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Summary

The losses we estimated are defined as average damage to buildings for all settlements
affected (intensity equal to and larger than V on the modified Mercalli scale), number of
injured and number of fatalities. These estimates are approximate and preliminary. The
newest information on the resistance of the building stock to shaking has not been included.
The results in which we have most confidence are the ratio of human losses within the city of
Basel to that outside of it, because any errors in the absolute values of the loss estimates tend
to cancel. For arepeat of the 1356 earthquake with assumed magnitude of 6.9 and three
possible epicenters (distances 6, 10, and 15 km from Basel), we calculated that the
countryside would sustain 2 to 4 times the number of human losses than the city itself. In
cases of smaller earthquakes (M6.5 and 6.0), at the same distances from Basdl, the
countryside will sustain 2 to 16 times the losses of the city. With the current population, the
number of fatalities is expected to lie in the range of 6,000 to 22,000 for M6.9, 1,700 to 8,400
for an M6.5, and 160 to 1,400 for an M6.0. However, these values should be taken as
preliminary, pending recal culation with recent information on building stock properties. Our
preliminary estimates suggest that the number of persons requiring hospitalization may range
from 6,000 to 8,000 in case of an M6.9, from 2,300 to 4,500 in case of an M6.5, and from 350
to 1,000, in case of an M6.0 earthquake. The portion of losses sustained by the neighboring
countries, France and Germany are estimated to range from 0% to 5% of the total losses,
strongly depending on the selected epicenter and magnitude.



I ntroduction

In this report, the expression “loss estimates’ means approximate cal cul ations of
average building damage, number of fatalities and injured, by community. We were asked to
estimate losses for the case of a repeat of the 1356 Basel earthquake [Lambert, et al., 2005;
Mayer-Rosa and Cadiot, 1979]. We agreed to undertake this work, although we areiill
prepared for it. Our experience centers on loss estimates in developing countries, and our
method is approximate: In daily practice of loss estimates immediately after earthquakes
worldwide [Wyss, 2004], we simply need to determine whether or not an earthquake has
caused adisaster. Thisis aless ambitious am than to estimate the approximate extent of a
future disaster.

In the case of the Kashmir M7.6 earthquake of October 2005, the prediction of losses
to be expected in that region published six months earlier [WWyss, 2005] was correct within a
factor of 2, approximately [Wyss, 2006]. This accuracy is sufficient for preparing for future
disasters and for triggering rescue operations. This example shows that attempts of predicting
future losses can be useful.

The most significant contribution we may be able to make in the present case isto
compare the extent of the regional losses, to those in the city of Basel. Thereis a strong need
for aregional loss analysis because, to our knowledge, no one has done this. Other effortsto
estimate the risk due to arepeat of the 1356 earthquake [Faeh, et al., 2001; Oprsal, et al.,
2005], or of asimilar event in the region, have concentrated with good reason on the largest
city to be affected: Basel. However, in densely populated Switzerland, the sum of the losses
in medium-size and small settlements may not be neglected. We are uniquely prepared to
estimate the sum of the regional losses because thisis the approach we use in case of large
earthquakes in developing countries.

Negative aspects of the loss-estimating tool for this job, QUAKELOSS, are the
following. (1) Thetool is calibrated for regions where large earthquakes are frequent.
Switzerland had no recent earthquakes that might serve as calibration events of comparable
magnitude. The 1356 event is of limited use for calibration, as epicenter location and
magnitude are uncertain, and a good description of the effects is available only for the city of
Basal. (2) We do not use information on site amplification in our current database.
Microzonation and site amplification maps are available for parts of the region, but they are
derived from theoretical models or earthquakes with much smaller magnitudes [Faeh, et al .,
1997; Kind, 2002; Noack, et al., 1997]. (3) The information on the quality of the building
stock is approximate. (4) A community is modeled as located in one point at the center of it.

Positive aspects of QUAKELOSS for the job at hand are the following. (A) It
calculates losses approximately correctly for Italy, a neighboring country in which building
stock characteristics vary moderately from those in Switzerland, and where recent events
provide calibration. (B) QUAKELOSS calculates the strong shaking and the losses at all
settlements in the vicinity of the earthquake, allowing an estimate of the regional losses, and
an estimate of the relative importance of the major city, Basdl.

Severa paeoseismic studies have identified seismically active faults to the SW of
Basal and determined their approximate time of activity [Becker, et al., 2002; Ferry, et al.,
2005; Lacave, et al., 2004; Lemellle, et al., 1999; Meghraoui, et al., 2001; Schuerch and
Becker, 2005]. In addition, in geomorphologic studies the amount of strong ground motion in
the region surrounding Basel was estimated for past centuries and millennia [ Becker and
Davenport, 2003; Becker, et al., 2002; Lacave, et al., 2004; Schuerch and Becker, 2005]. The
consensus is that the 1356 earthquake occurred somewhere south or south-west of Basel. For
this reason, we place our scenario epicenter in this area.



Input parameters

The source parameters of the hypothetical repeat earthquakes were taken from the
website of the Swiss Seismological Service: Latitude 47.47N, longitude 7.6E, depth 12 km
and M 6.9. This epicenter islocated 10 km from the center of Basel. Because the historic
epicenter, as well as the extent of the rupture, is not accurately known, we also estimated
losses using two additional possible epicenters: 47.5N/7.6E (at 6 km distance), and
47.42N/7.56E (at 15 km distance) (Table 1).

Scenario M Lat. Lon. Depth Distance Hour  Settl. (V)  Settl (VI
(deg) (deg)  (km) (km)
1 6.9 47.50 7.60 12 6 21 1100 320
2 6.9 47 47 7.60 12 10 21 1150 380
3 6.9 47.42 7.56 12 15 21 1200 400
4 6.5 47.50 7.60 12 6 21 680 170
5 6.5 47.42 7.56 12 15 21 733 230
6 6.0 47.50 7.60 12 6 21 370 90
7 6.0 47.42 7.56 12 15 21 370 60

Table1l: Source parameters for the earthquakes assumed in different scenarios and the
number of Swiss settlements affected (intensity V and larger), as well as the number of
settlements in the region where casualties are expected (intensity VII and larger). The
distance from the city of Basel and the assume hour of day are also listed.

The dataset for settlements in Switzerland was augmented above the level of detail that
exists in the worldwide database of QUAKELOSS. The population numbers for Swiss
settlements are those published by the Swiss Amt fuer Statistik for the 2002 census. For
Germany and France the default datain QUAKELOSS' s database were used. This means that
the losses for Germany and France are likely to be underestimated. Considering that our
focus is on the Swiss losses, this shortcoming is acceptable.

The building stock properties are those routinely used in QUAKEL OSS for central
Europe. To introduce new fragility curves for the region of northwestern Switzerland would
go beyond the scope of this approximate study.

Local amplification of strong motion due to soil and topographical conditions, as well
as the attenuation function of seismic waves are important factors influencing the degree of
damage. For the city of Basel, local amplification factors have been evaluated based on
microzonation studies [Kind, 2002; Noack, et al., 1997]. However, thisinformation is not
available for any of the other cities and townsin the region. The current version of
QUAKELOSS does not provide opportunity for input of microzonation data with sub-
settlement resolution. For this reason, and because amplification for the mgority of the
settlements is ot known, we made no specific input for local amplification of strong ground
motion. By this decision we follow the principle of averaging that is all-important for success
in our approximate method estimating losses worldwide: In the applications QUAKELOSS
has been designed for, the unknown amplification factors average out because the number of
settlements shaken range from 100 to 4,000, and the population numbers range from 0.5 to 10
million.




For attenuation, there exists amodel valid for Switzerland (ECOS) for distances
shorter than about 200 km [Fah, et al., 2003]. The database of QUAKEL OSS contains a
number of attenuation functions, including one for central Europe. The attenuation used for a
calculation can be changed by the operator of the program. For this study, we selected a
function based on [Shebalin, 1968] with the following parameters.

I(r) =bM - vig/(r?+h?) +c

where the constants used are c=1.5, v=4.5 and ¢=3.6. M signifies magnitude, r is the
epicentral distance and h stands for hypocentral depth. This parameterization reflects well the
intensity levels and attenuation behavior known from the 1356 event. In thisway, we
matched correctly the intensities of shaking observed in Basel in 1356, near the epicenter and
in Bern at the periphery of the region sustaining slight damage. Thus, we can be confident
that the overal pattern of the strong motions in this hypothetical calculation is approximately
correct.

M ethod

Estimating losses in likely future earthquakes is based on experience with historic
earthquakes. Asafirst step, we assume an earthquake with the parameters of a historic
earthguake will occur again. The source parameters of the 1356 Basel earthquake are those in
scenario 2 (Table 1). In asecond step, the computer program QUAKEL OSS cal cul ates the
intensity of the ground motion at the locations of all settlements in the database.

The characteristics of the building stock are defined in the database. For each
settlement, a distribution of percentages of buildings into the classic building classesis
assumed. For each of the building classes, afragility curveis given. These data contain the
probability of a certain level of damage (for example collapse) as a function of the ground
motion intensity. Thus, in the second step the damage to buildings is calculated, by
estimating the percentage of buildings that fall into five damage classes, as a consequence of
the strong ground motion. From this distribution, an average damage state is calculated for
each settlement and displayed by a color code on amap (e.g. Figure 1).

In athird step, the human losses (number of fatalities and injured) is estimated by
equations that govern the probability that a person in a building with a given damage state(for
example collapse) is killed, injured or walks out unscathed, respectively. Findly, the results
are modified, taking into account the percentage of people indoors versus outdoors, as a
function of the hour of day. The stepsin this method are explained in detail by
[Shakhramanian, et al., 2000].

The success of this approximate approach practiced for loss estimates in developing
countries, where little information on all necessary input parameters exist, depends on two
elements: averaging and calibration. When thousands of settlements are affected by alarge
earthquake, differences in ground motions due to local soil and building stock conditions tend
to average out, and calibrating the results of QUAKELOSS for countries where damaging
earthquakes are frequent insures that the results are approximately correct, for these countries.

Results

An overall impression of the effect that an M6.9 earthquake near Basdl is likely to
have is demonstrated by the map of average damage in settlementsin the region (Figure 1).
In this scenario calculation (scenario 2, Table 1), we find that the number of affected Swiss
settlements is 1,150. The expression “affected” means a minimum of slight damage (intensity



V) is expected. Approximately 3.3 million people live in these Swiss settlements. The people
in the three affected countries living in the area defined as “ affected” are estimated to number
about 5.5 million.

The zone in which fatalities and injuries are likely are those of intensities VI and
larger. The number of Swiss settlements in these zones is about 380, and their population is
roughly 0.5 million. 99% of the fatalities are expected to occur in this zone.
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Figure1: Map of estimated intensity on the modified Mercalli scale in case of arepeat of the
1356 M6.9 earthquake near Basel. The size of dotsis proportional to the population. Most
fatalities and injuries are expected in the areas where settlements are shown in brown and red,
where heavy damage would be expected. Some fatalities would occur in the area of yellow
settlements, none in the green and blue ones. The settlements marked by green dots would
experience moderate damage, those with blue dots only dlight damage. The settlementsin
France and Germany are not shown because for these countries, the worldwide database in
QUAKELOSS has not been augmented as it has been for Switzerland. The parameters of the
attenuation function are selected such that the intensities observed in 1356 are modeled
approximately correctly.




The epicenter assumed for the calculation yielding Figure 1 is located at 10 km
distance form the center of the city of Basel (Table 1). Neither the historic nor the possible
future epicenters are accurately known. Therefore, scenarios using a magnitude of 6.9 with
the three epicenters at distances of 6, 10 and 15 km (Table 1) were calculated. The
attenuation function was adjusted such that the intensity in Basel city reached 8.8 for scenario
2, modeling the known soil amplification and adapting the result to the observed
macroseismic intensities of the 1356 event in away that is consistent with the findings of
[Gider, et al., 2007] stating an intensity of (VI11-) IX for the city of Basel. All scenarios are
calculated with the same model of combining attenuation and amplification effects.

Scenario Location Mag. Fat(min) Fat(max) Inj(min) Inj(max) Percent Factor
1 Europe 6.9 12,000 23,000 25,000 42,000

Swiss 10,800 22,000 23,000 36,000 100

Basal 4,000 8,000 8,000 12,000 36

Swiss no Basel 6,800 14,000 15,000 24,000 64 1.8
2 Europe 6.9 9000 18000 18000 32000

Swiss 8500 17000 13000 23000 100

Basel 2300 4800 5000 9000 28

Swiss no Basel 6100 12300 8000 14000 72 2.6
3 Europe 6.9 6000 12300 13000 27000

Swiss 5800 12100 13200 22600 100

Basel 1100 2400 2300 5400 20

Swiss no Basdl 4700 9700 10000 20000 80 4.0
4 Europe 6.5 4050 8700 8720 19740

Swiss 3960 8403 8470 18530 100

Basel 1450 3080 3080 6710 37

Swiss no Basel 2508 5323 5390 11820 63 1.7
5 Europe 6.5 1700 3900 3650 10440

Swiss 1690 3864 3620 10280 100

Basel 250 600 500 1890 16

Swiss no Basel 1440 3264 3120 8390 84 5.4
6 Swiss 6.0 560 1382 1160 4410 100

Basel 190 460 370 1510 33

Swiss no Basel 370 922 790 2900 67 2.0
7 Swiss 6.0 160 450 430 1650 100

Basel 10 30 30 160 6

Swiss no Basdl 160 420 390 1490 94 16.3

Table 2: Human losses in hypothetical earthquakes near Basel, smilar to and smaller than
the 1356 event. For fatalities and number of injured people minima and maxima are given.
The percentages of fatalities in Basel city and outside Basel are compared.

The average number of Swiss fatalities is estimated as approximately 13,000 in
scenario 2 with adistance of 10 km. Closer and farther from the city (scenarios 1 and 3,
Table 1), the results suggest 16,000 and 9,000 Swiss fatalities, respectively (Table 2). For the




three M 6.9 scenarios, the average percentage of fatalities in Basel compared to the overall
number in Switzerland is 28%, whereas the average portion of fatalities outside Basdl is 72%.
Thus, the number of fatalities outside Basdl is larger in all scenarios than those inside the city.
In case of an M 6.9 earthquake, the ratio of outside to inside the city ranges from 1.8 in
scenario 1 to 4 in scenario 3 (Table 2).

The ranges of error in fatalities and injured given in Table 2 derive from the
uncertainties in building damage and the uncertainties in the impact on people, given an
estimated degree of damage to a building. Uncertainties in earthquake source parameters and
transmission properties of seismic waves in the Earth are not included in this error estimate.

The number of fatalities and injured in an earthquake is generally a function of the
hour of day. It isassumed that the fatalities are minimal in those hours when a maximum of
people is outdoors. Here we calculated the mode using 21h, the time of the 1356 earthquake,
getting a maximum of casualties. The number of casualties would be assumed |ess by about
5%, if we set the time of the earthquakes as 7h.

We also calculated losses for earthquakes with assumed magnitudes of 6.5 and 6.0
(Table 1) because such events are more likely than an event of magnitude 6.9. The likelihood
of an M6.0 earthquake is roughly 10 times larger that that for an M6.9 event, based on the
frequency- magnitude distribution of earthquakes in general. For each of these additional
magnitude choices (Table 1), we selected a position close to and one farther from Basdl,
corresponding to the locations of scenarios 1 and 3 (Table 1).

For a magnitude 6.5 event, the position 6 km from Basel yields closely the same ratio
of fatalities inside to outside the city as for the M6.9 case (Table 2). However, at the farther
distance of 15 km, 5.4 times more fatalities are expected outside Basel city (Table 2). The
number of settlements affected by this size event is estimated to be about 700, and the number
of fatalitiesis still expected to be substantial (Table 2).

The smaller the magnitude, the smaller the area within which losses are sustained.
Thus, a magnitude 6 earthquake at 15 km causes few human losses (scenario 7, Tables 1 and 2,
Figure 2). Inthis case, theratio of lossesinside to outsideis 15. For an M6 event at 6 km
from Basdl, the ratio of losses inside to outside remains roughly the same as for the larger
magnitudes at the same location (Table 2). The number of settlements affected by an M6
event in NW Switzerland is 370 and the number of fatalitiesis strongly reduced, compared to
the scenarios with larger magnitudes.

Discussion

The most reliable result is that the losses in the city of Basel are less than the sum of
those in the settlements around the city. Most input errors that can affect the values of the
absolute loss estimates cancel, when the ratio is taken. The regiona analysis we present here
does not negate the fact that the city of Basel isin all scenarios with epicenter close to Basel

the community with the largest losses. Nevertheless, our results suggest that the focus of
preparedness should be shifted to include the communities surrounding Basel.

Also, it is clear that moving the hypothetical epicenter away from Basel to the SW,
where faults have been mapped [Meghraoui, et al., 2001], reduces the human losses not only
in Basdl city, but also in the medium sized communities |ocated to the SE of Basel. The
resulting increase of losses in the Jurais minor, because the settlements there are small (e.g.
Figure 2).



The case of scenario 7 illustrates an example of the effects of a major earthquake
amost anywhere in Switzerland. Part of the area affected is populated by medium sized cities
(by Swiss standards) and part is populated by small villages only.

We have not prepared a list of communities most at risk, asin the study concerning the
Himalayas [Wyss, 2005]. We believe that the faults that may generate a future earthquake
near Basel are not well enough known for defining risks of individual settlements. In the
Himalayas, alist of cities at mgjor risk could be compiled because there the tectonic
information available for the Himalayan megathrust is fairly precise.
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Figure2: Map of estimated average damage to the building stock in case of an M6.0
earthquake at a distance of 15 km from Basel (scenario 7). In this case, the city of Basel plays
aminor role; its human losses are about equal to that in four other settlements each. Symbols
arethe same asin Figure 1.

The values of fatalities generated by the scenarios with M6.9 range from 6,000 to
22,000 for all of Switzerland, with 1,000 to 8,000 expected in Basel city (Table 2). These
numbers seem reasonable, considering losses in historic earthquakes in other parts of Europe.
Nevertheless, they should not be relied on because recent information on building stock and
ste-specific amplification patterns were not included in the database. An update of our




preliminary study should be carried out, with inclusion of as detailed information on buildings
and geology as possible.

The number of settlements in which some buildings sustain at least slight damage, that
is, with intensities equal to and larger than V, are large (Table 1). For the M6.9 scerarios,
they lie above 1,000, and even for the smaller magnitudes they range from 370 to over 700.

In the settlements experiencing intensity VII shaking, some casualties may occur and the
repairs on buildings are expected to be magjor. The numbers of settlements in these high-risk
areas are also substantial. 1n the scenarios with M6.9, the number of strongly damaged
communities ranges from 320 to 400, with M6.5 they range from 170 to 230 and with M6.0
they range from 60 to 90. We conclude that it would take a major effort by governments at all
levels in Switzerland, local to federal, to help these communities to get back on their feet.

The generic scenario for a mgor earthquake somewhere in Switzerland [Anonymous,
2004] could be adapted to the case of Basel for comparison with the results presented here. In
the generic scenario it is assumed that 150,000 people live in what is called the “main damage
zone” (intensity X1) and about 5,000,000 are assumed to be located in the “ subsidiary damage
zone” (intensities VII and VII1). In the case of our scenarios for Basel, the respective
numbers of people are about 400,000 and 1,600,000, within Switzerland. Taking the numbers
given in the generic report for fatalities and injured, and multiplying them with the ratio of the
population numbers, one finds that the extrapolation from the generic report would expect
about of 3,000 fatalities and 68,000 injured within Switzerland, for scenario 2 (Table 1). This
means that the generic report would expect about twice as many injured as we calculated here,
but the number of fatalities would be only about % of those estimated with the assumptions
made in QUAKELOSS. It is not known, at present, which factors lead to the different
distribution of casualties into the fatalities and injured categories. It may be that the
difference is diminished, when the newest information of fragility curves for buildingsin
Basel will beused. Also, there is evidence that the AC-13 method (used in Anonymous, 2004)
overestimates casualties for some building types. We need to investigate what casualty rates
result in Basdl, if we use additional new methods to estimate them. Overall, the two estimates
of the extent of the disaster are similar.

The total number of people in Swiss communities experiencing intensity VII and
larger shaking is about 0.55 million in the scenarios with M6.9. Because damage in their
communities is expected to be mgjor, their lives would be significantly affected, and
governments would have to shoulder the major burden to keep these communities functioning.

The hospitals and medical personnel would face the greatest challenge in case of a
major earthquake in Switzerland. |f we assume that 1/3 of the injured may need
hospitalization, then we would expect an onslaught of 6,000 to 8,000 patients in the case of
the M6.9 scenarios. For the M6.5 and the M 6.0 cases the numbers of patients is estimated to
range from 2,300 to 4,500, and 350 to 1,000, respectively.

Conclusions

Topics to which we have not contributed in this study include the following. (1) We
have not proposed any new ideas on what the magnitude, the epicenter and the depth of future
earthquakes near Basel may be. We have simply taking existing published source parameters
for our scenarios. (2) We have not done any analysis of the possible time or probability of
any of the hypothetical earthquakes for which we estimated losses. (3) Our loss estimates do
not included secondary effects, such as fire, disease, damage to facilities that manage
dangerous goods, as toxic chemicals. (4) We have not developed any evidence for or against



the probability that future pumping of fluids into the Earth’s crust in hydrothermal projects
may trigger earthquakes with significant magnitudes.

The estimates of absolute numbers of fatalities, injured and patients that need
hospitalization are preliminary. However, they may be taken as order of magnitude estimates,
to get an idea what Switzerland would be faced with in case of a mgjor earthquake. These
estimates should be hardened in a follow-up study. The comparison with the generic scenario
[Anonymous, 2004] shows that the question of the ratio of injured to fatalities may need to be
investigated for the case of Switzerland.

The conclusion that the sum total of the human losses outside of the city of Basdl is
larger than that in the city isinescapable. Any preparation for a possible earthquake disaster
near Basel should account for this fact.

Refer ences

Anonymous (2004), Einsatzkonzept fuer den Fall eines Erdbebens in der Schweiz, edited by
Nationale Alarmzentrale, pp. 1-159, Bundesamt fuer Bevoelkerungsschutz, Bern.

Becker, A., and C. A. Davenport (2003), Rockfalls triggered by the AD 1356 Basle
earthquake, Terra Nova, 15, 258-264.

Becker, A., C. A. Davenport, and D. Giardini (2002), Paleoseismicity studies on end-
Pleistocene and Holocene lake deposits Basle, Switzerland, Geophys. J. Int., 149, 659-
678.

Faeh, D., F. Kind, K. Lang, and D. Giardini (2001), Earthquake scenarios for the city of Basdl,
Soil Dynamics and Earthquake Engineering, 21, 405-413.

Faeh, D., E. Ruettener, T. Noack, and P. Kruspan (1997), Microzonation of the city of Basel,
Journal of Seismology, 1, 87-102.

Fah, D., D. Giardini, F. Bay, F. Bernardi, J. Braunmiller, N. Deichmann, M. Furrer, L.
Gantner, M. Gidler, D. Isenegger, M. J. Jimenez, P. K&stli, R. Koglin, V. Masciadri, M.
Rutz, C. Scheidegger, R. Schibler, D. Schorlemmer, G. Schwarz Zanetti, S. Steimen,
S. Sellami, S. Wiemer, and J. Wéssner (2003), Earthquake Catalogue Of Switzerland
(ECOS) And The Related Macroseismic Database, Eclogae geol ogicae Helveticae, 96,
219-236.

Ferry, M., M. Meghraoui, B. Delouis, and D. Giardini (2005), Evidence for Holocene
paleoseismicity along the Basle-Reinach active normal fault (Switzerland): a seismic
source for the 1356 Earthquake in the Upper Rhine Graben, Geophys. J. Int., 160, 554-
572.

Gider, M., G. SchwarzZanetti, B. Jaggi, V. Masciadri, C. Matt, D. Rippmann, and D. Faeh
(2007), Das Erdbeben von Basel 1356: eine historisch-archaeol ogische Annaeherung,
Schweizerische Zeitschrift fr Geschichte, in preparation.

Kind, F. (2002), Development of Microzonation Methods: Application to Basel, Switzerland.,
ETH, Zuerich.

Lacave, C., M. G. Kaller, and J. J. Egozcue (2004), What can be concluded about seismic
history from broken and unbrokenspel eothems? J. Earthquake Eng., 8, 431-455.

Lambert, J., T. Winter, T. J. B. Dewez, and P. Sabourault (2005), New hypotheses on the
maximum damage area of the 1356 Basel earthquake (Switzerland), Quaternary
Science Reviews, 24, 383-401.

Lemellle, F., M. E. Cushing, D. Carbon, B. Gréllet, T. Bitterli, C. Fle?hoc, and C. Innocent
(1999), Co-seismic ruptures and deformations recorded by spelecthemsin the
epicentral zone of the Basel earthquake, Geodin. Acta, 12, 179-191.

10



Mayer-Rosa, D., and B. Cadiot (1979), A review of the 1356 Basel earthquake: basic data,
Tectonophysics, 53, 325-333.

Meghraoui, M., B. Delouis, M. Ferry, D. Giardini, P. Huggenberger, 1. Spottke, and M.
Granet (2001), Active normal faulting in the upper Rhein graben and paleoseismic
identification of the 1356 Basel earthquake, Science, 293, 2070-2073.

Noack, T., P. Kruspan, D. Féh, and E. Rittener (1997), Seismic microzonation of the city of
Basel (Switzerland) based on geological and geotechnical data and numerical
simulations, Eclogae Geol. Helv., 90, 433-448.

Oprsal, 1., D. Féh, M. Mai, and D. Giardini (2005), Deterministic earthquake scenario for the
Basdl area- Simulating strong motion and site effects for Basel, Switzerland, Journal
of Geophysical Research, 110, Art. No. B04305.

Schuerch, P., and A. Becker (2005), Studies on «precarious rocks» in the epicentral area of
the AD 1356 Basle earthquake, Switzerland, Geophys. J. Int., 163, 689-697.

Shakhramanian, M. A., V. I. Larionov, G. M. Nigmetov, and S. P. Sutschev (2000),
Assessment of the seismic risk and forecasting consequences of earthquakes while
solving problems on popul ation rescue, Moscow.

Shebalin, N. V. (1968), Methods of engineering seismic data application for seismic zoning,
in Seismic zoning of the USSR edited by S. V. Medvedev, pp. 95-111, Science,
Moscow.

Wyss, M. (2004), Real-time prediction of earthquake casualties, paper presented at
International Conference on Disasters and Society — From Hazard Assessment to Risk
Reduction, Logos Publishers, Univ. Karlsruhe.

Wyss, M. (2005), Human losses expected in Himalayan earthquakes, Natural Hazards, 34,
305-314.

Wyss, M. (2006), The Kashmir M7.6 Shock of 8 October 2005 Calibrates Estimates of L osses
in Future Himalayan Earthquakes, paper presented at Proceedings of the Conference
of the International Community on Information Systems for Crisis Response and
Management, Newark.

Acknowledgements. Thiswork was carried out with the support of the Swiss Agency
for Development and Cooperation, but does not necessarily reflect the opinion of this agency.
We thank D. Giardini and D. Faeh for critically reviewing the manuscript.

11



