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ABSTRACT :

This paper addresses the question of whether aheqterception ofathquake effects is gender dependent. The
considered is the South Iceland earthquake sequérdeme 2000. This includes two moderate sizedoshatrikeslip
earthquakes with high peak ground acceleratioméndpicentral area. After the earthkes a survey on earthqui
intensities was carried out by the Earthquake Eeeging Research Centre of the University of Iceldr survey als
included questions addressing safety issues, dsawelemographic information. The data dealt wignein covere
total of 249 respondents in the epicentral aredhénanalysis presented the main emphasis is ofollogving three
guestions. Did you manage to seek shelter inshiruae during the earthquake? Did you manage toaapbaance’
How long did it take for you to recover? The mdimding is that the data indicate a tendency towgetsder depend-
ent earthquake perception, which in some casesaeppebe a statistically significant.
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1. INTRODUCTION

Iceland is known as an earthquake-prone countrly wihistory of damaging earthquakes that goesdek In time.
Even though earthquakes have caused widespreadgdamaugh the centuries, the number of deathsta@arth-
guakes is small, roughly one hundred fatalitiesrauthe last millennium. The seismic activity ireland is attrititec
to the boundary of the diverging North American dné Eurasian tectonic plates. Aifs in this boundary results

two major transform or fracture zones in Icelante e the south, the South Iceland Seismic Zon84}%land one i
the north, commonly called the Tjornes Fracture &ohll major damaging earthquakes in Iceland hargiratec
within these two zones. Outside these two majothgaeke areas, there is significant seismic agtithtat ismos
commonly related to the spreading axes and to woles

In the South Iceland Lowland the histoBarthquakes of 1896, along with the destructive218arthquake, are t

most noteworthy instrumentally recorded eventsefaiied description of the damagiaffects of the 1896 earthqua

adds to the value of the recordings. A damagingttsteeland earthquake sequence comparable to t9é &8&8rth-
guakes occurred in June 2000. The sequence bed&Maton 17 June 2000, with a magnitude éaBhquake who

epicertre was just north of the rural village of Hella.was followed by major seismic activity throughdbé entir:

SISZ and the Reykjanes Peninsula. The second eakbdgn the sequence thatceeded magnitude 6 occurred o

June at 00:52. The magnitude was 6.4 and the dpeceras approximately 17 km west of theogpitre of the fire

event.

The June 2000 earthquake-induced damage was widebpHowever, the major damage was mostly limitethe
epicentral region of the two biggest events. ThHiptelally shaped damage areasound the main causative fa
stretch out towards the north and south of theespéss. It should be noted that the margins ofddmmage areas are
less than 20 km from the causative faults. A sigaift proportion of the damage in the first earddgocurred in th
rural village of Hella situated no more than 5 koni the southern end of the causative fault. Tlverstearthquak
also caused a great deal of damage to buildingeiepicentral area, but this was mostly confirethdividual farms
groups of summer cottages and utility and commuioicesystemsConsiderable damage was caused to equip
household articles and objects inside building$h lmo the case of residential dwellings and commaépremises. It i
worth noting that very heavy objects moved outlate, slid or toppled, indicating that the horiziras well as verti-
cal acceleration was considerable. This is a figdirat is fully supported by accelerometric recogdi from the Ice-
landic Strong Motion Network. Details and individwacordings are available on-line (Ambraseys gt2004, to ob-
tain data, sedttp://www.ISESD.hi.i}.

No serious injurie®ccurred during the earthquakes, but many thindigate that good fortune had a great deal 1
with this (Akason, Olafsson and Sigbjérnsson, 2086 b). In this context it is worth pointing obat the first earth-
guake occurred on Iceland’s National Day, 17 Jwien many people were gathered outdoors or in nelt-assem-
bly houses. Several people suffered minor injubieisno one was seriously hurt. Based on histogeaence the€1
June event was exgted and people had prepared for it, for instancéiding or removing indoor objects that co
fall or topple and cause danger to occupants.

The objective of the presented study is to additessgjuestion of whether or not perceived earthqediests are gen-
der depended. This is achievieg using the June 2000 earthquake recordings alstigsurvey data obtained in f
wake of the earthquakes.

2. METHODOLOGY, RESEARCH AREA AND SAMPLE

The elements of the model applied in the earthqedlests analysis are summarised in Figure 1, simgplified way,
indicating three basic variable groups. Theserdistvariable groups are: (1) Seismic variahbdentaining informatic
on the earthquake and the propagation of seismiesviiom the source to the site. Here the basiai@s are earth-
guake intensity quantified using the Modified Mdigdntensity, MMI, scale (see, for stance, Wood and Neum
1931), the peak ground acceleration quantified fracion of the acceleration of gravity (g) andteice from sourc
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to site given by the shortest distance to caus#ivk (rather than the epicentral distance). (8)ltBenvironment vari-
ables containing information on building types,Ithmig material, building age and location. (3) Huma ‘individual’
variables referring to the individual person. Iisthtudy the basic variables in this group are gerabje and location.
The objective of the modelling process is to rekttde variables, termed herein the derivativeabdes to the bas|
variables through quantitative models to enhaneautiderstanding of the underlying processes.
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Figure 1 Elements of the earthquake effect analggiresented as a triangle indicating the threk lvasiable groups.

The application of the MMI scaleas an attempt to preserve continuity with eadieidies and in recognition of
fact that the bulk of the intensity data colleciedceand so far are according to the MMI scale. Howetle surve
also included information making it possible toaibtintensities according to the European Macrasc8pale (EMS)
(Grunthal, 1998; Musson, 2000). The numerical valdid not seem to be much different.

The research area is defined by a borderline ddtardte of 20 km from the causative fault of eaobné Withinthis
area the mean value of the srss peak ground aatiefeis 0.59 g, the standard deviation 0.28 g,ntir@mum valu
0.21 g and the maximum value 1 g. The obtainedhgasake intensity, applying the MMI scale, is in thege oflV to
X reflecting great variability, as do the strongtmn recordings. The earthquake intensity is lstio measure of tt
earthquake action and perceived effects. In aneeatudy it was found that the earthquake istgnmeasure (MM
correlates better with direction independent quigsti describing the total seismic action, tharhwiite individual ac-
celeration components. Such guantities are, fomgika, the srss-value, as mentioned abawel, the first invariant
the Arias intensity tensor (Sigbjornsson, Olafsand Snaebjornsson, 2007).

The sample of the population was derived from aoam selection of 168 residential buildingsgmented by hous
hosting strong-motion stations. In all cases thellimgs are low-rise, single-family houses locatedural areasThe
construction materials are castsitu concrete, timber and masonry. The sample of howassalso selected to ®iure
that it would reflect fundamental geographical atrdctural qualities with regard to the naturets builling stock il
the area. These included: (1) geographical didiohu(2) age distributionand (3) distribution of building types &
building materials. The foundation conditions aréged to be rock or firm soil in most cases. Thadmformation on
the informants are summarised in Table 1. In alesaemphasis was placed on respondents that veete lmouses dur-
ing the earthquakes.

3. SURVEY

In the presented study a questionnaire survey \wpkea with emphasis on perceived earthquake iitigerecatior
(i.e. the distance to causative faults), resporglsek and age, as well as where they were wheeattbquakes struck.
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In addition, the analysis addresses explicitlyftilowing safety related questions dealt with ie fbllowing:

v/ Did you manage to seek shelter inside a house gltmmearthquake?

v" Did you manage to keep your balance?

v" How long did it take for you to recover?
The questionnaire was administrated through telepltonversations by reading the questions forrtliziduak in the
pre-selected sample. The earthquake intensity ieaget uniformly by applying the MMicale, which was read for-
respondents. The presented survey was carrieavoutdars after the earthquakes.

Table 1 Characteristic values for the age of redpots in the 2002 survey.

All Male Female
Number of respondents 249 122 127
Mean age (year) 54.3 57.5 51.2
Median age (year) 52 56 48
Standard deviation (year) 14.5 13.7 14.6
Maximum age (year) 87 87 82
Minimum age (year) 23 30 23

4. RESULTS

In the official guidelines issued in Iceland regagdhow to act during an earthquake it is recomreéridat peopl
inside a building seek shelter by ‘moving to a galece’. In view of this it is interesting to lo@k the response ob-
tained to the questionidlyou manage to seek shelter inside a house dtmmg@arthquake? The options given ir
guestionnaire were the following five activities-1 did not think of seeking shelter; 2 — | assdrtieere was no dan-
ger and therefore | did not seek shelter; 3 — bhbsghelter and | succeeded in seeking shelter; dodld not move;

— | judged that moving might have caused injurié®e results are summarised in FigurdH2re we see that the m
frequent male response was not to think of seekhwgter, while the femalegsponded predominantly by seel
shelter. It is also noted that comparable propostiof males and females could not move. The refsahisis partly
due to the high acceleration and violent movemieng®me of the buildings close to the causativétgau
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Figure 2 Response to the question: did you mamagedk shelter inside a house during the earth@uidal numbe
of respondents is 143, number of males is 65 antbeu of females is 78. Activity scale: 1 — | aidt think of seekin
shelter; 2 — | assumed there was no danger; uedegded in seeking shelter; 4 — | could not mawne; 5 -moving
might have caused injuries.
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A safety related issue is how people manage to #espbalance during the earthquakes and whetheotathey fd as
a result of the strong motion. An uncontrolled ameéxpected fall is a potential threat that may eangiry, which we
have examples of from the 17 June earthquake.elw wif this observation the subsequent questionplisased: il
you manage to keep your balance? The options g@ivere questionnaire defined the following fiveigities: 1-1 kepr
my balance; 2 — | was close to falling; 3 — | kapt balance by leaning on something; 4 — | fell; bwas siting bu
fell when | tried to stand up; 6 — | was sittingt loid not try to stand up. The result of the suriegummarised in Fig-
ure 3. It is seen that the female respondents dditiig more often than the males. However, tHeedence in overa
response to this question is not statistically ificemt at a 5% level.

It is generally recognised that an earthquaketiweatening event that carften have significant psychological st
related effects and traumatic injuries that may ttie to heal. Reflecting on this the questiorsmaontained the ques-
tion: how long did it take for you to recover? Td@ions given defined the following simplified tinoe recovery sale

1 - 1 was not scared and | did not need any timedoovery; 2 — | recovered early on; 3 — it toakoasiderable time
recover; 4 - | have not fully recovered, which imeplat least a two year period after the earthqs#akek. The result
obtained from the survey are displayed in Figur&ylinspecting the figure it is clearly exe that the females adi
more frequently than the male respondents that lilag not recovered fully two years after the epréikes. It is als
observed that about 1/3 of the females had notvezed when the survey was carried out in 2002his ¢ase the re-
sponse of males and females is statistically diffeat a 5% significance level.
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Figure 3 How did you manage to keep your balande®dktivity scale: 1- | kept my balance; 2 — clwséall; 3 —kep
balance by leaning on something; 4 — | fell; Swals sitting but fell when | tried to stand up; 6 was sitting but di
not try to stand up. Total number of respondeni& number of males is 61 and number of femalé€3'i

Further analysis of the data reveals a weak buifgignt correlation between recovery time and earthquatensity
indicated in Figure 5The overall correlation is about 0.33, slightigher for the male respondents and some
lower for the females. Furthermore, there is a waaditive association betweeacovery time and age, which imp
that older people need a longer time to recover jlwainger people. The obtained correlation is abdth and statisti-
cally significant at a 5% level. In this contexisisould be stressed that the respondents partigipiatthe suvey wer
all adults (see Table 1). Furthermore, it is wqutimting out that the psychological questions watdressed ianothe
survey (Bodvarsdottir and Elklit, 2004) leadingctumparable results.

The results presented above suggiat there might be some gender dependent pencepf earthquake effec
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Therefore it was decided to investigatbether or not the assessed earthquake intenddé@snded on the sex of
respondents. The results of the analysis are gisglan Figure 6 as two overlapping histogramss kéen that the fre-
guency of intensities above 7 (M2lVIl) assessed by the females tends to be bigger tthose of the males. On aver-
age the mean intensity assessed by females iglglggeater than the mean intensity assessed bysmahis diferenct
appears to be statistically significant at a 5%igicance level.
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Figure 4 How long did it take for you to recovergat: 1 — | was not scared and | did not need iamy for recovery; :
— | recovered early on; 3 — it took a considerdinte to recover; 4 4+ have not fully recovered (date of the surv
Total number of respondents is 185, number of nial®d and number of females is 91.

5. CONCLUSION

The main finding is that the presented data indieatendency t@ards gender dependent earthquake perception,

in some cases appears to be a statistically sigmifi This particularlyapplies to the question ‘what to do during
earthquake?’ and the time needed to recover psygivally back to normal after the earthquakes. Ikinthe earth-
quake intensities, obtained applying the MMI scale, found to be gender dependent. The female mespts tend
assess higher MMI values on average than the nietés seems to apply especially to epicentral areere the inten-
sities are highest, i.e. MMI VII or higher. It i®tclear whether or not the male assessed earteguihsities ar
more correct or more realistic than the femalesseskones. In this context it is, however, wortimireg out that it is
known tendency of the male, being traditionally gigsicallystronger sex, to play down in hindsight the streng
threatening events or frightening forces. This neddaracteristic tendency could, hypotheticallydiéa an underesti-
mation of earthquake intensities in a survey oftyipe dealt with herein.
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Figure 5 How long did it take for you to recoveritdgram showing number of respondents as a fumatfcearth-
guake intensity (MMI) and recovery time (indeX{1, 2, 3, 4}). (a) All respondents: correlatibetween recovery tin
and earthquake intensity is given by Pearson’s(.2273 (p < 0.0001). (b) Male respondents: cadlimaicbetween re-
covery time and earthquake intensity is given bgrBen’s r as 0.3421 (p = 0.0018). (c) Female redpats: correla-
tion between recovery time and earthquake intelisitjven by Pearson’s r as 0.2972 (p = 0.0070y0oRery scale: 1 -
| was not scared and | did not need any time foovery; 2 — | recovered early on; 3 - | took a é¢desable time to re-
cover; 4 - | have not fully recovered (two yeareathe earthquakes). Total number of respondent8%, numbeof
males is 94 and number of females is 91.
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Figure 6 Histogram of perceived earthquake int@sslty males and females. Total number of respdeded61nhumber o
males is 84 and number of females isM6an values are 5.81 and 6.26, respectively, fdesrand females.
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