-~

XXXVIII Simposio Nacional
de Prevencion de Desastres

~




%\ UNIVERSIDAD | VICERRECTORADO
;| MACIONAL DE | DE ,
/ INGENIERIA | INVESTIGACION

DIHIDRONAV

DIRECCIGN DE HIDROGRAFIA Y NAVEGACION

Lima, 26 de mayo de 2026



al Sistema de Alerta Temprana ante Tsunamis




El nivel de alerta se
activa para todo el
litoral peruano

INSTITUCIONES DEL SNAT* . )
Informacion del sismo:
Componente - Latitud
sismico (IGP) - Longitud
- Magnitud

t,; =4 min

Informacion del tsunami:
Componente

oceanografico
(DIHIDRONAV)

- Nivel de alerta
- Tiempo de arribo

- Altura de tsunami

________________________________________________

(1) No es factible realizar simulaciones de tsunamis en
tiempo real que brinden: T, + H (4 min)

t, =8 min

Toma de medidas:

tsunami

[ 1

Componente de L Evacuacion | (2) Los niveles de alerta estan en funcion de la i
atencion al riesgo - COEN, i magnitud (M,,), ubicacion y profundidad del sismo
(INDECI) - Boletin informativo 1 (3) No se emiten niveles de alerta diferenciados para E

- : cada unidad administrativa del litoral !

e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e = =

*Direccion de Hidrografia y Navegacion (2013). Tsunamis en Pert (1° ed.). Marina de Guerra del Peru.
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ante tsunami con el modelo TUNAMI-N2
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TEORIA DE AGUAS oy onr oy | Gonsmvedt
SOMERAS* ot tay 250 T ge masa

M M? MN ' 2
J +2( )+2( ) zng@f 97: “M+/M2+ N2 (251) ,
ot o0z \ D) oy\ D Ox  DTff | Conservacion de

ON 0 (MN o (N2 on  gn? momento
- — [ — )| =—-gD—L — L _N+/M24+ N2 2.52
ot + Ox ( D ) * dy ( D ) J oy D7/3 + &5

Método de diferencia central Esquema de salto de rana escalonado

At At
k+1 e k+1/2 k+1/2 k+1/2 k+1/2
— U@j =M+ Az (Mi+1/2,j - -Mi—l/z,j) + A—y (Ni,j+l/2 N Ni,j—l/Q) (3.42)

D=h+n > 0 :Grillasumergida

< 0 :@Grillaseca

*S. Koshimura (2013). TUNAMI-CODE Tohoku Unviersity’s Numerical Analysis Model for Investigation of Tsunami.
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Sistema de grillas anidadas

1

Modelo TUNAMI-N2"

Grilla 4
(Eq. 2.51)
(Eq. 2.52) Grilla 3
- -
Grilla 2
(Eq. 2.50)
Grilla 1 1
Condicion de Courant-Friedrichs-Lewy (CFL) Condicion de frontera abierta
Ax U
At < Fr = + |_|

29 himax B \/ﬁ

*S. Koshimura (2013). TUNAMI-CODE Tohoku Unviersity’s Numerical Analysis Model for Investigation of Tsunami.
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ESCENARIO SISMICO DEFORMACION INICIAL
Sismo histdrico de 1746 (Jimenez et al., 2013). Modelo de dislocacion rectangular (Okada, 1985).
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10°5

12°5+

14°5

DEFORMACION INICIAL SIMULACION DE TSUNAMI
Modelo de dislocacion rectangular (Okada, 1985). Costa Verde.
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con paralelizacion de procesos en GPUs




COMPUTACION PARALELA

Copiade Nodo Nucleo
datos . -]
ala GPU i
memoria < , PU: Unidad de
> | Nucleo procesamiento
Copiade
datos L.
de la GPU Registro
nucleos Memoria Memoria

compartida, SIMD

GPU

CPU
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SIMULACION DE TSUNAMI EN LA ZONA CENTRAL DEL PERU*

Zona de estudio*: Escenario probable Escenario historico
Ica, Lima, Callao y Ancash (8.95M,,) (9.0 M)

Dislocacion (m)
Dislocacion (m)

Elevacion

[ Areade estudio

*F. Garcia et al. (2025). Parallel Computing Approach for Rapid Estimation of Tsunami Hazard and Population Exposure in Peru. Journal of Disaster Research, 20(6), 912—921.
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PARALELISMO DE MEMORIA DISTRIBUIDA (MPI)*

Zona de estudio:
Ica, Lima, Callao y Ancash

Regiones superpuestas

N
7

N particiones

Elevacion

Env/Rec a/de Sec. 3

[ Areade estudio Env/Rec a/de Sec. 1

*F. Garcia et al. (2025). Parallel Computing Approach for Rapid Estimation of Tsunami Hazard and Population Exposure in Peru. Journal of Disaster Research, 20(6), 912—921.
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COMPUTACION ACELERADA POR GPUs CON OPENACC

JJ columnas /include “mpif.h” I

A
v

4 open(1,file="/fault.txt’, action="read’)

data copyin(...) copyout(Z)
DON=1, NP

parallel loop present(Z)
DOI=1,1l
DOJ=1,))

Il filas Z(1,J) = Z(1,J) + UZST + UZDP

END DO
END DO
end parallel loop
END DO
end data

v \open(z,ﬂle= .Jdeforms_#rank.txt’, action="write )
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COMPUTACION ACELERADA POR GPUs CON OPENACC

JJ columnas

A
v

Il filas
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AREAS DE INUNDACION (escenario probable 8.95 M )*

Regidn Ica Region Lima y Callao Regidn Ancash

Profundidad de inundacion (m)

*F. Garcia et al. (2025). Parallel Computing Approach for Rapid Estimation of Tsunami Hazard and Population Exposure in Peru. Journal of Disaster Research, 20(6), 912—921.
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AREAS DE INUNDACION (escenario histérico 9.0 M )*
Regidn Ica Regidn Lima y Callao Regidn Ancash

Profundidad de inundacion (m)

*F. Garcia et al. (2025). Parallel Computing Approach for Rapid Estimation of Tsunami Hazard and Population Exposure in Peru. Journal of Disaster Research, 20(6), 912—921.
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de prondstico ante tsunamis




METODOLOGIA*

FLUJO DE

TRABAJO f

(f'“ultimosismo.igp.gob.pej)—>[ A_RequestEQ.py ]-1-\

v

/ /
/ EQ_Params.txt /

Nivel Altura (m) | Simbolo
Alarma 3<h
Alerta 1<h<3
Precaucion 0.2<h<1 [B_Preprocess.py]

AN

« Fecha y hora local
« Latitud y longitud
» Profundidad

* Magnitud (M)

[ =

Censo
2025

6nfraest.

¥ ¥ v

L] L

) ) )]
{

a
/ 1_fault.txt |
L A . v

/ 2_position.txtfﬁ" / 3_ascii.bin ff" / 4_mareo.txt/ | 5_coast.txt

|lill
y,

T F

) i ¥

*C. Davila et al. (2026). Automated Tsunami Hazard and Exposure Reporting Using Numerical Simulations and WebGlIS Visualization. Environmental and Earth Sciences Proceedings, 41(1), 6.
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f ) ; 3
f Okada1d.exej.-f—b[C_RunTsunami.py]*'—l,ffTunami‘ld.exejf
L. .

f (] v
r ) s

/ inund.bin |
L A

| atime.bin
A

/ * i
/ coast.bin |
L { J

[D_Postprocess.py]

X

¥ Y Y L] Y
[ e )/ ) [ ) [ )
/ inund.tif / / atime.shp/ [ coast.shp// EQ.shp //hazard.csv/
{ J . A J L . J J

E_Exposure.py
s ) [
|/ expo.csv | F_Report.py ]
\

': )]

{f c‘\smid.uni.edu‘pe:‘tsunami_report).f
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REPORTE WEB AUTOMATIZADO*

o

*C. Davila et al. (2026). Automated Tsunami Hazard and Exposure Reporting Using Numerical Simulations and WebGIS Visualization. Environmental and Earth Sciences Proceedings, 41(1), 6.
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Absiract

Peru faces a significant tsunami hazard due to its location along the Pacific Ring of Fire. Historical megathrust
earthguakes and their resulting tsunamis have caused severe damage, highlighting the need for improved warning
systems. This study investigates potential tsunami impacts along the central Peruvian coast—including the regions of
Ica, Callao, Lima, and Ancash—using numerical simulations. To enable rapid and efficient simulations, we dewveloped
Siave—CPU, a parallelized version of the TUNAMI-NZ model created at Tohoku University, Using 90-m-resolution
topographic and bathymetric data in combination with census data, we assessed population exposure under two
seismic scenarios: a plausible event based on interseismic coupling and a historical scenario simulating the 1746
tsunami. Under the historical scenario, the exposed population was estimated at 320,128, with the highest
concentrations in Gallao and Lima. Mumerical simulations of four hours of tsunami propagation and inundation were
conducted using our parallelized implementation, reducing computation time to 68 minutes—a 28 3—fold speedup
compared to the conventional model. The results demonstrate that tsunami inundation and population exposure in this
region can ke efficiently estimated using the proposed approach, providing a valuable contribution to tsunami hazard
assessment, management, and emergency pre paredness along Peru’ s central coast.
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Automated Tsunami Hazard and Exposure Reporting Using Numerical
Simulations and WebGIS Visualization 1
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3 Earthquake Research Institute, The University of Tokyo, Tokyo 113-0032, Japan
4 Direccion de Hidrografia y Navegacion, Jr. Roca 118, Callao 07021, Peru
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T Presented at the 1st International Online Conference on Marine Science and Engineering, 24-26 November
2025; Available online: https://sciforum.net/event/IOCMSE2025.

Environ. Earth Sci. Proc. 2026, 41(1), 6; https:/idoi.org/10.3390/eesp2026041006
Published: 18 May 2026

(This article belongs to the Proceedings of The 1st International Online Conference on Marine Science and
Engineering (I0CMSE 2025))

Abstract

The availability of tsunami hazard and exposure information is crucial to support effective emergency response in
coastal areas. This study presents an automated framework that integrates tsunami numerical simulation, geospatial
exposure analysis, and WebGIS-based visualization to generate standardized hazard and exposure reports for
decision support. Using a parallel implementation of the TUNAMI-N2 model, a 6-h tsunami simulation for the
Peruvian coast can be completed in ~45 min, with hazard and exposure reports automatically published on a
WebGIS platform within ~3 min. Application to the historical 1746 Lima tsunami demonstrates the system’s capability
to quantify hazard and exposure for operational decision-making

Keywords: tsunami hazard; tsunami exposure; numerical simulation; WebGIS; automated system
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