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Abstract. This research focuses on disaster mitigation of Sidoarjo 
Mudflow since 2005 until 2018. This research aims to analyze and 
mapping mudflow pattern since 2005. It uses Geographical Information 
System or spatial information as tools to describe and analyze major 
environmental problems. It examines data Landsat 7 and 8 Imagery 
between 2005 and 2018 for calculating the area of impact from Sidoarjo 
Mudflow. It takes further analysis from research which using Landsat 
Imagery to calculating sedimentation in Mahakam Rivers. Moreover, 
addressing the environmental risk at Madura Gulf from Sidoarjo Mudflow 
in the last few years, this research analyzes the impact of mudflow 
distribution pattern in and social adaptation in retrospective view. This 
research found that sedimentation fom the mudflow is making more 
difficult to calculate the impact and composing mitigation plans. To 
address the environmental risk from the mudflow disaster, explores spatial 
information regarding changes from Sidoarjo Mudflow to social 
adaptation, such as adaptation to looking for fishing area and fishing 
intensity. 

1 Introduction  
Sidoarjo Mudflow is one of the major environmental problems in Indonesia[1]. Mitigation 
that has been done by the government was redirecting the mud flows to nearest water 
bodies. It flowed to Madura Gulf through Porong Rivers. With mudflow debit around 
30,000-60,000 m3 every day in the recent years[2]. It clearly would affect water quality and 
environmental sustainability. According to document that was published by Audit 
Lingkungan BPK-RI[1] at the point Forecast of Environmental Impact, flowing to water 
bodies will causing an environmental risk. Such as dust and clay that contained in the mud 
will take a long time to sediment at the riverbed/seabed. The consequence of flowing muds 
or sediment transport, the sediment will spread and covering coral reefs and mangroves[3, 
4, 5]. Because coral reefs and mangroves are places for fishes spawning grounds[3, 6]. It 
would disturb aquatic ecosystem and harm fishes population growth and influence fisheries 
catch rate[7, 3]. Considering characteristic of the mudflow that not fall under hazardous and 
toxic waste[3, 6, 1, 2], the government stated that it is safe for the environment[8, 1]. 
However, changes in water clarity, turbidity[9, 8, 1, 2], and fishing statistic[10, 9, 11] 
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indicated that mudflow has ecological impact in the ecosystems and its Life Cycle 
Assessment as a metric to achieve sustainable development goals. 

There is a correlation between aquatic ecosystem and sedimentation[7, 4, 5]. Habitat 
characteristics affect natural selection and living quality to the organism[7]. The impact can 
be seen from bottom levels to the top of foods chain[7, 4, 5]. The primary organism is the 
one that highly affected from sedimentation because of the disturbed photosynthesis 
process from waters turbidity[6]. With interrupted sunlight penetration, sedimentation also 
affects phytoplankton productivity as primary nutrient producer[3, 6].   

This research is highlight Sublethal effect of sedimentation regarding aquatic biota and 
habitat. According to the other research, the long-term sedimentation on the water might 
cause depletion of dissolved oxygen and disturbance in the photosynthesis process. It also 
might damage the aquatic biota from clogged gills[3, 6, 9]. According to research by 
Scrivener et. al.[4] the migration pattern Salmonidae family at the Fraser River,  Salmon 
juvenile using non-natal river that was cleaner, or using different river with the natal river, 
to avoid mud contamination for reducing stress by sedimentation. Fish migration is 
generally caused by intrinsically genetic and extrinsic factor, on connection to these 
research, habitat quality (phytochemical factor) affected fish migration[5]. However, 
EIFAC (European Inland Fisheries Advisory Commission) in 1964[3],  states that aquatic 
ecosystem could still sustain when TSS concentration 25-80 ppm. Although productivity is 
declined compared with TSS concentration under 25 ppm[3].  

EIFAC research findings are:  
 High TSS concentration in water bodies affect aquatic biota. Thus, rising biota mortality 

that affects growth rate and disease resistance.  
 Constraining spawn and larvae growth  
 Altering natural mobility  
 Reducing foods (Affecting phytoplankton productivity)  

According to numbers of research, mudflow into water bodies and sedimentation from 
mudflow have spatial variation and temporal variation[12]. Physical sedimentation also 
changes landform in the water bodies such as; shallowing and increasing shoreline. 
Sedimentation changes landform in the Lower Yellow River thus narrowing river 
bodies[13]. In the connection of this research is high and constant sedimentation will 
changing Porong River and Madura Gulf. 

Spatial Information which related to Sidoarjo Mudflow is required for further mitigation 
plans. In particularly, mudflow distribution pattern from recent years. Mitigation plans 
which related for flowing mud to Porong River were taken by Indonesian 
government[1][2]. The action is considering social urgency, massive flows, and that natural 
sedimentations that already happened from past century at the Porong River Estuary from 
Kali Brantas and Bengawan Solo River[8][1][2]. According to past research using plotting 
GPS (Global Positioning System) and GIS (Geographical Information System), the 
direction of Sidoarjo Mudflow was going to Eastern from Sidoarjo coastline[11]. 

2 Data and methods  

This research use quantitative approach and retrospective longitudinal approach as time 
series research from the past to present. It will use data from 2005 to 2016, that will be 
analyzing between variable with the spatial information as measuring tools. Furthermore, 
this research will see the changes in sedimentation or mudflow pattern since 2005 to 
present. In addition, this research use ex-post facto approach because of the data 
characteristics and research phenomenon was happening since 2005.  

However, on the other research, it is theorized that accumulated sedimentation in 
Madura Gulf are not only from Sidoarjo Mudflow but also from natural events[8, 1, 14, 2]. 
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It derived from sedimentation Kali Brantas and Bengawan Solo River[8, 1, 14, 2]. 
Moreover, delimitation on this research is only analyzing sedimentation from Sidoarjo 
Mudflow.  

Object of these research are; Landsat Imagery. Landsat imagery population data are 
Landsat 7 Imagery and Landsat 8 OLI TIRS Imagery Madura Gulf from 2005 to 2016. It 
was taken from path 118 and row 65, earthexplorer.glovis.gov. Data from 2005 will be used 
as data control and data from 2006 to 2016 will be analyzed the spatial changes regarding 
Sidoarjo Mudflow. In addition, cloud coverage are also one of main criteria. High cloud 
coverage would affect negatively the accuraccy resulted from algorithm processing. Ideal 
Cloud Coverage (CC) that used in this research are below 50%. Algorithm that will be used 
in this research is Budhiman Algortihm: 

    
 TSS ( mg/l) = A * exp (S*R(0-)red band)    (1) 

 
with:  
TSS  = Total Suspended Solid (Sediment)  
R(0-)      = Iradian reflectance  
A and S are equation variable  
This research will be conducted by overlaying and analyzing time-series Landsat data to 

produce sedimentation pattern from 2005 to 2016. From that result, it will be analyzed 
biological capacity or carrying capacity Madura Gulf to support living organism. 
Hypothetically, Madura Gulf is semi-closed gulf with high incoming current to Northern 
parts Madura Gulf from the Java Sea. Therefore, sedimentation patterns trends are going 
South from Porong River Estuary.  

3 Result and discussion  
 

In general, the condition of the Madura Strait has occurred silting due to the high 
sedimentation of the Bengawan Solo River[15]. Based on the research results, 
sedimentation fluctuations vary each year. Sedimentation occurring in the research area 
varies due to the dynamics of seawater. The change is in the form of sedimentation that 
precipitated and carried away to the Java Sea. 

Sidoarjo mudflow occurred in May 2006, that Sidoarjo Mudflow has not entered the 
water bodies so that the sedimentation is still a natural factor. From the results of image 
processing in 2005 seen sedimentation that occurs due to natural factors. In 2006, the rate 
of sedimentation declined compared to the previous year. This can be due to natural factors, 
such as the sea currents dynamics, weather, and natural sediment deposition, that still have 
a greater impact than the Sidoarjo mudflow sedimentation process. Chronologically in 
August 2006, the sedimentation of Sidoarjo Mudflow to water bodies has not been massive. 
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Fig 1. Mudflow Maps TSM 2005–2009 (Annotation : a. 2005 Mudflow Map, b. 2006 
Mudflow Map, c. 2007 Mudflow Map, d. 2008 Mudflow Map, and e. 2009 Mudflow Map) 

  
In 2007 the sedimentation rate are declined, although the sedimentation from Sidoarjo 

Mudflow to water bodies has been going on for 1 year. This is caused by the volume of 
sedimentation that has not been massively accumulated, so that natural processes such as 
sedimentation and dissolution by the current are still more dominant in the water bodies. In 
June 2008 sedimentation process due to Sidoarjo Mudflow in Madura Strait began to 
increase. According to research in Kali Porong on the southern coast of Sidoarjo also 
increasing in TSM levels at the water bodies. The amount of TSM concentration 
distribution in Madura Strait is higher than in previous years.  

From image processing in October 2009, the sedimentation distribution rate began to 
decline compared to the previous year. A higher sedimentation rate in 2008 showed that the 
natural sedimentation from Brantas River added with Sidoarjo Mudflow Sedimentation had 
a considerable impact on the distribution of sedimentation in water bodies. But in 2009, 
natural factors began to reduce and restore the sedimentation on the Madura Strait. Hence, 
reducing the sedimented area in Madura Strait. 
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Fig 2. Mudflow Maps TSM 2010-2014 (Annotation : a. 2010 Mudflow Map, b. 2011 Mudflow Map, 
c. 2012 Mudflow Map, d. 2013 Mudflow Map, and e. 2014 Mudflow Map). 

  
In 2010  is similar to that in 2009, sedimentation rates in water bodies began to be 

reduced naturally. The condition of sedimentation distribution in Madura Strait based on 
research are decreased significantly compared to 2008 when Sidoarjo Mudflow started to 
enter the water bodies. From the results of image processing in 2011 there was an increase 
in the distribution of Sidoarjo Mudflow in the water bodies. The sedimentation area are 
concentrated in the southern part of the Madura Strait. Sidoarjo Mudflow waste that has 
occurred during the last 5 years began to accumulate in the Madura Strait. Sedimentation 
distribution that in the previous year accumulated in the south of the strait, in 2012 began to 
drift into the Madura Strait. Increased sedimentation causing decreased water quality in 
exposed areas. Based on information from Kenjeran Fisherman, the area is no longer 
productive for fishing area.  

In 2013, the concentration of sedimentation began to decreased compared to the 
previous year. It can be proved that there is a cycle of sedimentation absorption by nature, 
either because it settles or is carried away by the sea current. However, from image 
processing result, it can be observed that the sediment tends to be still quite high in the 
coastal area of Madura Island. Based from information having a siltation up to 1-2 meters. 
Sedimentation distributed again in 2014 at the Madura Strait. Sedimentation distribution 
also increased in the southern coastal area of Madura Island, although the distribution in the 
coastal area of Sidoarjo regency began to decreasing. 
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Fig 3. Mudflow Maps TSM 2015-2017 (Annotation: a. 2015 Mudflow Map, b. 2016 Mudflow Map, 
c. March 2017 Mudflow Map, d. May 2017 Mudflow Map, and e. September 2018 Mudflow Map). 

  
In 2015 the distribution of sedimentation continues to increase from 2014, as seen in 

data processing above. The condition is suspected because the input of Sidoarjo Mudflow 
that accumulated a lot caused a high increase in Madura Strait. The cycle of reduction and 
restoration of the sedimentation distribution began to be hampered in this year, unlike the 
previous year where the distribution of sedimentation then decreased due to natural 
restoration. In 2016, sedimentation continues to increase as in 2015. Sedimentation is 
concentrated in the Strait of Madura. This is due to the ability of natural restorations unable 
to accommodate accumulations of the pollutants entering the water bodies. Because the 
sedimentation process is higher than the ability of the natural sedimentation absorption. In 
2017, processing is done with 4 images to observe the trend of changes in one year. In 
March 2017 image, sedimentation was slightly less than in the previous year, but 
sedimentation is still high in the area of Madura Strait and Muara Kali Porong.   

In May 2017, sedimentation are decreased for the Madura Strait. The condition is 
thought to be caused by seasonal changes, leading to the dry season, resulting in high 
waves and strong winds. Although not significant, the decline in sedimentation is 
considerably less than in March 2017. In September 2017 sedimentation are increased 
again. The increase in sedimentation is likely due to the decreasing rainfall in wet season in 
the Madura Strait. This results in the accumulation of sedimentation found in the waters. 
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Fig 4. TSM Flow Map October 2017. 
  
Similar to the annual natural cycle on the annual data processing, in October 2017, 

reduction of sedimentation distribution occurred in the Madura Strait. Based on the 
experience of researchers, in October began to enter the rainy season, so the process of 
adding water masses help reducing sedimentation deposition process in the water bodies. 

 

 
 

Fig 5. TSM Flow Map March 2018. 
  
On the March 2018 map, the distribution of sedimentation again increases, and spreads 

from Porong River to Madura Strait. The high spread is due to seasonal changes from the 
rainy season to the dry season. Because of the low precipitation, the deposition process is 
significantly reduced, resulting in high sedimentation in the waters. Based on the results of 
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image processing from 2005 to 2018, in the Madura Strait itself quite clear natural 
sedimentation occurs without input from Sidoarjo Mudflow. Natural sedimentation there is 
also a natural restoration process to reduce such sedimentation, such as rainfall, currents, 
and precipitation. Since the inclusion of the Sidoarjo Mudflow itself to the water bodies, 
especially the Madura Strait the intrusion adds to the burden of sedimentation reduction and 
tends to increase towards sedimentation rather than deposition or absorption process.  

Conclusion  
 

However, this paperwork has not states that sedimentation is the main factor of silting in 
Madura Strait. Although it had significant rationale in the silting and sedimentation. This 
paperwork also has not states that using spatial information are entirely reliable as main 
data nor with visually comparing and overlaying methods. Instead, with has been theorized 
based on data and theoretical approach. It can represent interraction between natural 
ecosystem and human based sedimentation. 
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