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Abstract. In this study the correlation between the monthly the reservoir in the Kalabsha region changed significantly.
fluctuations of the water level of the Aswan High Dam and The region first flooded in 1975. Although the water level
monthly number of earthquakes from 1982 to 2010, whichrose and fell about the 174 m level during annual cycles from
occurred in the surrounding area, was investigated. Our find1975 to 1982, the area presumably remained wet until after
ings reveal that significant correlation is present during thethe 1982-1983 peak in water level. Since then, the water level
period 1982-1993 between water level and shallow seismichas remained below the elevation of 174 m.
ity (depth less than 15 km). The deep seismicity (depth larger Because of the significant changes in the areal extent of
than 15km) is significantly correlated with the water level the reservoir and in the water table, the water level at Aswan
between January and April 1989. The time lag of the sig-is not a direct measure of the forcing function for the in-
nificant maximal cross-correlation varies from 2—8 monthsduced seismicity, as it may be at other reservoirs (Simpson
for the shallow seismicity, while it is around 7—8 months for et al., 1989). The Aswan reservoir cannot be approximated
the deep seismicity. These values of the time lags could bdy a point or line source like many other reservoirs; and the
in favour of the presence of two distinct triggering mecha- water depth in the reservoir, as measured at the dam, cannot
nisms: one due to pore pressure diffusion and the other dueepresent the temporal variation in the surface load. A more
to fracture compaction (undrained response). complete description of the temporal and spatial variation in
the load of the reservoir would require a complete modelling
of the reservoir-groundwater interaction and the related large
changes in the regional groundwater surface (Liu et al., 2011,
1 Introduction do Nascimento et al., 2005). However, this challenging ques-
tion will not be investigated in the present study, which deals
The Aswan Dam was built about 13 km south of Aswan city with the relationship between the reservoir water level and
(Egypt). It rises 111 m above the Nile River base, impound-gejsmicity in Aswan. Such a relationship was investigated in
ing one of the largest artificial freshwater lakes in the world. geveral studies. Awad and Mizoue (1995) found that the tem-
The 1981 Aswan earthquake occurred 17 yr after the resefyorg| variations of shallow seismic activity were associated
voir filling. The mainshock and many aftershocks occurred atyith g high rate of water level fluctuation in Lake Aswan,
depths between 15 to 25km beneath the northwestern edggnile the correlation with the deeper earthquake sequence
of the reservoir. The delay from the start of filling to the onset \y55 not evident. This implied a discrimination between two
of seismicity and the depth of the hypocenters raise questiongitferent groups on the base of the hypocentral depth. Selim
about the nature of reservoir-induced seismicity in the Aswangt g|. (2002) studied the cross-correlation between the wa-
area. ter level and the seismicity in the Aswan area from 1982 to
The seismicity at Aswan is confined mainly to the Wadi 1998. They found that the highest maximal correlation co-

Kalabsha area (Fig. 1), whose topography is controlled byefficient at time lag of 2 months was obtained in the period
the Kalabsha fault. From 1975 to 1985, the areal extent of
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Fig. 2. Depth distribution of the whole seismicity.
Fig. 1. Spatial distribution of the Aswan seismicity.

declustered catalogue

1982-1985, considering all the events with dejpth 40 km 50
and magnitude > 2.0. In all the other periods, the cross-
correlation coefficient was very small, leading to a generally 40 2005
weak relationship between the water fluctuations and seis-_ig 1 N
micity. Mekkawi et al. (2004) studied the 1982—2001 shal- 2 30+
low (between 0 and 15 km) and deep (between 15 and 30 kmE
Aswan seismicity, finding that among all the possible seismic E 201
parameters, only the seismicity rate correlates with the sea-
sonal fluctuations of the lake level, indicating positive evi-
dence for the Aswan seismicity to be reservoir-triggered in
the 1982-2001 period. Furthermore, time and space clus-

terization indicated that numerous aftershocks are activated, s o s 10 15 200 250 300 350 400
suggesting that the Aswan seismicity emerges both from the month

water level loading and the interplay between In'duc?ed earth_Fig. 3.Monthly seismic activity of the declustered catalogue (all the
guakes themselves through the aftershock activation. HOWFnagnitudes).

ever, in their analysis, it was argued that the dominating

presence of aftershocks induces stochastic fluctuations in the

seismicity rate that hide the simple seismic response to wategue to the analog to digital change of acquisition system.
level changes. In order to deal with this apparent temporal inhomogene-
ity (Habermann, 1987), we analysed the time variation of
the completeness magnitud, defined as the magnitude at

which a power law can model 90 % or more of the frequency-

In this study, the earthquake catalog of Aswan area frommagnitude distribution (Wiemer and Wyss, 2000) (Fig. 4),

1 January 1982 to 31 December 2010 is used. The data wef&'d We can conclude that all earthquakes wiith> 2.5 are

extracted from Bulletins of the Aswan Earthquake RegionalexaCtly recorded during the observation period. The b-value
Research Center. The focal deyitlis less than 40 km and varies between about 0.8 and 1.2 (not shown); such relatively
distributed like a.double-humped function (Fig. 2), with a small variation could indicate absence of man-made effects

minimum around 15km. The total number of the evemS’(Katsumata, 2011). Thus, the declustered Aswan catalog can
whose maghnitude range fror0.3 t0 5.9, is 7901. The depth P€ considered temporally homogeneous between 1982 and
error is less than 1.5 km (El-Hady, 2004). 2010 for events with magmtudu > 2.5, which will be as-
We firstly declustered the seismic catalog to avoid bias due®UMed as threshold magnitude hereafter.

to the aftershocks of the strongest events, using the Reasen-

berg (1985) algorithm and obtaining a declustered sequence

of 3545 events, whose monthly counts are shown in Fig. 3.

Since 2005 the monthly event number significantly increased

10 A

2 Seismicity data
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Fig. 4. Time variation of the completeness magnitude for the declus- lag (month)

tered catalogue. ) )
Fig. 6. Cross-correlation between water level and number of earth-

quakes for the wholéa), shallow(b) and deeg(c) seismicity. The
0<h<40 Km 5 200 red dotted lines are the 99 % confidence curves.
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Fig. 5. Monthly maximum water level and number of earthquakes

with M > 2.5 for the wholga), shallow(b) and dee(fc) seismicity. T o 0 10 20
lag (month)
3 Data analysis Fig. 7. Cross-correlation between water level and number of earth-

quakes for the wholéa), shallow(b) and deep(c) seismicity in
On the base of the depth distribution of the seismicity the period 1982-1987. The red dotted lines are the 99 % confidence
(Fig. 2), the cross-correlation with the water level was curves.
performed for two depth ranges:< 15km (shallow) and
15km< h <40km (deep). Figure 5 shows the monthly
variation of the maximum water level and the number of the cross-correlation coefficients for a given time lag is the
events with M > 2.5 for any focal depth (Fig. 5a), for 99 % confidence interval for that time lag. Figure 6 indicates
shallow (Fig. 5b) and for deep events (Fig. 5c¢). Figure 6that no significant correlation exists between water level and
shows the cross-correlation between water level and monthlynonthly seismic activity in relation with the whole obser-
counts and the 99% confidence curve, calculated as ivation period. Figure 7 shows the cross-correlation between
Telesca (2010). Based on the Fourier transform methodthe water level and the monthly counts, considering all the
surrogates of the first series are obtained, starting with avents (Fig. 7a), only shallow ones (Fig. 7b), and only deep
randomized shuffle. Shuffling destroys the original dynam-ones (Fig. 7c) during the period 1982-1987. The maximal
ical structure (like correlations) in a series. Then, the de-cross-correlation is significant only for shallow events with
sired spectral amplitudes from the original series are im-value of ~0.46 at time lag of 2 months. The analysis on
posed in order to force the same cyclic autocorrelation (Lit-the periods 1988-1993, 1994-1999, 2000-2004 and 2005—
tle et al., 2006). After generating 1000 surrogates, the cross2010 was performed only for the shallow seismicity, because
correlation of each surrogate with the second series is calthe number of deep events wit¥1 > 2.5 in the same peri-
culated. The range of values that contain at least 99 % obds are not sufficient for a reliable statistical analysis. The
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Fig. 8. Cross-correlation between water level and number of earth-
quakes for the shallow seismicity in the period 1988—-1993. The red
dotted lines are the 99 % confidence curves.
0.7 shallow seismicity 7300
. . . ‘e . . maximal cross-correlation
cros_s-correlatlon is significant only during 1988-1993 with _ os 99% confidence
maximum~0.3 at time lag of 7 months (Fig. 8). In order g z
. . . . o 0.5 ©
to investigate more finely the cross-correlation between wa- @ £
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considered only the values obtained in time windows with at
least 50 events. Concerning the deep seismicity, the analysis
was performed up to month 105 (starting from January 1982)

(the red box in Fig. 9a); the water level is significantly cor- shallow seismicity

related with the seismicity with maximum4.5 and time lag 15+
~8-9 months, between the months 84 and 88. Concerning
the shallow seismicity, there are phases of significant cross- 10+
correlation and others without (Fig. 9b). During the phases
of significant cross-correlation, the positive time lags of the 5

maximum are mostly concentrated in the first quarter of the
whole period (up to the month 144) and change from 2—
3 months to 7-9 months (Fig. 9¢). Then, from the month 178
to the month 181, the time lag increases up to 11 months;
at the months 244-245, the time lag decreases down to 4—
5 months; at the months 280-283, it decreases again down to
1 month. Such different values of the time lag can suggest a

time lag
o
1

15 -

fracture compaction mechanism (time lag$—3 months) or 50 100 %0 20 20 30 0
a dominance of pore pressure triggering mechanisms (time month
lags~8-9 months). Fig. 9. Maximal cross-correlation coefficient (black) and 99 % con-

fidence curve (dotted red) for the de@g) and shallow(b) seismic-
ity. The blue curve represents the number of events in each moving
window. (c) Time lag corresponding to the 99 % significant maxi-

. . ... mal cross-correlation coefficient for the shallow seismicity.
The cross-correlation between water level and seismicity in

Aswan area was analysed. The cross-correlation analysis was
performed by using the declustered seismic catalog, in order

4 Conclusions
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