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このサブ課題の概要
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調査

検証モデル

• 先⾏研究／調査
• 事故事例
• 対応策

• モデルの合理性
• 対応策の有効性
• シミュレーション

• 氷ー油の形態
• ⽔ー氷ー油での油拡散
• ⼊⼒データ整備

氷海域における
油流出問題

© NMRI

© BP America

他のArCS II課題との連携

模型実験の活⽤
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氷中油流出対応の困難さ

AMAP, 1998

氷と油の混合形態には様々あり、回収など対応の困難さに繋がっている。
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1. どの様な資機材や回収⽅法があるか？ また、その実効性は？
2. 拡散・⾵化を予測する場合の合理的なモデルとは？
3. 最終的なリスクは？ また、有効な備えとは？

Questions
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このサブ課題の概要

• Arctic Councilは、防災に関するWGにおいて北極海における油流出対処法の実効性
解析を⾏い、2017年に報告書を公表した。現場でとり得る対処法は、海氷含め、
気象・海象等の環境要因によって異なると考えられる。本報告書では、Arctic 
Marine Assessment Programme（AMAP）を参照しながら10年間の環境データに基づ
く解析を⾏い、様々な対処法を海域別に評価している。

• この課題では、北極海航路の商業利⽤との関連性の観点から本レポートをレ
ビューし、さらに蓋然性を⾼める拡張を検討する。また、ArCS IIでの成果として期
待される⾼精度な環境データや流出油の漂流予測計算によって、本報告書におけ
る評価の精度や価値を向上させる可能性について検討する。
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分野 計画 内容
モデル 油流出現象への影響を考慮した、海氷

運動モデルの整備及びデータ取得。
東⼤モデルを整備し実⾏環境
を整えた。現在、コード最適
化中。

調査 油流出範囲に関する先⾏研究の調査と
ArCS研究との⽐較検討により、シー
ズ・ニーズ・マトリクスの作成。特に
pack ice環境下での知⾒の積み上げ。

ACのEEPRによるCircumpolar Oil 
Spill Response Viability Analysis
の報告書をベースに調査した。

検証 既存の氷中油回収⼿段のレビューと改
善点の検討。
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タンカー起源の油流出事故
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Tanker Spills versus Seaborne Oil Trade 

Figure 9: Decline in number of tanker spills vs growth in crude and other tanker trade loaded 1970-2019 
(UNCTADstat information not yet available for 2020)

International seaborne oil trade has grown steadily 
since the 1970s, except for a fall in the early 1980s 

during the worldwide economic recession (Figure 9). 
The effect of Covid-19 is also unclear at this stage. 

Conversely, the frequency of oil spills has continued to 
decline despite an overall increase in oil trading over 
the period. Presently, over 99.99% of oil transported by 
sea arrives safely at its destination.

Figure 8: Quantities of oil spilt 7 tonnes and over (rounded to nearest thousand), 1970-2020

流通量の増加に対し、漏出量は減少している。
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Tanker Spills versus Seaborne Oil Trade 

Figure 9: Decline in number of tanker spills vs growth in crude and other tanker trade loaded 1970-2019 
(UNCTADstat information not yet available for 2020)

International seaborne oil trade has grown steadily 
since the 1970s, except for a fall in the early 1980s 

during the worldwide economic recession (Figure 9). 
The effect of Covid-19 is also unclear at this stage. 

Conversely, the frequency of oil spills has continued to 
decline despite an overall increase in oil trading over 
the period. Presently, over 99.99% of oil transported by 
sea arrives safely at its destination.

Figure 8: Quantities of oil spilt 7 tonnes and over (rounded to nearest thousand), 1970-2020

事故によって流出量が⼤きく異なる。
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タンカー起源の油流出事故
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Over the past half a century, statistics for the 
frequency of spills greater than 7 tonnes from 

tankers have shown a marked downward trend. As 
illustrated in Figure 2 below, the average number of 

Global Oil Spill Trend

Figure 2: Number of medium and large spills (>7 tonnes) from 1970-2020

Figure 3: Map of spills (>7 tonnes) from 1970-2020 (All rights reserved © ITOPF)

spills per year in the 1970s was about 79 and decreased 
by over 90 percent to 6 in the 2010s. In the year 2020, 
the number of oil spills recorded was less than the 
annual average recorded for the previous decade.

● 7-700 Tonnes
● Over 700 Tonnes

ここ30年では北極圏ではほとんど⾒られていない。
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2019年の北極海における通航

©NMRI ©NMRI

Data Source: Satellite AIS Provided by exactEarth/IJS

March September

Blue: Passenger Ship Choco: Bulk Carrier
Green: Container Ship Pink: Oil/Chemical Tanker
Grey: General Cargo Ship Black: Others

夏場の海氷減少により、タンカーを含め通航が活発化している。
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Report by EPPR for Emergency 2017

EPPR : Emergency Preparedness, Prevention and Response (WG) 

Published by ArcBc Council

Co-led by Norway / US / Denmark

ISBN 978-82-93600-04-6 (print)
ISBN 978-82-93600-05-3 (digital, PDF) 
©Arctic Council Secretariat, 2017 
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Report by EPPR for Emergency 2017

⽬的 : 北極でどのような対応がとられているか、またその稼働限界について、
気象海象データによるハインドキャストで分析する。
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CIRCUMPOLAR OIL SPILL RESPONSE VIABILITY ANALYSIS

18

Figure 3-2. Locations selected for location-specific analysis

解析対象エリア – AMAP Study Area

Geospatial analysis
- Considering operational limits
- Red/Yellow/Green indication
Response Viability Index
- Mapping for each system
- Scoring and averaged monthly
Location-specific analysis
- 29,443 cells and 11 sites
- Cycle graphics
Sensitivity analysis
- Metocean dataset
- Except ice data
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対応システムの分析
CIRCUMPOLAR OIL SPILL RESPONSE VIABILITY ANALYSIS

B-2

Example Cycle Graphic

!is appendix shows annual cycle graphics for each system studied at each of the 11 locations.  
Each one represents the percentage of time from 0-100% that conditions were favourable, 

marginal, or not favourable (as represented by the colors in the legend) based on the 
combined metocean conditions. Each bar represents the conditions for  one week aggregated 
from the 10 years in the dataset. In the example shown, the week with the highest proportion 

of combined green and yellow (not red) conditions occured during a week in September, 
when conditions were green about 55% of othe time, and yellow another 40%, totaling green/

yellow conditions more than 95% of the time (and red just under 5% of the time).

EXAMPLE CYCLE GRAPHIC

all conditions green
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CIRCUMPOLAR OIL SPILL RESPONSE VIABILITY ANALYSIS
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March 2017

A final list of 10 systems and associated limits was refined following further expert 
input in May 2016, and approved by EPPR project co-leads prior to implementation of 
the analysis. For each system, response limits were identified to describe the range of 
conditions that would be favourable, marginal, or not favourable for that system.  The 
limits are defined in three categories to represent the fact that response will not go from 
favourable to not favourable at an exact point, but will instead degrade more gradually. 

The three categories are assigned colors, as described in Table 3-2.

Table 3-2. Response viability categories 

Category Description

Green Generally favourable conditions in which the tactic could be expected to be deployed safely and operate 
as intended.

Yellow Conditions are marginal, such that the tactic could be deployed but operations may be challenged or 
compromised.

Red Conditions are not favourable, so the tactic would typically not be used due to the impact of metocean 
conditions on safety or equipment function.

Where possible, response limits used in the analysis were defined based on published 
literature on the components specified in the system. However, setting response limits 
for a particular system is ultimately a subjective combination of best professional 
judgment, real-world experience, response tactics guides developed by industry or 
government agencies, government guidance or policies, and published results of 
studies or observations. Regulatory limits may also come into play (as for aircraft). Limits 
drawn from the literature may be based on meso-scale or full-scale field trials rather 
than actual responses or exercises when that provides the best or only documentation 
available. 

As noted, for the purpose of the analysis the limits are expressed for each of the metocean 
parameters in the dataset. There may be conditions not included in the dataset that will 
impact a response, however: these could be other metocean conditions such as current 
or icebergs, or the infinite range of other factors that will determine the decision to 
deploy a response (weather forecasts, availability of resources, responder availability 
and qualifications, necessary support logistics, accurate information regarding slick 
location and movement, etc.) Additionally, not all parameters apply to all systems.

3.2 ANALYSIS 
Once the metocean dataset, response systems, and corresponding operational limits 
are established, the analysis can be implemented. The analysis is implemented for each 
grid cell in the metocean dataset using a custom code. The analysis was first conducted 
for each timestep in each grid cell in the study area.4 A subsequent analysis of 11 
individual grid cells provided a more in-depth analysis of those points.

May 2016.
4 10 years x 365 days x 4 timesteps = total 14,600 timesteps per grid cell x 29,443 grid cells = 

429,867,800 calculated timesteps in total for each response system. 
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分析におけるインプットとアウトプット
CIRCUMPOLAR OIL SPILL RESPONSE VIABILITY ANALYSIS
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3.1 ESTABLISHING INPUTS: METOCEAN DATA AND 
OPERATIONAL LIMITS

The primary inputs to the analysis are the metocean data and operational limits for the 
systems studied.

3.1.1 Metocean data

A metocean dataset was built for this project based on input received from experts and 
subsequent research of available data sources (described in Section 4). At the 2015 
workshop, participants agreed that the response viability analysis should focus on the 
marine areas within the AMAP boundaries as was shown in Figure 1-1. 

The following metocean conditions were identified as being important to the analysis: 
wind, waves (sea state), sea ice, air and sea temperature, and visibility. These factors 
translated into the key parameters used for the analysis, as shown in Table 3-1.

Table 3-1. Metocean conditions and parameters for response viability analysis

Metocean Conditions Parameters Potentially Impacting Oil Spill Response
Wind Wind speed (m/s)

Sea state (waves)
Significant wave height (m)
Average wave period (s)

Sea ice Ice coverage (%)

Air and sea temperature
Air temperature (°C)
Superstructure icing (cm/hr)* 
Wind chill (w/m2)

Visibility
Daylight/darkness
Horizontal visibility (m)
Cloud ceiling (m)**

* included for vessels, not aircraft 
** not included in quantitative analysis due to lack of data

The metocean data are combined in a geospatial dataset based on 25-km x 25-km 
grid cells. For each metocean parameter, conditions are compiled for every grid cell 
in 6-hour timesteps over a 10-year period. Section 4 describes the criteria used in 
researching and selecting metocean data sources, as well as the datasets acquired and 
the way they were processed for use in the response viability analysis.

3.1.2 Response systems and operating limits

Within the general approaches of mechanical recovery, dispersants, and in-situ burning, 
actual systems vary throughout the study area. To limit the number of systems analyzed, 
experts at the Copenhagen workshop in October 2015 suggested that the analysis 
focus on a set of “baseline” systems representative of existing, proven versions of the 
“best” systems that might be used in Arctic conditions for each of the three response 
strategies.3 
3 The one exception to this is the in-situ burning tactic that includes the application of chemical herders 

(used to help thicken the slick when containment boom cannot be deployed and the ice is not 
sufficient to provide adequate containment). This tactic can be considered in development, and was 
added with input from experts following the vetting of system descriptions and corresponding limits in 
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使⽤データセット
CIRCUMPOLAR OIL SPILL RESPONSE VIABILITY ANALYSIS
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4.4 SUMMARY OF PARAMETERS AND DATA SOURCES
Table 4-2 summarizes the parameters used in the response viability analysis and sources 
for each.

Table 4-2. Parameters and data sources used in viability analysis

SOURCE PARAMETER UNIT SPACE  
RESOLUTION

TIME  
RESOLUTION TYPE OF DATA

MET Norway 
(ERA-Interim)

Wind speed at 10 
meters above sea 
surface

m/s
Approximately 
0.5 ° x 0.5 ° 
(ERA Interim)

Interpolated 
to:

25 km x 25 km

Every 6 hours 
10 years of data   
(2006-2015)

Modelled/ hindcast

Significant wave 
height m

Air temperature at 
2 meters above sea 
surface

˚C

Water temperature at 
sea surface ˚C

(There is no wave data when the ice concentration > 30 %)
MET Norway Horizontal visibility m 25 x 25 km Every 6 hours Calculated based on air 

temperature and dew 
point temperature

NSIDC Ice concentration % 25 x 25 km Daily  
10 years of data 
(2006 – 2015)

Satellite Imagery 
Processed by DNV GL

DNV GL Daylight (including civil 
twilight) and darkness

Yes/no 25 x 25 km Every 6 hours Calculated based on 
position as described in 
Section 4.3.2

DNV GL Structural icing cm/hr 25 x 25 km Every 6 hours Calculated based 
on wind speed, air 
temperature, and 
water temperature as 
described 4.3.3

DNV GL Wind chill ˚C 25 x 25 km Every 6 hours Calculated based 
on wind speed and 
air temperature as 
described 4.3.4

⼿法的に予測が不
可能

解像度の改善余地
がある

実効性や効率を⾮
考慮
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ArCS II全体で改善が可能
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COSRVAをより実効的に実施するには

1. 気象海象データの⾼解像度化
ü 25 x 25 kmのメッシュをさらに微細化し、局所的な解像度を上げる。

2. 予測計算を可能にすること
ü 気象海象及び油変動の予測計算⼿法を適⽤する。

3. より広範な油回収システムの分析
ü 参考例：“ArcRc Oil Spill Response Technology Joint Industry Programme.”

4. 評価関数の定式化やパラメータを改善
ü ⽔槽実験や数値モデルによってブラックボックスの中⾝を定量化する。

5. 対応資機材ごとの実効性や効率を検証
ü より実⽤的な評価軸を付与する。
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Action Plan 2021-

© NMRI

© NMRI

AC’s EPPR Method

ArCS II

ArcRc Response 
Technology JIP

Dataset

Formulae / Parameters

Response Systems

© UT/TUT System SelecRon

ESI

Hazard Map

Deploying

Accurate real-time / predict data

Numerical simulation
Validation test

State-of-the-art concept OperaRon

GOALS

ご清聴ありがとうございました。
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