction, and convection in the near 
surface atmosphere. By the time, Ts is governed from 
solar radiation, conduction, and turbulence fluxes. In 
surface energy balance terminology Ts generated by 
sensible heat flux density (QH) from the earth surfaces 
to the atmosphere and turn back to the earth (QG) (Oke 
et al., 2017). To understand the relation of the  earth 
surfaces heat to the near surface atmosphere, we choose 
brush and asphalt. Brush is correspond to the dry and 
bare soil, whereas asphalt is correspond to the urban or 
built-up environment.  

Land cover classification
To classify and identify the land cover change 

in the period we choose Landsat TM 5 in 1989 and 
Landsat ETM+ in 2006 as a base of 2013’s land cover 
latest information. The 1989’s imagery was represented 
JMA’s land cover in early 1990. The 2013’s land cover 
information was conducted by update 2006’s imagery 
since we could not find the ideal satellite imagery data 
set to classify. To execute  the land cover classification 
process, the supervised classification technique is 
chosen. 

There are three steps to proceed supervise 
classification in remote sensing image, (1) identifies 
representative training area for each land cover type, 
(2) categorize each pixel into land cover class, (3) 
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Figure 2.  Diurnal Ta in Jakarta Metropolitan Area, Indonesia.

Figure 3.  Diurnal RH  in Jakarta Metropolitan Area.

Figure 3 shows the diurnal relative humidity in 
observation field. Lower relative humidity (RH) was 
occurring during the night time to early morning in 
the high urbanized area caused by the low vegetation 
evapotranspiration. In the daytime, the relative 
humidity in the whole area was decreasing caused by 
the high intensity of solar radiation and the sea breeze 
(Java sea) which carried water vapor is penetrated to the 
urban center. In the early evening to the midnight RH 
was generally increased because the solar radiation and 
the sea breeze is become weak, but in some specific area 
which sited in the  coastal area (Tangerang and Bekasi)  
it seems to be higher than the others. At the midnight 
time, RH was high in the suburbs (Bogor) caused by 
the mountain breeze which carried water vapor was 
penetrate this area. 

Previously, we investigated the diurnal Ta and 
RH (Figure 2 and Figure 3) of thermal profile in JMA. 

To connect the LST imagery in order to estimate Ta in 
the urban form, we should understand the relationship 
of both by applying a statistical technique to the 
represent types of land cover. In this study, we choose 
asphalt which corresponds to the urban or built-up 
area and brush because both are the dominant urban 
impervious surface in JMA. The statistical technique 
based on Pearsons’s correlation was done to analyze the 
finding. The t statistic (t), and the regression ( r ) are 
calculated for the samples.  The correlation coefficient 
between Ta and Ts is represented in r, where r values 
close to 1 represent a high positive correlation and r 
values close to -1 represent a high negative correlation 
(Rosnow et al., 2000; Hathway and Sharples, 2012). 
The temperature difference between the Ta and Ts are 
calculated using :

∆T = Ts observation – Ta observation           (1)
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Figure 4.  Scatter plot of Ts – Ta  in (a) brush and (b) asphalt.
 
Table 1. Mean ∆T, correlation ( r ), t statistic (t), minimum and maximum for the brush and asphalt temperature.

Mean ∆T r2 t SE Min temp (⸰C) Max temp (⸰C)
Brush 13.76 0.78 -37.1 0.4 -1 31

Asphalt 13.53 0.88 -34 0.3 3 30
*p <0.05

 
Figure 5. Value of temperature difference of Ts - Ta in brush and asphalt surfaces.

process (Luo et al., 2018). Commonly, the temperature 
difference on Ts – Ta is followed by hourly incident of 
solar radiation (Springs et al., 2011).

JMA land cover distribution as an urbanization 
impact 

Land cover extraction from satellite remote sensing 
data given critical role in providing large coverage 
spatial information, as well as the thermal information 
at the time satellite overpass. We were classified and 
mapped the spatial distribution of JMA land cover 
by using Landsat time series data which downloaded 
from http://glcf.umd.edu/data/. Land cover maps were 
governed using supervised classification based on the 
Maximum Likehood algorithm in Multyspec software. 
Land cover types were classified including vegetation, 
urban/built-up, brush, and water body (Figure 6).

The r values of Ts-Ta in brush and asphalt shown 
a high positive correlation and statistically significant 
(r2

brush = 0.78, t-stat = -37.1, p < 0.05 ; r2
asphalt  = 0.88, 

t-stat = -34, p < 0.05) in representing point observation 
(Figure 4) which mean, Ts and Ta values has very close 
correlation of thermal situation (Table 1).

Figure 5 shows the temperature difference of 
Ts – Ta in brush and asphalt surfaces. The minimum 
value of temperature difference of brush surface is 
-10C and maximum value of temperature difference 
is 310C. On asphalt surface, the minimum value of 
temperature difference is 30C and the maximum value 
of temperature difference is 300C (Table 1). In both 
surface types, Ts has higher temperature value than 
Ta with mean difference of temperature is 13.76 0C 
on brush surface and 13.530C on asphalt surface. Ts 
is pay significance contribution in the climate change 
impacts simulation on the environment, and ecology 
since both has different factors in the energy exchange 
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Figure 6.  JMA land cover distribution in 1989 (above) and 2013 (below).
 

km2). In 2013, urban/built-up area 70.5% (3,369 km2), 
vegetation 14.2% (676 km2), brush 13.5% (646 km2), 
water body 1.8% (85 km2) (Table 2). Based on the land 
cover distribution, the urban/built-up area increased up 
to 35%, brush was decreased up to 17.1% and vegetation 
was decreased up to 18%. This study was emphasized in 
the degree of land use changing, and did not investigate 
the type of  land cover conversion.

Accuracy assessment of  the land use classification 
results obtained  showed an overall accuracy of  85.9% 
in 1989 and 93.5% in 2013. The Kappa coefficients for 
both maps were 0.75 and 0.83 respectively. During 1989 
and 2013 there were some significant change of land 
cover. In 1989 land cover classification, urban/built-
up area 35.42% (1,692 km2), vegetation 32.16% (1,536 
km2), brush 30.62% (1,463 km2), water body 1.7% (85 
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Table 2. Land cover distribution in JMA.

Change (sq. km)
Area (sq. km) % Area (sq. km) %

Brush 1,463 31 646 14 -817
Vegetation 1,536 32 676 14 -860
Urban/Built-up 1,692 35 3,369 71 1,677
Water body 85 2 85 2 0
Total 4,776 4,776

1989 2013
Land cover

Land cover distribution in JMA
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