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DISCLAIMER 

All of the material contained on the website and the material contained herein (”information”) are 
provided without warranty of any kind, whether express or implied, for information purposes only, and 
is not to be relied upon by any party. All implied warranties, including, without limitation, implied 
warranties of merchantability, fitness for a particular purpose, and non-infringement, are hereby 
expressly disclaimed. Links and references to any other websites are provided for information only and 
listing shall not be taken as endorsement of any kind. Nalcor Energy – Oil and Gas Inc. is not responsible 
for the content or reliability of the linked websites and does not endorse the content, products, services, 
or views expressed within them. 

Nalcor Energy – Oil and Gas Inc. accepts no liability for any action taken as a result of reliance of any 
party upon the information. The taking of any action upon reliance upon the information is expressly 
prohibited. Under no circumstances will Nalcor Energy – Oil and Gas Inc. be liable to any person or 
business entity for any damages or remedy of any kind whether direct, indirect, special, incidental, 
consequential, or other damages based on any use of the information or any others website which is 
linked, including, without limitation, any lost profits, business interruption, or loss of programs, or 
information, even if Nalcor Energy – Oil and Gas Inc. has been specifically advised of the possibility of 
such damages.  

The information is subject to copyright and shall not be distributed without the express written 
permission of Nalcor Energy – Oil and Gas Inc.  
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EXECUTIVE SUMMARY 

Offshore oil and gas exploration, development and operations as well as other marine activities are 
significantly affected by the environmental and climate conditions. With an accurate description of the 
operating environment, drilling rigs, ships, production platforms, and other marine structures can 
operate safely in these areas of interest. For offshore exploration and development, an environmental 
baseline is needed as well as extensive engineering data. These projects require vast multi-dimensional, 
geospatial, and long temporal data coverage with easy access by interested parties. 

In 2013, Nalcor announced the mapping of three newly defined sedimentary basins off the Labrador 
coast (the Henley, Chidley, and Holton Basins) as well as the extension of the previously defined Hawke 
Basin. This mapping was based on the regional 2D seismic surveys conducted by Nalcor, Petroleum Geo-
services (PGS) and TGS Geophysical in 2011 and 2012. These newly defined sedimentary basins are 
located primarily in deep water in the Labrador Sea, off the east coast of Newfoundland and Labrador, 
Canada. To date, there has been no regional study of the metocean conditions offshore Newfoundland 
and Labrador. As part of Nalcor’s exploration strategy, a metocean study would be considered a crucial 
piece of information in an area of frontier exploration. Nalcor commissioned C-CORE to provide the 
most comprehensive and accurate meteorological and oceanographic data set to characterize the 
metocean environment, covering topics such as winds, waves, currents, vessel icing, visibility (fog), pack 
ice, icebergs and ice islands, changes in conditions expected due to climatic change, and comparisons 
with other frontier regions. Various data sources were reviewed, evaluated, and verified for their 
suitability, coverage (spatial and temporal), accuracy and reliability. Only the most suitable data sets 
have been selected in this study. 

The study area extends from 45.5o N to 63o N latitude, and from 42o W to 65o W longitude, covering the 
entire Labrador Sea and Northern Grand Banks, Flemish Pass, and Flemish Cap areas. The study area is 
divided into 391 grid cells, mostly one degree longitude by half degree latitude blocks, with each cell 
covering an average area of 3,760 square kilometres. Data summaries for metocean parameters are 
available for each cell and for the region.  

There is a significant amount of data associated with each of the metocean parameters covered in this 
study. To facilitate the use of such vast data sets, Nalcor developed a web-based, interactive Database 
Management and Geographic Information System (DBM&GIS), called NESS (Nalcor Exploration Strategy 
System), which includes the above referenced metocean data as well as other geographic and 
geophysical information of the Newfoundland and Labrador offshore. The NESS program allows 
scientists, engineers, managers, and operators easy access to, and use of, the geospatial data for 
exploration, planning, design, production, and operations of offshore oil and gas resources with reduced 
risk and uncertainties. 

Detailed description of the metocean data sources, data process and analyses, and statistical summaries 
are provided Volume 1. This report (Volume 2) provides regional metocean climatological summaries 
and trends for the entire Nalcor study area, as well as comparisons with other frontier exploration 
regions of similar characteristics. More details and statistical summaries for each of the 391 cells are 
provided in separate cell reports. These reports are also available in NESS as PDF files, which can be 
viewed or downloaded from NESS as needed. 
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This report presents comprehensive metocean data that, to a large extent, will provide sufficient 
information to assess the associated risks for exploration and development of the sedimentary basins 
offshore Newfoundland and Labrador. 

Overall, metocean conditions in the region of the deepwater sedimentary basins in Labrador Sea are 
more favourable than the Grand Banks or Flemish Pass, with notably less extreme wind and wave 
events, as well as less fog. However, icing conditions are more severe, but this is primarily limited to the 
winter season and therefore will have limited influence on exploration activities.  

While the pack ice and iceberg regimes are challenging along the Labrador coast, conditions improve 
substantially further offshore in deeper water. An analysis of pack ice data over a 30-year period shows 
a decreasing pack ice presence, both in terms of time and concentration when present. Analysis of 
output from various climate models indicates that this process will continue. 

The regional characterization of iceberg frequency was challenging due to limited data, as most 
surveillance effort has been focused on and immediately north of the northeast Grand Banks in support 
of existing operations in the Jeanne d’Arc Basin. The characterization of icebergs was achieved through 
analysis of archived Envisat satellite data to characterize iceberg frequency in the deepwater basins. For 
the majority of the area covered by the deepwater basins, the iceberg frequency is similar to, or lower, 
than the Grand Banks. Similarly, pack ice presence in the deepwater basins is minimal. The 
quantification of sea ice and iceberg presence provided for these areas shows that the ice risk is 
significantly less than that off Greenland and near-shore Labrador.  

The degree of environmental harshness to marine offshore activities such as exploration, transportation, 
or operations, depends on several parameters, including geographic location and prevailing metocean 
conditions in these areas. A Harshness Index was developed in this study to provide a single parameter 
(or index) to be used as a benchmark that represents the degree of harshness or severity a location may 
pose on offshore users, and to assess the risk as well as to provide a comparison with other similar 
regions of interest to oil and gas industry. In comparison with other analogous regions, the Harshness 
Index in most of the Nalcor study area, particularly in Labrador Sea, is lower than those in East and West 
Greenland, Canadian Beaufort Sea, Chukchi Sea, and Kara Sea. 
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1 INTRODUCTION 

1.1 BACKGROUND 

Nalcor Energy - Oil and Gas Inc.  initiated and carried out this comprehensive metocean Study as part of 
its exploration strategy which accompanies subsurface mapping and studies of the sedimentary basins 
offshore Newfoundland and Labrador.  

To date there has been no comprehensive regional study of the metocean conditions offshore 
Newfoundland and Labrador, therefore this study was seen as a crucial piece of information in an area 
of frontier exploration.  

 An extensive metocean database has been developed in this study and presented in detail in Volume 1 
and 391 separate cell reports. This report, representing Volume 2 of the Main Study Report, provides an 
overall regional summary of the metocean conditions of all parameters considered in the Nalcor Study 
Area (i.e., wind, waves, current, visibility due to fog, vessel icing, sea ice, and icebergs and ice islands). It 
also addresses the influence of environmental changes (due to global warming) on these metocean 
conditions. Comparisons of metocean conditions for the study area to those in analogous areas that 
have undergone petroleum exploration are also presented in this report.  

A Harshness Index (HI) was also developed in this study to provide a benchmark that represents the 
degree of environmental harshness or severity for a given location may pose on offshore users or 
specific activities, and to assess the risk and provide comparison with other regions of interest. 

Special attention was paid regarding sea ice (pack ice) and iceberg climatology due to their importance 
in the evaluation of the risk to exploration or operation activities in the study area. Quantifying the 
metocean conditions and presence of iceberg and sea ice in the entire region would provide sufficient 
information to identifying the risks and reducing the uncertainties in environmental conditions during 
the exploration and early stages of offshore oil and gas development. 

1.2 STUDY SCOPE AND OBJECTIVES 

Nalcor Energy commissioned C-CORE to conduct this metocean study, with the objective to provide the 
most comprehensive and complete database using the most recent and accurate data sources covering 
the offshore areas of Labrador and Newfoundland East Coast. This report represents Volume 2 of the 
Metocean Study Report. It provides regional summaries of meteorological and physical oceanographic 
conditions in the study area, over the offshore sedimentary basins including Saglek, Henley, Chidley, 
Hopedale, Hawke, Holton, St. Anthony, Orphan, Jeanne d’Arc, and Flemish Pass (Figure 1-1). 

To facilitate the use of this vast data, Nalcor Energy developed a web-based, interactive Database and 
Geographic Information System, called NESS (Nalcor Exploration Strategy System), which includes the 
metocean data presented in this report, as well as other geographic and geophysical data of the 
sedimentary basins in the study area. 

The objectives of this study are to: 

 Characterize regional metocean conditions (winds, waves, currents, visibility,  vessel icing,  pack 
ice, icebergs and ice islands) in the specified area of interest, and study the influence of 
environmental changes on such conditions 
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 Compare these conditions to those in other analogous regions that have undergone petroleum 
exploration and/or development (i.e., East and West Greenland, North Sea, Barents Sea, 
Canadian Beaufort Sea, Chukchi Sea, Kara Sea, Caspian Sea, and Sakhalin Island as well as the 
Grand Banks and Orphan Basin). 

The overall goal of this study is to provide the most comprehensive, extensive and accurate metocean 
data set (both geospatial and temporal extent) that is easily accessible by all interested parties. 

1.3 STUDY AREA & DATA COVERAGE  

The Nalcor Study Area covers the sedimentary basins shown in Figure 1-1 as well as adjacent regions of 
interest and potential future supply bases. The Study Area extends from 45.50 N to 630N latitude and 
from 42oW to 65oW longitude, covering the entire Labrador Sea and Northern Grand Banks, Flemish 
Pass, and Flemish Cap. The study area was divided into 391 grid cells, mostly one degree longitude by 
half degree latitude blocks, as shown in Figure 1-2.  

The study area covers vast offshore areas with large variable geographical, geophysical, meteorological 
and oceanographic characteristics. It covers two main regions offshore Newfoundland and Labrador: 

1. The Labrador Sea, which can be divided into three distinctive areas with different geophysical 
and Metocean characteristics: 

 The Labrador Continental Shelf (from the coastline up to 200 m water depth) 

 The Labrador Shelf Slope (water depth from 200 m to 1000 m) 

 Deep water offshore (the Labrador Basin from 1000 m – 4000 m). 

The above areas include six sedimentary basins: Saglek, Hopedale, Chidley, Henley, Holton, and 
Hawke. 

2. The Newfoundland offshore areas: 

  Newfoundland shelf  and slope  (include St. Anthony  and  Orphan Basins) 

 The Grand Banks ( Jeanne d’Arc Basin including Hibernia, Terra Nova, White Rose, and 
Hebron fields) 

 Flemish Pass 

 Flemish Cap. 

As shown in the report, the metocean characteristics of these two regions are quite diversified. The 
following sections of this report provide a summary of the metocean conditions in the study area 
including sea ice and icebergs. 
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Figure 1-1 Sedimentary basins offshore Newfoundland and Labrador 
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Figure 1-2 The Nalcor Study Area with grid cells – North West Atlantic Ocean Map 

 

Vast data sources and data coverage of metocean parameters have been compiled and analyzed for the 
following parameters: wind, wave, current, vessel icing, visibility due to fog, sea ice (pack ice), icebergs 
and ice islands, regional summaries of these parameters are presented in the following sections of this 
report. 
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In order to describe the metocean conditions as related to the known sedimentary basins in the study 
area, a number of cells have been selected to represent each basin or area of interest as shown in Table 
1-1. The wind, waves, and current statistical summaries (mean, maximum, and 100-year extreme values) 
for the selected representative Cells are presented in Chapter 2, in relevant subsections for each 
parameter. 

Table 1-1 Representative Cells of Sedimentary Basins for relevant metocean data summaries 

BASIN NAME LOCATION CELL # Central Point (deg. 

Lat-Long)

WATER DEPTH 

Labrador Shelf 27 60.75N - 62.50W 250 m - 650 m

Labrador Shelf 35 60.25N - 62.50W 150 m - 300 m

Davis Strait/Labrador Sea 31 60.75N - 58.50W 2325 - 2725 m

Davis Strait/Labrador Basin 69 58.75N - 54.50W 3300 - 3400 m

Labrador Shelf Slope / Labrador Sea 110 56.75N - 57.50W 1300 - 2250 m

Labrador Shelf Slope & Labrador Basin 142 55.75N - 55.50W 1850 - 3000 m

Labrador Trough 139 55.75N - 58.50W 100 - 825 m

Hamilton Bank 185 54.25N - 45.50W 150 - 225 m

Labrador Basin (Deep Water) 175 54.75N - 50.50W 3150 - 3500

Labrador Basin (Deep Water) 202 53.75N - 49.50W 3375 - 3800 m

Shelf Slope & Labrador Basin 200 53.75N - 51.50W 1650 - 3150 m

Shelf Slope & Labrador Basin 235 52.25N - 50.50W 400 - 2875 m

Newfoundland Shelf Slope 300 49.75N - 48.50W 1950 - 2500 m

North Grand Banks slope 335 48.25N - 48.50W 250 - 2000 m

JEANNE D'ARC Hibernia-White Rose-Terra Nova 368 46.75N - 48.50W 75 - 125 M

Mizzen 337 48.25N - 46.50W 650 - 1150 m

Bay du Nord 349 47.75N - 46.50W 550 - 1200 m

North-East Flimish Cap 351 47.75N - 44.50W  95 - 515 m

South-West Flimish Pass 371 46.75N - 45.50W 150 - 300 m

ST. ANTHONY Newfoundland shelf 244 51.75N - 53.50W 250 - 450 m

ORPHAN

FLEMISH PASS

FLEMISH CAP

SAGLEK

HENLEY

CHIDLEY

HOPEDALE

HOLTON

HAWKE

 

1.4 BATHYMETRY 

The bathymetry data in Figure 1-3 was acquired from the General Bathymetric Chart of the Oceans 
(GEBCO). Detailed bathymetry and metocean conditions each grid cell is documented in separate Cell 
Reports.  
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Figure 1-3 Study area with grid cells and bathymetry 
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1.5 DATA SOURCES & COVERAGE 

Vast data sources and data coverage of metocean parameters have been compiled and analyzed as 
follows (see Volume 1 for detailed description of data used in this study): 

1. WINDS – MSC50 wind/wave model hindcast database (developed by Oceanweather Inc. (OWI) 
for Meteorological Services of Canada (MSC)). The MSC50 Data Coverage:  Jan 1, 1954 – Dec 31, 
2013. Resolution from 0.1x0.1 degree longitude-latitude (fine grid), to 0.5x0.5 degree (coarse 
grid); the 0.5 degree resolution was used in this study. Model hindcast data are given at one-
hour or three-hour intervals. The MSC50 database is the most comprehensive, long-term, 
widely-used model hindcast. It is based on Oceanweather Inc.’s third-generation (OWI 3G 
ODGP) spectral ocean wave model for the North Atlantic Ocean. It models the Canadian East 
Coast at significantly high resolution, and incorporates shallow-water physics and ice-pack in its 
3G model analysis. This approach increases the model accuracy and reduces the uncertainty in 
any climate or design data statistics produced from this hindcast database. The wind fields used 
in the model are based on careful re-analysis of three-hourly wind fields. The model results 
provide one-hour average wind speed and direction at 10 m above MSL at every model grid 
point.  

2. WAVES – Environment Canada MSC50 database described above. Data Coverage:  Jan 1, 1954 – 
Dec 31, 2013.  

3. CURRENTS – Fisheries and Oceans Canada, Bedford Institute of Oceanography (BIO), Canadian 
East Coast Ocean Model (CECOM). Data Coverage: January 2002 – August 2012. Model 
horizontal resolution is 0.10, with 21 levels (generalized sigma coordinate vertical grid).  In this 
study, the Model results are extracted at a pre-determined  depths of 2 m, 10 m, 20 m, 100 m, 
500 m, etc., with 30-minute resolution. 

4. VESSEL ICING – Based on C-CORE analysis using input data from: TOPAZ4 (sea surface salinity 
data); OSTIA (sea-surface temperature data) and ERA-Interim Re-analysis by ECMWF, ESA.  Data 
Coverage: 1985 to 2012.  

5. VISIBILITY (FOG) – NOAA NECP’s North American Regional Reanalysis (NARR) model and the 
Global Forecast System (GFS) model for parameters needed to calculate mass concentration. 
Data Coverage:  Jan 1979 – Dec 2013. 

6. SEA ICE (PACK ICE) – Ice Charts from Canadian Ice Service (CIS) and the U.S. National Ice Center 
(NIC). Data Coverage: Jan 1, 1984 – Dec 31, 2013. Weekly ice charts were used. Each Cell was 
divided into 5x5 grid squares. 

7. ICEBERGS & ICE ISLANDS – Iceberg data sources: (1) Canadian Ice Services (CIS) and 
International Ice Patrol (IIP) flight data – 1998 - 2014; and (2) Satellite Data from European 
Space Agency (ESA) Envisat: Jan 2003 – Aug 2012. Ice Islands Data Sources: C-CORE Archives 
(Tony King), PERD (2013), and IIP. 
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2 REGIONAL METOCEAN CLIMATE SUMMARIES 

Detailed description of data sources, model results, analysis, and statistics are presented in Volume 1 -
Main Report, and detailed statistical analysis results are presented in separate Cell Reports for the 391 
cells. These results (and reports) are also provided in the NESS GIS/DBMS web-based system. The intent 
of this section is to provide climatological summaries of the Metocean parameters for the entire study 
area, with emphasis on the Labrador Sea and northern Grand Banks & Flemish Pass offshore 
sedimentary basins. 

2.1 WIND CLIMATE 

The Environment Canada MSC50 Model Hindcast Database used here covers a 60-year period from 
January 1, 1954 to December 31, 2013. The three-hourly data on 0.5 degree resolution was used in this 
study. Wind speed and direction are provided as one hour averages in m/s at 10 m above MSL (mean 
sea level). The mean, maximum and 100-year return period extreme winds were determined on a 
monthly, seasonal (winter, spring, summer, fall) and annual basis to account for seasonal trends.  

To gain an understanding of how winds vary over the entire study region, a series of seasonal contour 
plots were generated for the study area grid. It includes the annual average, maximum, and extreme 
(10- and 100-year return periods) wind speed as shown in Volume 1 of this report. Figure 2-1 shows the 
regional plot of annual mean wind speed at all cells in the study area. Figure 2-2 represents the annual 
maximum wind speed for all cells, and Figure 2-3 shows the 100-year return period extremal analysis 
results for the study area. Please note the different scales used for each plot. 

The figures indicate that the maximum wind speed and 100-year extreme winds are strong over the 
Grand Banks and increase going out into the Flemish Pass, and are weaker closer to shore as well as 
further north onto the Labrador Shelf and in the deepwater sedimentary basins. As shown, winter 
represents the stormy season with high wind events followed by the fall season. The average wind 
speed over the 60-year hindcast period (1954-2013) within the Nalcor study area varied from 6.15 to 
10.5 m/s. The maximum wind speed in the study area varied from 24.3 to 36.4 m/s, with highest values 
found in the Flemish Cap / Flemish Pass and Northern Grand Banks areas, and Orphan/Hawke/Holton 
basins. The lower values of maximum wind speed are found in Saglek, Henley, Chidley, and Hopedale 
basins.  

Table 2-1 presents a summary of annual wind speed statistics (Mean, Max., 100-yr extreme value) for 
the selected representative cells of the various sedimentary basins. As shown, the highest wind speed 
values are found in the Flemish Cap, Flemish Pass, Jeanne d’Arc (Grand Banks), Orphan, and Hawke 
Basins, respectively. 
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Table 2-1 Summary of wind speed (WS) values at selected cells for the sedimentary basins        

BASIN NAME CELL # Mean Ws  

(Annual)  

(m/s)

Max Ws 

(Annual) 

(m/s)

100-year Ws 

(Annual)    

(m/s)

100-year Ws 

(high month) 

(m/s)

27 7.21 25.75 26.4 27.5 (Nov.)

35 7.28 26.82 29.9 27.5 (Dec.)

31 8.91 29.25 28.6 28.5 (Dec.)

69 9.90 29.85 31.2 34.7 (Feb.)

110 8.58 29.67 31.8 31.6 (Dec.)

142 9.07 30.15 32.2 32.1 (Dec.)

139 7.52 27.94 29.3 29.8 (Jan.)

185 8.03 29.39 31.1 34.2 (Jan.)

175 9.94 31.44 32.1 31.0 (Feb.)

202 10.10 32.68 31.4 30.5 (Jan.)

200 9.71 36.03 32.4 33.1 (Jan.)

235 9.54 35.57 31.9 31.2 (Jan.)

300 10.03 34.48 35.1 35.0 (Feb.)

335 9.50 35.14 32.8 32.4 (Feb.)

JEANNE D'ARC 368 9.17 32.41 32.5 31.0 (Dec.)

337 9.74 32.13 33.4 33.6 (Dec.)

349 9.57 31.93 31.1 33.3 (Dec.)

351 10.08 35.75 34.6 36.4 (Dec.)

371 9.60 32.88 32.7 34.7 (Dec.)

ST. ANTHONY 244 8.60 31.97 30.4 31.5 (Oct.)

Ws - wind speed (m/s) omni-direction at 10 m above MSL

Extreme Analysis 100 -year return value -"Annual" and "highest monthly" values could be different 

due to the different population used and different distribution fit

Note: the above values do not necessarily occur at the same time or date.  See details in Cell Reports.

ORPHAN

FLEMISH PASS

SAGLEK

HENLEY

CHIDLEY

HOPEDALE

HOLTON

HAWKE

FLEMISH CAP
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Figure 2-1 Regional Annual Mean Wind Speed (m/s) at all cells in the study area 
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Figure 2-2 Regional Annual Maximum Wind Speed (m/s) at all cells in the study area 
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Figure 2-3 Regional Annual 100-Year Extreme Wind Speed (m/s) at all cells in the study area 
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2.2 WAVE CLIMATE 

The regional annual plots for mean, maximum and 100 year return period extreme significant wave 
height are shown in Figure 2-4, Figure 2-5 and Figure 2-6, respectively (please note the different scales 
used). As shown, overall, the same regional trends are observed as with winds, with substantial highest 
significant wave height values on the Grand Banks increasing going out into the Flemish Pass and 
Flemish Cap, but overall decreasing closer to shore and going further north.  

Maximum significant wave height within the 60-year hindcast period was 15.5 m and 16.5 m on the 
Grand Banks and Flemish Cap, respectively. The estimated maximum 100-year return period significant 
wave height was found to be in the range of 17.0 to 18.0 m in the Flemish Pass/Flemish Cap area,  15.5 
to 16.5 m on the Grand Banks (Jean d’Arc), and 12 to 15 m offshore Labrador/Labrador Sea. A summary 
of significant wave height (Hs) statistics is shown in Table 2-2 for the representative cells of the 
sedimentary basins in the Nalcor study area. 

Table 2-2 Summary of significant wave height (Hs) values at selected cells 

BASIN NAME CELL #

Mean Hs 

(Annual)   

(m)

Max Hs   

(Annual)   

(m)

100-year Hs    

(Annual)       

(m)

100-year Hs 

(highest 

Month)  (m)

27 1.14 10.69 12.0 11.3 (Dec.)

35 1.08 10.13 11.9 11.4 (Dec.)

31 2.13 14.67 13.8 14.7 (Dec.)

69 2.85 15.93 14.3 15.1 (Feb)

110 2.14 13.08 13.5 13.9 (Feb.)

142 2.40 13.33 14.2 16.0 (Feb.)

139 1.39 11.25 12.8 13.1 (Dec.)

185 1.99 12.94 13.3 14.5 (Jan.)

175 3.09 14.48 15.3 15.4 (Feb.)

202 3.17 14.43 14.9 15.0 (Feb.)

200 2.88 13.68 14.4 14.4 (Feb)

235 2.93 13.85 14.1 15.7 (Frb.)

300 3.17 15.44 15.7 16.6 (Dec.)

335 3.03 14.90 15.3 16.1 (Feb.)

JEANNE D'ARC 368 2.97 15.20 15.6 16.1 (Feb.)

337 3.23 15.48 16.3 17.2 (Feb.)

349 3.18 15.50 16.2 17.0 (Jan.)

351 3.39 16.53 17.1 18.1 (Jan)

371 3.23 14.88 16.7 16.7 (Dec.)

ST. ANTHONY 244 2.21 12.64 13.6 14.7 (Jan.)

FLEMISH CAP

ORPHAN

FLEMISH PASS

SAGLEK

HENLEY

CHIDLEY

HOPEDALE

HOLTON

HAWKE

Note: The above values do not necessarily occur at the same time or date. Cells  may have lower values 
than expected during winter months. This is due to pack ice. Extreme analysis 100-year return value – 
Annual and Highest Monthly values could be different due to the different population and distribution fit 
used in the calculation. 
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Figure 2-4 Regional Annual Mean Significant Wave Height (m) at all cells in the study area 
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Figure 2-5 Regional Annual Maximum Significant Wave Height (m) at all cells in the study area 
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Figure 2-6 Regional Annual 100-year Extreme Significant Wave Height (m) at all cells in the study area 
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2.3 CURRENT REGIME 

2.3.1 General Current Circulation  

The Labrador Current is the dominant current in the study area (Figure 2-7). It is a cold current flowing 
from Arctic Ocean south along the coast of Labrador and passes around Newfoundland along the South 
Shore (through Avalon Channel) and around the Grand Banks of Newfoundland into the Flemish Pass. As 
shown in Figure 2-5, the Labrador Current is a continuation of the West Greenland Current and the 
Baffin Island Currents. It meets the much warmer Gulf Stream south/southeast of the Grand Banks, 
causing heavy fog. The Labrador Current also carries sea ice and icebergs in the Labrador Sea and south 
to the Grand Banks and through the Flemish Pass. The speed of the Labrador Current is the largest along 
the Labrador Shelf edge and slope (varies from 0.3 to 0.5 m/s with maximum velocity of slightly over 1.0 
m/s). The inshore branch of the Labrador Current is approximately 100 km wide and 150 m deep; it 
passes through the Avalon Channel and splits around the Flemish Cap, where it is reduced to 50 km wide 
and speed of 0.25 – 0.3 m/s. 

 

Figure 2-7 Current Regime in the Study Area 
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A typical Labrador Current depth-profile is shown in Figure 2-8 (at Cell 110 at the Labrador Shelf Slope). 
The depth-profile plots display mean-monthly magnitudes, maximum-monthly magnitudes, and mean-
monthly direction throughout the water column. The current direction notation follows the traditional 

method of 0 being a northward flowing current. As shown the current magnitude and direction is 
consistent year-round and throughout the water column, with velocity decreases with water depth. The 
dominant direction of most Labrador Current is to the SE (south-easterly flowing). 

 

Figure 2-8 Typical Labrador Current profiles: Monthly average velocity (left), monthly maximum velocity 
(center) and monthly average current direction (right) 

 

2.3.2 Statistical Summaries 

Figure 2-9 to Figure 2-12 show annual summary plots of the current regime in the study area at selected 
water depths of 2 m, 10 m, 20 m, and 100 m, respectively. The vectors represent the average current 
velocity at those depths; the color scheme within each cell represents the maximum, 10-year and 100-
year return period extreme current magnitudes, respectively.  

As shown, the annual mean current speed varied from 0.1 to 0.5 m/s, with stronger currents persisting 
along the Labrador and Newfoundland shelf slopes (Labrador Current) into the Flemish Pass and around 
the Flemish Cap. This is consistent throughout the water column at different depths, with reduction in 
current strength with depth. The maximum annual surface current speed (at 2 m water depth), during 
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the period from 2003 to 2012, was 1.74 cm/s (Cell 375) in the Avalon Channel followed by 1.63 m/s (Cell 
369) in Flemish Pass. The maximum velocity along the shelf slope was approximately 1.0 – 1.2 m/s. The 
100-year extreme (surface) current velocity was approximately 2.5 m/s. 

Table 2-3 provides annual summary statistics (mean, maximum, and 100-year extreme value) of surface 
current velocity (at 2 m water depth) in the selected cells representing the sedimentary basins and areas 
of interest in the Nalcor Study Area. As shown, the mean current velocity varied from 0.10 to 0.40 m/s; 
the maximum velocity varied from 0.6 to 1.1 m/s with the maximum 100 year return value of 1.71 m/s. 
Please refer to the Cell Reports for more details. 

 

Table 2-3 Summary of annual current velocity statistics at 2 m depth in selected representative cells of 
the sedimentary basins 

BASIN / AREA NAME CELL #
Average 

Velocity (m/s)

Maximum 

Velocity (m/s)

100-year EVA 

(m/s)

27 0.18 0.60 1.37

35 0.21 0.60 0.87

31 0.15 0.59 1.01

69 0.10 0.84 1.63

110 0.25 1.00 1.07

142 0.28 0.98 1.23

139 0.24 0.76 1.46

185 0.12 0.57 1.19

175 0.15 0.63 1.2

202 0.16 0.82 1.16

200 0.19 0.79 1.23

235 0.32 0.99 1.26

300 0.22 1.00 1.5

335 0.40 1.10 1.41

JEANNE D'ARC 368 0.18 0.85 1.3

337 0.22 0.88 1.38

349 0.20 0.91 1.38

351 0.21 0.99 1.71

371 0.20 1.01 1.71

ST. ANTHONY 244 0.13 0.67 1.06

Note: the above values do not necessarily occur at the same time or date

ORPHAN

FLEMISH PASS

SAGLEK

HENLEY

CHIDLEY

HOPEDALE

HOLTON

HAWKE

FLEMISH CAP
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Figure 2-9 Annual current summary for 2 m water depth, vectors in the top-right represent average 
velocities & cell color represents current magnitudes (Max. , 10, and 100 year extreme values)  
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Figure 2-10 Annual current summary for 10 m water depth, vectors in the top-right represent average 
velocities & cell color represents current magnitudes (Max. , 10 and 100 year extreme values) 
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Figure 2-11 Annual current summary for 20 m water depth, vectors in the top-right represent average 
velocities and cell color represents current magnitudes (Max. , 10 and 100-year extreme values) 
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Figure 2-12 Annual current summary for 100 m water depth; vectors represent average current and the 
color plot represent the current magnitudes (Max., 10- & 100-year extreme values) 
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2.4 VESSEL ICING 

2.4.1 Data Sources and Analysis 

Icing of vessels and offshore structures can pose operations and safety concerns and risk. The most 
serious form of icing affecting marine operations near the surface (ships, buoys and platforms) is from 
sea spray. Accreted ice can reduce stability (especially for small mobile vessels); induce extra weight and 
stress on structural members; cause slipping hazards; block access to and otherwise disable important 
equipment; and increase lateral forces from wave-structure interactions due to greater cross-sectional 
area.  

The calculation of icing rates is complex. Ice accretion processes are controlled not only by 
environmental factors (wind, wave, air and sea-surface temperatures, and sea-surface salinity), but also 
depend on the surface material and shape of the structural member subject to icing accretion. In this 
study, the vessel icing was modelled using an empirical method developed by Overland et al. (1986) 
using icing data on vessels off Alaska, and subsequently refined using Labrador Sea data to the 
calibration (Overland,  1990). The icing predictor, or factor𝑃𝑅, was used to calculate the expected 
intensity of sea spray icing events at each of the grid cells during the period from 1985 to 2012. Note 
that Calculated values of 𝑃𝑅 are related to the expected icing rate and severity, according to the 
following categories: 

 𝑃𝑅 ≤ 0: no icing 

 𝑃𝑅 between 0 and 22:  light icing (icing rate <0.7 cm/hour) 

 𝑃𝑅 between 22 and 53: moderate icing (icing rate between 0.7-2.0 cm/hour) 

 𝑃𝑅 between 53 and 83: heavy icing (icing rate between 2.0-4.0 cm/hour) 

 𝑃𝑅 > 83: extreme icing (icing rate >4.0 cm/hour). 

The following variables and environmental models were used to calculate PR: 

 Sea surface temperature (𝑇𝑤), from the OSTIA model, run by the Met Office (UK) and available 
via the MyOcean Project 

 10 m height wind speed (𝑈), from the ERA-Interim model, a global atmospheric reanalysis 
produced by the European Centre for Medium-Range Weather Forecasts (ECMWF) 

 2 m height air temperature (𝑇𝑎), also from the ERA-Interim data set 

 Sea surface salinity (𝑆), from the TOPAZ4 model, developed at the Nansen Environmental and 
Remote Sensing Center in Norway. 

In areas prone to sea ice (pack ice), the sea ice concentration threshold of 15% is used to determine 
whether sea spray (and thus icing) is possible or not; for sea ice concentration greater than the 
threshold, icing is assumed not to happen.  

Time series of the icing predictor index (PR) was calculated for the model hindcast period 1985-2012. 
This time series was then further processed to give monthly probabilities of light, moderate, heavy, and 
extreme icing conditions. The results of these analyses for the various study area cells are provided in 
the Cell Reports. Example is shown in Figure 2-13 for Cell 110 (representing Labrador offshore 
conditions).  It shows the proportion of years with conditions conducive to icing, per degree of severity, 
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as a function of Julian day for years 1985-2012, calculated using a 15% sea ice concentration threshold. 
As shown, potential icing starts in November and ends in May in most of the study area, with highest 
potential concentration between December and March. The icing potential is much less on the Grand 
Banks and Flemish Pass area compared to offshore Labrador, as shown in Figure 2-13 for cell 368, 
representing the Grand Banks. 
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Figure 2-13 Monthly average % proportion of the years (top) and number of days per month (bottom) 
with conditions conducive to icing, per degree of severity, as a function of Julian days for Cell 110  
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Figure 2-14 Monthly average number of days per month with conditions conducive to icing, per degree 
of severity, as a function of Julian days for Cell 368 (the Grand Banks)  
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2.4.2 Monthly and Seasonal Icing Distribution 

Monthly plots of icing conditions in the study area are provided in Volume 1. Most icing events occur 
during the months of December to May in areas where ice concentration is low enough to allow for sea 
spray to form. Figure 2-15 shows the seasonal (winter, spring, summer and fall) distribution of the 
percentage of days with light/moderate icing conditions. Figure 2-16 shows the seasonal distribution of 
the percentage of days with heavy/extreme icing conditions (note different scale used in each plot). 

 As shown, most of light/moderate icing occur in winter months and to lesser extent in spring. The 
majority of the heavy or extreme icing is limited to the months of December to February, although 
limited heavy or extreme icing is also observed in the March to May period in some cells. Areas closer to 
the Labrador coast experience little to no icing events as the pack ice suppresses sea spray. The Chidley 
and Henley Basins seem prone to icing events, and to a much lesser extent the Holton and Hawke 
Basins. By contrast, the model predicts little or negligible icing on the Grand Banks or the Flemish Pass 
as well as offshore deep waters. 
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Figure 2-15  Seasonal incidence (% of days) of light or moderate icing conditions  
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a) Winter (December to February) 

 

b) Spring (March to May) 

 

c) Summer (June to August) 

 

d) Fall (September to November) 

 

Figure 2-16 Seasonal incidence (% of days) of heavy or extreme icing conditions  
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2.5 VISIBILITY (FOG) 

2.5.1 Data Sources and Analysis 

Low visibility due to fog impacts marine operations and aviation in the study area. Newfoundland and 
Labrador’s coasts are among the regions of the world where fog is the most frequently encountered on 
an annual basis. 

Visibility is defined as the greatest distance at which selected objects can be seen and identified. The 
occurrence of fog was estimated using the horizontal visibility data from the National Centers for 
Environmental Prediction (NCEP) hindcast model; that is the North American Regional Reanalysis 
(NARR), produced by the National Oceanic and Atmospheric Administration (NOAA). The visibility data in 
NARR is available at approximately a 32-km spatial resolution at three-hour intervals. The study period 
for this parameter covered the period from 1997 to 2013. 

Different horizontal visibility thresholds are traditionally associated with weather events for practical 
purposes. In guidelines provided in the ISO 19906:2010(E) standard, the visibility thresholds used are: 

 1 km (≈0.5 nm): generally taken to represent foggy conditions; 

 2 km (≈1 nm): denoted for certain regions as snowstorm conditions; and 

 5 nm (≈9.25 km): limit for which meteorological conditions in the standard are specified for 
various regions.  

The presence of fog significantly affects helicopter transport to offshore facilities, so the focus was on 
the 1 km visibility output from NARR. Since helicopter flights are required to be conducted during 
daylight hours the focus was on defining the average number of daylight hours per month in each cell 
where the modeled horizontal visibility is greater than 1 km. Also visibility values were calculated for the 
total hours per day. 

2.5.2 Monthly and Seasonal Visibility Distribution 

As seen in Figure 2-15 and 2-16, the periods of low visibility (high fog) varies from North (Labrador 
offshore) to South (the Grand Banks and Flemish Pass).  

The fog persists on the Grand Banks for most of the year (March to November). It is also high along the 
coast of Labrador during winter and spring (December to April). Figure 2-17 and Figure 2-18 show typical 
visibility statistics for the Grand Banks (Cell 386 representing the Jeanne d’Arc Basin) and Labrador area 
(Cell 110), respectively. As mentioned in previous section, the cold Labrador Current meets the much 
warmer Gulf Stream south/southeast the Grand Banks causing heavy fog (Note: the Grand Banks of 
Newfoundland is one of the foggiest places in the world). 

Figure 2-19 shows seasonal regional trends for percentage of daylight hours with low visibility (<1 km) 
for the period 197-2013. Regions with low visibility shift from the northern-western portion of the study 
area (Labrador coast) to the south during the year, but is primarily constrained to the areas closer to 
land, except for the Grand Banks which is affected spring to fall, and to a lesser extent the Flemish Pass. 
By comparison, the deepwater basins in the Labrador Sea are largely unaffected by fog.  
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Figure 2-17 Monthly percentage of daylight time with low visibility for the three thresholds for the 

Grand Banks (Cell 368) 
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Figure 2-18 Monthly percentage of daylight time with low visibility for the three thresholds for the 
Coastal Labrador (Cell 35)   
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a) Winter (December to February) 

 

b) Spring (March to May) 

 

c) Summer (June to August) 

 

d) Fall (September to November) 

Figure 2-19 Seasonal regional trends for percentage of daylight hours with low visibility (<1 km)  
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2.6 SEA ICE (PACK ICE) 

2.6.1 Data Process & Analysis 

The primary data source for the sea ice (or pack ice) conditions was ice charts available in GIS format. 
Due to the large size of the study area, the required data for the pack ice analysis were acquired from 
two sources: Canadian Ice Service (CIS) and the U.S. National Ice Center (NIC). The majority of data was 
acquired from CIS databases, with NIC databases filling in gaps when available. The Hudson Bay and East 
Coast CIS charts were used as the primary sources for the pack ice analysis, with over 30 years of data 
available. NIC data from the South West Greenland Sea, Davis Strait and Labrador Sea regions were used 
to provide data for the cells toward the northeast not covered by CIS charts. The availability of data over 
the last 30 years varies within each region, as shown in Figure 2-20; ranging from more than 30 years for 
most areas, to as few as 8 years in others. While the majority of this region has data available for more 
than 30 years, a portion of the region along the northern and eastern perimeter of Labrador Sea has 17 
years of data. The South West Greenland Sea and Davis Strait regions have eight years of data.  

Within the CIS and NIC databases, there are multiple regions providing pack ice data for portions of the 
study area. Five regions were selected, two from CIS and three from NIC, to provide the most 
comprehensive coverage of the study area. Pack ice data from January 1, 1984 to December 31, 2013 
were collected from both data sources according to data availability.  

 

Figure 2-20 Temporal coverage of CIS and NIC data 
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The processing of the sea ice charts is labour intensive due to the need to blend different ice charts from 
various sources covering varying time periods. Pack ice information within the CIS and NIC databases are 
presented using the standard World Meteorological Organization (WMO) code, known as the Egg Code. 
Within the Egg Code there are 14 classes or types of pack ice, ranked according to the thickness and age 
of the ice. The term open water, as used within this report, refers to waters in which the concentration 
of ice is less than one tenth. Conversely, ice free refers to waters in which NO ice is present. There is 
often disagreement between ice charts from different sources and even from different regions within 
the same source. The CIS commonly uses both the open water and ice free designations in its ice charts, 
resulting in a distinct line of all known ice, outside of which is open water. However, the NIC does not 
use the open water designation, instead labeling most concentrations less than one tenth as ice free. 
Additionally, due to the large geographic areas covered by the both the CIS and NIC ice charts, and 
bearing in mind that no method of detection performs with 100% accuracy, it is reasonable to assume 
that some small fragments or trace amounts have gone undetected. For this reason, any areas specified 
as open water, in particular those regions within NIC coverage including the buffer zones between NIC 
and CIS, may contain trace amounts of ice. Furthermore, when plotting pack ice concentrations, it is 
possible to see variations between open water and ice free within a given cell, in particular for cells near 
the buffer zone between CIS and NIC coverage. Data processing and analysis results are described and 
presented in details in Volume 1 – Chapter 8 and in the Cell Reports.  

For processing the pack ice data, each study area cell was segmented into 25 individual grid squares (a 
5x5 grid) with each grid square measuring approximately 0.125° latitude by 0.25° longitude. Data was 
first analyzed on the grid square level and the resultant from each grid square was then processed to 
obtain results for each study area cell as a whole. The data was processed over the following three time 
periods: 1984-1993, 1994-2003, and 2004-2013. Ice conditions over the last 10 years are of particular 
interest, providing insight into recent ice conditions. Acquiring data from the past 30 years provided an 
opportunity to analyze trends over time, and can serve as the basis for estimating future ice conditions. 
The use of 10-year windows was thought to be an appropriate time span to present any possible 
changes in ice conditions over the past 30 years, as shown below. 

Pack ice analysis was performed on a cell by cell basis for each of the 391 study area cells, with results 
available in the separate Cell Reports. The pack ice analysis provides a number of key characteristics of 
the pack ice conditions and trends within each cell, as follows: 

1. Pack ice summary, including  

o Mean and max concentration (when present) 

o Dominant ice type 

o Probability of encountering ice 

2. Concentration and probability summaries 

3. Concentration time series 

4. Break-up/ freeze-up dates and corresponding open water seasons 

5. Number of open water days 

6. Probability of open water 

7. Number of weeks with ice 
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8. Occurrence of fast ice. 

2.6.2 Regional Sea Ice Trends over last three decades 

A regional analysis of the pack ice data showed significant long-term trends when comparing the 
decades spanning 1984-1993, 1994-2003 and 2004-2013. Figure 2-21 shows the number of days of open 
water and Figure 2-22 shows the mean pack ice concentration when present. Both of these series of 
figures show the same trend, a lessening of the pack ice regime in the region over the last three 
decades. The pack ice is present for less time and, when present, in lower concentrations. Also, when 
present, the ice is largely restricted to a band along the coast that has minimal influence on the 
deepwater basins of interest, and even less over the time period considered. Also as shown, neither the 
Grand Banks nor the Flemish Pass is significantly affected by sea ice.  

   
Figure 2-21 Days with open water:  left (1984-1993), middle (1994-2003), and right (2004-2013) 
 

   

Figure 2-22Mean pack ice concentration when present, left (1984-1993), middle (1994-2003) and right 
(2004-2013) 



   
 

Metocean Climate Study Offshore Newfoundland & Labrador  

 
 

May 2015  Volume 2 Chapter 2 – Regional Metocean Climate Summaries 2-31 

2.6.3 Regional Annual & Seasonal Sea Ice Conditions 

To provide a perspective of pack ice conditions on a regional scale, plots covering the whole study area 
were generated for mean concentration (when present) and the number of days with open water. The 
plots were generated for annual conditions and for each of the four seasons. The outlines of several 
offshore basins have been included as a reference. Note: The designation “when present” implies that 
mean annual concentration is only calculated using occurrences of ice with concentrations greater than 
or equal to one tenth. In the event that no ice greater than or equal to one tenth exists, the mean is 
calculated using occurrences of ice greater than zero but less than one tenth, concentrations less than 
one tenth are often referred to as open water. If no ice is present in any concentration the mean is 
assigned a value of zero or Ice Free. Occasionally no data is available, in which case the mean is assigned 
a ND designation. 

2.6.3.1 Mean Sea Ice Concentration 

Plots showing the annual mean concentration (when present) were generated covering the complete 
study area for the entire time period (1984-2013) and the last 10 years (2004-2013), as shown in Figure 
2-23. From examination of these figures it can be seen that a general trend towards lower 
concentrations can be seen when comparing the last 10 years versus the entire 30 year period; there is a 
general trend showing the limits of all concentration bands shifting to the north and or west, as the 
heaviest coverage bands decreases while bands of 1/10-3/10, <1/10, and Ice Free concentrations begin 
to emerge or increase in coverage. 

 

Figure 2-23 Annual Mean pack ice concentration for 30 year period (left) and last 10 years (right) 

Plots showing the seasonal mean concentration (when present) were generated covering the complete 
study area for the last 10 years (2004-2013), as shown in Figure 2-24 below. 
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(a) WINTER (Dec-Jan-Feb)   (b) SPRING (Mar-Apr-May) 

 

(c) SUMMER (Jun-Jul-Aug)   (d) FALL (Sep-Oct-Nov) 

Figure 2-24  Seasonal Mean pack ice concentration (a) Winter; (b) Spring; (c) Summer; (d) Fall 
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2.6.3.2 Number of Days with Open Water 

Figure 2-25 shows regional plots for the annual number of days with open water for the complete study 
area for the entire study period (1984-2013) and the last ten years (2004-2013). As shown, within the 
last 10 years, there is an obvious increase in the annual open water season, when compared to the 
1984-2013 time period. Between these time periods, the bands representing the number of open water 
days generally shift to the north and west resulting in more cells with open water days exceeding 345.  

 

Figure 2-25 Number of days with open water (Annual) 
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Figure 2-26 shows the seasonal number of days of open water for the 10 year duration (2003 – 2013). 

 

(a) WINTER (Dec-Jan-Feb)   (b) SPRING (Mar-Apr-May) 

 

 (c) SUMMER (Jun-Jul-Aug)   (d) FALL (Sep-Oct-Nov) 

Figure 2-26 Number of days with open water (a) Winter; (b) Spring; (c) Summer; and (d) Fall 
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2.6.4 Pack Ice Draft Distribution 

While sea ice charts give pack ice types with approximate thickness classes, it is incomplete for 
characterizing the pack ice draft distribution, which includes rafted and ridged ice. The draft distribution 
is valuable in assessing load magnitudes and associated mooring requirements on offshore exploration 
or production structures, or requirements for ice management. Figure 2-27 shows the pack ice draft 
distribution data collected by the Department of Fisheries and Oceans. These data were collected using 
Upward Looking Sonar (ULS) at a site on the Makkovik Bank, in cell 140 of the study area. Maximum 
pack ice drafts on the order of 23 m have been measured at this site (icebergs have been filtered from 
this data set). Data from 2003, 2005, 2007, 2009 and 2011 are shown.  

Additional data collection of this type is required to characterize pack ice conditions going from the 
shelf, with a relatively high pack ice incidence, to the less pack ice prone deepwater basins to determine 
if the same pack ice draft distribution is maintained in lower pack ice concentrations. Potentially, lower 
pack ice concentrations would result in less confining stress and therefore less potential for ridging and 
rafting.  

 

Figure 2-27 Pack ice draft distribution from upward looking sonar on Makkovik Bank (Cell 140) 
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2.7 ICEBERGS AND ICE ISLANDS 

A summary of iceberg climatology in the study area is presented in this section. The reader is referred to 
Volume 1-Chapter 9 for more information. The following sub-sections provide a brief description of the 
data sources, data process, and analysis used in this study. Statistical summaries provided include: 
iceberg counts and areal density, mean iceberg drift velocity, and iceberg size distribution. Ice Islands 
(very large, tabular, low freeboard icebergs) were treated as a distinct population and are considered 
separately. 

2.7.1 Introduction – General Iceberg Characteristics 

Most of the icebergs found in the east coast of Canada are calved from the glaciers of West and East 
Greenland, with 90% of these icebergs originating in Western Greenland. Other sources of icebergs are 
from Devon, Ellesmere, Bylot, and Baffin Islands. The icebergs travel with the East and West Greenland 
Currents, then across David Strait and Baffin Bay in a generally cyclonic manner (anti clock-wise). Upon 
reaching the Continental Shelf off eastern Canada, their southerly transport is largely governed by the 
dominant Baffin and Labrador Currents. Finally, they reach the Grand Banks of Newfoundland where 
they drift either eastward north of the Flemish Cap or southward between the Flemish Cap and the 
Grand Banks through Flemish Pass, which is often referred to as Iceberg Alley. The southern limit of 
iceberg drift is generally defined by the northern edge of the warm North Atlantic Current (the Gulf 
Stream) (Figure 2-28). 

The drift of an iceberg from its place of origin on the west coast of Greenland to the Grand Banks of 
Newfoundland takes an average of two to three years. However, it is possible for an iceberg calved in 
the Melville Bay/Baffin Island area to reach the Grand Banks in the following summer if it remains in the 
southward current for the full period without grounding. 

Icebergs float because the density of ice (around 900 kg/m3) is lower than that of seawater (around 
1025 kg/m3); which means that approximately seven-eighths of the iceberg's mass must be below water. 
Usually icebergs are 20% to 30% longer under the water than above and not quite as deep as they are 
long at the waterline, with an average two third of the iceberg height is underwater. 

Iceberg movement is controlled mainly by water currents. Winds become important to those icebergs 
having high sail to draft ratio. Also melting, grounding, and pack ice presence affect the movement of 
icebergs. The average southward drift rate of icebergs located north of latitude 67o N is 1.7 nautical 
miles per day. Between Cape Chidley and Belle Isle, the average drift is 7.6 nautical miles per day (0.15 
m/s). Higher drift speeds can be expected in the deeper waters along the Labrador Shelf Slope and 
Flemish Pass. 

There are several factors or conditions determining the number of icebergs that will drift in the study 
area and ultimately survive to reach the Grand Banks. These are: 

 the intensity and transport rate of the Labrador Current 

 the direction, strength, and duration of the prevailing winds  

 the extent of the sea ice cover  

 the environmental conditions (air and water temperatures, wave action). 

The number of icebergs reaching the Grand Banks each year can vary from zero to over two thousand, 
with approximately 85% of the total icebergs cross south of the 48o N latitude from April to June. 
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Figure 2-28 Icebergs general drift from East/West Greenland to the Grand Banks 
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2.7.2 Data Processing & Analysis 

The relevant parameters for defining iceberg risk to surface facilities are: icebergs frequency/ density, 
drift speed, and size. Iceberg data from a number of sources were used to define these parameters for 
the study area. Iceberg frequency was based on an analysis of aerial and satellite reconnaissance data, 
while drift speeds were based on modeled and observed iceberg drift, and iceberg size was based on 
data from various field programs and studies.  

Aerial Reconnaissance – Aerial reconnaissance data is one of the most reliable data sources for iceberg 
observations. The International Ice Patrol (IIP) and Canadian Ice Service (CIS) fly regular flights to 
monitor the presence of icebergs and sea ice, following a standard procedure (see MANICE manual) to 
record and report the iceberg observations or sightings.  

Figure 2-29 represents the aerial reconnaissance flight tracks coverage and iceberg counts in each cell of 
the study area. Data covering the period from 1998 to 2014 were used in the analysis. In addition to the 
flight track information, the flight messages also provide the location, time, size, shape and method of 
observation of the icebergs. It is also stated in the data if an iceberg is located in the pack ice. Aerial 
surveillance data are concentrated more in the southern portion of the study area and generally closer 
to existing operations on the Grand Banks. 

Due to the difficulty in reliably detecting icebergs in pack ice, portions of surveillance flights occurring 
over pack ice were masked out and excluded from the analysis. For each flight, the areas covered and 
the number of icebergs for each study area cell was determined. The iceberg density for a month of a 
particular year was calculated as the number of iceberg counts per cell divided by the total area covered 
by overflights in that month. The total monthly mean was calculated as the mean for all years where 
data were available, and the annual mean iceberg areal density was then calculated as the mean of the 
monthly mean values.  

Satellite Data – Advanced Synthetic Aperture Radar (ASAR) data from the European Space Agency (ESA) 
Envisat satellite were acquired covering the period from January 2003 to April 2012. The data acquired 
were Wide Swath Mode (WSM), with an approximate swath width of 400 km and a radar resolution of 
150 m. The satellite data coverage and the distribution of iceberg sightings are shown in Figure 2-30. 

 As with aerial reconnaissance data, areas with pack ice were masked out and excluded from the 
analysis. The method for calculating iceberg density also followed the same procedure as was employed 
for aerial reconnaissance data. An adjustment factor (non-detection factor) of four, required to 
compensate for smaller icebergs which would be missed due to the 150 m resolution of the Envisat 
imagery, was established by comparing satellite and aerial detections for the same study area cells. 
Finally, aerial reconnaissance and satellite data were merged by adding aerial reconnaissance iceberg 
counts and satellite iceberg counts (with non-detection factor applied) and dividing by the total of area 
surveyed in each cell via aerial and satellite surveillance.  
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Figure 2-29 Combined IIP&CIS flights track coverage (left) and total number of icebergs from aerial 
surveillance flights covering each cell in the study area 

 

Figure 2-30 Envisat satellite coverage (left) and iceberg targets from satellite surveillance (right) 
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2.7.3 Iceberg Regional Distribution (Areal Density) 

The icebergs counts in each cell are shown in Figure 2-31. The numbers shown are the total number of 
icebergs sighted (open water) in each cell, based on the combined aerial surveillance flight data (1998 to 
2014) and Envisat satellite data (2003 to 2012). 

 

 

Figure 2-31 Total Iceberg Counts (open water) based on combined aerial and Envisat data  
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Figure 2-32 shows the regional distribution of the average annual open-water iceberg areal density 
(frequency) based on the combined results of aerial surveillance and satellite data, and Figure 2-33 
shows the same, but with the iceberg density presented using a color-coded logarithmic scale. As 
shown, the highest iceberg densities are near the Labrador coast, decreasing quickly with distance from 
shore and into deepwater basins. These figures clearly show that a majority of the cells in the deepwater 
basins in Labrador Sea have iceberg densities lower than those observed on the Grand Banks (Cell 368 – 
Hibernia, Terra Nova and White Rose) and the Flemish Pass (Cell 337 - at the Mizzen/Bay du Nord sites). 

 

Figure 2-32 Average annual open-water iceberg areal densities based on combined aerial and Envisat 
data (density values ×10-6 km-2) 
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Figure 2-33 Mean annual open-water iceberg densities (km-2)  

Figure 2-34 to Figure 2-36 focus on the Chidley, Henley and the Holton/Hawke basins, respectively, 
showing the average annual open-water iceberg areal density for each cell, as well as the days with sea 
ice. In most of the study area cells inside these basins, the pack ice presence is limited to a couple of 
months (and generally less) for any ice, and iceberg concentrations are generally comparable (or less) 
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than the Grand Banks Jeanne d’Arc area where offshore facilities (FPSOs and GBS) have been operating 
for over a decade without incidents due to an iceberg threat. 

 

Figure 2-34 Iceberg density and pack ice presence for Chidley Basin 
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Figure 2-35 Iceberg density and pack ice presence for Henley Basin 



   
 

Metocean Climate Study Offshore Newfoundland & Labrador  

 
 

May 2015  Volume 2 Chapter 2 – Regional Metocean Climate Summaries 2-45 

 

Figure 2-36 Iceberg density and pack ice presence for Hawke and Holton Basins 
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2.7.4 Icebergs Mean Drift Speed 

The mean iceberg drift speed is required (along with the mean iceberg areal density and mean waterline 
length) to determine the risk and calculate iceberg impact rates with structures and to estimate 
downtime and required ice management resources. 

While a fairly substantial quantity of iceberg drift data has been collected in some areas – for example, 
the Jeanne d’Arc Basin on the northeast Grand Banks and Makkovik Bank on the Labrador Shelf – there 
are very limited data that can be used to define mean iceberg drift speeds over the whole study area. 
Modeled iceberg drift data was used to address this gap.  

The NRC/CIS iceberg drift model was used in this study. It accounts for water and air drag forces, wave 
radiation stress, water pressure gradient, and added mass. Forcing is provided by ocean currents from 
the CIS coupled ice-ocean model, and winds and waves from the Canadian Meteorological Centre 
MSC50 hindcast model. Iceberg drift tracks of two days duration were generated in hindcast mode at 

weekly intervals with initial iceberg locations on a grid spacing of 0.5 longitude and 0.25 latitude. The 
mean modeled iceberg drift speeds for each cell were then calibrated and adjusted by comparison with 
data collected on the Grand Banks and the Makkovik Bank. 

Figures 2-37 shows the vector mean iceberg drift direction (and strength by size of the arrow), and 
Figure 2-38 shows the iceberg drift speed values (cm/s) inferred for each study area cell. As shown, the 
mean drift speeds closer to shore are lower, and in reality would be even lower since icebergs closer to 
shore may be grounded for extended periods of time. As well, mean drift speeds in the deepwater 
basins in the Labrador Sea are relatively low compared to cells near the edges of the Labrador Shelf or 
Grand Banks, where the influence of the Labrador Current produces higher iceberg drift speeds.  
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Figure 2-37 Model data output from iceberg drift model, along with vectors showing net drift direction 



   
 

Metocean Climate Study Offshore Newfoundland & Labrador  

 
 

May 2015  Volume 2 Chapter 2 – Regional Metocean Climate Summaries 2-48 

 

Figure 2-38 Mean iceberg drift speed (cm/s) per study area cell 
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2.7.5 Iceberg Size Distribution 

Iceberg size is usually characterized in terms of waterline length, primarily because of the ease with 
which waterline lengths can be measured or estimated. Waterline length is defined as the maximum 
plan dimension of the iceberg at the waterline. The mean iceberg waterline length is used in the 
calculation of impact rates with surface structures. The waterline length (as well as mass, etc.) is also 
used in iceberg load calculations.  

As defined by the MANICE (2005) manual, sizes of the icebergs are grouped in following categories:  
Growlers (less than 5 m in waterline length and less than 1 m above sea surface); Bergy Bits (5 m to 15 
m in waterline length, and extending 1 m to less than 5 m above sea level); Small Icebergs (from 15 m to 
60 m waterline length, and extending 5 to 15 m above sea level); Medium Icebergs (from 61 m to 120 m 
waterline length, and  extending 16 to 45 m above sea level); Large Icebergs (from 121 to 200 m in 
length, and extending 46 to 75 m above sea level);  and Very Large Icebergs (more than 200 m waterline 
length, and extending more than 75 m above sea level). Based on all available data the percentage of 
very large icebergs is very low compared to the other categories. Therefore the large and very large 
icebergs are grouped together as large icebergs in this analysis. Also, growler and bergy bits are 
excluded from size distribution analysis. In this size distribution analysis only single icebergs (individual 
observation) were considered, as there was very limited numbers of cluster or zone observations with 
iceberg size information. 

The iceberg size distribution has been analyzed from two perspectives: change of iceberg size according 
to location and time of the year. In the case of size distribution based on location, water depth of the 
iceberg position, as well as sea ice concentration were considered as an input. If the water depth of the 
iceberg location was less than 100 m or located in sea ice, the iceberg was not considered in the 
calculation. Iceberg size distributions, as percentage and total number of icebergs, are plotted against 
latitude in Figure 2-39. As shown, most iceberg observations are between 46°N and 56°N. In this range, 
the proportion of medium size icebergs decreases from north to south, whereas the proportion of small 
icebergs is highest around 51°N. As expected, from north to south, the proportion of large icebergs 
decreases, but south of 52°N the proportion increases. It is assumed that the observed variations are 
due to the deterioration process, but the exact mechanism leading to the observed trends is unknown.  

All open water icebergs were considered for the monthly analysis of iceberg size distribution. As shown 
in Figure 2-40, there is sufficient number of icebergs from April to July to confidently compare the 
distributions during these months. The medium icebergs show a clear trend from February to August. In 
this period, the proportion of medium size icebergs increases linearly. In April and May higher numbers 
of large icebergs are observed, but the number decreases abruptly in June. In the same month, the 
number of small icebergs increases significantly compared to May, but the percentage of small bergs 
decreases again in July. This is believed to be the result of breakage of large bergs into smaller bergs in 
June and deterioration processes that melted away smaller bergs in July. However, it is unclear why the 
percentage of large icebergs increased in July (it could be due to decrease of pack ice due to melting and 
freeing the large icebergs to drift into open waters).  
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Figure 2-39 Iceberg size distribution and number of icebergs per latitude with water depths > 100 m 

 

Figure 2-40 Monthly iceberg size distributions and total number of icebergs per month 
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2.7.5.1 The Grand Banks Iceberg Waterline Length 

Relatively large data sets were collected on the Grand Banks during the period 1984 to 1987 as part of 
the routine ice observation/ice management by Husky/Bow Valley (HBV) East Coast Operation. This data 
are best represented using an exponential distribution with λ = 59 (Jordaan et al., 1995). Therefore, for 
iceberg risk analyses on the Grand Banks and surrounding area, an exponential iceberg waterline 
distribution with a mean of 59 m has typically been used.  

2.7.5.2 Offshore Labrador Iceberg Waterline Length 

While an iceberg size distribution has been established for use in the Grand Banks region, an iceberg 
length distribution for use on the Labrador Shelf has not been firmly established. Several iceberg surveys 
have been conducted offshore Labrador, including:  

 The 2006 Labrador iceberg survey program, as part of an evaluation of the capabilities of dual-
polarization synthetic aperture radar (SAR) for the detection and classification of icebergs (King 
et al., 2009) 

 Above-water dimensions for 607 icebergs were obtained from aerial surveys over the Labrador 
Sea during the spring of 1979 (Petro-Canada, 1983) 

 Observations collected during drilling operations (PAL, 2005) 

 An iceberg survey performed in support of Voisey’s Bay operations (C-CORE, 1998). 

The analysis results of the above studies are presented in Table 2-4, which shows the mean, standard 
deviation and maximum waterline lengths of observed iceberg populations (waterline length ≥ 15 m). 

Table 2-4 Summary of iceberg waterline length statistics from various surveys and studies (for waterline 
length ≥ 15 m) 

Survey Program / Study Reference 
Mean 

waterline 
length  (m) 

Standard 
Deviation 

(m) 

Maximum 
Length  (m) 

Population Size   
sightings ≥ 15 m 

Petro Canada (1983) – Labrador Sea, 
March2 –June 11, 1979 

37.1 23.0 204 567 

Voisey’s Bay, 1997 (C-CORE, 1998). March 
31- April 2, 1979. Vicinity of Voisey’s Bay 

63 46.5 226 86 

PAL (2005). Well site observations during 
drilling operations (mid-July to mid-
October) 

95.2 60.5 312 412 

King et al. (2009). Labrador SAR Survey, 
June 4-8, 2006. 

76.9 46.3 311 139 

Jordaan et al., (1995). Grand Banks data 59    
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Figure 2-41 shows iceberg size data from a variety of sources, primarily from the Grand Banks and 
Labrador Shelf.  

 

Figure 2-41 Iceberg size distributions from various sources 

As shown above, the iceberg size surveys of Labrador have exhibited extraordinary variations, with 
waterline mean lengths varied from as low as 37 m (Petro Canada, 1983) to as high as 95 m (PAL, 2005). 
The recent study (King et al., 2009) estimated a mean iceberg waterline length of 76.9 m. 

In this study (C-CORE 2015), the iceberg size class data was given additional consideration to determine 
whether it would give any further insight into the mean iceberg size over the study area. Excluding those 
identified as radar targets, 9,577 icebergs in the available aerial reconnaissance data were assigned to 
the various iceberg size classes for each cell. Of the 391 study area cells, 177 (45%) have no size class 
data and roughly one third of the cells have 10 or more size class records. Table 2-5 gives the total 
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number of records for each size class and the percentages of the total. Also shown are the proportions 
that would be expected for an exponential distribution with a mean of 59 m (Jordaan et al., 1995).  

The exponential distribution, typically used for iceberg waterline length, gives decreasing proportions of 
icebergs with increasing iceberg size; however, it can be seen that the iceberg size class data from the 
aerial reconnaissance data have substantially more in the medium size class than small, which is 
inconsistent with the exponential distribution. This may be due to a systematic bias in observations (i.e. 
small icebergs being missed or misclassified as medium). Figure 2-42 shows a comparison of the 
observed and simulated results per size category. The sum of the differences between modeled and 
observed percentages for each size class was calculated, showing a minimum total error for a mean 
iceberg waterline length was between 80 to 120 m, with the lowest error for waterline length of 99 m. 

Table 2-5 Total iceberg size classifications from aerial surveillance data 

Size Class Number Percentage of 

Total 

Percentage for Exponential 

Distribution with Mean of 59 m 

Small (15 to 60 m) 2,995 31.3 54.1 

Medium (61 to 120 m ) 4,311 45.0 29.2 

Large ( 121 to 200 m) 2,109 22.0 12.4 

Very Large (> 200 m) 162 1.7 4.3 

Total 9,577 100 100 

 

 

Figure 2-42 Comparison of observed percentage per size class with exponential distributions of 
waterline length with means of 99 and 59 m  
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Figure 2-43 shows the number of icebergs with class sizes assigned for each cell and Figure 2-44 shows 
the estimated mean iceberg size (mean waterline length) per cell using exponential distribution fit with 
mean waterline length (λ) = 99 m.  

In summary, the estimated mean iceberg size from the aerial reconnaissance iceberg size class data give 
values that generally range from 80 to 100 m. Cells that deviate from this range generally have lower 
numbers of iceberg size class data to use in the estimation process. For areas that are well characterized 
(for example, northeast Grand Banks and surrounding area) a mean of 59 m is reasonable. For areas 
with limited data (e.g., Labrador Sea), a more conservative value (for example, 100 m) may be used for 
impact rate calculations. 
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Figure 2-43 Number of icebergs assigned size classes per cell in aerial reconnaissance data  
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Figure 2-44 Mean iceberg size per cell (waterline length, m) estimated using exponential fit to aerial 
reconnaissance ice class data 
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2.7.6 Ice Islands 

On occasion, ice islands are sighted off the coast of Newfoundland and Labrador. An Ice island is defined 
as a large piece of floating ice which has broken away from an Arctic shelf. They are a special class of 
tabular icebergs characterized by their large size (ranging from hundreds of square meters to several 
kilometres), low freeboard (generally less than 20 metres), and undulating surface.  

Data sources for defining ice island presence in the study area includes historical sightings recorded in 
the PERD (Panel for Energy Research and Development) iceberg sighting database (PERD, 2013), various 
publications documenting specific historic ice island sightings (Hayward, 1884; Nutt, 1966; Robe et al., 
1977; Newell, 1993), recent ice island sightings on the Grand Banks collected during ice management 
operations, data collected during field programs to characterize ice island thickness (Halliday et al., 
2012), and on-going monitoring of ice islands by the Canadian Ice Service.  

The review of historical ice island sightings showed a high incidence of ice island sightings in the late 
nineteenth and early twentieth centuries, with incidents occurring afterwards approximately every 
couple of decades. The Petermann Glacier produced very large ice islands in 2001 (≈86 km2), 2010 (≈260 
km2) and 2012 (≈130 km2), and while fragments of these have drifted onto the Grand Banks, they have 
not adversely affected oil and gas operations. Given that the Petermann Glacier has retreated 
substantially and is therefore not likely to undergo additional significant calving events in the near term, 
ice island incursions into the study area (such as those observed over the last decade) are likely to 
subside. However, ice islands from other sources may become a factor. While smaller ice islands have 
been successfully managed (towed), many ice islands are too large and cannot be managed with current 
ice management technology.  

Due to the water depth in the Labrador Sea deepwater basins, any facilities likely to be employed for 
exploration or production of oil and gas will be floating and, as with floating facilities on the Grand 
Banks, disconnection capabilities will be incorporated. The key to addressing potential ice island threats 
will be upstream monitoring so that appropriate risk mitigation measures can be implemented.  
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2.8 HARSHNESS INDEX 

The degree of environmental harshness to marine offshore activities such as exploration, transportation, 
or operations, depends on several parameters, including geographic location and prevailing metocean 
conditions in these areas. It is important to develop a single parameter (an index) to be used as a 
benchmark that represents the degree of harshness or severity a location may pose on offshore users, 
and to assess the risk as well as to provide a comparison with other similar regions of interest. 

The Fleming-Drover Harshness Index is a methodology proposed by Greg Fleming and Keith Drover of 
Nalcor for combining various environmental parameters into one index which can be used to compare 
relative environmental harshness within the Nalcor study area as well as other regions of comparable 
metocean conditions which is of interest to the oil and gas industry. The metocean harshness 
parameters that pose the greatest limitations for exploration, drilling and seismic operations in the 
Nalcor study area are:  sea state, sea ice (pack ice) and icebergs. The parameters used to calculate the 
harshness index (HI) for each cell are:  

 Mean annual number of days with a sea ice concentration greater than six tenths (C6) 

 Mean annual number of days with a significant wave height greater than four meters (Hs4) 

  Mean annual open-water iceberg density (AD).  

Values for these parameters for each cell were normalized prior to incorporation into the harshness 
index calculation. In the cases of pack ice and waves, the numbers of days exceeding the criteria 
indicated above were divided by 350 and 110, respectively. These values represented the approximate 
maximum values expected in the Nalcor study area or any of the other regions considered for 
comparison. For iceberg density, the values were normalized (on scale of 0 to 10) by calculating the 
logarithm of the iceberg density in a given cell as follows: 

 For iceberg density (AD) of -6 (log of 10-6 km-2) or lower, a value of 0 is given to this parameter 

 For cells with an AD value of -1 (log of 10-1 km-2), a value of 10 is assigned 

 A scaling linearly between these values (0 – 10). 

These three normalized values were then weighted by a factor of six for sea ice, 2.5 for wave height and 
1.5 for iceberg density (i.e., 60%, 25% and 15% weight, respectively), and then combined to calculate the 
harshness index (HI) as follows: 

HI= 6×C6/350 + 2.5×Hs4/110 + 1.5 × (12+2×log10(AD)) for AD ≥ 10-6 km-2 

HI= 6×C6/350 + 2.5×Hs4/110    for AD < 10-6 km-2. 

Figure 2-45 shows the harshness index values calculated for each of the Nalcor study area cells, with a 
mean of 2.1, a minimum of 0.46 and a maximum of 4.1. Highest values are seen on the northern 
Labrador Shelf and closer to shore where pack ice presence is the highest, with values decreasing rapidly 
going into deeper waters (and in many cases lower than those on the Grand Banks).  

Figure 4-46 represents an example of the Harshness Index calculation for CELL 110 (Chidley Basin) in 
comparison with other regions of interest (e.g., East and West Greenland, Beaufort Sea, Kara Sea, 
Chukchi Sea, and Sakhalin Island). Table 2-6 shows harshness index values for other regions as well as 
cell 368 (Jeanne d’Arc, Grand Banks) and cell 337 (Flemish Pass), and cell 110 (Labrador - Chidley Basin). 
In most cases, the deepwater sedimentary basins off the Labrador Shelf (Labrador Sea) are comparable, 
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or less than other regions in the world such as offshore Greenland (East and West), Kara and Chukchi 
Sea.  

Table 2-6 Fleming-Drover Harshness Index for various regions and selected cells in the study area 

Area Harshness Index 

East Greenland 6.8 

West Greenland 4.4 

Canadian Beaufort 4.2 

Kara Sea 3.9 

Chukchi Sea 3.8 

Flemish Pass (Cell 337) 2.65 

Grand Banks – Jeanne d’Arc Basin (Cell 368) 2.27 

Labrador – Chidley Basin (Cell 110) 1.76 

Sakhalin Island 1.9 

Caspian Sea 1.2 

Barents Sea 0.5 

North Sea 0.5 
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Figure 2-45 Fleming-Drover Harshness Index values for Nalcor study area 
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Figure 2-46 Harshness Index for Cell 110 and comparison with other regions
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3 INFLUENCE OF ENVIRONMENTAL CHANGE 

3.1 BACKGROUND 

Analyses of Metocean conditions, in particular pack ice conditions, indicate significant changes over 
time, which presumably are linked to climatic changes. As noted in Volume 1-Chapter 8, the analysis of 
CIS pack ice charts for the last three decades (from 1984 to 2013) showed decreasing pack ice presence 
in the study area, as well as decreasing pack ice concentrations when pack ice was present, which are 
thought to be due to global warming.  

The objective of the analysis presented herein was to assess whether observed changes are likely to 
continue, and the overall influence of future climate change on conditions in the study area.      

Climate change impacts were estimated from data provided through the Program for Climate Model 
Diagnosis and Intercomparison (PCMDI) Fifth Coupled Model Intercomparison Project (CMIP5). Three 
models were selected from those available from CMIP5: the Canadian CanESM2 model and the Japanese 
MIROC5 and MRI-CGCM3 models. The parameters covered included the required variables: sea surface 
temperature (SST), sea ice concentration, and daily surface wind maxima. 

3.2 DATA SOURCES 

CMIP5 data is freely available for academic and non-commercial research purposes, providing a variety 
of climate simulations produced at a range of international modeling centers. For the current purposes 
three models were selected for metocean analysis; this subset of the full CMIP5 ensemble consists of 
most models offering required variables (sea surface temperatures, sea ice concentration, and daily 
surface wind maxima, recorded daily) for desired climate change scenarios. Models considered are 
summarized in Table 3-1.  

Table 3-1 Models summarized 

Model Name Modeling Centre 
Atmosphere Resolution   
(

o
 lat x 

o
 lon) 

CanESM2 Canadian Centre for Climate Modeling and Analysis  2.8
o
 x 2.8

o
 

MIROC5 Japan Agency for Marine-Earth Science and Technology, 
Atmosphere and Ocean Research Institute, and National 
Institute for Environmental Studies 
 

1.4
o
 x 1.4

o
 

MRI-CGCM3 Japanese Meteorological Research Institute 1.1
o
 x 1.1

o
 

Nalcor Energy Oil and Gas acknowledges the World Climate Research Programme's Working Group on 
Coupled Modelling, which is responsible for CMIP, and we thank the Climate Modeling Groups for producing 
and making available their model output. For CMIP, the U.S. Department of Energy's Program for Climate 
Model Diagnosis and Intercomparison provides coordinating support and led development of software 
infrastructure in partnership with the Global Organization for Earth System Science Portals. 
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Three modeling experiments were examined for each model: historical runs, representative of the 
twentieth century climate, and two climate change scenarios for the twenty-first century, driven by 
representative concentration pathways (RCPs) for atmospheric carbon dioxide. The first represents a 
middle-of-the-road scenario (RCP 4.5), based on the assumption that CO2 levels will stabilize at a 
concentration of ~650 parts per million (ppm). The second represents a worst-case scenario, in which 
CO2 continues to rise through the twenty-first century, exceeding 850 ppm by 2100. Full details on 
scenarios are available in Moss et al., (2010). Data used included two 30-year periods: 1976-2005 for the 
historical simulations (the last 30 years of these runs) and 2006-2035 for RCP 4.5 and 8.5 (the first 30 
years of projections).  

For higher resolution models (MIROC5 and MRI-CGCM3), only one set of simulations was used (i.e., one 
historical, one RCP 4.5 and one RCP 8.5 simulation). Smaller resolution (smaller file size) of the CanESM2 
allowed multiple simulations to be analyzed; four of each simulation type were examined, all run with 
slightly different initial conditions to produce a single-model ensemble. This serves to remove the impact 
of internal model variability in the results, but may inflate confidence in statistical tests comparing 
historical and projected climates.  

3.3 ANALYSIS APPROACH 

The general circulation models (GCMs) used for climate change analyses are extremely complex, 
merging stand-alone models of the global atmosphere, ocean, land surface, sea ice, and (in some cases) 
other aspects of earth systems. They are capable of faithfully reproducing many prominent aspects of 
the climate system, including ocean currents, positions of atmospheric jets, and spatial distribution of 
climate zones. Many even reproduce phenomena such as the El Nino/Southern Oscillation or the North 
Atlantic Oscillation, albeit with varying degrees of accuracy. However, all GCMs feature inherent biases 
in their simulated climates. As such, GCM projections cannot be taken at face value, particularly in 
regional, rather than global, analyses. If it is assumed that a GCM reasonably can predict the climate’s 
response to external forcing (e.g., increasing carbon dioxide), it can still provide useful climate change 
projections by examining the differences between i) historical simulations and ii) future scenarios. 
Systematic biases will be the same in both runs; taking the difference (projected change) removes the 
impacts of these biases.  

Here the focus is on quantifying projected change in three relevant metocean variables: sea surface 
temperatures, the number of days without sea ice, and extreme winds. For the first two variables, the 
magnitude of projected change is reported, along with the strength of statistical tests of the difference 
between historical and future conditions. For winds, only the strength of statistical differences is 
reported, as accurate assessments of wind magnitudes would require additional downscaling of raw 
GCM output, and is beyond the scope of the current project. In the case of most variables analyzed, the 
Wilcoxon rank-sum test (Wilcoxon, 1945) for differences between two populations was used to assess 
the statistical strength of differences at each grid cell. This test has the advantage of being flexible 
enough to accommodate a range of data distributions, as well as continuous or discrete data; it has 
been used for analyses of sea surface temperature changes, the length of the ice-free season, and the 
number of high wind events per year. Results for all Nalcor grid points are calculated from the closest 
point in a GCM’s native grid (nearest-neighbour interpolation).  

Analyses of sea surface temperature are based on direct model output, with no required post-
processing or data preparation. Sea ice analyses are based on sea ice concentration output, which was 
used to calculate the number of ice-free days per year at a given grid cell. Wind analyses were more 
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involved, and used a point-process approach to extreme event modeling (Rodriguez-Iturbe, 1988). At 
each grid point, a threshold for daily surface wind maxima was identified following Hosking & Wallis, 
1987; values above this threshold were then used to fit a Generalized Pareto distribution, allowing the 
100-year return period event to be estimated. A common threshold was used for historical and twenty-
first century simulations; the 100-year event was estimated for each, along with a confidence interval. 
Assuming normally distributed error around these estimates, the probability that the historical and 
projected estimates are different was calculated and reported. A sign was added to indicate direction of 
change; negative values imply a future decrease in magnitude, while positive values imply an increase. 
The annual count of threshold exceedances was also calculated for each period, and compared using the 
Wilcoxon test, to identify changes in the frequency of strong wind events. 

3.4 RESULTS 

Figures 3-1 to Figure 3-3 present results for the change in ice free conditions. Figure 3-4 to Figure 3-6 
present results for the change in SSTs. Figure 3-7 to Figure 3-9 are the change in strong wind conditions. 
The model results are always shown in the order CanESM2, MIROC5 and MRI-CGCM3. In each figure, the 
upper plot present results from the RCP4.5 scenario, the lower plots show results for RCP8.5. Specific 
details are discussed in the following subsections. 

3.4.1 Predicted Change in Ice Free Conditions  

For Figure 3-1 to Figure 3-3, the plots in the left hand column present the predicted mean change in the 
number of ice free conditions, and plots on the right showing the associated confidence in the 
computed results, one being high confidence and zero being low confidence. A NaN value indicates 
insufficient information to derive a confidence estimate. 

Both the CanESM2 (Figure 3-1) and MRI-CGCM3 (Figure 3-3) models predict an increase in the number 
of ice-free days with high confidence for both scenarios over the majority of the domain. CanESM2 
predicts a larger increase and MRI-CGCM3 predicts less change. Apart from a predicted increase in the 
open water season down the coast of Labrador, MIRO5 (Figure 3-2) has insufficient confidence for the 
rest of the area of interest.  

In all cases, where there is sufficient confidence in the results, the increase is more pronounced in the 
RCP8.5 worst-case scenario. 

3.4.2 Predicted Change in SST   

In Figure 3-4 to Figure 3-6, the plots in the left hand column present the predicted mean change in the 
sea-surface temperature (SST) and as with the change in ice conditions, with plots on the right showing 
the associated confidence in the computed results.  

The results are similar to the mean change in ice-free conditions, except that MIRO5 has more 
confidence in the predicted change. CanESM2 (Figure 3-4) predicts the largest increase and that occurs 
over the whole domain; MRI-CGCM3 (Figure 3-6) predicts an increase that is more pronounced in the 
southern part of the area of interest; and MIRO5 (Figure 3-5) predicts the dominant change to be along 
the coast.  

As with ice-free conditions, the increase is more pronounced in the RCP8.5 future scenario. 
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3.4.3 Predicted Change in Wind Events 

For Figure 3-7 to Figure 3-9, the plots in the left hand column present the confidence in the projected 
change in the number of strong wind events and the right hand column presents the confidence in the 
projected change in the magnitude of the 1 in 100 year storm event.  

CanESM2 (Figure 3-7) predicts a general increase in the number of strong wind events over the whole 
domain, but the magnitude of the 1 in 100 year event increases in some locations and decreases in 
others. The RCP8.5 scenario shows a decrease in the confidence in the predictions over the RCP4.5 
scenario.  

MIRO5 (Figure 3-8) predicts a general increase in the number of strong wind events over the majority of 
the domain with a slight decrease in confidence for RCP8.5. There is a predicted decrease in the strength 
of the one-in-100-year event with little change for the RCP8.5 scenario. 

For MRI-CGCM3 (Figure 3-9) there is no dominant pattern to the number of strong wind events, some 
cells predict an increase and some a decrease. There is a slight decrease in the number of strong events 
for RCP8.5. The strength of the one-in-100-year event is predicted to increase over much of the domain 
in the RCP4.5 scenario. This signal is less pronounced for the RCP8.5 scenario. 
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Figure 3-1 Mean change in number of ice free days between 1976-2005 and 2006-2035 from model 
CanESM2 
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Figure 3-2 Mean change in number of ice free days between 1976-2005 and 2006-2035 from model 
MIROC5 
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Figure 3-3 Mean change in number of ice free days between 1976-2005 and 2006-2035 from model 
MRI-CGCM3 
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Figure 3-4 Mean change in SST between 1976-2005 and 2006-2035 from model CanESM2 
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Figure 3-5 Mean change in SST between 1976-2005 and 2006-2035 from model MIROC5 
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Figure 3-6 Mean change in SST between 1976-2005 and 2006-2035 from model MRI-CGCM3 
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Figure 3-7 Projected changes in strong wind events between 1976-2005 and 2006-2035 (positive [red] 
denotes an increase) from model CanESM2 



   
 

Metocean Climate Study Offshore Newfoundland & Labrador  

 
 

May 2015  Volume 2 Chapter 3 – Influence of Environmental Change 3-12 

 

Figure 3-8 Projected changes in strong wind events between 1976-2005 and 2006-2035 (positive [red] 
denotes an increase) from model MIROC5 
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Figure 3-9 Projected changes in strong wind events between 1976-2005 and 2006-2035 (positive [red] 
denotes an increase) from model MRI-CGCM3 
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3.5 CONCLUSIONS 

A qualitative summary of the results from the model is show in Table 3-2.  

Table 3-2 Summary of model results 

Parameter CanESM2 MIRO5 MRI-CGCM3 

Mean change in ice-free 
days  

Strong increase over 
domain  

Slight increase along coast, 
inconclusive over most of 
study area 

Increase over domain, 
especially south 

Sea Surface 
Temperatures 

Strong increase over 
domain, except south 

Strong increase along 
coast 

Increase over domain, 
especially south 

Number of strong wind 
events (storms) 

Increase Slight increase Both increase and decrease, 
lower confidence 

Magnitude of 1 in 100 
year wind events 

Both increase and 
decrease 

More decrease than 
increase 

More increase than 
decrease 

 

These results can be further condensed as follows:  

 Although the models predict different magnitudes there is likely to be an increase in the 
mean number of ice free days in the study area 

 Although the models predict different magnitudes there is likely to be an increase in the sea 
surface temperatures 

 Over the whole study domain, it is somewhat likely that there may be an increase in the 
number of strong wind (and high sea state) events 

 There is insufficient agreement in the models it make a prediction for the magnitude of the 
1 in 100 year extreme wind events.  
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4 REGIONAL COMPARISONS 

4.1 OVERVIEW OF COMPARABLE REGIONS 

The objective of this section is the comparison of metocean conditions for the study area to those in 
analogous internationally explored regions for oil and gas exploration, development and operation 
activities. This comparison study was performed using 11 regions consisting of the Barents Sea, 
Canadian Beaufort, Caspian Sea, Chukchi Sea, East Greenland, Flemish Pass, Grand Banks, Kara Sea, 
North Sea, Sakhalin Island, and West Greenland.  

For the purposes of data extraction, and to restrict the study to a manageable level, each region is 
represented by single set of latitude and longitude coordinates. The only exceptions to the use of one 
specific set of coordinates to represent a region are the Grand Banks and the Flemish Pass; both of these 
regions lie within the study area, and as a result these two regions are represented by the cell which 
best encapsulates each region (Cells 368 and 337, respectively). The representative site for each region 
was generally positioned in, or in close proximity to, a known field of interest within the region; for 
example, the representative site for the Barents Sea was chosen within the Shtokman Field. Due to the 
immense number of fields and production sites in the North Sea, a representative site was chosen at an 
approximately central location; one of the closest fields to this location is the Gyda field.  

A summary of the regions including latitude and longitude coordinates and the fields of interest are 
shown in Table 4-1. The comparison was limited to those parameters for which reliable information 
could be obtained for at least five sites: pack ice presence, iceberg frequency, and the wind and wave 
regime. Examples with a comparison to a cell within the study area using Cell 110 in the Chidley Basin 
are shown in Figure 4-1. Comparisons with all cells are given in the CELL REPORTS.  

It is worth noting that, of the examples given in Table 4-1 and shown in Figure 4-1, only the sub-Arctic 
offshore developments have ever become producing developments, even though some of the Arctic 
sites were discovered decades ago. 
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Table 4-1 Representative site for each region for comparison with study area 

Region Field Location Description 

Barents Sea Shtokman Field 73
°
N, 44°E 

Shtokman is owned by Gazprom and is one of the world’s 
largest natural gas fields (130 tcf). It was discovered in 1988 
and is still in the development stage. 

Canadian 
Beaufort 

Amauligak Field 70
°
N, 137°W 

ConocoPhillips is the operator for this field which is the largest 
known deposit of oil in the Canadian Beaufort Sea. Discovered 
in 1984, this field is still in the development Stage 

Caspian Sea Kashagan Field 46
°
N, 52°E 

The Kashagan field, operated by North Caspian Operating 
Company, will be in production in 2017 and is the largest oil 
discovery in the past 30 years.  

Chukchi Sea Burger Field 71
°
N, 164°W 

Oil and gas have been discovered by Shell in this prospect. 
Activities are still in the exploration stage.  

East 
Greenland 

Amaroq 77
°
N, 13°W 

A hydrocarbon exploration license is held by ENI, BP, DONG 
and NUNAOIL. This area is in the very early stages of 
exploration. 

Flemish 
Pass 

Bay du Nord/ 
Mizzen 

Cell 337  
Bay du Nord and Mizzen are recent oil discoveries being 
developed for production by Statoil and partners.  

Grand 
Banks 

Jeanne d'Arc Cell 368 
The Jeanne d'Arc Basin contains a number of oil production 
fields operated by Exxon, Suncor and Husky. 

Kara Sea 
East-

Prinovozemelsky 
74

°
N, 64°E 

Rosneft is leading exploration in this oil and gas field, which is 
thought to be very large. Exploration licenses were awarded in 
2010 and results are still preliminary.  

North Sea Gyda Field 57
°
N, 3°E 

This oil field in the Norwegian section of the North Sea is 
operated by Talisman Energy Norge AS.  

Sakhalin 
Island 

Sakhalin II 53
°
N, 144°E 

The Sakhalin Energy Investment Company Ltd operates this oil 
and gas development. The development consists of a number 
of offshore platforms off the east coast of Sakhalin Island with 
pipelines to an export terminal to the south in Aniva Bay.  

West 
Greenland 

West Disco 
Blocks 

70
°
N, 59°W 

A series of license blocks are present in the area including the 
Sigguk Block operated by Cairn Energy. This area is in the very 
early stages of exploration. 
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Figure 4-1 Sites for comparison with study area 

4.2 METHODOLOGY 

4.2.1 Wind and Waves 

The ERA-Interim data set is a global atmospheric reanalysis model updated monthly with coverage from 
1979 to present (ECMWF, 2011). It is produced by the European Centre for Medium-Range Weather 
Forecast (ECMWF) and available for download from their website. A number of regions were selected 
and analyzed as a baseline for comparison. A complete time series of significant wave heights and wind 
speeds was obtained from the ERA-Interim data set from 1979 to 2014 for a specific latitude and 
longitude in each region. The 10- and 100- year extreme wind speeds were calculated for each region 
using the same procedure developed for the study region. 
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4.2.2 Pack Ice 

Pack ice data necessary for the comparison study were acquired in the form of ice charts from CIS, NIC 
or the Arctic and Antarctic Scientific Research Institute (AARI). As discussed previously, the Flemish Pass 
and Grand Banks regions are contained within the study area, and therefore the necessary data for the 
Flemish Pass and Grand Banks were extracted from Cells 337 and 368, respectively. The source of data 
for each of the 11 regions is provided in Table 4-2, along with the chart region from each source. The 
North Sea is ice free all year, and as a result no pack ice data are available for this region. 

Table 4-2 Data sources for pack ice comparison study 

Region Data Source  

Barents Sea AARI – Barents Sea 

Canadian Beaufort CIS - Western Arctic 

Caspian Sea AARI – Caspian Sea  

Chukchi Sea NIC –Chukchi Sea 

East Greenland AARI - Greenland 

Flemish Pass Cell 337 

Grand Banks Cell 368 

Kara Sea AARI – Kara Sea 

North Sea N/A 

Sakhalin Island AARI – Sea of Okhotsk 

West Greenland CIS – Eastern Arctic 

 

The temporal coverage of data varies by source, with CIS providing data dating back to the 1960s, while 
data in regions such as the Caspian Sea are only available since 2004. In an effort to provide an unbiased 
comparison, the time period of 2004-2013 was chosen for all regions and results in 10 years of pack ice 
data for each region. The resulting data were processed to determine freeze-up and break-up dates, 
maximum and mean concentration (when present), probability of ice and number of weeks with ice.  

4.2.3 Icebergs 

Iceberg frequency, or areal density, is an important parameter in defining iceberg risk to facilities. 
However, often iceberg frequencies are given in terms of flux (number passing through an area or across 
a degree of latitude or longitude) or simply the total number observed in a region. While useful 
qualitatively, this sort of characterization of iceberg density does not allow calculation of iceberg risk. 
Often, iceberg density values are part of proprietary environmental characterization studies, and are not 
available for publication.  

Here the comparison of iceberg densities in the study area are based on the Jeanne d’Arc Basin (Cell 
368), the Flemish pass (Cell 337), East Greenland, West Greenland, and the Barents Sea. While icebergs 
are present in a number of regions, data suitable for comparison with sites in the study area could only 
be obtained for East Greenland, West Greenland and the Barents Sea.  

Data for East Greenland were available online from the MyOcean (www.MyOcean.eu) website. The 
MyOcean projects are funded by EU’s Seventh Framework Programme for Research (FP7 2007-2013) 

http://www.myocean.eu/
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and HORIZON 2020 (EU Research and Innovation Programme 2014-2020) and provide marine data for 
the environmental, business, and scientific sectors. The data available includes satellite images from the 
Arctic regions which have been processed to give iceberg areal densities from 2010 to 2014. Satellite 
images covering the 1.0 degree square around the selected East Greenland location (77°N, 13°W) were 
downloaded for analysis. The iceberg density of the degree square for the days in which data were 
available were averaged to give a mean iceberg areal density of 0.016 /km2 over the four years of data.  

As with East Greenland, iceberg densities for West Greenland were determined from data available at 
the MyOcean website. The location used was off Disko Island (70°N, 59°W) and the mean iceberg areal 
density for this site was 0.0024 /km2. 

Zukabin (2004) provides an estimate of the number of icebergs entering an area of 36000 km2 in the 
Barents Sea over a period of 10 years of 19 icebergs. Assuming a residence time of 14 days, an areal 
density of 2.0 * 10-6 /km2 was determined using the below equation: 

A

R

n

N 1

365
  

Where p is the areal density, N is the number of icebergs entering the area, A, over n years, and R is the 
residence time in days.  

4.3 RESULTS AND COMPARISONS TO NEWFOUNDLAND AND LABRADOR 

Examples with a comparison to a cell within the study area using Cell 110 in the Chidley Basin (see Figure 
4-2 for location). This cell was chosen as it inside one of the deepwater sedimentary basins of interest, 
but still quite close to the edge of the Labrador Shelf and subject to pack ice and iceberg incursions. 
Comparisons with all cells are given in the various cell reports.  

4.3.1 Winds and Waves 

The 10-year and 100-year extreme wind speeds were calculated for each region using the same 
procedure developed for the study region. Once the values were obtained, a figure for each month for 
each cell was produced. An example wind comparison for Cell 110 is shown in Figure 4-3 and significant 
wave heights are shown in Figure 4-4. A complete set of figures for each cell and month are given in the 
cell reports. Note: For significant wave heights, the mean indicates the mean when waves did occur, so 
in some cases it may be greater than zero even if no 10-year or 100-year value is provided. 
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Figure 4-3 Location of cell 110 in study area 
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Figure 4-4 Comparison of wind speed (m/s) for cell 110 with other regions 
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Figure 4-5 Comparison of significant wave height (m) for cell 110 with other regions  
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4.3.2 Pack Ice 

4.3.2.1 Freeze-up and Break-up Dates 

The comparison of freeze-up and break-up dates between regions used the mean, 10th percentile (P10) 
and 90th percentile (P90) of freeze-up/break-up dates. The percentiles are calculated based on a ranking 
of the data, and they are only calculated for regions and cells which experience a freeze-up/break-up 
event for each of the 10 years in the comparison study period. A comparison of break-up dates for Cell 
110 is provided in Figure 4-5. A comparison of freeze-up dates is shown in Figure 4-6. 

 

Figure 4-6 Comparison of break-up dates for cell 110 with other regions 

 

Figure 4-7 Comparison of freeze-up dates for cell 110 with other regions 
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4.3.2.2 Maximum and Mean Concentration (when present)  

The comparison of pack ice conditions within a specific cell to each of the eleven regions was performed 
using the maximum and mean pack ice concentration when present. The maximum and mean 
concentrations were calculated for each month over the 10-year study period. An example of 
comparisons for Cell 110 of pack ice concentrations for the month of April is provided in Figure 4-7. 

 

Figure 4-8 Comparison of mean and maximum pack ice concentrations when present in April for cell 110 
with other regions 

4.3.2.3 Probability of Pack Ice 

The probability of pack ice for each region was broken down by month. For example, a probability of 0.2 
for January would indicate that two out of 10 years had at least one occurrence of ice in the month of 
January. An example of the comparison of probability of ice for Cell 110 is provided in Figure 4-8. 

4.3.2.4 Number of Weeks with Pack Ice 

The number of weeks with pack ice was calculated annually for thresholds of one and six tenths. The 
comparison between regions was performed using the maximum and mean number of weeks for both 
thresholds. An example of the comparison of the number of weeks with ice for Cell 110 is shown in 
Figure 4-9. 
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Figure 4-9 Comparison of probability of pack ice for cell 110 with other regions (April) 

 

Figure 4-10 Comparison of number of weeks with pack ice ≥ 1 tenth for cell 110 with other regions 
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4.3.3 Icebergs 

Figure 4-10 shows a comparison between iceberg densities in Cell 110 in the Chidley Basin off the 
Labrador Shelf with iceberg densities in the Barents Sea, Flemish Pass, Grand Banks, Eastern and 
Western Greenland. The iceberg density at this location is very close to that of the Grand Banks, but 
substantially lower than Eastern or Western Greenland (note the logarithmic scale). 

 

 

Figure 4-11 Comparison of iceberg densities in cell 110 (Chidley Basin) with other regions 

4.3.4 Harshness Index 

As described in Section 2.8, a Harshness Index was developed to provide a single parameter (or index) to 
be used as a benchmark that represents the degree of harshness or severity of metocean conditions 
(namely sea state, sea ice, and icebergs) at a given location and to provide a tool for comparison with 
other similar regions of interest to offshore oil and gas industry. Figure 4-11 shows a comparison 
between Harshness Index for Cell 110 (Chidley Basin) and those for East and West Greenland, Beaufort 
Sea, Kara Sea, Chukchi Sea, Sakhalin Island, Caspian Sea, Barents Sea, North Sea, as well as the Grand 
Banks (Jeanne d’Arc Basin), and Flemish Pass. 
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Figure 4-12 Comparison of Harshness Index in Cell 110 (Chidley Basin) with other regions 
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5 SUMMARY AND CONCLUSIONS 

This report summarizes data on metocean conditions, including the pack ice and iceberg regime, in the 
Nalcor defined study area, as well as considering projected future conditions for specific parameters 
using climate models, and comparing conditions in the study area with other frontier oil and gas 
development regions.  

The report has presented comprehensive metocean data that, to a large extent, will provide sufficient 
information to assess the associated risks for the exploration and development of the sedimentary 
basins offshore Newfoundland and Labrador. 

Comparisons with other frontier regions show these sedimentary basins in deepwater offshore 
Newfoundland and Labrador are generally more favorable in terms of pack ice and iceberg presence. For 
most areas of interest, the pack ice and iceberg conditions are comparable to those on the Grand Banks 
where there has been no significant incident due to ice since Hibernia began production in 1997.  

Overall, the wind and wave regime in the deepwater basins in Labrador Sea are more favorable than the 
Grand Banks or Flemish Pass. Models indicate that visibility is far superior, thus fewer visibility-related 
issues would be expected transferring personnel to and from facilities via helicopter. However, it should 
be noted that icing has been identified as a potential issue and facilities intended to operate throughout 
the winter should be designed accordingly. The water depths in these basins will require floating 
exploration and production facilities and, given the uncertainty around the issue of ice island frequency, 
a disconnection capability for any facility in the region is likely to remain a requirement. 

The degree of environmental harshness to offshore activities such as exploration, transportation, or 
operations, depends on several parameters, including geographic location and prevailing metocean 
conditions in these areas. A Harshness Index (HI) was developed in this study to provide a single 
parameter (or index) to be used as a benchmark that represents the degree of harshness or severity a 
location may pose on offshore users, and to assess the risk as well as to provide a comparison with other 
similar regions of interest to oil and gas industry. In comparison with other analogous regions, the 
Harshness Index in most of the study area, particularly in Labrador Sea (an average value of 2.1 and a 
maximum of 4.1), is less than those in East Greenland (HI=6.8), West Greenland (HI = 4.4), Beaufort Sea 
(4.2), Chukchi Sea (3.8), and Kara Sea (3.9). 

Additional data collection is recommended to refine some of the results presented here. In particular, 
the iceberg data is relatively sparse when considered in the context of the size of the study area. 
Variations in average iceberg density, size distributions and drift speeds particularly over the Labrador 
Sea portion of the study area are not well understood due to insufficient data coverage. This gap may be 
addressed by availing of the satellite imagery available from the ESA Sentinel satellites as it becomes 
more available. A thorough investigation of applications of Sentinel data to operations in the Labrador 
Sea deepwater sedimentary basins is recommended.    

Measurements of atmospheric icing and visibility would also be useful for icing model verification and 
development. While ocean current model development continues at DFO, measured current data for in 
the Labrador Sea for current model verification and development is lacking, and could easily be included 
in any deployment of upward-looking sonar for ice draft measurements. Due to issues noted with 
reliably identifying icebergs in pack ice, consideration should be given to additional work in this area, 
including algorithm development and ground-truthing for verification.  
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Exploration and development issues cover a wide range of topics, including: iceberg and pack ice impact 
rates and loads for exploration and production structures of various shapes and sizes in various 
locations, ice management requirements, downtime evaluation, resupply and crew change logistics, 
additional ice management techniques such as facility side-tracking, and the evaluation of various 
exploration and development platforms for applications in the region.  
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