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ABSTRACT: Tsunami waves can be generated in any coastal area, including inland seas and large  Review History:
lakes. Although there exists enough information about the generation and propagation of tsunami in  Received: 8/14/2018
the ocean environment, the assessment of such phenomenon in lakes with finite depth still suffers from  Revised: 2/19/2019
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world and has gone through different historical tsunami events. A numerical study for prediction of Available Online: 5/13/2019

the lack of theoretical work and sufficient measured data. The Caspian Sea is the largest lake in the

tsunami wave height time series for ten locations in the Caspian Sea is presented in this work. Unlike

tsunamis generated by earthquakes, submarine landslide tsunamis generated in shallow waters were  Keywords:

more destructive compared to those generated in deep water. This is due to the higher energy that can Caspian Sea

be converted from the slide to the water in shallow areas. Moreover, shallower waters were usually Landslid
andslide

closer to the coasts and thus a shorter available distance exists for radial damping. The dispersion of
short waves and also radial spreading decrease the far-field effects of landslide tsunamis in contrast
to tsunamis of seismic origins. However, shorter waves were more prone to coastal amplification with ~ Risk assessment
higher local effects. The results of predictions were consistent with the previous finding reported in the
literature indicating the possibility of tsunami occurrence in large lakes due to landslide which can affect
the neighboring ports and area located particularly in the central and southern areas of the Caspian Sea.
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1. INTRODUCTION
Tsunami waves can be generated in any coastal area,

including inland seas and large lakes. Although there is =l 7
. . . . T
enough information about the generation and propagation T /N i ts
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of tsunami in the ocean environment, the assessment of such =X ' N level
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phenomenon in lakes with finite depth still suffers from the s gt
lack of theoretical work and sufficient measured data. The urce
Caspian Sea is the largest lake in the world and has gone

through different historical tsunami events. The reported
tsunamis were generated due to earthquakes and landslides
particularly in the middle zone of the sea. It should be noted
that the seismicity of the Caspian region has been studied
in some detail, but the manifestation of a tsunami in the
Caspian Sea and the degree of risk for the coast remain poorly
understood. Similar to the other coastal regions around the
world, the increase of the population along the coasts of the
Caspian Sea highlights the urgent need to assess tsunami
hazards in the region [1, 2].

Continental shelf

Fig. 1. Tsunami wave height [4].

n =asech2‘[%%x (1)

Where a: wave height, h: depth at infinity, 77 : wave profile.
The whole profile of solitary waves is positive and there is
no negative 77. So, ‘@’ presents wave height and %’ is depth in
infinite [3].
2. THEORETICAL DEVELOPMENT

Tsunami wave has behavior like a solitary wave as shown
in Figure 1. The equation of Boussinesq solitary wave is as
follow:

*Corresponding author’s email: maln@guilan.ac.ir

3. MODELING

In this study, some submarine landslides were assumed in 7
different points of the Caspian Sea (Figure 2) with parameters
mentioned in Table 1 and 2. The GEOWAVE software was
used to simulate.
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Fig. 2. Definition sketch of the simulation domain for underwater
slides [5].

Table 2. Characteristics of submarine landslide points

). Yo d (m) CCW

')
A Point | 49.12 37.71 167.60 310
B Point | 50.81 36.61 209.51 20
CPoint | 50.19 39.40 302.94 190
D Point | 48.40 | 41.43 138.15 260
E Point | 50.10 | 40.80 306.45 75
FPoint | 49.65 | 42.67 218.51 180
G Point | 48.68 | 41.56 415 270

! CounterClockWise

Fig. 3. Locations of submarine landslide points
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Fig. 5. Wave height time series of Astara Station

Tablel. Parameters of the Caspian Sea probable submarine
landslide [2].

Estimated parameter value
Slope (8) 2°
Total Length (b) 5300 m
Maximum thickness (T) 1100 m
Total Width (w) 1500 m
Density 1880 kg/m’
Initial submergence (d) Table 2

Table 3. Characteristics of generated tsunamis

Source | Depth | Maximum | Wave | Eifect
(m) Wave Length | Radius
Height {km) (km)
(m)
A point | 167.6 207 19.6 60
B point | 209.5 12.4 219 65
C point | 302.9 7.1 26.4 75
D Point | 138.2 355 17.8 50
E Point | 306.4 7 26,5 75
FPoint | 2185 11.7 224 60
G point 415 8.8 30.8 90
Time (=) A-Anzali
1 e

P e

Amplitude {m)

-a
516.79 1247.69 1978.59 2709.49 3440.38

Fig. 4. Wave height time series for Anzali Station

4. RESULTS AND DISCUSSION

Results of modeling listed in Table 3 show that maximum
wave heights and lengths of submarine landslide tsunamis
are significant. Effect radiuses express the large movement of
water in the Caspian Sea scale. Figures 3 to 5 revealed that the
generated tsunamis can cause a considerable run-up along the
coastlines of their adjacencies.

5. CONCLUSIONS

Unlike tsunamis generated by earthquakes, submarine
landslide tsunamis generated in shallow waters are more
destructive compared to those generated in deep water. Based
on numerical simulation results, it is inferred that a relatively
high level of tsunami risk is characteristic of the Caspian coasts.
Unfortunately, the incompleteness of the data prevents us from
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Fig. 6. Wave height time series of Noshahr Station

performing an adequate statistical analysis and assessing the
probabilistic characteristics of the tsunami manifestation on
the coast.

In accordance with visual observations, the heights of
historical tsunamis have not exceeded 1-2 m, but it is possible
to wait for tsunamis of high waves and considerable run-ups.
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Fig. 5. Historical Tsunami of Caspian Sea
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Fig. 6. Results of experiments and numerical modeling of 2-dimentional landslide
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Table 3. Specification of the sliding body in the experiments
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Fig. 8. Free surface calculated by the Geowave model based on the landslide of Table 3
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Table 4. Comparison of Tsunami characteristics for different landslides

Aleks oo Jsb Ao gae glii)l | Gee Lo

(yoglsS) (yhoglsS) (%) (%0)
60 19/6 2077 16716 | (A) I aaiis
65 2119 12/4 2095 | (B) o akis
75 26/4 71 3029 | (C) o abais
50 17/8 35/5 13812 D) & adais
75 26/5 7 3064 | (E) & akis
60 22/4 11/7 2185 (F) z akaii
90 30/8 8/8 415 (G) g abaiis

o IVYEYD o0g8 dilio yo 5l pxiwl adgl Ges onijx) ongy ol
apsg dia Gilho il o Sloulns e33ame (55l U
Jsiz b Slais 00 (o3l sloyally (Byre o (2L
AU a5 ol giledns 509955 Joe 4o zlgel [l g adgs ¥
Gilhe oo o plis 1) adei als e o adsl N v Ol s
sanlice ol adslol] s jo (Ki8,9,8 S5 g (Sl Vb S U]
D9 s
buog ofjl mhw Gl e (YA g Glogiolesl o

TAY

LSed e VY Jsb 4 (a0 YA Ve ) cod ULl el
e Oehee ey V7 ok 4 lgen 15 4y oS Ceslond
Uinlesl (sgan 0aiza) oogy Slasuin abb oo yo VO 5w dzsg>
wiisi) adsl Condss s b ool odnlie LB ¥ Jsaz o
Giis S35 ey ilizes sladl (sl )5S de (slatle]
oyge S gl e 5l a8 sl 485 D0 5y dad
S8 TSl G 003 O ol 2 S 3 i Sl 53005
4>y L1=3) o)lo )8 azmde> ol 5l sy £ (Job cuadye yo

9 409> card 4 dx g bdle pl ool 05 oY ISS @



FA VY oo YA Lo o o)l DY 0593 S yual lyos cwdiges il

28 L ae) sl oal g 00 S 09 g @ 5
Sk s Wlgoo wms oo &) )55 sbye J2lom (S5
FeS 5 ey S5 Eay Ges dzyp S bl il
ol 4 sSae sl l il e 052g 4 il zae il
W2 oo 7y by S lasl (o 0098 CulS (28 a5 cwl Lo
" ekl 5 ey b selys ralr o Sl ool e
GPrre yd S (o0 IS > 4 g9 (ke VYA dgu> Ges o &S
Toe ol 00 Cosdge ool 2o YOO elis)l b goe (n il
by ol cp e a5 Cewl oals ools las Ve K o (goae
555 53 @ Jolae 5o ool e Curdse il 555
a5 ot 3 oS 53 a5 5 3 s ol Ll ol
235 50 oSl S (ST g gl pLadlE jeuS po 5yl
OB e]) apg)y ;548 0 oSl 93 (Bl (o5 ) pliniaS 3
5 dlice (5S1) bl j9aS 50 ol G g (an)y0
Bly 650 b 29 Send o ol aSul bl ) ol
ey 5o @ly G35 ey 5 alal aws gl (Sloj g (Cansl 00
Saald (83908 jgmte .l oda] Cewd 45 35 10 40 @ly alak auw g
Jgoz adlbior 4l cons ooy (B H920 5 e > oo
oo ey saam Y U goue zge seolSiins! 28 Lolgd 5.5 0
Lome celiie o b S8yt 45 b len ms e ol |,
Lo e (K28l 51 (81 5 wma a8 5l o 1) 053 Bl
B 1Y ISl o b cgla,loge ey sas 5y30 (sl o8] @
slons] el ablyi oo o a5t (slay saligws 45 WS o K01 15
iy 555 Sy o byt s e B e st
sl oSty ims e i 18 B )Y IS oS b les

ol 235 oo o ) (5 s b gl G253 (v S0
ol byl b 5 arg M6 i wlyge sad ads
O b 33 e gy S sl o]l aile jgloe sla jgiS
glsel calol )90 (so0s oo sl o) 5 5l ey 095 o
Ol 5l 5o b (433 V0 390 5l g o) 05 (o0 513 (oobigm
zoe b 5 el Jlod cuz 5o 5 Gesy (nl oS 8
bsis Jl 30 Sl g o AT (58] ey Sy o (oliges
iy e i 3 455,55 ol bkt b s L

1 Run-up
2 Trough

Y

©39e Too Shp b Joo Ve JSb

Fig. 10. Location of numerical waves
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Table 5. Distance of the wave stations from the landslide sources

Pl | obliml | gST | wips | boeSy | b | o055 | seby | | Ll
880 740 500 318 344 231 411 281 92 31% | G adais
1016 930 714 599 333 375 172 15 217 | 290 | o akass
699 588 375 268 199 38 405 349 | 249 | 225 | o aks
491 313 233 43 418 262 | 691 640 | 486 | 430 | o ahi
526 460 208 243 200 144 | 504 494 | 425 | 394 | & ahi
339 231 77 209 434 333 732 709 | 611 | 572 z ahi
421 262 142 113 388 259 | 683 652 | 525 | 479 z 4l
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Fig. 11. Time series of numerical wave height for Actao station
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Fig. 12. Time series of numerical wave height for Darband station
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Fig. 13. Time series of numerical wave height for Anzali station
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Fig. 14. Time series of numerical wave height for Noshahr station
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ig. 16. Time series of numerical wave height for Bakou station
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Fig. 17. Time series of numerical wave height for Kiyashar and Jafroud stations
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Fig. 18. Calculated time series of two different locations that Tsunami occurred
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