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longitude and 7°56' latitude, with a large area of caldera ~10 Km2. The land over the
volcano is a perfect area for farming. One of the important factors that affect the level
of soil fertility is the most mineral-rich soils. Volcanic activities at Mt. Bromo have been
recorded in 1775, characterized by small eruptions with cycles ranging from one to five.
Regarding this evidence, we tried to investigate the surface changes over the Mt.
Bromo by using Time-Series InSAR with TimeFun algorithm. TimeFun is an extension of
SBAS to allow incorporating various functions such as seasonal oscillations,
polynomials, and step functions as generally it estimates DEM errors as well and allows
missing observation. The maximum allowed baseline value is defined and used to
constrain the interferogram pair by selecting the manual after differential InSAR
processing in single face working. The proposed analysis is based on 27 SAR data sets
acquired by the ALOS/PALSAR sensors during the 2007–2017 time interval. The result
shows us deformation occurred up to ~10 cm at the summit of Mt. Bromo during the
eruption period. Time-series monitoring of surface deformation to infer volume
changes, geometries, and locations of deformation sources involved in the future
eruption.
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1. INTRODUCTION
Satellite remote sensing is one of the primary support tools for disaster management. With respect to
free of charge satellite images, all the earth observation data by satellites are greatly desired to be provided
at no cost for disaster management, not only in the disaster response phase but also in the mitigation and
preparedness phase and recovery phase from the higher standpoint (Kaku, 2019). Satellite remote sensing
is largely adopted due to its cost effectiveness, short temporal orbiting and large area of coverage (Bello &
Aina, 2014).
Recent studies utilize geospatial data in the form of satellite imagery in disaster management such as
earthquakes (Ramdani et al., 2019), landslides (Rathje & Franke, 2016), floods (Elkhrachy, 2015), and
tsunamis (Chaturvedi et al., 2017). Several studies also highlight the use of satellite imagery during the
preparedness and monitoring stages of volcano disaster management (Malley et al., 2014; Pallister et al.,
2019; Valade et al., 2019). Volcano disaster mitigation is a priority in Indonesia's national development plan
due to the large number of active volcanoes, high frequency of eruptions and dense population within
volcanic hazards zones (Andreastuti et al., 2019).
About 13 % of the world's active volcanoes are located in Indonesia. Tectonically, the active volcanoes
result from a collision between Indian-Australian, Eurasian, and Philippine Plates (Zaennudin, 2010).
Volcanic processes that produce various geological and hydrological hazards (Tilling, 1989) are difficult to
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predict and capable of triggering natural disasters on regional to global scales (Chowdhury et al., 2016).
Centre of Volcanology and Geological Hazard Mitigation (CVGHM, 2016) Indonesia recorded tectonic
activities of Mt. Bromo, their recorded tectonic activity dominated by continuing tremor vibration with a
maximum amplitude which tends to fluctuate. Mount Bromo status is now siaga (level 3 of 4). With the
potential to evoke phreatic eruptions and magmatic materials, distribution materials such as ash plumes
and pyroclastics fall will occur around the volcano. Many methods have been applied (Hooper et al., 2004;
Berardino et al., 2002; Ferretti et al., 1999) for observing and monitoring the land surface of unrest volcano,
and these study efforts for establishing a good and reliable system for monitoring and predicting the
volcano eruption.
Previous research used conventional algorithms in the form of InSAR and DinSAR (Di Traglia et al., 2018;
ElGharbawi & Tamura, 2014; Sousa et al., 2016, Sousa et al., 2014; Wild et al., 2019). The limitation of these
algorithms is the problem of spatial and temporal decorrelation. The TimeFun-InSAR algorithm, which is an
extension of SBAS, can show the average velocity of surface deformation according to time series by
reducing the problem of the decorrelation.
This study aims to implement the TimeFun-DInSAR algorithm to estimate time-series surface
deformation at Mt. Bromo regarding big eruptions in 2011 and 2016. The remote sensing method (Lu et al.,
2007) is the most commonly rapid assessment unrest volcano technique. Remote sensing has been largely
implemented to rapid assess assessment (e.g., Voigt et al., 2011) Haiti earthquake in 2010. In the past
decade ago, (Abidin et al., 2004) has published a report on the Bromo volcano's surface deformation as
detected by GPS. Previous records indicate that Mt. Bromo is dominated by Strombolian eruptions with
relatively mildly explosive ones at discrete. The cycle eruption is 5 years.

2. DATA AND METHODS
2.1. Study Area
This study took place at Mt. Bromo, East Java. Mt Bromo is important to be the study area because it is
the best natural tourist destination in Indonesia. In addition, Mt Bromo has an active mountain character
and is one of the volcanic attractions in Indonesia. The detail location was illustrated in Figure 1.

Figure 1. Study area at Mt. Bromo, East Java Province. The red rectangle is identified as ALOS PALSAR
ascending orbit direction. The blue rectangle is identified as ALOS PALSAR descending orbit direction.

2.2. Data
For analyzing the eruption events in 2011 and 2016, we used SAR data derived from the PALSAR sensor
and Images which L-band frequency characteristic onboard from Advanced Land Observing Satellite (ALOS)
with active microwave sensor to achieve cloud-free and day-and-night land observation. The dataset is
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composed of 22 SAR images for the 2011 eruption, collected from 24 May 2007 to 4 November 2011
(Descending passes, HH polarization, Track 91, Frame 3780) and 5 SAR images for the 2016 eruption,
collected from 11 March 2015 to 03 May 2017 (Descending passes, HH polarization, Track 29, Frame 3780).

2.3. TimeFun D-InSAR
Differential InSAR has been exploited to detect ground surface changes (e.g., Arbad et al., 2016) in Mt.
Raung, East Java. Despite the fact, Crosetto et al. (2016) has briefly explained of the majority of DInSAR
limitations include: (i) the temporal and geometric decorrelations degrade the quality of the interferogram
(Hanssen, 2001); (ii) in a noisy interferogram, the unwrapping error could be significant (Ghiglia & Pritt,
1998); and (iii) atmospheric disturbance can be a significant source of error (Zebker et al., 1997). Several
studies (e.g., Zebker et al., 1997; Sandwell & Price, 1998; Wright et al., 2001) tried to extract deformation
by stacking DInSAR images. Time-series analysis of DInSAR images has been invented to overcome some
limitations of DInSAR of a single pair. To reduce the fact of limitations, time-series InSAR was applied for
filling the gaps of DInSAR (Hetland et al., 2012) has pointed out a new method of time-series observation,
TimeFun is an extension of SBAS to allow incorporating various functions, e.g., seasonal oscillations,
polynomials, step functions, etc.
The TimeFun method implements the temporal inversion scheme established formerly for multiscale
interferometric time‐series techniques directly in the data domain. This method explains each pixel's phase
evolution using a dictionary of user-defined functions (Agram et al., 2013). For both SBAS and TimeFun
analysis, only pixels with a coherence value above a single, user-specified threshold in all interferograms
will be selected. Thus, the SBAS algorithm and TimeFun algorithm share the same DS pixels (Gong et al.,
2016). The key point of the SBI analysis is to mitigate the impact of decorrelation by properly selecting the
interferometric pairs with short temporal (Bt) and geometry (perpendicular) baselines. The maximum
allowed baseline value is defined and used to constrain the interferogram pair by selecting the manual
after differential InSAR processing in single face working. The observation equation for each pixel was
illustrated in eq 1.

…………………………………………. (eq. 1)

Where:
: k-th function
: Coefficient associated with the k-th function.

In this study, the small baseline interferometric (SBI) method was developed in the StaMPS/MTI
toolbox. Three SBI approaches were implemented in the GIAnT toolbox, including SBAS TimeFun analysis.

3. RESULTS AND DISCUSSION
This study used full-resolution images without subset. The coherence value ranges from 0 to 1, where 0
is just noise/less of coherence, indicating the interferometric phase to 1 complete absence of phase noise.
Figure 2 shows the strong correlation among the two-period observations, inside the caldera of Mt.
Bromo much more coherence rather than the vegetation area surrounding the Mt. Bromo itself. This could
be happened due to less coherence of each image due to the high vegetation. The selection of coherence
images should be made carefully, created from stack processing to get the better result of time-series
InSAR result. Mt. Bromo's main characteristic displacement is the uplift that occurred in the northeast part
of TNBTS caldera with a relative velocity of about 0.16 cm/yr. The TimeFun Interferometric processing will
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give a deformation field from which we can infer volume changes, geometries, and locations of the
deformation source involved in the eruption. Given previously periodical ground deformation in the caldera
of TNBTS before the eruptions have been shown in Figure 3.

Figure 2. Time-series displacement results of Mt. Bromo for observations 2007-2011 (a) and 2014-2017 (b)
with the color range unit in centimeters. The red rectangle is the area over Mt. Bromo Indonesia
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D

Figure 3. Time-series displacement results inside Mt. Bromo's caldera based on the TimeFun InSAR method
obtained from March 2007 to May 2017. The displacement unit is in centimeters with a negative value
represent the subsidence and a positive value represent the uplift.
The graph showed clearly the displacement that happened over Mt. Bromo. In our observation at Mt.
Bromo, the surface at Mt. Bromo is shown instability since March 2007, which represented by the point in a
graph. In the late of 2009 to Feb 2011, Mt. Bromo ran into inflation (see arrow A), and started eruption in
the late of 2010 to Feb/March 2011, represented by arrow B. In the last of observations in the 2011
eruption, Mt. Bromo's surface slightly deflated (arrow C) where Mt. Bromo's activity is getting decrease. It
seems abnormal that it may be caused systematically by an inappropriate selection of the reference points.
In the 2016 eruption, we found the surface of Mt. Bromo is dramatically uplift from March 2015 to May
2017.
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The uplift value in the 2011 and 2016 eruption is nearly similar reach up to 5 cm but, at the end of the
observations, the uplift occurred about 10 cm. This is two times bigger than the 2011 eruption or 2016
eruption. We can assume for the next eruption in 2020 (regarding the 5-year cycle of the eruption Mt.
Bromo) is bigger than the 2011 and 2016 eruption. In the arrow D, the inflation is extremely increased at
Mt. Bromo from March 2015 to May 2017. Surface deformation of a volcano is controlled by the shape and
size of the source, the increment of pressure, and the medium's elastic, viscoelastic, and plastic properties.
We present co-eruptive InSAR observations of the recent eruption at Mount Bromo. Moreover, we have to
break the gaps of loss observation within the ALOS satellite's two-period observations. It could be opened
the future research challenges, extracting the missing value to understand mechanisms behind the volcano
cycle, particularly Mt. Bromo.

A → forest area

B → urban area

Figure 4. Time-series displacement graphs of forest area (Figure A) and urban area (Figure B). The
displacement unit is in centimeters with a negative value represent the subsidence and a positive value
represents the uplift.

Regarding the TimeFun method, we also plotted the displacement graph in some sample areas such as
urban areas and forest areas. We wanted to know about the displacement except for the main target. We
selected point A in the forest area inside the National Park of Bromo Tengger Semeru. The graph shows the
ground surface is relatively stable. It shows uplift. It may be caused by the forest ecosystem cycle like fallen
trees. In the urban area (Figure 4b), we selected the sample point in Malang city. Malang is one of the most
populated cities in East Java Province. The graph shows the subsidence has occurred in Malang city.
Subsidence in the urban area may be caused by groundwater and gas extraction (e.g., Chaussard et al.,
2013 and Chen et al., 2003) or due to the flood. The study area's images are composed of complex land
cover types. Our pre-study of interferometric processing expected the urban areas and areas with exposed
rocks/sandy to maintain. Such as the mount Bromo area is a high level of coherence even after several
years of observation.
The ALOS/PALSAR images have the highest resolution to investigate the surface's features and
deformation over Mt. Bromo. The capabilities of remote sensing could be appreciated for active volcano
monitoring. However, the remote sensing method still has limitations. We need the in situ measurement to
validate the result of surface displacement (TimeFun method) over Mount Bromo. For future work, we can
use this result. This is a good agreement with geological assessment for the human assessing in risk and
vulnerability frame to create the mitigation plan based on the geographic information system analysis.
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4. CONCLUSION
In this study, we have presented the TimeFun Differential InSAR method to get the time-series land
surface deformation over the Mt. Bromo to understand the annual growing characteristics of deformation
under the high-intensity of volcanic activity of Mt. Bromo Indonesia and recognize the ground deformation
features. We found the uplift evidence based on the TimeFun analysis result up to 5 cm in November 2010,
continuing to February 2011, and slightly uplift until the end of the observations. Nearly two times the
uplift occurred at the caldera of Mt. Bromo. Another error could be happened, which may be caused
systematically by an inappropriate selection of the reference points or another volcanic activities
phenomenon such as the ash-materials. The present study has focused on the characteristics of the
TimeFun methods and our data processing experience to benefit future users of these modules.
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