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Summary: Understanding precursors to natural hazards isalrif we are to optimise emergency

planning and reduce the impact of natural disastben they strike. This paper presents preliminary
results of research which aims to make a contobutib this field by enhancing our understanding of

the possible relationship between earthquakes aledwoes. Arguments that contribute to the

speculation of this relationship will be discussed a case study will be presented for an active
volcano in South Asia. Overall, initial investigatis are encouraging and it is hoped that with &urth

research any relationship between earthquakesaoadnoes might be determined.
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1. Introduction

Earthquakes and volcanoes are both recognised toabéestations of tectonic activity (Linde and
Sacks 1998). In recent years, the interactionbi@fd two natural hazards has attracted considerable
interest (Tillinget al. 1976, Linde and Sacks 1998, Hal al. 2002, Grestat al. 2005, Manga and
Brodsky 2006, Walter and Amelung 2007, Wattal. 2009). Although a relatively new line of
research, reports of these relationships date rabdek as 1840 when Darwin reported volcanic
activity in Chile following an earthquake (Waltench Amelung 2007:539). Furthermore, the early
scientific papers of MacGregor (1949) and Latt&7(l) presented ground breaking evidence of this
relationship using statistical analyses (Alam archita 2004:179). This was further confirmed by
Yokoyama (1975) and Nakamura (1975) who collateange of reports where instances of volcanic

activity were reported following an earthquake @dérand Sacks 1998:888).

More recently, papers such as Linde and Sacks jE388Hill et al. (2002) used historical records to
identify patterns of volcanic response followingearthquake. However, it is only in the last decade
that we have seen the most notable developmeritseirstudy of earthquake-volcano interactions.
Continued improvements in computer science and teesensing technology have seen the potential
of satellites to produce remotely sensed imagearydtcanology, with papers now exploiting the use
of satellite observations to study the relationsbhgiween seismic activity and volcanic eruptions
(Tralli et al. 2005). An example of such an apglmaincludes the MODVOLC algorithm (Wriglet

al. 2002). Generated from MODIS data, captured by N&ASA&rra and Aqua platforms (Wright al.
2004), MODVOLC forms the basis of an automatic rnamimg and detection system that maps the



magnitude of thermal anomalies, ‘hotspots’, at lrlresolution (Flynret al. 2002, Wrightet al.
2002, Wrightet al. 2004). In particular, Delle Donret al. (2010), recognise the utility of such data,
substituting observational data for MODVOLC dataséd conduct a statistical analysis of

earthquake-volcano interactions at both a globdlragional scale.

Although informative in many ways, the reliabilibf these studies are limited due to their failiogs
the basis of scale, reliability of data and thdiniis lack of unbiased. As a result, it is appardatt
further research needs to be conducted in ordénviestigate any relationship. Here, preliminary
results of such a study are presented. Using sefuin pilot studies, this paper will outline the
approach that will be taken to investigate theradons of earthquakes and volcanoes to help elefin

and develop a statistical model.

2. Methodology

By extending the methodology of Delle Donetal. (2010), this research will take a three stage
approach to investigate the possible relationshggwéen earthquakes and volcanoes. Most
importantly, the response of volcanic activity &@rtaquakes will be evaluated to establish whether
this pattern of activity can be recognised as ypécal nature of the volcano or as a result ofdarg

seismic events. With further support of this relaship being provided by using a longer time series
(11 years compared to 7 years), conducting futedistical analyses using unprocessed MODIS data

and developing a statistical model of the relatngps found. These stages can be defined as:

» Collection of earthquake (NEIC, courtesy of U.S.ofegical Survey) and volcano
(MODVOLC and MODIS) datasets to analyse for statitrelationships.

* Development of a statistical model based on thaticglships found during preliminary
investigations.

» Application of the model to examples to verify stital significance.

Firstly, pre-processed MODVOLC data (Wrigbt al. 2002) are used to search for responses of
volcanic activity to earthquakes within a 1000 kuffer zone. Within these results, thermal responses
of volcanoes are compared to earthquake activithelp evaluate whether there is a relationship
between the two occurrences. Based on these fisdingprocessed MODIS data will later be
obtained in order to conduct a more detailed arsalyts particular, the ability of this MODIS data t
detect lower radiances of thermal anomalies allovese sensitive investigations to be conducted
recognising the subtle signals of lower level enns (Justiceet al. 2002). Using a suite of computer
packages, including IDL, ENVI and R, these anomsl@atterns will be extracted for image
processing and analysis, the results of which thigdn be used to define and develop a statistical

model aimed at testing the potential for seismitviig to be used as a precursory indicator of



volcanic activity. Further justification for thedity of this model will then be provided by apiplg

it to a range of case studies which include themeearthquakes in Japan (2011) and Chile (2010).

Although this research will employ a range of tdéghes, the initial stage of research considered in
this paper uses an unbiased approach to investigatactivity of volcanoes within 1000 km of the
2004 Boxing Day earthquake. Firstly, a query wasthat produced a list of all volcanoes within this
buffer zone. From this, each volcano was studieividually with MODVOLC data (Wrightet al.
2002) being downloaded for the period 2000 — 2@k lthis point, the activity of the volcano, Band
32 (11.770 — 12.270 um, TIR band which detects &atpres up to 420 K), was plotted on a graph
and compared to all magnitude 7 or more earthqu@keght et al. 2002). The results of this stage of
research will now be examined which will help totedenine if there is a potential relationship

between earthquakes and volcanoes and to decidbeavtiarther analysis is warranted.

3. Results

Despite this research being in its early stagd8alinnvestigations have provided positive results
Figure 1 presents preliminary results based onvtieanic activity of Barren Island, South Asia.
From the graph, it is evident that there is a patté possible response between this volcano axgeé la
seismic events. Most notably, the largest earthe{s49.1) appears to be the catalyst for activity at
this volcano, before which the volcano was reldiveactive. Following this, the volcano appears to

experience periods of activity, particularly follmg a large seismic event.

Barren Island MODVOLC activity

[H

*% | S e
4y N

»

BLeL 2000 /e 001 THDRI00 osfeza00e TLOLT00R 041177008 L8ioEa00n OLAET00S L1018 s

Key:
| Earthguake, Magnitude 7.0—7.5 I Earthguake, Magnitude 5.0— 9.5 *  Volcanic Response

Figure 1: Band 32 (11.770 — 12.270 um, TIR banctctvklietects temperatures up to 420 K) volcanic
hotspot data from Barren Island Volcano (as detelosyethe MODVOLC algorithm) compared to all
magnitude 7 or more earthquakes within a 1000 kifebaone, 2000 — 2011.



These preliminary findings are encouraging, sugagsthat with further research the statistical
significance of this possible relationship can letednined. Furthermore, the correlations of these
findings with other studies suggests that thisigielary study is both successful and reliable (Magn
and Brodsky 2006, Walter and Amelung 2007). Witls th mind, further work will seek to analyse
this pattern at a statistical level so that mostiniit relationships between factors such as mageijt

size, location, volcanic state and eruption type lwa determined.

Finally, it must be noted that the determinatioradfue relationship cannot be proven based on the
limited findings we currently have. With the resutif further studies still pending, conclusions are
yet to be drawn on whether this possible relatignsimd the activity at Barren Island are of direct

result of seismic activity or as the typical nataf¢he volcano.

5. Conclusion

Overall, the preliminary results presented in fhéper prove promising. In particular, the patteirn o
response between seismic activity and volcanictenup at Barren Island suggests that there is a
possible relationship between these two hazardshémnore, on review of the results presented, it i
obvious that this research will provide valuabl®imation on the interactions between earthquakes
and volcanoes, ultimately determining whether thera statistically significant relationship. Fueth
research now aims to study this possible relatipnatiother volcanoes around the globe. By firstly
identifying patterns of response using pre-proakd8¥ODVOLC data, further analysis aims to
quantify this relationship using raw MODIS datebtth determine if there is a statistically sigrafi¢

relationship and the factors that cause it.
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