
Accepted Manuscript

Towards a scenario-based solution for extreme metocean event simulation
applying urgent computing

Anna V. Kalyuzhnaya, Denis Nasonov, Sergey V. Ivanov, Sergey
S. Kosukhin, Alexander V. Boukhanovsky

PII: S0167-739X(17)31108-1
DOI: http://dx.doi.org/10.1016/j.future.2017.05.049
Reference: FUTURE 3503

To appear in: Future Generation Computer Systems

Received date : 20 April 2016
Revised date : 11 April 2017
Accepted date : 28 May 2017

Please cite this article as: A.V. Kalyuzhnaya, D. Nasonov, S.V. Ivanov, S.S. Kosukhin, A.V.
Boukhanovsky, Towards a scenario-based solution for extreme metocean event simulation applying
urgent computing, Future Generation Computer Systems (2017),
http://dx.doi.org/10.1016/j.future.2017.05.049

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.future.2017.05.049


 

 

Towards a Scenario-based Solution for Extreme 

Metocean Event Simulation Applying Urgent 

Computing 

Anna V. Kalyuzhnaya1, Denis Nasonov1, Sergey V. Ivanov1, 

Sergey S. Kosukhin1,2 and Alexander V. Boukhanovsky1 

1ITMO University, St. Petersburg, Russian Federation 
2Max Planck Institute for Meteorology, Hamburg, Germany 

kalyuzhnaya.ann@gmail.com, denis.nasonov@gmail.com  

 

 

Abstract 

Today, metocean investigations, combined with forecasts and analysis of extreme events, 

require new design and development approaches because of their complexity. Extreme 

metocean events forecasting and prevention is an urgent computing task from decision-

making and  for reaction point of view. In this case, urgent computing scenario is an 

essential part that should be included in the hazard simulation and prevention system. 

However, existed urgent computing technological concepts does not perfectly fit all tasks 

in a frame of extreme metocean events simulation. Many of these tasks should be 

executed during the overall lifecycle of hazard prevention system that includes not only 

urgent scenario but research part, as well. In this paper, we decompose all tasks in three 

groups by most significant computational aspects (taking into consideration different 

criteria of data processing and high-performance contributions) and suggest a new 

solution that is adaptable for both research in normal (non-urgent) and urgent computing 

modes, where potential tasks can be structured in the form of scenarios. Suggested 

solution implements CLAVIRE platform core and extends its with advanced features 

(regarding simulation frequency, computational performance, and data-driven 

computing). As an example, in the metocean subject area, a complex application for 

Baltic Sea simulations is presented. The case studies describe three scenarios with 

proposed infrastructure features that are the most interesting for highlighting relevant 

problems of metocean simulations within the Baltic Sea. These features are: 

computational optimization possibilities for real-time forecast system calibration; data 

replacement capabilities within retrospective ensemble extreme values analysis; and hard 

deadline features within uncertainty analysis of an urgent scenario for complex floods. 
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1. Introduction 

Natural environment changes influence almost all spheres of human life (e.g., health, safety, 

business, technology development). As a consequence of excessive population dynamics and climate 

changes, humanity must live or work in regions with unfavorable natural conditions. As a precautionary 

measure, modern science and industry have to face these new challenges and develop methods and 

technologies to analyze and forecast potentially disruptive extreme events and related with them 

decision support process.  

Such a problem leads us to the necessity of developing a scenario-based solution that applies urgent 

computing to make it possible to increase the accuracy of extreme event prediction and hazard reaction 

efficiency in strictly limited time bounds. As a solution, we employ a set of domain-specific models, 

which are organized in user scenarios executed within an adapted computational infrastructure. We also 

highlight the problems within scientific tasks of metocean forecasting that demand new approaches to 

computational infrastructure design. 

However, critical systems for extreme metocean events prediction and prevention has to work not 

only in urgent mode (when disaster is very close) but also around the clock for making predictions of 

upcoming extreme events as early as possible. To ensure the safety and accuracy of calculations in a 

case of a disaster, a forecasting system should be maintained, tested, developed and adjusted in non-

urgent mode. As an example of such a system could be mentioned St. Petersburg Flood Barrier system 
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