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Natural Hazard Statistics

1. Flood (40%0)

2. Cyclone (20%0)

3. Earthquake (15%o)
4. Drought (15%0)

Cost of the human life:  ~$360 000 US

Tsunamil is the number FIRST Killer
In XXI century



. Tsunami Origin:
e

(in Japanese): 1.Earthquakes (85%)
:& Big waves 2.\olcanos
l In harbor 3.Landslides
4 Meteo-tsunamis
5.Asteroids

6.Explosions

. Typical Scales:

& Duration 5-30 min
7_Length 20-100 km
Height 1-30 m




World Tsunami Awareness Day, 5 November

UN General Assembly has designated 5
November as World Tsunami Awareness Day
and called on the world to mark it.

The date of 5 November was chosen in honour
of a true story from Japan: “lnamura-no-hi”,
which means the “burning of the rice
sheaves”. During an 1854 earthquake, a farmer
saw the tide receding, a sign of a looming
tsunami. He set fire to his harvested rice to
warn villagers, who fled to high ground. In the
aftermath, he helped his community build back
better to withstand future shocks,
constructing an embankment and planting
trees as a tsunami buffer.



28 September 2018, Indonesia, Sulawesi Island
more than 2000 people were killed; wave amplitudes attain up to 11 m
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Palu, Sulawesi, Sunday 28 Sept, City Day Holiday



Typical Indonesian House, 0-5 min after the earthquake
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Check for
updates

The September 28th, 2018, Tsunami In Palu-Sulawesi, Indonesia: A Post-Event Field Survey
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Splash reported up to this point
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Last Tsunami - Puerto-Rico, January 0/, 2020
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Kubota, T., Saito, T., & Suzuki, W. (2020). Millimeter - scale tsunami detected by a wide and dense observation
array in the deep ocean: Fault modeling of an Mw 6.0 interplate earthquake off Sanriku, NE Japan.Geophysical
Research Letters, 47, e2019GL085842. https://doi.org/ 10.1029/2019GL 085842

Geophysical Research Letters

Millimeter-Scale Tsunami Detected by a Wide and Dense
Observation Array in the Deep Ocean: Fault Modeling

of an Mw 6.0 Interplate Earthquake off Sanriku,

NE Japan

,T. Saito"

RESEARCH LETTER
10.1029/2019GL085842

Key Points:

+ Millimeter-scale tsunamis from an
Mw 6.0 earthquake were captured
by the S-net, a new nationwide
pressure gauge array off Sanriku,
Japan

» Tsunami signals were identified
from the pressure data adjacent to
the source, which were
contaminated by signals irrelevant

T. Kubota® ,and W. Suzuki®

'"National Research Institute for Earth Science and Disaster Resilience, Tsukuba, Japan

to tsunamis

» We inferred the stress drop of the

earthquake from the tsunami data
more reliably than could be done
from seismogram analysis

Abstract Anew dense and widely distributed tsunami observation network installed off northeast Japan
detected millimeter-scale tsunamis from an Mw 6.0 shallow interplate earthquake on 20 August 2016.
Based on the fault model deduced from this data set, we obtained a stress drop of 1.5 MPa for this event,
similar to those associated with typical interplate earthquakes. The rupture area was unlikely to overlap

with regions where slow earthquakes occur, such as low-frequency-tremors and very-low-frequency-
earthquakes. The results demonstrated that this new network has dramatically increased the detectability
of millimeter-scale tsunamis. Some near-source stations were contaminated by large pressure offset
signals irrelevant to tsunami, and we must therefore be careful when analyzing these data. Nonetheless,
the new array enables estimations of the stress drops of moderate offshore earthquakes and can be used to
elucidate the spatial variation of mechanical properties along the plate interface with much higher
resolution than previously possible.

Supporting Information:
» Supporting Information S1

Correspondence to:
T. Kubota,
kubotatsu@bosai.go.jp
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Volcanic Tsunami SUMATRA INDONESIA

22 December 2018
85 m, 430 VlCtlmS cakaton Bl Sunda Strait
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Collapsed summit?

Concentric waves
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Krakatau eruption on 27 August 1883 at 10:00

i

nergy = 1024 erg = 108 joules
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200 Megaton atomic bomb
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Global recording of tsunami waves, 1883
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More than 30 tide-gauge records in Indian Ocean



Landslide Tsunami, 11 December 2018
Bureya River, Russia
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25 mIn cubic meters Runup 90 m

- L STV OO P g O -
A general view of the landslide scar on the southern bank of the Bureya water reservoir and
the body of the landslide with a passage, initially made by the militaries in February 2019
and extended by the spring floods in April-May 2019. Photo by A.N. Ostroukhov (IVEP FED

RAS) made with the quadcopter "Fantom 4" on June 19, 2019.




This tsunami is 7-8 in list of hugest runup heights

The map of the measured run-up heights of the December 11, 2018 Bureya tsunami plotted
in the PDM/TSU graphic shell. The red dot marks a position of the landslide.
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17 October 2015, Alaska

Almost 200 m!




June 18, 2017 Greenland 100 m high,
4 people missing

ENVIRONMENT

THE WAVE HEIGHT, AT ITS PEAK, WAS AROUND 100 METERS. DZMITRY MELNIKAUMSHUTTERSTOCK



16 October 1979. A submarine slope failure occurred
during construction of (France) new harbor. The
event cased victims: one person iIn , and five -
worked on the building site. Maximum effects were
observed 10 km far from building site near , that
was Inundated (one person killed). Photos show water
heights of 1 m. At (close to ), witnesses
reported a first wave of 50 cm, 5 min after the landslide.
This wave was followed by three 3m-high waves with

period of 8 min. At harbor of the
water lowered by 2m 1 min after the landslide and then
rose by 1 m. Tide-gauge records of and of

show that the first wave iIs a 10 cm trough.
The maximum recorded wave amplitudes do not exceed 10
cm In both harbors, whereas witnesses reported wave
amplitudes of 1 m.









Antibes (60 km from Nice ) 16.10.1979
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In December 1917 large waves were generated by the
greatest explosion before the nuclear era - this happened
In the Halifax Harbor (Nova Scotia, Canada) after a collision
of the munitions ship Mont Blanc, having 3,000 tons of
TNT on a board, with the relief ship Imo.

At the coast near to the explosion site, the waves were

over 10 meters high, but their amplitude diminished
greatly further away.



Asteroid collision with Earth

Fulchignoni and Barucci, 2005

Fig. 1. Geographical distribution of known Earth impact craters.



Asteroid collision with Earth

Asteroids larger than 200 meters in diameter
hit Earth about every 3000-5000 years,

so the probability of one impact in a given
human lifetime Is about 2—-3%

NASA: 633 known potentially
hazardous asteroids

Forecasting time — a few months
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Known asteroid entries into the oceans
(Kharif & Pelinovsky, 2005)



Seismic mapping Barents Sea,
142 Ma, 40 km
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HAK NOAHHMAJNH boNKA

[Moyemy He ObINO LyHamMun?

Bogonaas nognoXmnu nog MeTeoput
Keneaubli nucT pazmepom 2x1 metp.
[pUKpenneHHsIe K Hemy TPOCh NPOTAHYNN K KaTamapaHy.




THE UNIVERSITY OF

WESTERN Storm Surge:
&4 AUSTRALIA :
Duration > 12 hours,

3 ( ;T 1 generated by wind +

Meteotsunamis

o

pressure systems
either locally or
remotely. Rate of
change of water level
small. Weak currents

»

ey

Meteotsunami:
Duration < 6 hours,
generated by local
pressure systems.
Rapid change in water
level. Strong currents




Number of Tsunamis
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Tsunami was the number five Killer

(after earthquakes, floods, typhoons and volcanic eruptions)

Now Is the First Killer
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Geographical distribution of tsunamis in the World Ocean

The size of circles is proportional to the earthquake magnitude, density of gray tone — to the tsunami intensity

Gusiakov, 2005




Origin of earthquakes and tsunamis

Qeeanic-continental convergence

Earthquakes are commonly associated with the ground shaking
that is a result of elastic waves travelling through the solid earth.
However, near the source of submarine earthguakes, the seafloor is
"permanently' uplifted and down-dropped, pushing the entire
water column up and down. The potential energy that results from
pushing water above mean sea level Is then transferred to the
norizontal propagation of the tsunami waves (Kinetic energy).



Richter magnitude for earthquakes
L_ogarithm of explosion energy

M =0

1 atomic bomb

M < 2 — micro-earthguakes

M = 4.5 or greater - several thousand such shocks
annually - strong enough to be recorded all over the world

M = 8 — great earthquakes: one event occurs each year

M = 9-10 — limit of “margin of safety” of Earth



Propagation speed of tsunami wave

200 -
| 720 km/h
160 -
£ 120- C= \ gh
re} -
D
S 80-
(p]
40— On the coast
] 1-5m/s
0 | ' I ' I ' I ' I
0 1000 2000 3000 4000

depth, m



Ray Tracingrl\/lethod

= ‘

30 angle sec dwell bathymetry

_sing
~ Rsiné n=1/y/gh

R, earth radius




()
@)
(@))
—]
>
(qo]
>
(@N
(@N
L)
=
O




0
o
-

-
=
S5 <
O o
c O

(7))
N v
O O
1

m




“Piston” Model

sea bottom

Dimensions — function of earthquake parameters
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Bulletin of the Seismological Society of America, Vol. 75, No. 4, pp. 1135-1154, August 1985

SURFACE DEFORMATION DUE TO SHEAR AND TENSILE FAULTS
IN A HALF-SPACE

By YOSHIMITSU OKADA*

ABSTRACT

A complete suite of closed analytical expressions is presented for the surface
displacements, strains, and tilts due to inclined shear and tensile faults in a half-
space for both point and finite rectangular sources. These expressions are
particularly compact and free from field singular points which are inherent in the
previously stated expressions of certain cases. The expressions derived here
represent powerful tools not only for the analysis of static field changes associ-
ated with earthquake occurrence but also for the modeling of deformation fields
arising from fluid-driven crack sources.

Steketee (1958) showed that the displacement field u(x:, x», xa) due to a disloca-
tion Au;(E;, £a, £3) across a surface I in an isotropic medium is given by

1 au” ;! ﬂui*)] d
== N — e — b A 1
i FJ’ J; ﬁuj[l.:‘.iﬁ. 3, + #(ﬂ& - 3 vy (1)
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MEXAHUWKA

VK 532

[MPOCTBIE PELIEHUS 3AJIAYM O BOJIHAX HA ITOBEPXHOCTHU XKUJIKOCTHU
B PAMKAX IMHEUHOM I'MAPOYIIPYTOM MOJEJIN

*
C. 10. Toopoxoros'?, X. X. Wbsacos"*,
*&
C. f1. Cekepx-3enbkosny|', O. JI. Toacrosa™™

[Tpencrasnedo akaneMukom PAH J1. M. KinumoseiM 13.02.2019 1.
[Moctynuno 20.02.2019 .

PaccMoTpeHa 3aaya o Bo30YKIEHHH BOJTH Ha MMOBEPXHOCTH CJIOSI BOLI, PACTIOIOKEHHOTO HA YIIPYTOM OCHO-
BaHuu. [1peanonaraercs, YTO KCTOYHUK BO3GYKISHHS pacroaraeTcsl BHYTPH YIIPYTOTO MOTYTPOCTPAHCTBA.
Hcnonbayetcst noaxon I.C. TToxbaAnonbCKoro, OCHOBAHHBIN Ha M3YYEHHWHN PellleHHiT COBMECTHOI THHEITHO
CHCTEMBI YpaBHEHHiT TEOPHH YTIPYTOCTH B TIOJIYTIPOCTPAHCTBE ¥ TEOPHH BOJTH B XKHIKOCTH, CBA3aHHBIX Ha Tpa-
HHIIE pa3fieNia COOTBETCTBYIOIIMMH TPAHWYHBIMHU YCTOBUSIMU. Ha 0CHOBE MOMyYeHHOTO paHee YIPOIIEHHOTO
THUCTIEPCHOHHOTO COOTHOLIEHUS [UTSl BOASHOM MOJIbI, YYNUTBIBAIOILIETO BIMSIHUE YIIPYTOTO OCHOBAHHMSI, BhIBEIEHA
npocTasi UHTerpaabHas GopmMyna, CBA3bIBAIONIAS HAYAIbHOE BO3MYIIEHHE CIEHaTbHOTO BHIA B YIIPYTOM
MOMYMPOCTPAHCTBE W aMILTMTYIY BOJTHbI HA MOBEPXHOCTH BOIBI, MOPOXKIEHHOMN 3THM UcTOUHUKOM. [TpoBeneHo
CpaBHEHHE MONTYYaeMbIX pellieHHii ¢ pellieHUSIMH, OCHOBAHHBIMI HA W3BECTHOI TTOPITHEBO MOIETH BO3OYK-
TEHUST ITTHHHBIX BOJIH.




26 December 2004 Earthquake
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Practice of Tsunami Computing
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26 May 1983
Japan Sea
(Shuto, 1983)




Thailand,
26/12/2004




Accuracy Comparison Exact - Whitham
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Boussinesq-type formulations for fully nonlinear
and extremely dispersive water waves:
derivation and analysis

By P. A. MapseEN!. H. B. BincuHAM! AND H. A. SCHAFFER?
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Open Sea, Big Scales of
Nonlinearity and Dispersion

H (m)
height 1 5 10 20
h (m)
depth
50 072 032 23 0.16
100 5 091 064 0.46
500 228 102 72 51
1000 644 288 204 144
5000 720 322 227 161




Journal of Dynamics and Differential Equations, Vol. 18, No. 3, July 2006 (© 2006)
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Surface Water Waves and Tsunamis

Walter Craig

e JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 113, C12012, doi:10.1029/20081C004932, 2008
ic
ere

Full
Article
On the solitary wave paradigm for tsunamis

Per A. Madsen,' David R. Fuhrman,' and Hemming A. Schiffer

‘H Available online at www.sciencedirect.com
T -
s L . . .
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Seismically generated tsunamis
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Formation of undular bores and solitary waves in the Strait of
Malacca caused by the 26 December 2004 Indian Ocean tsunami

>

. lfirul:,] E. N. Pelinovsky,” D. l-’ructus,] T. Talipova,” and C, Kharif
Received 16 May 2007, revised 17 October 2007; accepted 28 December 2007; published 7 May 2008.

[1] Deformation of the Indian Ocean tsunami moving into the shallow Strait of Malacca
and formation of undular bores and solitary waves in the strait are simulated in a model
study using the fully nonlinear dispersive method (FNDM) and the Korteweg-deVries
(KdV) equation. Two different versions of the incoming wave are studied where the
waveshape is the same but the amplitude is varied: full amplitude and half amplitude.
While moving across three shallow bottom ridges, the back face of the leading depression
wave steepens until the wave slope reaches a level of 0.0036-0.0038, when short waves
form, resembling an undular bore for both full and half amplitude. The group of short
waves has very small amplitude in the beginning, behaving like a linear dispersive wave
train, the front moving with the shallow water speed and the tail moving with the linear
group velocity. Energy transfer from long to short modes is similar for the two input
waves, indicating the fundamental role of the bottom topography to the formation of short
waves. The dominant period becomes about 20 s in both cases. The train of short waves,
emerging earlier for the larger input wave than for the smaller one, eventually

develops into a sequence of rank-ordered solitary waves moving faster than the leading
depression wave and resembles a fission of the mother wave. The KdV equation has
limited capacity in resolving dispersion compared to FNDM.



KdV and FNDM Models

[12] Fully nonlinear dispersive methods (FNDM) for
rapid computations of nonlinear wave motion n three
dimensions have been developed in recent vears by means
of pseudospectral methods [e g, Bateman et al., 2001;
Clamond and Grue, 2001: Grue, 2002: Fructus et al.,
2005] and highly nonlinear Boussinesq equations [eg.,
Madsen et al, 2002]. The hghly nonlinear Boussinesg



7 (m)

=

b o

—‘Hh’.--"-h-ﬂ."l

fall, 250 km

102 1.04  1.08 1,08
4

- . 10
t (sec. ) ’

full, 300 km b

il lf MWUV\

1.2 122 124 126 128
_ x10°
b (sec. )

7 (m)

m uwf‘\ju\./\ 7 (m) ?
1' o

LEg= oy

KdaV, 250 km d)
f
|
M I|
/ |
! T \H\\ |
TANIVAS
I}
|i
-1}
|
-2tk |
_gj_h_——"'l
= 14I|3'.':| 1E-:.':||:| 1EI|:|D E[IIE'D EEID[I E-&I[ID
=t [ dife(f) (sec.)
Bl KdV, 300 km d)
i |’||'“|| \
| WJ ||||J IU""ul.nh_.'l '.\/\_/\__a.
1 |
o} i
—J
— 1*1-IDCI ‘IEIEID 1EII.':|I.':I Eﬂlﬂl:l EEII:."IT.I 2'1Il.':lﬂ

T=1— J[:r,I di fe( ) (sec.)



Explosive volcano eruption e

Equivalent source (Le Mehaute)
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Tsunami generated by subaquatic volcanic eruptions
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Numerical simulation of a tsunami event during the 1996 volcanic
eruption in Karvmskoye lake, Kamchatka, Russia
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Numerical code of nonlinear —dispersive shallow-water theory

COULWAVE



Runup maodeling [m]

)

—

—

W Measwred Runup O Modeled Runup B Breaking

— s 0 [Ey] = &0 T [Fr = Uy

WML o m Bl E R e

FFEFFEFFFEFFEFEFFEFEQBUH OB
5 L) T T ‘l f_,#

TS2 0 ;rf
T=1 HJJ
Of ¥ 5
TS24, 5
Tez? o
At o o
L= .,.-"'r
'|I'
Of o 7
o #f

O ,,.-"'r.

5t gf
-

.
D-l"" ' g ' '
0 5 10 15 20 25

Runup measurement [m]

TS516

T&IT
TS518
TS19
T520
T521
TS22
TS23
T524

Very Good
Comparison!



Navier-Stokes Equations (RANS and others)
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Kozelkov A.S., Kurkin A.A., Pelinovskii E.N. Effect of the angle of water entry of a body
on the generated wave heights. Fluid Dynamics, 2016, vol. 51, 288-298.



Landslide Solid Block Model

sea surface
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Simplified Model of Tsunami Generation by Submarine Landslides
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Analytical solutions for forced long waves
on a sloping beach
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Savage-Hutter model of
granular flow (uniform on depth)
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Savage-Hutter model for avalanche dynamics in inclined channels:
Analytical solutions

Narcisse }Lﬂhihn:] Efim Pclinnvsky=]’* Tatiana ’l'ﬂlipme'a:]" and Irina Nikolkina'"
Feceived 3 April 2009; revised 17 November 2009, accepted 10 December 200%; published 2 March 2010.

[1] The Savage-Hutter model is applied to describe gravity driven shallow water flows in
inclined channels of parabolic-like shapes modeling avalanches moving in mountain
valleys or landslide motions in underwater canyons. The Coulomb (sliding) friction term
is included in the model. Several analytical solutions describing the nonlinear dynamics of
avalanches are obtained: the nonlinear deformed (Riemann) wave, the dam break problem,
self-similar solutions and others. Some of them extend the known solution for an
inclined plate {one-dimensional geometry). The cross-section shape of the inclined
channels significantly influences the speed of avalanche propagation and characteristic
time of dynamical processes. Obtained analytical solutions can be used to test numerical
models and to give insights into the structure of avalanche flow and to highlight basic
mechanisms of avalanche dynamics.
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Dam Break Problem
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2D Self-similar solutions (parabolic cap)

A

hy(t)
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(1) ~ L7 ~ 7T,

m — shape coefficient in cross-section




Landslide with parabolic profile of flow
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The Coupling of A Submarine Slide and The Surface
Waves Which It Generates

L.JIANG AND P.H. LEBLOND



Forced Wave Equation  ¢=+vgh(x)
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“Non-Reflected” Beach
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Duhamel Integral
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Soliton interaction with external forcing within the
Korteweg—de Vries equation

Andrei Ermakov. and Yury Stepanyants

Chaos 29, 013117 (2019); doi: 10.1063/1.5063561
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Two —layer model of landslide tsunamis
i {Mf L0 [/l/ll/\/ljJrng . ot MM+ N =0

ot oxl O | oyl b ox " 20"
oM |, 0 N Lo (MM op O g My M2+ N =0
ot o\ O ) ox b oy 2p]® T
a(ﬂ1—02)+5M1+5/\4:0

ot ox oy

ony . oM, o, B 52”2 @Zﬂz 0
ot  ox oy 0y

oM, o(MS) o(M,N 0 0
2 4 [ 2j+ ( 22j+gD2[ma)((n1+h1_nz)+8x(n ] 7/3M\/M

ot ox| D,

ON, O6(NS°) o(M.,N 0 0 m
2+ ( 2}"‘ [ : Zj*‘gDz{glay(nl"'h n2)+a_y(n2 hl):| 2?:)72/3N\/M +N, " =0,
2




Potential landslide tsunami in Nile Delta
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Navier-Stokes Model
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netht Spanish Point

Tar River Valley

White River Valley

Discovered in 1493 by Ch. Coulomb, first people from 1632

Population: before 1995 - 12,000, now — 4,400
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- Pyroclastic Flow
- 12-13 July 2003
Tar River Valley




Tsunami Traces

4 m high,
100-200 m inland




Computations and comparison with:

Tunami — shallow water
Geowave — Boussinesq
Logos — Navier Stokes




Distribution Functions of Tsunamis
(statistical reliability)
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Distribution functions of tsunamis 1992—-2000
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Short-term prediction —the Operation Warning System
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Tsunami was predicted by NOAA on-line within
the framework of shallow water theory (MOST).
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Chile Tsunami, September 16, 2015 @
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probability

_ong-term tsunami forecasting

Probability (Poisson distribution)

P=1-exp(-vt)

- Historic data analysis
- Numerical modeling
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Tsunami Hazard Assessment
on the Egyptian Coast of the Mediterranean
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Nuclear Plant in Egypt will be created by Russia

The probabilistic estimates obtained in [32] were
based only on tsunamis of seismic origin, taking into
account the large amount of data on possible earth-
quakes. The catalog of earthquakes over the past
1000 years for the Mediterranean Sea can be found in
| 33]. This catalog was used in [32] to create a synthetic
catalog of potential tsunamigenic earthquakes for the
next 100000 years. It retains the same distribution of
magnitudes and focal mechanisms as in the catalogs of
real events. The synthetic catalog contains almost

85000 earthquakes with a magnitude of M > 6.5 for

100000 years. The spatial distribution of earthquakes
over 10000 years |32] demonstrates that the tsunami
sources completely cover the Aegean Sea, and many of
them are located close to Egypt.

Abstract—Tsunami forecast possibilities for areas with a small base of historical tsunamis have been discussed
using the Probabilistic Tsunami Hazard Assessment (PTHA) method, which is based on a statistical analysis
of a sufficiently large number of real and predictive earthquakes with a subsequent calculation of possible tsu-
nami waves. This method has been used for a long-term tsunami hazard assessment on the Mediterranean
coast of Egypt. The predicted wave heights have been shown to vary along the coastline due to the inhomo-
geneity of the coastal topography and specific features of the tsunami radiation pattern in the sea. The pre-

dicted wave heights for 1000 years vary in the range between 0.8 and 3.4 m.



The new directions in the numerical modeling
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Dam in Kamaishi, Japan
Tsunami 2011
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for a flow depth h

Probability of having or exceding a damage level "Di"

30

20

10

Nat. Hazards Earth Syst. Sci., 11, 2835-2846, 2011
www.nat-hazards-earth-syst-sci.net/11/2835/2011/
doi:10.5194/nhess-11-2835-2011

© Author(s) 2011. CC Attribution 3.0 License.

5

AL Natural Hazards
and Earth
System Sciences

New tsunami damage functions developed in the framework of
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Field recognition . . . . . .
. gn Field view Aerial view Recognition criteria by EO
criteria
Beach or sea front light Flat roof, steel sheets Small to very
A constructions: small surfaces. Extended surfaces in
Wooden, timber, clay case of beach activities (restaurants,
materials, or zinc slabs. bars)
Brick not reinforced i Simple geometry (square, rectangle).
B Cement mortar wall, . Flat or slope roofs, tile roofs. Lattle
Fieldstone, Masonry. One extension or surface. Located in the
storey. old town.
B; Individual buildings, villas: . More complex geometry. Several
D3 c Brick with reinforced levels of roof and several annex.
- gg - column & masonry filling. Pitched roof. Medium to big
+ sample data D1 One or two storeys. dimensions.
L. ¥ sampledataD2 | |
. sample data D3
* sample data D4
sample data D35 ) .
- : 7 Non-ingeneered reinforced .
concrete buildings Tiles roofs.
L i RO ) i i i I I D | collective use. Two to four Located in old town. Elongated
1 2 3 4 5 6 7 8 9 10 a geometry.
Flow depth h (m) 00rs
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MHHHCTEPCTRG CTPONTEIRCTEA
HAHAH M HO- KOV MY HATI B O XOSRECTEA
POCCHAC KA RELEPALIMK

CBOA MrABHN EJ'I..-; 3 J<1323800.2017

3JIAHUA M COOPYKEHHS B
LIYHAMHOIIACHBIX PAHOHAX.
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MuBHCTEPCTBO CTPORTEIBCTEA
H EHIHITHO-KOMMYHAIBHOT0 T03AicTEa
Poccmitckoil Pegepannn

PegepaabHoe ABTOHOMHOE YIPEETEHHE
wPegepaabHbIi HEHTP HOPMHPOBAHHESA, CTAHIAPTH3IALHE
H OI€HKH COOTBETCTBHA B CTPOHTEIBCTEER

M eToaHuecK0E MocobHE

IMPOEKTHPOBAHHE 3TAHHHA H COOPYKEHHH

B IIVHAMHOIIACHBIX PAHOHAX

Mockea 2018
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Risk mitigation:
1. Evacuation plan

(each house and telephone)

2. Education (books)
3. Training

4. Reserve (food)

5. Communications




[ NnaBHeuLWLMe 3aaauUn:

1. OTKyAa B3fiTb pacyeTHoe 3eMrieTpsiceHme, onosi3eHb, ByriKaH, actepoua,?

2. Kak onepaTtnBHO npeackasatb MCTOYHUKU ONTMXKHMUX LYyHaMKU?

3. TouyHble Mmoagenu (chusuka, MexaHuka) nunum napametTpusauma?

4. O6pyweHne — HeoOpyLeHne, MHorodasHble NOTOKN Ha bepery

5. Ponb HENMPOHHbIX ceTen — «yobuBLeB» YpaBHEHUN

6. AdpekTbl BONH-yoOMNL, B LyHaMmn U npeacKkasaHue ocobeHHoOCTeu AHa
7. CounmanbHOe noBegeHMe B NPUpPOAHLIX KaTacTpodax

8. Bo3aoeucrBue Ha 3KONorvo U Knumart

HenuHeuHass pu3uka - nyHkmbiI 1, 3, 4, 6
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