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1. Introduction 
This is the 105th annual report of the International Ice Patrol (IIP) describing the 2019 

Ice Year. It contains information on IIP operations, along with environmental and iceberg 
conditions in the North Atlantic from October 2018 to September 2019; focusing on the Ice 
Season (February to August 2019).  To conduct aerial reconnaissance, IIP deployed 10 Ice 
Reconnaissance Detachments (IRD) to detect icebergs in the North Atlantic and Labrador Sea. 
The IRD’s used HC-130J aircraft from U.S. Coast Guard (USCG) Air Station Elizabeth City 
(ASEC) and primarily operated from St. John’s, Newfoundland. In addition to this 
reconnaissance data, IIP received iceberg reports from commercial aircraft and mariners in the 
North Atlantic.  Further, IIP continued the progression toward incorporating satellite data into 
standard reconnaissance operations.  IIP personnel analyzed iceberg and environmental data, 
using iceberg drift and deterioration models within the iceBerg Analysis and Prediction System 
(BAPS) at the IIP Operations Center (OPCEN) in New London, Connecticut.  In accordance 
with the North American Ice Service (NAIS) Collaborative Arrangement, IIP used BAPS to pro-
duce an iceberg chart and a text bulletin from the model output.  These iceberg warning 
products were then distributed to the maritime community.  IIP also responded to individual 
requests for iceberg information in addition to these routine broadcasts. 

As the cover images of this report show, IIP is undergoing an evolution of 
reconnaissance operations.  From the early beginnings of ship based observations, to aerial 
reconnaissance, and now transitioning to sensors in space, the men and women of IIP 
continue to evolve operations, improve techniques, seek out new methods, advance science, 
and embrace technology to provide the most accurate iceberg monitoring and warning 
services to the international maritime community.  This report focuses on a few areas of 
modernization – namely improved use of the Minotaur Mission System (MMS) Suite on the 
HC-130J aircraft, incorporation of space-based sensors into reconnaissance operations, and 
updated season severity metrics and in-season prediction capabilities, but these are not the 
only areas of effort.  To improve the skills of our technical specialists, we transitioned three 
enlisted billets from Marine Science Technician to Intelligence Specialist ratings, providing 
improved Geospatial Intelligence competency.  We increased partnerships with the USCG 
Intelligence Community to gain better understanding of space-based reconnaissance 
resources.  We continued to address Information Technology needs, identifying the next 
generation of the BAPS while evaluating the resources required for “big data” management of 
satellite imagery.  Finally, we introduced the distribution of iceberg warning information via the 
use of the U.S. government GovDelivery website, while continuing to explore alternate delivery 
methods that capitalize on electronic navigation now standard throughout the maritime 
community.  In the words of one IIP long-timer – “It’s an exciting time to be at IIP.”    

IIP was formed after the RMS TITANIC sank on 15 April 1912.  Ever since 1913, with 
the exception of periods of World War, IIP has monitored the iceberg danger in the North 
Atlantic and broadcast iceberg warnings to the maritime community.  The activities and 
responsibilities of IIP are delineated in U.S. Code, Title 46, Section 80302 and the International 
Convention for the Safety of Life at Sea (SOLAS), 1974. 

For the 2019 Ice Season, IIP was under the operational control of the Director of Marine 
Transportation (CG-5PW), Mr. Michael D. Emerson.  CDR Kristen L. Serumgard was 
Commander, IIP (CIIP). 
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For more information about IIP, including historical and current iceberg bulletins and 
charts, visit our website at www.navcen.uscg.gov/IIP. 

 
 
 
 
 
 
 
 

 

http://www.navcen.uscg.gov/IIP
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2. Ice and Environmental Conditions 
 

Operational Area 
IIP is responsible for guarding the 

southeastern, southern, and southwest-
ern limits of the region of icebergs, in the 
vicinity of the Grand Banks of Newfound-
land. In conjunction with our NAIS part-
ners, the Canadian Ice Service (CIS) and 
United States National Ice Center (US-
NIC), IIP examines environmental, mete-
orological, and climatological data to de-
velop accurate iceberg warning products 
in the IIP Operational Area (OPAREA) 
(Figure 2-1).  The extent and concentra-
tion of sea ice from January through 
March in the OPAREA plays a critical role 
in the number of icebergs that present a 

hazard to transatlantic shipping. Further, 
the confluence of the cold Labrador Cur-
rent and warm Gulf Stream/North Atlantic 
Current make this area especially chal-
lenging for reconnaissance because of 
frequent fog and the presence of small-
scale oceanographic features.  This sec-
tion describes the ice and environmental 
conditions during the 2019 Ice Year. 

Ice Year Summary 
Season Severity 

After a light iceberg season in 
2018, 2019 was the 10th most severe 
since 1900. By definition, the “Ice Year” 
spans the period between 01 October of 
the previous year and 30 September of 

 
Figure 2-1. International Ice Patrol OPAREA in green. The latitude of 48°N is typically consid-
ered the northern boundary of the transatlantic shipping lanes. IIP measures season severity 
based on this line. 
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the current year.  During the 2019 Ice 
Year, 1515 icebergs (not including bergy 
bits or growlers) crossed south of 48°N. 
Using IIP’s normalized season severity 
metrics, revised in 2018 to account for 
varying observation methods since 1900, 
IIP classified the 2019 Ice Year as “Ex-
treme”.  This is the second “Extreme” Ice 
Year in the past five years (1546 icebergs 
crossed south of 48°N in 2014).   

Historical variability for this meas-
urement is caused both by actual 
changes in season severity and by mod-
ifications to sighting methods (Figure 2-
2). The mean number of icebergs south 
of 48°N throughout IIP’s entire iceberg 
data record (1900-2018) is 492. 

Using revised normalized statis-
tics, the average number of icebergs be-
low 48°N for the modern reconnaissance 
era is 775.  This period, from 1983-2018, 
is characterized by IIP’s use of aircraft 
with sophisticated airborne radar sys-
tems, ship reports, and satellite recon-
naissance.  The use of iceberg drift and 
deterioration modeling also allowed in-
clusion of iceberg drift into the data rec-
ord during this period (IIP, 2018).   

In 2018, IIP developed a season se-
verity predictive tool based on the new 
normalized statistics.  To create this tool, 
IIP examined the years from 1983-2018 
that corresponded to “Light”, “Moderate”, 
“Heavy”, and “Extreme” years, establish-
ing statistical benchmarks based on the 

 
Figure 2-2. Icebergs crossing 48°N and five-year running average. 
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cumulative monthly mean number of ice-
bergs for each severity class. IIP calcu-
lated a monthly range for each severity 
class that used the mean and standard 
deviation of the distribution for the cumu-
lative number of icebergs in each month.  
Figure 2-3 shows the results of this cal-
culation with the observed monthly totals 
and a 10-day running mean of icebergs 
drifting south of 48°N during the 2019 Ice 
Year (IIP, 2018) 

CIIP used this tool to assess iceberg 
severity while the season progressed.  
The solid black line, shown in Figure 2-
3, indicates the 10-day running mean of 
this metric.  By mid-March, it became ap-
parent that 2019 would be a “Heavy”, or 
potentially “Extreme” year.  This allowed 
CIIP to communicate season severity to 

USCG leadership to ensure that ade-
quate aerial reconnaissance resources 
would be available into the summer 
months.  In turn, the slope of the dashed 
line in Figure 2-3 became nearly horizon-
tal through June and July, giving CIIP an 
important clue to consider terminating 
further aerial reconnaissance.  The ability 
to provide this type of quantitative predic-
tor offers an invaluable tool for planning 
scarce and costly aerial reconnaissance 
deployments.    

Additionally, the maximum extent 
of the Iceberg Limit also contributes to 
the severity of a season as it impacts the 
distance, and therefore time a vessel 
must divert to avoid iceberg encounters.  
Further, the number of flight hours re-
quired by IIP aerial reconnaissance is di-
rectly linked to the extent of the Iceberg 

 
Figure 2-3.  Icebergs crossing south of 48°N for the 2019 Ice Year plotted over the 36-year mean of 
monthly cumulative icebergs south of 48˚N from 1983 - 2018.  The black solid line is the 10-day running 
mean.  Colored solid lines indicate the mean number of icebergs that have passed south of 48˚N through-
out the iceberg season in "Light" (Green), "Moderate" (Yellow), “Heavy” (Orange), and "Extreme" (Red) 
seasons.  The dashed lines and shading indicate ±1σ from the mean. Season types are defined using the 
normalized iceberg count and the 50% standard deviation method developed in 2018 (IIP, 2018). 
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Limit; a more extensive Limit requires 
more flight hours.   

Figure 2-4 compares the maxi-
mum extent of the Iceberg Limit for 2018 
and 2019.  The Iceberg Limit reached its 
southernmost latitude of 40°10’N on 11 
April (Figure 2-4, left panel).  The 2019 
Iceberg Limit reached its easternmost ex-
tent of 36°50’W longitude on 11 June 
(Figure 2-4, right panel), and its western-
most extent of 62°45’W on 25 June (not 
shown). 

Highlighting the extreme nature of 
the 2019 Ice Year, for the first three 
weeks in early April, the southern Iceberg 
Limit exceeded the extreme climatologi-
cal limit by over 40 NM.  Again in mid-
June, the eastern Iceberg Limit exceeded 
the extreme climatological limit by more 
than 20 NM. Iceberg Limit climatology 

data is based on the period from 1975-
2009. 

Ice Year Environmental Conditions 
Overview 

At IIP’s Annual Partner Meeting on 
12 December 2018, the CIS Senior Ice 
Forecaster provided a seasonal outlook 
for expected sea ice and iceberg condi-
tions for 2019.  CIS expected near nor-
mal sea ice extent for the Canadian East 
coast.  The CIS forecaster noted that sea 
ice development in Hudson and Davis 
Strait was one to two weeks ahead of 
normal.  Further, the North Atlantic Oscil-
lation Index (NAOI) was projected to re-
main positive, bringing colder tempera-
tures and offshore winds in early winter. 
These facts, coupled with unusually cold 
sea surface temperatures (SST) along 
the Labrador Coast and in Davis Strait, 
supported an outlook of ‘near to above 

 
 
Figure 2-4.  Southern and eastern maximum Iceberg Limit extent for 2018 (blue) and 2019 (magenta).   
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normal’ iceberg conditions for 2019. 
(CIS, 2018a). 

The 2019 Ice Year was character-
ized by a series of abrupt and dramatic 
shifts, both in sea ice coverage and ice-
bergs drifting south of 48°N.  Daily air 
temperature departures from mean at 
two key locations along the east coast of 
Canada show how air temperature influ-
enced sea ice growth early in the year.   
(Figure 2-5). (NOAA/NWS, 2019a). Be-
low normal temperatures, particularly in 
Goose Bay (Figure 2-5, top panel), from 
October through early December caused 
sea ice to develop rapidly; around two 
weeks ahead of normal through mid-De-
cember (CIS, 2019a).   

Beginning in late December, 
above normal temperatures persisted at 
both sites until the second week of Feb-
ruary.  Northwesterly winds during the 
second part of February brought favora-
ble conditions for above median sea ice 
growth.  Air temperatures remained 
mostly below normal at both locations, 
causing sea ice coverage for East New-
foundland and Southern Labrador Sea 
waters to fluctuate near the median 
through mid-March (Figure 2-6).  

Sea ice reached its southernmost 
extent in mid-March but retreated rapidly 
during the third week of March due to 
strong storm systems.  The classic sea 
ice tongue, typically present during ex-
treme Ice Years, formed over the off-
shore branch of the Labrador Current.  
However, by 26 March, sea ice had rap-
idly retreated to above 50°N and re-
mained so for the remainder of the sea-
son. (Figure 2-7). 

Examining sea ice coverage for 
Eastern Newfoundland waters alone 
highlights the dramatic changes in this 
region (Figure 2-8).  The three-week pe-
riod from 26 February through 12 March 
significantly exceeded median values; 
an abrupt decrease in coverage followed 
during the week of 19 March.  This ex-
tensive, above-average sea ice cover-
age in the region at this critical time of 
the year was most likely a significant 
contributing factor to the extreme sea-
son.  

The number of icebergs drifting 
south of 48°N followed similar dramatic 
monthly variability.  The sudden reduc-
tion in sea ice coverage in mid-March left 
many icebergs adrift in the Labrador 

 

 
 
Figure 2-5. 31-day running mean of daily temperature de-
partures for Goose Bay (top) and St. John’s, Newfoundland 
(bottom). (NOAA/NWS, 2019a) 
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Current, leading to a large number of ice-
bergs crossing into the shipping lanes for 
March and April.  The presence of sea ice 
along the Labrador Coast in early April 
further north, led to an extreme number 

of icebergs observed or drifting south of 
48°N in May.  Remarkably, 792 icebergs 
crossed this latitude in May alone. The 
May peak is attributed to an extreme ice-
berg population, coupled with IIP and 

 
Figure 2-6.  Weekly ice coverage for East Newfoundland and Southern Labrador Sea waters 
for 2018-2019. The percent coverage is relative to the area shaded in red in the upper left 
map of this figure (CIS, 2019b). 

0

5

10

15

20

25

30

35

40
Pe

rc
en

ta
ge

 Ic
e 

C
ov

er
ag

e

Date

Weekly Sea Ice Coverage for the 2019 Ice Year

26 November 2018 - 30 July 2019

Ice Coverage Median

 
Figure 2-7. CIS Weekly Regional Ice Analyses for the Canadian East Coast for 11 March (left panel) and    
25 March (right panel). (CIS, 2019c) 
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commercial reconnaissance patterns.  
Just as rapidly as the iceberg numbers 
increased in May, they experienced a 
similar decline through June and July.  
The next section details the quarterly ice 
and environmental conditions that led to 
this extraordinary Ice Year. 

Quarterly Environmental Summaries 
October – December 2018 
On 01 October, CIS had primary 

responsibility for disseminating daily Ice-
berg Limit warnings.  CIS tracked 58 ice-
bergs in BAPS to open the Ice Year.   

Two isolated growlers, sighted by 
PAL Aerospace on 21 September, estab-
lished the southeastern point of the Ice-
berg Limit at 50°N, 46°W outside of the 
1,000 m depth contour.  The remainder 
of the iceberg population, observed by 

satellite, was distributed within 150 NM of 
the Labrador and Newfoundland coasts. 

The Ice Year started with below 
normal air temperatures from October 
through mid-December, causing sea ice 
to develop in the western parts of Lake 
Melville (Labrador) approximately two 
weeks earlier than normal (CIS, 2019a).  
Above to near normal air temperatures 
slowed sea ice growth to below median 
for the remainder of December (Figure 
2-6).  By the end of December, sea ice 
had expanded to the southern part of 
Labrador, but had not yet entered the 
Strait of Belle Isle. 

In October and November, PAL 
Aerospace conducted several iceberg re-
connaissance flights on behalf of CIS, lo-
cating isolated icebergs near the 1,000 m 
contour.  The drift of these icebergs 

 
Figure 2-8.  Weekly ice coverage for East Newfoundland waters only for 2018-2019. The per-
cent coverage is relative to the area shaded in red in the upper left map of this figure (CIS, 
2019b). 
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caused the Iceberg Limit to protrude 
southeastward, although remaining north 
of 50°N for the entire quarter.  With the 
growth of sea ice in December, recon-
naissance focused on areas outside of 
the sea ice edge.  By the end of Decem-
ber, only two icebergs remained in open 
water and the Iceberg Limit receded 
northward to 54°N. No icebergs were 
sighted or drifted south of 48°N during 
the first quarter of the Ice Year. 

January-March 2019 

Above normal air-temperatures in 
the region, recorded at both Goose Bay 
and St. John’s, held sea ice coverage to 
below median until the first week of Feb-
ruary. Persistent northwesterly winds, re-
sulting from a low-pressure system track-
ing across Labrador in late January, 
brought sea ice coverage to above me-
dian by 05 February.  Similar storm sys-
tems in mid-February caused sea ice 
coverage to fluctuate above and below 

median coverage, reaching maximum 
coverage for the year on 12 March (Fig-
ure 2-6).  Sea ice continued to expand 
southeastward, creating an elongated 
tongue over the cold Labrador Current in 
Flemish Pass.  A patch of thin first-year 
sea ice, approximately 60 NM long, 
drifted to its southernmost latitude of 
42°50’N on 18 March (CIS, 2019c).   

A low-pressure system in early-
March followed a more northerly track 
than the February storms due to a strong 
high-pressure system south of the Cana-
dian Maritimes. This resulted in several 
days of strong southwesterly winds over 
the Grand Banks that caused a rapid 
break-up of the sea ice tongue (Figure 2-
7).  The sea ice edge retreated to north 
of 50°N by 26 March.  The difference in 
mean wind direction between February 
and March highlights this shift in the at-
mospheric pattern that drove these 
changes in sea ice coverage (Figure 2-

 

Figure 2-9. Composite Mean Sea Level Pressure for February (left panel) and March (right panel) 2019.  Ap-
proximate wind directions are indicated by an arrow within the blue shaded regions.  Mean wind speeds in the 
shaded regions were approximately 13 kts for February and 15 kts for March.  (NOAA/ESRL PSD, 2019) 
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9) (NOAA/ERSL PSD, 2019).  In this 
case, cold northwesterly winds from the 
Canadian continent in February brought 
conditions favorable for sea ice growth, 
while relatively warm southwesterly 
winds in March promoted sea ice deteri-
oration. 

PAL Aerospace iceberg recon-
naissance flights beginning in mid-Janu-
ary observed only isolated icebergs 
within the advancing sea ice in the New-
foundland Sea, with none observed in the 
offshore branch of the Labrador Current 
until mid-February.  Beginning on 19 
February, aerial and satellite reconnais-
sance observed an increasing population 
of icebergs, mostly within sea ice, with 
only a few reported outside of the sea ice 
edge within the offshore branch of the 
Labrador Current.  At the end of Febru-
ary, IIP estimated that 271 icebergs were 
present throughout the OPAREA.  
Though the Iceberg Limit extended to be-
low 45°N, only 15 icebergs had been 
sighted or drifted south of 48°N during 
February.   

IIP IRDs began deploying to the 
OPAREA in late February to verify the lo-
cation of the southern and southeastern 
Iceberg Limits.  The second IRD in mid-
March included a northern survey flight 
along the Labrador Coast to 60°N.  Re-
sults from this flight gave the first indica-
tor of a significant iceberg population, 
poised to drift southward into the transat-
lantic shipping lanes.  The Iceberg Re-
connaissance Operations of this report 
(Section 4), provides a detailed narrative 
of each deployment for the year.  PAL 
Aerospace continued its ice reconnais-
sance flights in support of the Grand 

Banks Oil and Gas Industry.  C-CORE 
augmented aerial reconnaissance with 
the European Space Agency’s (ESA) 
Sentinel-1 (SN1) satellite imagery along 
the 1,000m contour further north.   

At the end of March, IIP estimated 
that 1,054 icebergs were present 
throughout the IIP OPAREA.  The Ice-
berg Limit expanded southward to 41°N 
and eastward to 40°W.  A total of 390 ice-
bergs were sighted or drifted south of 
48°N during the month of March.   

April - June 2019 

Sea ice remained north of 50°N for 
the remainder of the year and during the 
first week of April an elongated patch of 
thin first-year ice with 7-8/10 concentra-
tion extended 250 NM east of the New-
foundland Northern Peninsula at around 
51°N (CIS, 2019c).  A 30 NM section of 
open water separated the main pack of 
medium first-year sea ice at 52°N, along 
southern Labrador.  This ice extended 
out to around 200 NM from the Labrador 
Coast, causing sea ice coverage to in-
crease to near the median level on 02 
April, and likely contributed to the dra-
matic increase of icebergs observed drift-
ing into the shipping lanes in April 
through mid-May.   

Satellite and aerial iceberg recon-
naissance continued throughout the 
quarter.  PAL Aerospace began conduct-
ing regular twice-daily flights on 19 April, 
generally between 47°N and 49°N in sup-
port of Grand Banks oil and gas facilities.  
In contrast, with the Iceberg Limit ex-
panding both southward and eastward, 
IIP focused its patrols near the Iceberg 
Limits, leaving little opportunity to verify 
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the iceberg population in the interior part 
of the OPAREA (in the Newfoundland 
Sea and northern Grand Banks). At the 
end of April, IIP estimated that 1,426 ice-
bergs were in the OPAREA.  During the 
month of April, 274 icebergs were sighted 
or drifted south of 48°N.   

The daily number of icebergs 
crossing south of 48°N accelerated 
steadily from late-April through early-
May, reaching a maximum of 116 ice-
bergs in a single day on 13 May.  In keep-
ing with the sudden changes in sea ice 
conditions observed in 2019, the number 
of icebergs drifting into the shipping lanes 
then decreased sharply during the last 

week of May and continued to decline 
through June.  At the end of May, IIP es-
timated that 1204 icebergs were in the 
OPAREA.  During May, 792 icebergs 
were sighted or drifted south of 48°N.   

A shift in atmospheric conditions 
along the Labrador Coast in early May 
caused this rapid decrease in the number 
of icebergs crossing into the shipping 
lanes during late May and June.  Persis-
tent high pressure over Greenland (6-8 
mb above normal) and low pressure near 
the Flemish Cap further south (5 mb be-
low normal) through June (Figure 2-10) 
established a predominantly onshore 
wind pattern.  This pattern prevented the 

 

Figure 2-10. Composite Sea Level Pressure Anomaly (mb) for May 
through June referenced to 1981-2010 climatology.  Higher than nor-
mal pressure over Greenland and below normal pressure east of 
Flemish Cap brought persistent easterly (onshore) winds from May to 
June.  (NOAA/ESRL PSD, 2019) 
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large population of icebergs observed 
along the Labrador Coast in March and 
April from accessing the offshore branch 
of the Labrador Current for further 
transport south into the shipping lanes. 

Further illustrating this situation, 
the 500 mb NAOI between 03 March and 
30 June clearly shows the reversal in at-
mospheric pressure and resulting wind 
directions during this critical time of the 
Ice Year (NOAA, 2019a).  The NAOI rep-
resents the difference in atmospheric 
pressure between northern areas of the 
Atlantic Ocean (Greenland and Iceland) 
and the central Atlantic (Azores) (NOAA, 
2019b).  With exception of a 9-day period 
during the second week of April, the 
NAOI was positive through 26 April.  A 
positive NAOI is generally associated 
with offshore winds, sea ice growth, and 
favorable conditions for icebergs to enter 

the offshore branch of the Labrador Cur-
rent for transport south. The opposite sit-
uation, a negative NAOI, from 27 April to 
30 June, resulted from the atmospheric 
pattern, supporting onshore winds that 
drove sea ice and icebergs inshore.  De-
spite a significant iceberg population 
near Hamilton Bank, this wind pattern ul-
timately prevented many of these ice-
bergs from drifting further south.  (Figure 
2-11).  The last iceberg crossed 48°N on 
22 June.  During June, 44 icebergs were 
sighted or drifted south of 48°N. 

Notably, the NAOI remained neg-
ative throughout most of the summer, co-
inciding with extreme weather events 
across the North Atlantic.  During the last 
week of July, a record-setting heat wave 
began in Europe, due to anomalously 
high pressure over the European conti-
nent and low pressure over the central 

Figure 2-11.  500 mb NAOI on 05 October 2019 showing NAOI for 03 March through 05 October 2019.  The 
500 mb NAOI provides a statistical representation of differences in atmospheric pressure over the North At-
lantic Ocean.  Positive values are associated with offshore winds (03 March - 26 April) and negative values 
(27 April – 22 July) are associated with onshore winds.  (NOAA/NWS, 2019b) 
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Atlantic (south of Greenland), bringing 
warm air northward.  The high pressure 
anomaly shifted westward towards 
Greenland in early August, reaching an 
absolute minimum on 05 August.  Persis-
tent high pressure over Greenland led to 
below normal cloud cover, which acceler-
ated melting over the Greenland ice 
sheet surface.  The National Snow and 
Ice Data Center (NSIDC) estimated melt 
runoff of 55 billion tons between 30 July 
and 03 August; much higher than aver-
age (Scambos, 2019).   

Oceanographic Observations 

In addition to atmospheric condi-
tions that affected the number of icebergs 
entering the shipping lanes, the effect of 
key oceanographic features in IIP’s 
southern OPAREA created hazardous 
conditions for shipping from April through 
early June.   

In April and May, IIP aerially de-
ployed three Surface Velocity Program 
(SVP) drifting buoys with drogues cen-
tered at 50 m along the 1,000 m depth 
contour (Figure 2-12).  The Canadian 
Coast Guard (CCG) deployed three addi-
tional SVP buoys by ship at IIP’s request.  
CCG deployed one, with a 50 m drogue, 
on the 1,000 m depth contour in a similar 
location as IIP’s aerial deployments.  The 
other two had 15 m drogues; CCG de-
ployed these on the shelf, near the coast 
of Newfoundland to measure the inshore 
branch of the Labrador Current.  IIP col-
lected hourly Global Positioning System 
(GPS) buoy positions each day via the 
Iridium satellite system.  

In June and July, as part of the 
Department of Homeland Security Sci-
ence and Technology (DHS S&T) Direc-
torate iceberg tagging campaign, a C-
CORE team deployed 10 SVP buoys, 

 
Figure 2-12.  Tracks of SVP buoys deployed by IIP and Canadian Coast Guard (left) and C-CORE (right).  Cur-
rent estimates from these buoys provided valuable input data for IIP’s iceberg drift model. 
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while performing iceberg tagging opera-
tions.  C-CORE supplied seven of these 
SVP buoys; while the University of Cali-
fornia, San Diego (UCSD) provided three 
additional SVP buoys.  All 10 SVP buoys 
deployed by C-CORE had drogues cen-
tered at 15 m in depth.  IIP acknowledges 
the Canadian Coast Guard, C-CORE and 
UCSD for their support in providing and 
deploying SVP buoys, both for the tag-
ging project and for inclusion into IIP’s 
iceberg drift model.  Section 4 provides 
additional details on the DHS S&T ice-
berg tagging campaign. 

Of the 16 SVP buoys deployed in 
2019, 15 functioned normally, providing 
key current data that IIP incorporated into 
its iceberg drift model.  One aerially de-
ployed buoy yielded only sporadic GPS 
positions.  IIP did not use data from this 
SVP buoy for drift model currents. 

The interaction between the cold, 
southward flowing Labrador Current and 
the warm, northeastward flowing North 
Atlantic Current typically results in a com-
plex oceanographic environment; the 
2019 Ice Year was no exception.  Both 
the SVP buoy drift (Figure 2-12) and Ad-
vanced Very-High Resolution Radiome-
ter (AVHRR) SST imagery (Figure 2-13) 
clearly show this complexity. As seen in 
the AVHRR imagery in early April, the 
Labrador Current extended southward to 
near 40°N, almost 180 NM south of the 
Tail of the Grand Banks, bringing ice-
bergs into the shipping lanes (Figure 2-
13).   The black-colored ribbon showing 
water with SST less than 2°C depicts the 
southernmost extent of the Labrador. 

Buoy drift and SST analysis pro-
vided evidence that the Labrador Current 

appeared to weaken and shift northward 
beginning in early April throughout the re-
mainder of the season.  In April, three 
eastward flowing offshoots from the main 
branch of the Labrador Current devel-
oped south of Flemish Cap.  These fea-
tures likely contributed to the weakening 
of the Labrador Current and further com-
plicated the oceanography in the area.  
The U.S. Naval Oceanographic Office 
(NAVO) Ocean Features Analysis prod-
uct for 01 June highlights the complexity 
of the region showing five cold-core ed-
dies (Figure 2-14).  One of these eddies 
formed near 40°W, causing icebergs to 
drift eastward beyond this longitude.  The 

 
 
Figure 2-13.  Advanced Very High Resolution Radiometer 
Sea Surface Temperature image for 12 April 2019.  Land is 
light gray, cloud cover bright white, and black indicates 
cold water less than ~2°C.  (JHU, 2019)  
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Iceberg Limit reached its maximum east-
ward extent on 11 June because of these 
features.   

The track of two SVP buoys be-
tween 01-11 June illustrates the path fol-
lowed by icebergs during this time.  View-
ing the SVP buoy tracks and the Iceberg 
Limit, overlaid onto an SST image on 03 
June provided insight to the environmen-
tal conditions at work (Figure 2-15).  The 
UK Meteorology Office (UKMO) provided 
SST data as part of the Group for High 
Resolution SST (GHRSST).  The 
GHRSST SST data were obtained from 
the NASA Earth Observing System Data 
and Information System (EOSDIS) Phys-
ical Oceanography Distributed Active Ar-
chive Center (PO.DAAC) at the Jet Pro-
pulsion Laboratory,Pasadena, CA. 

At the end of June, IIP estimated 
that 1,816 icebergs remained in the 
OPAREA.  However, with the weakening 
Labrador Current, the number of ice-
bergs drifting south of 48°N decreased 
rapidly.  During June, 44 icebergs were 
sighted or drifted south of 48°N.   

July – September 2019 
Although air temperatures in July 

were slightly below normal, sea ice cov-
erage continued to decline and did not in-
fluence iceberg conditions in IIP’s 
OPAREA for the remainder of the year.  
Winds remained southeasterly and pre-
dominantly onshore for July and August, 
keeping the iceberg population close to 
the Labrador Coast.  At the beginning of 
the quarter, 26 icebergs remained south 
of 48°N, with the majority of these located 

  
Figure 2-14. US NAVO Oceans Features Analysis for 01 June 2019.  Numerous warm 
and cold core eddies show the oceanographic complexity in the area.  The Cold Core 
eddy (C1911) centered at 40ºN played a key role in the eastward expansion of the Ice-
berg Limit in June. (NAVO, 2019) 
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within a few miles of the Avalon Penin-
sula.  Over 1,700 icebergs remained 
north of 48°N and mostly confined to 
within 60 NM of the Newfoundland and 
Labrador Coast.  Of these, 35 icebergs 
remained in the Strait of Belle Isle, posing 
a hazard to ships transiting the region 
to/from the Gulf of St. Lawrence.   

IIP conducted a Northern Survey 
flight on 10 July to assess the remaining 
iceberg population.  This patrol flew 
along the Labrador Coast to 59°N, de-
tecting 361 icebergs.  Since many of 
these icebergs were grounded or well in-
side the offshore branch of the Labrador 
Coast, IIP determined that the remaining 
iceberg population did not pose a serious 
threat to shipping and concluded its re-
connaissance season.  At the end of July, 
814 icebergs remained in the OPAREA.  
No new icebergs were sighted or drifted 
south of 48°N for the remainder of the Ice 

Year.  The total number of icebergs 
sighted or drifting south of 48°N was 
1,515. 

In summary, Figure 2-16 graph-
ically shows the number of icebergs esti-
mated to have drifted south of 48°N by 
month for the 2019 Ice Year. A solid red 
line depicts the monthly averages for the 
entire 119 year record from 1900 through 
2018.  The monthly average for the mod-
ern reconnaissance era (1983-2018) is 
also included as a solid green line.  The 
2019 monthly totals for March, April, and 
May significantly exceeded the monthly 
averages for both periods.  The variability 
within these months is also noteworthy 
and reflects the abrupt shifts in wind di-
rection and sea ice coverage experi-
enced during the spring.  Table 2-1 sum-
marizes extreme iceberg positions, both 
sighted and drifted  by modeling, along 
with the sighting source.    

 
Figure 2-15.  GHRSST image from 03 June with tracks of two SVP buoys from 01-11 June 
and easternmost Iceberg Limit. (UKMO, 2019). 
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Table 2-1.  2019 Extreme sighted and drifted (modeled) iceberg positions by original sighting source and date. 
Note: Western icebergs listed were those used to set the Iceberg Limit in the Gulf of St. Lawrence. 

Source Date Latitude Longitude Source Date Latitude Longitude

Southern M/V MSC 
BUSAN 18-May-19 41-29.7N 50-18.2W IIP HC-130J 11-Apr-19 41-15.8N 48-18.7W

Eastern Satellite 
(Sentinel-1B) 22-Mar-19 49-00.0N 42-40.6W IIP HC-130J 11-Jun-19 47-53.4N 38-24.8W

Western IIP HC-130J 25-May-19 50-02.5N 61-03.2W IIP HC-130J 25-May-19 50-02.5N 61-03.2W

2019 
Extreme 
Icebergs

Sighted Drifted

 
Figure 2-16.  Icebergs south of 48°N by month for 2019 (1515 total).  Monthly averages for the entire historical 
dataset (1900-2018) and for the modern reconnaissance era (1983-2018) are shown as red and green solid lines, 
respectively. 
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3. Operations Center Summary 
 

The IIP OPCEN is the hub of IIP’s in-
formation processing and dissemination. 
IIP OPCEN watch standers receive ice-
berg reports from a variety of sources, 
process the information, and create daily 
iceberg warning products that are distrib-
uted to mariners. Iceberg reports are re-
ceived from IRD flights, Commercial Re-
connaissance flights, Synthetic Aperture 
Radar (SAR) satellite imagery, and ves-
sel sighting reports. After these reports 
are ingested, icebergs are added to IIP’s 
iceberg database and processed through 
the drift and deterioration models on 
BAPS. Iceberg Limits are then defined to 
contain the modeled iceberg positions 
and daily NAIS warning products are cre-
ated and distributed to mariners via nu-
merous means. 

Products and Broadcasts 

IIP and CIS partner to create and dis-
tribute two versions of the daily Iceberg 
Limit in a text and graphic format. IIP’s 
defined Ice Season encompasses the 
time IIP is actively deploying to St. 
John’s, NL and IIP is producing products; 
typically when icebergs threaten the 
transatlantic shipping lanes.  This year, 
the Ice Season ran from 05 February to 
28 August (while the deployment period 
was 26 February – 11 July).  During the 
remainder of the 2019 Ice Year, termed 
“out of season”, CIS produced products, 
as the iceberg population is typically 
found farther north along the Canadian 
coast.   

The text version, NAIS-10 bulletin, 
lists the latitude and longitude points of 

the Iceberg Limit and sea ice limits. The 
graphical version, NAIS-65 graphic, 
shows the forecasted Iceberg Limit and 
estimated concentrations of icebergs in 
1˚x 1˚ latitude x longitude gridded bins. 
Examples of the NAIS-65 iceberg charts 
can be found in Section 7 of this report. 
Both products include information re-
garding the most recent reconnaissance, 
including the date, type, and coverage 
area. These two products are released 
between 1830Z and 2130Z and are valid 
for 0000Z the following day. During the 
2019 Ice Season, all but one scheduled 
broadcast was met, with 99% of iceberg 
warning products released on time.  On 
26 March, a database resynchronization 
between CIS and IIP resulted in the late 
release of products at 2300Z. 

IIP publicly distributes the NAIS ice-
berg warning products by a variety of 
methods. The NAIS-10 iceberg bulletin is 
broadcast over SafetyNET, Navigational 
telex (NAVTEX), Simplex Teletype Over 
Radio (SITOR), and posted on the inter-
net. The NAIS-65 iceberg chart is broad-
cast over radio facsimile (Radiofax) and 
posted online. Both products are posted 
on IIP’s website 
(https://www.navcen.uscg.gov/?page-
Name=iipProducts). Additionally, the 
NAIS-65 iceberg chart is available on the 
National Weather Service (NWS) Marine 
Forecast 
(http://tgftp.nws.noaa.gov/fax/marsh.sht
ml) and NOAA Ocean Prediction Center 
(OPC) 
(www.opc.ncep.noaa.gov/Atl_tab.shtml) 
websites.  Keyhole Markup Language 

https://www.navcen.uscg.gov/?pageName=iipProducts
https://www.navcen.uscg.gov/?pageName=iipProducts
http://tgftp.nws.noaa.gov/fax/marsh.shtml
http://tgftp.nws.noaa.gov/fax/marsh.shtml
http://www.opc.ncep.noaa.gov/Atl_tab.shtml


3-2 
 

(KML) files and ArcGIS shapefiles of the 
Iceberg Limit and sea ice limit are availa-
ble on the IIP website for use with com-
patible mapping software. The daily Ice-
berg Limit is also a displayable layer 
within NOAA’s Arctic Environmental Re-
sponse Management Application 
(ERMA) mapping tool, (https://re-
sponse.restoration.noaa.gov/maps-and-
spatial-data/environmental-response-
management-application-erma/arctic-
erma.html). 

Product Changes for 2019 

Each year, IIP, in conjunction with 
CIS and the Danish Meteorological Insti-
tute (DMI), reviews products, proce-
dures, and processes to improve content, 
delivery, and value to the mariner. For 
2019, the most significant change to the 
products was the implementation of sat-
ellite reconnaissance from DMI into the 
creation of the Estimated Iceberg Limit 
south of Greenland.  Approximately twice 
per week, DMI provided updates to the 
Estimated Limit based on Sentinel-1 re-
connaissance and the results of a ship-
iceberg discrimination algorithm.  This 
satellite-derived limit was incorporated 
into the daily products, providing a rele-
vant, reconnaissance-based limit to mar-
iners in the North Atlantic and making 
history as the first Iceberg Limit to be de-
rived solely by satellite reconnaissance. 

Iceberg Reports 

The IIP OPCEN received reports of 
icebergs from a variety of sources includ-
ing IRD flights, commercial flights, ship 
reports, and satellite reconnaissance 
from IIP, CIS, and commercial sources 
(Figure 3-1). Collecting and processing 
iceberg reports from this wide array of 

sources bolsters IIP’s reconnaissance 
mission. An important source contrib-
uting to IIP’s successful safety record are 
the reports received from the maritime 
community transiting through the 
OPAREA.  A list of the individual ships 
that made voluntary iceberg reports dur-
ing the 2019 Ice Season is compiled in 
Appendix A.  

Iceberg reports are received in vari-
ous formats and are converted into a 
standard iceberg message (SIM) that 
contains information on the reported ice-
berg’s time of sighting, position, size, 
shape, and any other amplifying infor-
mation.  Depending on the reporting 
source and time of year, SIMs may report 
zero icebergs or hundreds of icebergs. 
Overall, during the 2019 Ice Season, IIP 
received, analyzed, and processed 777 
SIMs, 684 of which included iceberg 
sightings, approximately a 36% increase 
in SIMs with icebergs from the 2018 Ice 
Season. Figure 3-2 provides a summary 
showing the number of SIMs received 
compared with the number of icebergs 
that drifted south of 48˚N for each year 
since 2008. The first columns of Figure 
3-1 and Table 3-1 show the distribution 
of these iceberg messages by reporting 
source. 

As discussed in Section 2, the 2019 
Ice Season has been deemed an “Ex-
treme” season in accordance with the up-
dated season severity definitions (IIP, 
2018).  Figure 3-3 shows the distribution 
of SIMs received and icebergs reported 
over the course of the season.  Note the 
increase in reported icebergs from the 
end of April until mid-May.  In June and 
July there were isolated spikes of in-
creased numbers of icebergs.  These can  

https://response.restoration.noaa.gov/maps-and-spatial-data/environmental-response-management-application-erma/arctic-erma.html
https://response.restoration.noaa.gov/maps-and-spatial-data/environmental-response-management-application-erma/arctic-erma.html
https://response.restoration.noaa.gov/maps-and-spatial-data/environmental-response-management-application-erma/arctic-erma.html
https://response.restoration.noaa.gov/maps-and-spatial-data/environmental-response-management-application-erma/arctic-erma.html
https://response.restoration.noaa.gov/maps-and-spatial-data/environmental-response-management-application-erma/arctic-erma.html
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Figure 3-1. 2019 Standard Iceberg Message (SIM) information.  The first bar (left) shows the percentage of SIMs 
received from each source.  The second bar (center) shows the percent contribution from each source to the 
total number of iceberg observations that were included into the model.  The third bar (right) shows the percent-
age of limit-setting icebergs reported by each SIM source.  Here, the Canadian Government data does not include 
government funded commercial reconnaissance which is included in the Commercial Aerial Recon category.  
The Ship Report row includes SIMs from USCGC JUNIPER as part of the DHS S&T Iceberg Tagging Campaign, 
as well as reports from vessels contracted by the Oil and Gas Industry to track individual icebergs in the vicinity 
of the oil rigs on the Grand Banks. 

 
Figure 3-2. Record of the number of SIMs received that contained iceberg sigthings (blue bars) and the 
number of icebergs observed south of 48˚N (red line). Note that 2019 had the highest number of SIMs 
containing iceberg information and the second highest number of icebergs passing south of 48˚N. 
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Figure 3-3. The number of SIMs received per day (top) and the number of icebergs reported per day 
(bottom) at the IIP OPCEN throughout the 2019 Iceberg Season.  Note the spike in icebergs reported at 
the end of April into the first half of May, even though the number of SIMs received remained relatively 
constant from March through June. 

 

 
Table 3-1. Detailed information of 2019 icebergs received from each SIM source.  * The Canadian Govern-
ment row does not include Government-funded Commercial Aerial Reconnaissance and mostly is made 
up of Canadian Coast Guard reports. ** The Ship Report row includes eight SIMs with 204 icebergs from 
USCGC JUNIPER as part of the DHS S&T Iceberg Tagging Campaign, as well as 39 SIMs with 56 icebergs 
from ice management vessels contracted by the Oil and Gas Industry in the vicinity of the oil rigs on the 
Grand Banks. 

 

Source Total 
SIMS

Icebergs 
Incorporated 

into Model

Average Ice-
bergs Per SIM

Limit 
Setting 

Icebergs
IIP Satellite 

Reconnaissance 230 3945 17 347

CIS Satellite 
Reconnaissance 19 858 45 30

Commercial Satellite 
Reconnaissance 85 7463 88 52

IIP Aerial 
Reconnaissance 41 2122 52 276

Commercial Aerial 
Reconnaissance 280 9110 33 166

Canadian * 
Government 9 234 26 0

Ship Reports ** 112 473 4 52

Total 777 24206 31 923
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be correlated to satellite passes over the 
vicinity of Hamilton Bank along the Lab-
rador coast.  These SIMs each reported 
hundreds of icebergs in nearly the same 
location.  Due to the amount of satellite 
reconnaissance in the area, many of the 
icebergs were found to be grounded dur-
ing this point in the season as they were 
resighted in approximately the same lo-
cation for many satellite frames in a row.  
Of note, the iceberg drift and deteriora-
tion models did not consider the icebergs 
to be grounded and continued to drift 
them south along the Labrador Coast.  
The large number of icebergs reported in 
the same location was a challenge for the 
IIP OPCEN to process into the model and 
resulted in the use of large-scale mass-
resighting of iceberg populations, termed 
“polygon add/polygon delete”.  Though 
this method does not retain the history of 
iceberg trajectories over time as a tradi-
tional resighting does, it was the most ef-
fective way of handling large numbers of 
icebergs in the same location at short re-
peat cycles and effectively corrected for 
the modeled southward drift of the ice-
bergs despite them being aground. 

A total of 30,984 icebergs, growlers, 
and radar targets were reported to IIP 
during the 2019 Ice Season. Of these, 
24,206 (78%) were incorporated into the 
model. IIP watchstanders reviewed each 
report for accuracy and validity before the 
data was entered into BAPS.  This in-
cluded reviewing environmental condi-
tions, other recent reconnaissance, and 
the detection method of each report.  The 
22% of reported icebergs that were not 
incorporated in the model included many 
that were coincident sightings where the 
OPCEN received reports of the same ice-

berg(s) from numerous sources at ap-
proximately the same time.  In these cir-
cumstances, the OPCEN will only ingest 
the most recent position and most com-
plete size information and take no action 
on older or less complete reports.  This 
also includes instances in which multiple 
agencies analyzed the same satellite 
frame.  In these cases, IIP added all 
unique icebergs from the two reports but 
took care to not add the same iceberg 
twice.  

Satellite Reconnaissance 

Table 3-1 and Figure 3-1 show that 
the majority of icebergs, growlers, and ra-
dar targets incorporated into the model 
were from satellite reconnaissance 
(Commercial, CIS, and IIP satellite re-
connaissance combined for a total of 
12,266 icebergs, growlers, and radar tar-
gets added into the model from 334 
SIMs).  The Satellite Reconnaissance 
percentage in Figure 3-1 was comprised 
of 230 satellite images that were pro-
cessed and analyzed entirely by IIP staff; 
19 SIMs were processed by CIS; and 85 
SIMs, consisting of 238 satellite frames, 
were processed by C-CORE in support of 
the oil and gas industry and in support of 
the DHS S&T Iceberg Tagging Cam-
paign.  Of the 12,266 satellite-detected 
icebergs that were incorporated into the 
model during the 2019 Ice Season, 3,945 
were from IIP satellite SIMs, 858 were 
from CIS satellite SIMs, and 7,463 were 
from C-CORE satellite SIMs. 

Aerial Reconnaissance 

This season, IIP conducted 41 recon-
naissance flights, which accounted for 
2,122 icebergs, growlers, and radar tar-
gets added or re-sighted into the BAPS 
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model.  On average, 52 icebergs were 
observed per IRD flight. Commercial aer-
ial reconnaissance accounted for 9,110 
icebergs added to the model; an average 
of 33 icebergs, growlers, or radar targets 
observed per flight.  It should be noted 
that IRD flights have a primary mission of 
iceberg reconnaissance on every sortie; 
this is not necessarily the case for com-
mercial flights.  

The commercial aerial reconnais-
sance data in Table 3-1 and Figure 3-1 
is from SIM reports made by PAL Aero-
space, which was contracted by multiple 
sources. Figure 3-4 shows the percent-
age of PAL Aerospace flights that were 
dedicated ice flights (funded by CIS or by 
the oil and gas industry) and other flights 
that reported icebergs as a byproduct of 
various other missions. Just over half 
(53%) of the total PAL Aerospace flights 
which reported icebergs were flown for 
primary missions other than iceberg re-

connaissance. 41% of flights that re-
ported icebergs were funded by the oil 
and gas companies concerned with ice-
bergs in the vicinity of the offshore oil rigs 
(increased from 26% in 2018).  The 
smallest portion, 5%, of PAL Aerospace 
flights that reported icebergs were 
funded by CIS specifically for iceberg re-
connaissance in areas designated by ei-
ther IIP or CIS. This willingness of PAL 
Aerospace to identify and share iceberg 
reconnaissance information regardless 
of funding source demonstrates a nota-
ble and significant commitment to mari-
time safety across the region.  

The increase in Industry Ice Flights 
this “Extreme” Ice Season is notable 
because most of them were flown in the 
same patrol area, with morning and 
afternoon patrols of the same area on 18 
days.  On these same-day flights, a total 
of 393 icebergs were added to the model, 
with 3,047 icebergs resighted.  The 393 
additions to the model are interesting 

 
Figure 3-4. The percentage of PAL Aerospace flights by primary mission type that reported icebergs.  
The “Other” category includes flights that reported icebergs but with a primary mission other than 
iceberg reconnaissance. 
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because, in an ideal circumstance, a 
patrol of the same area on the same day 
would locate the same icebergs and such 
patrols would result in only resights.  The 
fact that so many differences existed 
could be attributed to slight errors in 
reported position that prohibited iceberg 
resighting after short time intervals by our 
OPCEN policy or changes in weather or 
other factors that impacted probability of 
detection in the afternoon compared to 
the morning. 

SIM Processing and Deletions 

Identifying icebergs is only one part 
of the process.  Once identified, icebergs 
are added or resighted in the active ice-
berg database, and then are drifted and 
deteriorated via numerical models in 
BAPS.  Icebergs are removed or deleted 
from the active iceberg database as a re-
sult of modeled deterioration, recency of 
last sighting, or IIP aerial reconnaissance 
results.  This season, 780 of the 9,537 
icebergs added to the model were de-
leted based upon the results of IIP aerial 
reconnaissance indicating that no ice-
bergs were present in the region identi-
fied by the modeled position.  Due to the 
large numbers of icebergs reported in 
many SIMs this season, IIP made liberal 
use of “polygon add/polygon delete” pro-
cedures where all the icebergs within a 
defined area are resighted by deleting 
the older observations and adding the 
most recent observations in their place.  
As such, the number of deletions from 
other sources of reconnaissance is not 
indicative of the use of these sources to 
delete individual icebergs but as a 
method of resighting large populations of 
icebergs at one time.  Resighting in this 

method accounted for 3,730 iceberg de-
letions, though a similar amount of ice-
bergs were added back to the model in 
the most current position.  Presently, 
commercial aerial reconnaissance and 
satellite reconnaissance do not meet 
necessary probability of detection stand-
ards to enable deleting icebergs from the 
database completely.  This season, IIP 
continued to work with PAL Aerospace 
during CIS-funded iceberg reconnais-
sance flights to quantify environmental 
conditions, visibility, and radar range in 
order to facilitate deleting modeled ice-
bergs from commercial reconnaissance 
results.  The remainder of the modeled 
icebergs were typically deleted due to 
predicted melting and deterioration. 

Limit-Setting Icebergs 

Of all the icebergs sighted and mod-
eled by IIP, the most important were the 
ones that defined the Iceberg Limit. Typ-
ically, between two and eight icebergs 
set the Iceberg Limit at any time. In the 
2019 Ice Season the limit stretched ap-
proximately 655 NM east of St. John’s at 
its maximum extent of 036˚44’W on 11 
June, and approximately 444 NM south 
of St. John’s to 40˚10’N on 11 April.  

Compared to 2018, PAL Aerospace 
flights decreased as a reporting source of 
limit setting icebergs from 24% to 18%, 
and IIP aerial reconnaissance decreased 
from 42% to 30%.  Reconnaissance from 
satellite imagery accounted for more than 
46% of limit setting icebergs, compared 
to 30% in 2018, 22% in 2017, and only 
2.1% in 2016.   

Although a large number of icebergs 
incorporated into the model and setting 
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the Iceberg Limit were observed by sat-
ellite, at this time, satellite reconnais-
sance is unable to reliably determine ice-
free conditions due to low confidence in 
the ability to avoid false positives and 
false negatives.  A false positive result is 
one in which a target is determined to be 
an iceberg where, in fact, there is not 
one.  This can result in the needless ex-
pansion of the Iceberg Limit, negatively 
impacting shipping without a correspond-
ing increase in safety.  However, much 
more insidious occurrences are false-
negatives in which it is determined there 
are no icebergs where, in fact, icebergs 
exist.  This situation is especially danger-
ous and can result in the Iceberg Limit 
not encapsulating the iceberg hazard and 
placing ships in harm’s way.  Continued 
development of satellite imagery analysis 
is aimed at reducing these false condi-
tions through increased understanding of 
the impact of satellite parameters, image 
quality, and environmental conditions on 
valid positive detection and classification 
of targets.   

Given these considerations, the pri-
mary method for monitoring the Iceberg 
Limit remains aerial reconnaissance.  
Observing the exact location of limit-set-
ting icebergs, especially those in the vi-
cinity of transatlantic shipping lanes, con-
tinues to be a critical part of completing 
IIP’s mission.     

IIP Protocol for Icebergs Reported 
Outside of the Iceberg Limit 

In the event that an iceberg or radar 
target is reported outside the published 
Iceberg Limit, the OPCEN Duty 
Watchstander (DWS) takes prompt ac-

tion to ensure that the maritime commu-
nity is quickly notified and the NAIS prod-
ucts are updated. 

Typically, the first step is for the DWS 
to notify the Canadian Coast Guard Mar-
itime Communication and Traffic Service 
(MCTS) Port aux Basques. In turn, 
MCTS issues a Navigational Warning 
(NAVWARN) which is the primary means 
of relaying critical iceberg information to 
the transatlantic shipping community and 
provides the IIP watchstanders with time 
to transmit revised products. The 
NAVWARN is sent via NAVTEX and for-
warded to the U.S. National Geospatial-
Intelligence Agency (NGA). NGA broad-
casts the message as a Navigational 
Area (NAVAREA) IV warning message 
over SafetyNET and posts it to their web-
site. NAVAREA IV is one of 21 Naviga-
tional Areas, designated by the World 
Wide Navigational Warning Service 
(WWNWS); the United States is the co-
ordinator for NAVAREA IV.  

If the report of an iceberg or radar tar-
get outside the limit is received by IIP 
during office hours (1200Z – 0000Z), 
products will be immediately revised by 
the OPCEN valid for 1200Z or 0000Z de-
pending on the time received. If the re-
port reaches IIP after office hours, prod-
ucts will be revised no later than 1400Z 
the following morning valid for 1200Z.  

A total of eleven reports of icebergs 
or radar targets outside the published 
Iceberg Limit were received throughout 
the 2019 Ice Year; eight while IIP was 
producing products and three when IIP 
was not.  Three of the reports were in-
cluded in the product as radar targets 
due to the ambiguities associated with 
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satellite reconnaissance.  These cases 
highlight the challenges associated with 
the increasing use of space-borne recon-
naissance.  While SAR satellites have 
proven to be able to detect icebergs, 
classifying targets as an iceberg, vessel, 
or another item such as marine life, fish-
ing gear, or weather features remains a 
challenge.  SAR returns are quite open to 
interpretation.  In all, IIP took a conserva-
tive approach to ensure that the maritime 
community received a timely warning of 
any possible target outside of the limit 
and kept the target plotted in the model 
until subsequent reconnaissance could 
verify its status. 

The three reports received in Janu-
ary were all closely linked with the sea ice 
limit.  Each reported iceberg during this 
time was within the sea ice limit, but out-
side the Iceberg Limit in greater than 4/10 
sea ice concentration and gray or gray-
white ice.  These cases highlight the 
need to use all available resources to dil-
igently investigate the leading edges of 
thick sea ice early in the year and incor-
porate the areas most likely to hold ice-
bergs within the Iceberg Limit.  Appendix 
B discusses IIP’s 2019 efforts to improve 
the ability to detect and classify icebergs 
within sea ice during this dynamic and in-
formative part of the season.  

Three instances of icebergs outside 
of the Iceberg Limit along the Tail of the 
Grand Banks this season further highlight 
the need to utilize up-to-date high-resolu-
tion SST data to identify areas of cold wa-
ter that could preserve icebergs farther 
south.  This season, the IIP OPCEN be-
gan using daily SST products from the 
GHRSST in order to plan reconnais-
sance and make decisions on the extent 

of the Iceberg Limit in the dynamic area 
around the Tail of the Grand Banks. 

The next section provides detailed 
information on each instance of an ice-
berg outside of the established Iceberg 
Limit.  In each case, IIP relied on coordi-
nation with other data sources such as 
vessel Automated Identification System 
(AIS) and a collaborative exchange with 
a Coast Guard analysis center to help 
classify ambiguous targets as icebergs or 
ships.  Access to this data and partner-
ships will continue to be key factors in 
space-borne reconnaissance efforts. 

In-Season Icebergs and Radar Tar-
gets outside the Iceberg Limit 

1. On 25 February 2018, a PAL Aer-
ospace flight detected an iceberg approx-
imately 32 NM from the published Ice-
berg Limit (Figure 3-5).  A NAVWARN 
was issued but due to the timing of the 
report, products were not revised and the 
iceberg was included in the current day’s 
iceberg product, which resulted in a sig-
nificant expansion of the Iceberg Limit.  

2. On 02 March 2019, a Sentinel-1B 
frame from 01 March was analyzed and 
a target was detected in single polariza-
tion 34 NM outside of the published Ice-
berg Limit.  The target was one of seven 
that were sent to a Coast Guard analysis 
center to determine detailed correlation 
with vessel traffic.  Given a lack of high 
confidence correlation with vessels in the 
area and ambiguity associated with a sin-
gle pol satellite detection, the target was 
included in the product as a radar target 
outside of the Limit. (Figure 3-6). 
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3. On 18 March 2019, an IRD flight 
found two icebergs outside of the pub-
lished Iceberg Limit in the Flemish Pass 
(“Iceberg Alley”).  The report was sent di-
rectly to the IIP OPCEN from the aircraft 
via a phone-patch.  A NAVWARN was is-
sued and revised products were pub-
lished. (Figure 3-7)  

4.  On 21 March 2019, the M/V TO-
RONTO EXPRESS reported two ice-
bergs 8 NM outside of the Iceberg Limit. 
NAVWARN was issued and the prod-
ucts were revised. (Figure 3-8) 

5.  On 18 May 2019, the IIP OPCEN 
noticed a NAVAREA IV Warning mes-
sage containing a report of an iceberg 
outside of the Iceberg Limit by M/V 
GENOA EXPRESS. The iceberg had 
been sighted on 17 May, and reported di-
rectly to MCTS.  As seen in Figure 3-9, 

this iceberg was also found in the cold 
tongue of Labrador Current water ex-
tending past the Tail of the Grand Banks. 

6.  On 19 June 2019, the IIP OPCEN 
analyzed a Sentinel-1B frame from 17 
June after notification by DMI of three tar-
gets that they could not reliably classify 
as ships or icebergs.  After analysis, it 
was still unclear but due to the likelihood 
of the targets being ships, they were in-
cluded in the product as radar targets. 
(Figure 3-10) 

 

 

 

 

 

 

Figure 3-5. On 25 February 2019, A PAL Aerospace reconnaissance flight located an iceberg south of the pub-
lished Iceberg Limit resulting in a significant expansion of the Limit. 
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Figure 3-6. On 02 March 2019, the IIP 
OPCEN analyzed a Sentinel-1B frame 
from 01 March and detected an ambigu-
ous target in HV polarization.  It was in-
cluded in the product as a radar target 
outside of the Limit. 

 

 

Figure 3-7.  On 18 March 2019, an IIP reconnaissance flight detected two icebergs approximately 30 
NM  outside of the published limit.  Here, the icebergs are overlayed on the daily Sea Surface Tem-
perature product from the Group for High Resolution Sea Surface Temperature (GHRSST), to show 
the tongue of cold, Labrador Current water extending along the Tail of the Grand Bank in which the 
icebergs were detected. 
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Figure 3-8. On 21 March 2019, M/V 
TORONTO EXPRESS reported two 
icebergs outside of the Iceberg Limit.  
Here, the icebergs are shown dis-
played over the Sea Surface Temper-
ature from the Group for High-Reso-
lution Sea Surface Temperature team 
(GHRSST) data set.  Note that the ice-
bergs are within the cold-water 
tongue extending past the Tail of the 
Grand Banks. 

 

Figure 3-9. On 17 May 2019, M/V 
GENOA EXPRESS found an iceberg 
outside of the published Iceberg 
Limit.  The IIP OPCEN received the 
report on 18 May and updated the 
Limit.  Here, the iceberg is shown 
displayed over the Sea Surface 
Temperature from the Group for 
High-Resolution Sea Surface Tem-
perature team (GHRSST) data set.  
Note that the icebergs are within 
the cold-water tongue extending 
past the Tail of the Grand Banks. 
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7.  On 14 July 2019, IIP received a 
SIM from CIS analysis of a RADARSAT-
2 satellite frame.  The frame had an am-
biguous target in close proximity to a 
known vessel outside of the iceberg limit.  
After discussion with the analyst, it was 
agreed that the target was most likely an 
azimuth ambiguity associated with the 
nearby vessel, but the contact was con-
servatively added to the product as a ra-
dar target. (Figure 3-11). 

8.  On 27 August 2019, the IIP 
OPCEN analyzed a Sentinel-1B frame 
from 26 August and found a target out-
side of the Iceberg Limit.  Given the ana-
lyst’s confidence in the classification of 
the target, it was included in the model as  
an iceberg.  A NAVWARN was issued 
and the Limit was expanded (Figure 3-
12). The satellite detections are included 
in Figure 3-13.  

Out of Season Icebergs and Radar 
Targets outside the Iceberg Limit 

1. On 06 January 2019, a PAL Aero-
space flight reported a small iceberg in 
sea ice 3 NM outside of the Iceberg Limit 
observed on 05 January.  (Figure 3-14). 
Due to the timing of the report and the 
fact that the iceberg was well within sea 
ice, a NAVWARN was not issued and the 
iceberg was included in the next day’s 
Limit. 

2.  On 07 January 2019, the M/V 
UMIAK reported an iceberg observed on 
04 January embedded in 5/10 sea ice 
outside of the Iceberg Limit. (Figure 3-
15). The Iceberg Limit was updated to in-
clude the iceberg but a NAVWARN was 
not sent due to the iceberg being within 
the sea ice and the timing of the report. 

 
Figure 3-10. On 19 June 2019, three ambiguous Sentinel-1B targets from frames on 17 June were sent to 
the IIP OPCEN by DMI and were analyzed. The analysis was inconclusive and the contacts were added as 
radar targets. 
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Figure 3-11. On 14 July 19, a target was detected outside of the established Iceberg Limit by CIS analysis 
of RADARSAT-2 imagery.  The contact was added as a radar target due to its proximity to a vessel and the 
high possibility of the target being an azimuth ambiguity associated with the nearby vessel. 

 

 
Figure 3-12. On 27 August 2019, the IIP OPCEN analyzed a Sentinel-1B frame from 26 August and found a 
target outside of the published Iceberg Limit.  Given analyst confidence in the classification of the target it 
was included as an iceberg, a NAVWARN was issued and a significant expansion to the limit on that day’s 
product resulted. 
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Figure 3-13. HH (left) and HV (right) image of the iceberg outside of the published 
Iceberg Limit on 27 August 2019. 

 
Figure 3-14. On 06 January 2019, a PAL Aerospace flight reported an iceberg observed on 
05 January within sea ice and just outside of the published Iceberg Limit. 
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3. On 24 January 2019, a PAL Aero-
space flight reported an iceberg ob-
served within sea ice on 23 January. 
(Figure 3-16). Due to the timing of the 

report and the fact that the iceberg was 
well within sea ice, a NAVWARN was 
not issued and the iceberg was included 
in the next day’s Limit. 

 

 

Figure 3-15. On 07 January 
2019, the M/V UMIAK reported 
an iceberg observed on 04 
January within sea ice and just 
outside of the published Ice-
berg Limit. 

 

 

Figure 3-16. On 24 January 2019, a 
PAL Aerospace reconnaissance 
flight reported an iceberg observed 
within sea ice 33 NM outside the Ice-
berg Limit on 23 January. 
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4. Iceberg Reconnaissance Operations 
 

Ice Reconnaissance Detachment 
The IRD, a sub-unit under CIIP, 

partners with ASEC to conduct aerial 
iceberg reconnaissance.  During the 
2019 Ice Season, ten IRDs deployed to 
observe and report icebergs, sea ice, 
and oceanographic conditions in the 
North Atlantic Ocean.  All observations 
from the IRDs are transmitted to the IIP 
OPCEN in New London, CT for pro-
cessing and entry into BAPS.  These 
observations provide critical Iceberg 
Limit information used by the IIP 
OPCEN to create the NAIS iceberg 
warning products that are distributed to 
the maritime community. 

Over the 2019 Ice Season, IIP and 
ASEC crews deployed for 94 days, con-
ducting 41 iceberg reconnaissance 
patrols on HC-130J air assets.  The 
2019 flight season spanned 136 days; 
14 days shorter than the five-year 
(2015-2019) average of 150 days.  Sea 
ice and iceberg distribution through 
January and into early February allowed 

IIP to delay the departure of the first 
IRD.  Valuable climatology and long-
term forecast data gathered and ana-
lyzed by CIS meteorologists greatly 
aided CIIP in the decision to delay, and 
provided invaluable support during the 
partial U.S. government shutdown in 
January 2019. The first IRD departed on 
26 February, and the last IRD returned 
on 11 July.  Table 4-1 contains a sum-
mary of operations for each IRD.   

Aerial Iceberg Reconnaissance 
HC-130J aircraft equipped with 

two radars and an AIS integrated into 
the mission system suite were used to 
conduct aerial iceberg reconnaissance.  
The ELTA-2022 360° X-Band (ELTA) 
radar is capable of detecting and dis-
criminating surface targets.  The 
HC-130J Tactical Transport Weather 
Radar (APN-241) is capable of detecting 
surface targets, but cannot discriminate 
or classify targets as an iceberg, ship, or 
other object.  The AIS receives 
information transmitted by AIS-equipped 

IRD Deployed 
Days 

Iceberg 
Patrols 

Transit 
Flights 

Patrols 
en Route 

Logistics 
Flights 

Flight 
Hours 

1 10 3 2 1 0 35.8 

2 9 4 2 0 0 37.3 

3 9 3 2 1 0 35.0 

4 9 1 1 1 0 19.6 

5 10 1 1 2 1 30.3 

6 11 4 2 0 1 49.7 

7 9 3 1 1 0 31.0 

8 9 4 1 1 0 36.6 

9 9 5 1 1 0 47.3 

10 9 5 2 0 0 46.2 

Total 94 33 15 8 2 368.8 
 

Table 4-1.  An overview of IRD days and flight hours used during the 2019 Ice Season. 
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ships for positive identification, and is 
used to differentiate vessels from ice-
bergs on the radar. 

The ability to employ ELTA radar 
significantly enhances reconnaissance 
capabilities.  The 360° coverage provid-
ed by the ELTA radar supports the use 
of 25 NM track spacing for patrol plan-
ning.  Under calm sea states, IIP is able 
to expand track spacing to 30 NM, while 
maintaining a 95% probability of detec-
tion (POD) of small icebergs (15 to 
60m). Conditions supporting expanded 
track spacing did not occur during any of 
the IRD patrols in the 2019 Ice Season. 

If the ELTA radar is inoperable, 
the IRD must fly patrols under “visual-
only” specifications using 10 NM track 
spacing, covering 40% less area in a 
given time period.  Further, visual-only 
patrols require areas with pristine envi-
ronmental conditions; clear skies and 
visibility to the surface, which rarely 
occur in IIP’s meteorologically active 
OPAREA.  In 2019, there were no com-
plete ELTA radar casualties that 
required reduced track spacing.  How-
ever, the aircraft on IRD 9 suffered a 
casualty that assigned target positions 
detected by ELTA to the area around 
Elizabeth City, NC, but still populated on 
the ELTA screen correctly referenced to 
the aircraft.  Further details about this 
casualty are described later in this sec-
tion in the IRD 9 summary. 

During the 2019 Ice Season, all 
IRDs were flown with MMS equipped 
aircraft.  IIP and ASEC personnel con-
tinued to work together to improve 
effectiveness of the radar detection al-
gorithm, especially in areas of heavy 
sea ice concentrations.  The IRDs con-
tinued to have some challenges using 
the Inverse Synthetic Aperture Radar 
(ISAR) function to distinguish between 

ships and icebergs for radar targets; 
however, the ISAR feature was more 
effective than the beginning of the 2018 
Ice Season.  Updates to the MMS sys-
tem late in the 2018 reconnaissance 
season improved the ability to ISAR ice-
bergs.  

IRD Operational Summary 
The first IRD of 2019 began on 

26 February with ASEC flying to the 
Groton-New London Airport (KGON) in 
Groton, CT to pick up the six IIP IRD 
crew, and flying back to ASEC for open-
ing season air crew training on 27 
February.  IRD 1 did not depart for St. 
John’s, NL on 28 February as scheduled 
because of forecasted high winds at St. 
John’s International Airport (CYYT) 
throughout the evening that would have 
prevented the aircraft from hangaring, 
exposing it to potential damage and re-
quiring post storm inspections.   

On 01 March, IRD 1 departed 
ASEC and conducted a southern 
Iceberg Limit patrol enroute to St. 
John’s, NL.  The patrol began at 
approximately 43°30’N 50°W and 
patrolled north through a cold-water 
feature, and along the southern Iceberg 
Limit south of the Flemish Pass.  This 
first patrol detected 17 ships and zero 
icebergs.  A low level jet producing high 
winds at CYYT kept the aircraft 
grounded on 02 March; crew rest was 
conducted.  The second patrol occurred 
on 03 March and covered the 
southeastern Iceberg Limit.  Low to no 
visibility and high sea state conditions 
caused several diverts and required 
ending the patrol early; however, six ice-
bergs and 11 radar targets believed to 
be icebergs were identified.  All icebergs 
and radar targets were found north of 
47°N.  The third patrol on 04 March 
found 66 icebergs and one radar target 
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between 49°N and 51°N during a patrol 
over the interior of IIP’s OPAREA. This 
patrol found all icebergs along or inside 
the 1,000 m contour, east of 49°30’W; 
no icebergs were observed adrift in the 
offshore branch of the Labrador Current.  
Also on 04 March, CIIP remained in St. 
John’s, NL to conduct opening season 
partner meetings with the Canadian 
Border Security Administration, C-
CORE, and the Canadian Coast Guard.  
The patrol planned for 05 March was 
canceled because of high winds at 
CYYT.  The IRD crew conducted the 
remaining opening season partner 
meetings with Canadian Forces, PAL 
Aviation Services, PAL Aerospace, 
Cougar Air, and St. John’s Port 
Authority on 05 March.  The final patrol 
of IRD 1 on 06 March flew the south-
eastern Iceberg Limit area and north 
over the Flemish Pass.  Thirty-five 
icebergs were identified along the 1,000 
m contour and in the Flemish Pass.  IRD 
1 returned to Groton, CT on 07 March. 
Although weather conditions were not 
ideal throughout IRD 1, the patrols were 
able to confirm icebergs were beginning 
to transit through the Flemish Pass and 
south of 47°N.  

The second IRD arrived in St. 
John’s, NL on 13 March.  The first pa-
trol, on 14 March, was a northern survey 
flight to identify the iceberg population 
that could drift into the shipping lanes 
during the 2019 Iceberg Season.  Two 
hundred forty-seven icebergs were 
found between 55°N and 61°N, all in-
shore of the 1,000 m contour.  Low to no 
visibility was present along the eastern 
(northbound) track leg, but no radar tar-
gets were detected in this area.  On 15 
March the presence of smoke and 
fumes in the plane cabin prior to take-off 
canceled the planned patrol allowing the 
aircrew to investigate and correct the 

source of smoke.  On 16 March a low 
level jet west of CYYT and winds pre-
dicted above 30kt kept the IRD 
grounded; weekly maintenance was 
conducted.  The plane was also 
grounded on 17 March due to low level 
jets in the primary and secondary patrol 
areas; crew rest was conducted.  On 18 
March the second patrol of IRD 2 cov-
ered the southeastern limit and cold-
water feature along the 1,000 m contour 
from 43°30’N to 48°N and between 
50°W and 43°W.  Seventy-one icebergs 
were identified mainly in the Flemish 
Pass and south along the 1,000 m con-
tour. Two of the seventy-one icebergs 
were found just outside the southern 
Iceberg Limit (refer to Section 3 for addi-
tional information about the icebergs 
outside the limit).  The third patrol of IRD 
2, on 19 March, flew the eastern Iceberg 
Limit, covering the Flemish Cap, 
northern section of the Flemish Pass, 
and Sackville Spur.  One hundred thirty-
four icebergs were identified between 
47°N and 49°N west of 44°W.  The 
patrol was ended early because visibility 
dropped to zero and thick cloud layers 
prevented effective radar only 
reconnaissance.  The fourth and final 
flight of IRD 2 on 20 March was planned 
to cover two RADARSAT-2 frames and 
an interior area between 47°30’N to 
50°N and 46°30’W and 51°45’W.  
However, thick cloud layers and low 
visibility required many diverts and 
limited coverage east of 49°W.  Despite 
the limited visibility one hundred and 
sixty-seven icebergs were detected, with 
several in the offshore branch of the 
Labrador Current outside the 1,000 m 
contour.  The IRD returned to Groton, 
CT on 21 March. 

The third IRD of the season ar-
rived in St. John’s, NL on 27 March.  
Their first patrol on 28 March covered 
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the southwestern Iceberg Limit south of 
the Avalon Peninsula and the interior 
area of the Grand Banks between the 
Avalon Peninsula and Flemish Pass.  
This patrol confirmed the position of the 
southwestern Iceberg Limit, verified no 
icebergs had drifted outside the limit and 
that no icebergs were present on the 
Grand Banks.  The three icebergs 
identified by radar during the patrol were 
found offshore of the 1,000 m contour, 
two near the Sackville Spur north of 
48°N and one south of the Flemish 
Pass, south of 45°N.  The second patrol 
on 29 March covered the southern 
Iceberg Limit and cold-water feature 
between 41°N and 43°45’N, sighting 24 
icebergs.  On 30 March, IRD 3 flew an 
eastern Iceberg Limit patrol.  No 
icebergs were sighted, but the patrol 
was cut short due to both deteriorating 
weather forecasted at CYYT and on 
scene weather conditions.  The IRD 
conducted weekly maintenance on 31 
March, and crew rest on 01 April.  High 
winds and severe turbulence at CYYT 
and throughout the OPAREA on 02 April 
grounded the aircraft.  The decision was 
made for IRD 3 to leave St. John’s a day 
early because of a strong low-pressure 
system forecasted to sit over St. John’s, 
NL through 06 April.  On 03 April IRD 3 
conducted a patrol enroute to Groton, 
CT.  The patrol covered the Flemish 
Cap and deployed the first IIP SVP buoy 
with 50m drogue.  The SVP buoy was 
successfully deployed in position 48°N 
49°W.  Additionally, the patrol identified 
32 icebergs mainly on the northern 
portion of the Flemish Cap.  The aircrew 
remained overnight in Groton, CT 
because of crew flight hour limitations, 
and returned to ASEC on 04 April. 

IRD 4 arrived in St. John’s, NL on 
10 April.  An eastern Iceberg Limit flight 
on 11 April was canceled due to a com-

bination of weather conditions at CYYT 
and delayed takeoff to troubleshoot air-
craft sensor failures.  The first patrol of 
IRD 4 was a southwestern Iceberg Limit 
flight on 12 April.  The patrol plan in-
cluded dropping two memorial wreaths 
over the resting site of the RMS 
TITANIC, commemorating the tragic 
loss of life.  As the aircrew prepared to 
deploy the memorial wreaths, the air-
craft experienced a casualty of a 
pressurization valve and could not open 
the ramp.  The patrol was ended after 
the aircrew’s troubleshooting efforts 
were exhausted.  One iceberg was 
sighted south of the tail of the Grand 
Banks during this patrol.   

The aircraft was then grounded at 

 

Figure 4-1. AMT2 Lester preparing to deploy the 
Titanic Memorial wreaths during a patrol on 18 
April 2019 to honor the lives lost during the 
tragic sinking of the RMS TITANIC.  The wreaths 
were dedicated during a ceremony at IIP on 10 
April 2019.  
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CYYT for the next three days awaiting a 
new pressurization valve couriered from 
ASEC.  The pressurization valve was 
installed and successfully tested on 15 
April and the maintenance hold on the 
aircraft was lifted.  However, poor 
OPAREA weather, including very low 
ceilings, thick cloud layers and exten-
sive areas of icing, kept the plane 
grounded on 16 and 17 April.  On 18 
April IRD 4 was able to complete a pa-
trol of the Flemish Pass, deploy a 50m 
SVP buoy in position 48°N 48°30’W, 
and deploy the two Titanic memorial 
wreaths (Figure 4-1) while enroute to 
Groton, CT.  Thirteen icebergs were 
sighted near 48°N between 47°W and 
50°W.  

IRD 5’s departure to St. John’s, 
NL was delayed until 27 April due to a 
combination of weather at CYYT and 
aircraft maintenance.  After being 
grounded at ASEC for unscheduled 
maintenance on 24 April, the ASEC IRD 
crew arrived at Quonset State Airport 
(KOQU) to pick up IIP crewmembers 
and begin the IRD on 25 April.  The 
plane was shut down after arrival at 
KOQU to reboot the MMS.  During the 
reboot, one of the aircrew discovered, a 
leak from the main landing gear. This 
grounded the plane for unscheduled 
maintenance.  A logistics flight from 
ASEC delivered required parts to KOQU 
on the evening of 25 April.  Maintenance 
was completed on 26 April, however 
weather at CYYT delayed IRD 5’s de-
parture another day. 

On 27 April, IRD 5 conducted a 
patrol enroute of the southern Iceberg 
Limit and cold-water feature south of the 
tail of the Grand Banks between 42°N 
and 43°30’N.  Six icebergs were sighted 
confirming the position of the southern 
Iceberg Limit.  The second patrol on 28 
April, covered the 1,000 m contour 

along the eastern side of the Grand 
Banks between 43°N and 46°30’N.  
Fifty-four icebergs were sighted, all were 
in the Flemish Pass or following along 
the 1,000 m contour and eastern edge 
of the Grand Banks.  Poor OPAREA 
weather and high winds at CYYT 
grounded the IRD crew for the next 
three days.  The final patrol of IRD 5 on 
02 May flew in support of the USCGC 
JUNIPER (WLB-201) and DHS S&T 
Iceberg Tagging Campaign and through 
the western Iceberg Limit enroute to 
KGON.  Additional information about the 
USCGC JUNIPER’s mission and DHS 
S&T Iceberg Tagging Campaign is 
discussed in the satellite section of this 
section.  Low visibility and thick cloud 
layers over the interior limited the patrol 
length, but 141 icebergs were still 
observed.  This was the first western 
Iceberg Limit aerial reconnaissance by 
IIP during the 2019 ice season.   

IRD 6 arrived in St. John’s, NL on 
08 May.  During the transit into St. 
John’s the IRD attempted to fly over and 
photograph a GPS tagged iceberg from 
the DHS S&T tagging project that was 
located off the coast of the Avalon 

 

Figure 4-2. Aircrew preparing to deploy the 
last of IIP’s aerial deployable 50m SVP buoys 
during a patrol on 11 May 2019. 
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Peninsula; however, a low cloud layer 
offshore prevented a visual sighting.  
Due to low ceilings and extensive fog 
throughout the OPAREA the plane was 
grounded on 09 and 10 May; crew rest 
was conducted on 10 May.  The first pa-
trol, on 11 May, was a western Iceberg 
Limit and 1,000 m contour flight with an 
SVP buoy drop in position 49°N 
49°50’W (Figure 4-2).  One hundred 
and fifteen icebergs were sighted, 
mostly within the Strait of Belle Isle.  
The second flight on 12 May was an in-
terior flight, inside the 1,000 m contour 
and within Notre Dame Bay.  Visibility 
was near zero throughout most of the 
flight, but 94 icebergs were detected 
and identified with MMS.  The third pa-
trol of IRD 6 was a southern Iceberg 
Limit flight on 13 May.  This patrol sight-
ed 19 icebergs, between 42°30’N and 
45°N confirming the extent of the south-
ern Iceberg Limit.  An eastern Iceberg 
Limit flight on 14 May flying east of the 
Flemish Cap between 42° and 46°W 
found zero icebergs.  After landing at 
CYYT on 14 May the aircraft suffered a 
casualty to the landing gear and tow 
bar.  IRD 6 was grounded for unsched-
uled maintenance on 15 May awaiting 
parts, which were delivered by a logis-
tics flight from ASEC later that day.  
Repairs and weekly maintenance were 
conducted on 16 May allowing the IRD 
to return home on 17 May.   

IRD 7’s deployment to St. John’s, 
NL was delayed one day because of 
poor weather conditions at CYYT and 
throughout the OPAREA.  IRD 7 con-
ducted a southwestern Iceberg Limit 
patrol enroute to CYYT on 23 May.  The 
planned patrol enroute was cut short 
because of a delayed departure; how-
ever, 38 icebergs were sighted south of 
the Avalon Peninsula.  The second pa-
trol, on 24 May, was a southern Iceberg 

Limit patrol.  Only the two southern most 
legs between 40°30’ and 42°N were 
completed because of a delayed take-
off after investigating and clearing the 
source of smoke in the plane cabin prior 
to takeoff.  No icebergs were sighted on 
this patrol, allowing the Iceberg Limit to 
shift northward by one degree. On 25 
May IRD 7 completed a western Iceberg 
Limit and interior survey patrol sighting 
145 icebergs.  The majority of these ice-
bergs were sighted in the Strait of Belle 
Isle, few were found near shore of 
Newfoundland in Notre Dame Bay, with 
none east of 52°W.  The final patrol of 
IRD 7 on 26 May was an eastern 
Iceberg Limit patrol flying over the 
Flemish Cap and east to 42°30’ W.  
Thick cloud layers and low surface visi-
bility caused zero visibility throughout 
the majority of the patrol and cutting off 
the southern most leg of the patrol.  Two 
icebergs east of the Flemish Cap were 
detected by the MMS.   

IRD 7 was unable to complete 
any further patrols because of un-
scheduled maintenance for leaks in the 
liquid oxygen (LOX) system.  Several 
leaks in the LOX system were identified 
and all except one leak was fixed on 27 
May. A test of the system, with the one 
outstanding leak that could not be 
accessed for repair, passed the ac-
ceptable loss rate and the aircraft was 
cleared to fly.  Low cloud ceilings, ex-
tensive fog and low surface visibility in 
the OPAREA on 28 May kept the plane 
grounded in favor of better weather for 
patrolling the southern Iceberg Limit on 
29 May.  However, on 29 May the air-
craft was grounded again for 
unscheduled maintenance when the 
LOX levels significantly decreased while 
fueling.  No further patrols were con-
ducted and IRD 7 safely returned to 
KGON on 30 May.   
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IRD 8 deployed to St John’s, NL 
on 05 June and conducted a patrol en-
route of the southwestern Iceberg Limit.  
The patrol was shortened because of a 
delayed takeoff for unscheduled 
maintenance.  Six icebergs were sighted 
south of the Avalon Peninsula.  On 06 
June, IRD 8 patrolled the southern 
Iceberg Limit south of the Tail of the 
Grand Banks.  No icebergs were sighted 
and the southern Iceberg Limit was 
shifted north by two degrees latitude to 
43°N.  Two legs along the 1,000 m 
contour were cut from the 06 June patrol 
because of inclement weather 
developing at CYYT.  Low ceiling and 
extensive fog throughout the OPAREA 
grounded IRD 8 on 07 June; crew rest 
was taken.  The next patrol, a western 
Iceberg Limit and northern survey on 08 
June, was delayed leaving CYYT to 
allow a weather system to move east 
and improve surface visibility in the 
patrol area.  Eighty-five icebergs were 
sighted during the western Iceberg Limit 
portion of the patrol, however the 
planned northern survey portion was cut 
from the patrol because of the delayed 
takeoff.  Weekly maintenance was 
conducted on 09 June because low 
cloud ceilings and extensive fog were 
present through much of the OPAREA. 
On 10 June, IRD 8 patrolled the 
southern Iceberg Limit area again over 
the Grand Banks between 43°N and 
46°N, and did not detect any icebergs.  
The southern Iceberg Limit was shifted 
north by more than 1 degree latitude. 
On 11 June the planned patrol was 
canceled due to significant loss of LOX 
overnight, requiring unscheduled 
maintenance on the LOX system.  A pa-
trol of the eastern Iceberg Limit area 
was flown on 12 June, however it was 
cut short because the LOX levels fell 
below required minimums. No icebergs 

were sighted before the patrol was 
shortened.  The IRD safely returned to 
ASEC on 13 June because weather 
conditions at KGON prevented landing 
there.  IIP’s crew was returned to KGON 
on an ASEC training flight in the evening 
of 13 June. 

IRD 9 deployed to St. John’s, NL 
from 19 June to 27 June.  They con-
ducted a patrol enroute on 19 June 
covering the southwestern Iceberg Limit 
identifying 10 icebergs and verified no 
icebergs drifted west outside the limit. 
The flight covered an area south of the 
Avalon Peninsula from 45°N to 47°N.  
During this patrol it was discovered that 
the GPS for the ELTA (EGI) was not 
functioning properly, prohibiting ac-
curate positioning using the ELTA-MMS 
interface. The MMS interface reported 
the positions of aircraft and targets de-
tected by ELTA in the vicinity of 
Elizabeth City, NC. Additionally, the 
non-functional EGI prohibited the acqui-
sition of ISAR images for radar targets.  
However, on the ELTA screen targets 
populated correctly referenced to the 
aircraft position.  Iceberg and ship posi-
tions were estimated using the target’s 
distance and bearing from the aircraft, 
and when possible latitudes and 
longitudes were verified with the pilots 
APN-241 radar. Although the aircrew 
performed troubleshooting upon landing 
and over the next few days, EGI func-
tionality was not restored. IRD 9 
continued to patrol using their 
workaround with success for five addi-
tional patrols.   

The second patrol of IRD 9, on 
20 June, was a southern Iceberg Limit 
patrol flying from 43°N to 45°30’N over 
the eastern portion of the Grand Banks.  
No icebergs were sighted on this patrol 
which resulted in the Iceberg Limit shift-
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ing north by 2 degrees latitude. The next 
patrol, on 21 June, covered the eastern 
Iceberg Limit. Low visibility throughout 
most of the patrol and the inability to 
ISAR targets led to reporting seven 
radar targets and no confirmed ice-
bergs. The aircraft was grounded the 
next two days because of a low pres-
sure system moving through the area 
creating reduced surface visibility and 
low cloud ceilings with high winds at 
CYYT and in the OPAREA. These days 
were used as crew rest and aircraft 
maintenance days.  The fourth patrol of 
IRD 9 was an interior patrol that 
occurred on 24 June.  Good visibility 
over the patrol area led to the identifica-
tion of thirteen icebergs and one radar 
target between 46°N and 50°N west of 
the 1,000 m contour.  Twelve of the ice-
bergs were found along the coastline of 
Newfoundland.  A western Iceberg Limit 
and Notre Dame Bay patrol was con-
ducted on 25 June in good visibility 
except over the eastern portion of Notre 
Dame Bay.  This patrol identified sixty-
one icebergs and one radar target, 
mainly in the Strait of Belle Isle and 
coastline around Notre Dame Bay.   

The sixth and final patrol of IRD 9 
was planned as Northern Search patrol 

with coverage over Hamilton Bank.  IIP 
had received PAL aerial reconnaissance 
and satellite SIMs over Hamilton Bank 
identifying over 500 icebergs in a small 
cluster.  Weather forecasts predicted 
extensive fog through the search area 
but an updated forecast showed an 
opening over Hamilton Bank at 1800Z.  
The patrol was delayed and shortened 
to take advantage of the predicted clear-
ing.  The patrol found the clearing and 
identified 646 icebergs and eleven radar 
targets between 53°N and 56°N and 
west of 53°W.  Figure 4-3 shows two 
images taken during the patrol of the 
numerous icebergs in the vicinity of 
Hamilton Bank.  The northern legs of the 
patrol were canceled because of the 
dense fog bank north of 55°30’N.  The 
results from this flight were not in-
corporated into the BAPS model 
because exact positions of that high 
volume of icebergs in a small area could 
not be acquired.  IRD 9 returned to 
Groton, CT on 27 June.  

IRD 10 departed on 03 July with 
a goal to determine the need for future 
IRDs in the 2019 Iceberg Season.  In-
clement weather conditions in all 
potential patrol areas on 04 July can-
celed the planned flight, so end of 

 

 

Figure 4-3. Two images taken during IRD9’s patrol of the Hamilton Bank area on 26 June 2019.  The patrol 
identified 646 icebergs during the shortened Northern Survey patrol. The IRD identified many of the 
visually sighted icebergs to be aground near shore.   
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season partner meetings were conduct-
ed with the Canadian Coast Guard, C-
CORE, PAL Aviation, and the Canadian 
Border Security Administration.  The first 
patrol of IRD 10 was a western Iceberg 
Limit and 1,000 m contour patrol on 05 
July.  Visibility was at or near zero NM 
through the 1,000 m contour portion of 
the patrol.  Seventy-two icebergs were 
identified, all within the Strait of Belle 
Isle or west of the 1,000 m contour. The 
second patrol covered the southern and 
eastern Iceberg Limits on 06 July.  
Twenty-one icebergs, including eighteen 
growlers, were found along the coast of 
the Avalon Peninsula. The eastern ex-
tent of the Iceberg Limit retracted from 
47°W to 50°W based on the results of 
the 06 July patrol. On 07 July the IRD 
completed an interior patrol, west of the 
1,000 m contour between 48°N and 
52°30’N.  The patrol identified twenty-
nine icebergs all near shore and west of 
53°W.  A low pressure system and re-
sulting extensive fog throughout the 
OPAREA kept the IRD grounded on 08 
July; weekly maintenance and a meet-
ing with PAL Aviation Services were 
conducted.  The low pressure system 
and extensive fog/low visibility remained 
over the Labrador Coast on 09 July in 
the final high priority patrol area for IRD 
10.  Given favorable weather conditions 
throughout the interior, the decision was 
made to fly a coastline patrol around 
Newfoundland to verify icebergs near 
shore on 09 July.  The shoreline patrol 
identified fifty-three icebergs along the 
Newfoundland coast, many in coves and 
hidden behind islands that may not be 
identified through regular interior flight 
plans. The final patrol of IRD 10 and the 
2019 Ice Season was a northern survey 
on 10 July between 53°N and 59°N.  
The flight plan straddled the 1,000 m 
contour along the Labrador coast to not 

overlap with a recent PAL Aerospace 
flight, and flew further offshore than typ-
ical northern survey patrols. Reduced 
visibility north of 59°N led to cutting off 
the northernmost section of the patrol. 
The survey identified 361 icebergs along 
the Labrador coast.  Three icebergs 
were detected near the 1,000 m 
contour, but the majority of the iceberg 
population was interior of the offshore 
branch of the Labrador Current and 
would likely melt and break apart before 
impacting the North Atlantic Shipping 
lanes.   The distribution and total num-
ber of icebergs detected on IRD 10 
enabled CIIP to cease IIP aerial de-
ployments in early July. The IRD 
returned on 11 July completing the final 
deployment of the 2019 Iceberg 
Reconnaissance Season.   

Figure 4-4 shows a breakdown 
of IIP’s deployment days during the 
2019 Ice Season in six categories:  
Operations, Transit, Weather, 

 

Figure 4-4. Break down of the total number of 
deployment days by IRD activity during the 2019 
season.  Crew Rest and Maintenance days 
include weather opportunity, unscheduled and 
scheduled days.  Table 4-2 displays a further 
breakdown of Crew Rest and Maintenance days.  
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Maintenance, Crew Rest, and Training. 
In accordance with USCG regulations, 
the IRD normally takes one crew rest 
day as well as one maintenance day per 
deployment; otherwise, the plan is to fly 
every day.  However, the prevailing 
OPAREA weather contributes signifi-
cantly to the number and effectiveness 
of reconnaissance patrols. In 2019, 
weather conditions prevented patrols on 
23% of the days deployed.  The IRD 
crew capitalized on poor weather op-
portunities whenever possible to meet 
the required crew rest and maintenance 
days, in order to maximize operational 
iceberg reconnaissance flight days.  
Table 4-2 shows a further break down 
of the crew rest and maintenance days 
into days taken when the weather condi-
tions did not permit flights (opportunity 
days), days taken when conditions per-
mitted flights, but required crew rest or 

maintenance had to be taken (sched-
uled) or days taken because required 
crewmembers for safety of flight or suc-
cessful IRD operations could not fly or 
the plane was grounded for mainte-
nance issues (unscheduled).  
Unscheduled maintenance impacted 
11% of total deployed days in 2019.  Fi-
nally, patrols executed while transiting 
between the U.S. and St. John’s, NL are 
counted as an operational day vice 
transit day.  There were eight patrols 
conducted during transits to or from St. 
John’s, NL during 2019.   

IRD Iceberg Detections 
IRD personnel detected 2,770 

icebergs over the 10 IRDs in the 2019 
Ice Season. Of the 2,770 sighted, 2,122 
were incorporated into BAPS, which ac-
counted for 8.8% of the total icebergs 
added during the 2019 Ice Season. Six 
hundred forty six icebergs from the last 
patrol of IRD 9 were not incorporated 
into the model because of the inopera-
ble EGI function of MMS. The remaining 
IIP aerial reconnaissance icebergs not 
added or resighted in BAPS were due to 
overlapping reconnaissance with other 
reporting sources during the same re-
connaissance period that were received, 
processed, and entered into BAPS be-
fore IRD flights were completed.  The 
8.8% of icebergs incorporated into 
BAPS from IRDs is significantly lower 
than the 32.6% in 2018; however, the 
criticality of these iceberg reports re-
mained high.  Priority areas of IRDs are 
to verify the Iceberg Limits. The extreme 
extents of Iceberg Limits throughout the 
2019 season often meant flights had 
longer transits, covered less patrol area, 
and flew to verify the presence of one or 
two limit setting icebergs. Additionally, 
unscheduled maintenance and poor 
weather conditions limiting the number 
of available patrols, combined with the 

 

Crew 
Rest 

Aircraft 
Maintenance 

Opportunity 
(Weather at 

CYYT/OPAREA) 
8 4 

Scheduled 1 2 

Unscheduled 0 10 

Total  9 16 
 

Table 4-2. To the maximum extent possible IRD 
crews take the required crew rest and aircraft 
maintenance days when weather conditions do 
not support flying.  These days are classified as 
Opportunity Days.  Scheduled Crew Rest or 
Aircraft Maintenance Days are when operations 
require these days be taken, but the weather 
would support a patrol.  Unscheduled Crew Rest 
days are when a crew member who fills a critical 
flight position is unable to fly, with no other 
member of the IRD crew qualified to fill the 
position, grounding the aircraft.  Unscheduled 
Aircraft Maintenance Days occur when the aircraft 
is grounded due to unplanned maintenance 
issues.  
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increased number of flights to cover the 
Iceberg Limits, led to fewer opportunities 
for patrolling over the interior and areas 
of higher iceberg concentration. 

During IRD aerial reconnais-
sance, icebergs are detected in one of 
three ways: (1) with both radar and vis-
ual, (2) radar only, or (3) visual only 
means. This year, 44% of the icebergs 
were detected by both radar observa-
tions and visual sightings.  The 
remaining icebergs were either detected 
only by radar (26%) or by visual detec-
tion alone (29%) (Figure 4-5).  This is a 
significant shift in distribution of icebergs 
detected by both radar and visual from 
the previous four years (Table 4-3).  Im-
provements to the MMS algorithms in 
2018 resulted in an increased ability to 
ISAR targets and positively classify ra-
dar targets in sea ice.  This is reflected 
in the higher percentage of radar and 
visual targets versus visual only ice-
bergs identified in previous years.  In 
addition to the improvements to the 
MMS detection algorithm, the increase 
in radar and visual icebergs can be at-
tributed to a test by IIP personnel to 
identify radar icebergs detected on 
camera within 20 NM.  Here, accurate 

length measurements were able to be 
captured enabling classification as radar 
and visual icebergs.  Radar icebergs 
that were found and measured at their 
waterline using the MMS HD camera, 
and correlated with ISAR length meas-
urements, accurately identifying the 
iceberg size, were recorded as visual 
and radar target, instead of radar only. 
Additionally, IIP continued to employ a 
two-tier approach in areas of favorable 
environmental conditions and high ice-
berg concentrations, focusing visual 
observations close to the aircraft and 

 

Figure 4-5. IRD iceberg detection methods for the 2019 Reconnaissance Season. 

Year 
Radar & 
Visual 

Icebergs 

Radar 
only 

Icebergs 

Visual 
only 

Icebergs 
2010 35% 37% 28% 
2011 48% 37% 15% 
2012 47% 10% 43% 
2013 46% 17% 37% 
2014 43% 5% 52% 
2015 29% 45% 26% 
2016 20% 32% 48% 
2017 21% 39% 40% 
2018 24% 31% 45% 
2019 44% 26% 29% 

 
Table 4-3. IRD iceberg detections by method for 
the last ten years. 
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radar observations away from the flight 
path enabling maximum detection effi-
ciency.  Visual only detections remained 
a significant portion of the total icebergs 
due to this two-tiered detection ap-
proach.  

2019 Flight Hours 
As in previous seasons, IIP was 

allotted 500 Maritime Patrol Aircraft 
flight hours for its operation during the 
2019 Ice Season. IIP used 368.8 hours 
in 2019, only slightly higher than the 
346.7 hours in 2018. These totals in-
clude patrol, transit, and logistics hours 
attributed to the IIP mission. However, 
the number of patrol hours in 2019 was 
46 more than in 2018 due to two addi-
tional patrols and an increase in the use 
of patrols enroute during flights between 
the U.S. and Canada.   

Figure 4-6 shows the breakdown 
of these hours over the past five Ice 
Seasons into the three categories: 
transit hours, patrol hours, and logistics 
hours.  Transit hours are hours the air-

craft transited to and from specific 
locations in support of the IIP mission 
without conducting reconnaissance op-
erations.  These flights are generally 
between Elizabeth City, NC and St. 
John’s, NL, with a brief stop in Groton, 
CT to on load IIP personnel and equip-
ment.  There were 71.8 hours used this 
season for transits.  Patrol hours are 
those hours associated with iceberg re-
connaissance including flight time to and 
from the reconnaissance area. IIP flew 
284.0 patrol hours this season. When a 
patrol is conducted during a regularly 
planned transit flight, the hours are 
counted as patrol hours vice transit 
hours and the flight is termed a patrol 
enroute. Patrols conducted enroute to or 
from St. John’s, NL typically require 
longer flight times due to starting or end-
ing positions south or east of St. John’s, 
NL. Patrols during transit remain a miti-
gation tool for IIP to reduce the impact 
of poor weather or unplanned aircraft 
maintenance and to maximize IRD ef-
fectiveness.  On eight occasions in 
2019, IRDs conducted patrols enroute to 

 
Figure 4-6. Flight hours broken down by patrol, transit, and logistics hours over the past five years. 
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or from the United States to St. John’s, 
NL.  Logistics hours are the hours used 
to support the IIP mission, but do not fall 
into the previous two categories. 
Logistics hours accrue when a Coast 
Guard aircraft is used to transport parts 
for an aircraft deployed on an IIP mis-
sion. Two logistics flights totaling 13.0 
hours were accrued during the 2019 Ice 
Season.  One flight brought parts to 
Quonset, RI during IRD 5 and the sec-
ond brought parts to St. John’s, NL 
during IRD 6. 

The geographic and temporal distri-
bution of icebergs, as well as the 
quantity of icebergs drifting south of 
48°N, all contribute to the amount of re-
connaissance needed to effectively 
monitor the iceberg danger and provide 
relevant warning products.  Figure 4-7 
shows a comparison of flight hours to 
the number of icebergs that drifted south 
of 48°N from 2009 to 2019.  The red line 

indicates IIP’s total flight hours, the blue 
bars indicate the number of icebergs 
observed or drifted south of 48°N.  Alt-
hough the number of icebergs in the 
transatlantic shipping lanes in 2019 was 
the second highest in the last ten years, 
IIP expended less than 400 hours.  This 
can be attributed to the high number of 
days partially or completely lost to 
weather and unscheduled maintenance.  
In 2019, 19 out of the 41 patrols were 
partly incomplete, with 6 ≥ 50% incom-
plete.  In 2018 there were also 19 
incomplete flights, however none were 
more than 40% incomplete.  

Other Iceberg Reconnaissance 
Activities 

NAIS Collaboration 
 In order to maximize aerial ice-
berg reconnaissance in the North 
Atlantic, IIP continued to utilize its NAIS 
partnership with CIS.  IIP coordinated 

 
Figure 4-7. Comparison between IRD total flight hours per season and season severity, measured by 
number of icebergs sighted or drifted below 48N for the past 10 years.  2019 was the second most 
severe season over the past 10 but only used the 5th most flight hours. 
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flight plans with CIS during periods 
when IRDs were not deployed to St. 
John’s, NL.  Figure 4-8 depicts the 
NAIS flight hours for 2019.  Data provid-
ed includes hours flown by each service. 
CIS contracted PAL Aerospace for 
133.2 patrol hours resulting in a com-
bined total of 417.2 patrol hours in 
support of NAIS reconnaissance.  

The NAIS reconnaissance region 
is divided into seven areas based on the 
risk of iceberg collision for vessels in the 
transatlantic shipping lanes. Northern 
areas are monitored to determine the 
overall iceberg population early in the 
season and to predict the anticipated 
threat of icebergs drifting south in the 
Labrador Current.  The focus of iceberg 
reconnaissance shifts as the iceberg 
population drifts south in early spring 
and retreats in late summer.  The high-
est priority areas in the south, east, and 
west pose the greatest risk to transat-
lantic shipping when icebergs are 
present in these regions.  To illustrate 
this tiered approach, Figure 4-9 shows 

a one-day snapshot indicating the most 
recent reconnaissance coverage for ar-
eas across the NAIS reconnaissance 
region. 

Ship Interactions 
IRD on-scene patrol time in the 

HC-130J aircraft is mainly focused on 
locating and classifying icebergs using 
visual and radar reconnaissance meth-
ods.  However, during patrols, the IRD 
will also communicate directly with the 
maritime community to request recent 
iceberg sighting information.  This com-
munication takes two forms: a sécurité 
broadcast to all vessels in vicinity of the 
aircraft, and direct calls to vessels iden-
tified by AIS.  The information from the 
individual vessels is especially useful 
during periods of reduced visibility, or 
when numerous small vessels not 
equipped with AIS are present in the re-
connaissance area.  Vessel ob-
servations are valuable for confirmation 
of data provided by the aircraft’s radar.  
During the 2019 season, IRDs made 70 

 
 
Figure 4-8. NAIS flight hours, a combination of IIP patrol hours and CIS funded PAL Aerospace 
patrol hours. 
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general sécurité broadcasts and 147 di-
rect vessel callouts.   

Satellite Reconnaissance 
IIP satellite reconnaissance dur-

ing the 2019 Iceberg Season, focused 
on continuing to refine the analysis pro-
cess and incorporate improvements 
from the 2018 validation project.  The 
majority of frames analyzed by IIP in 
2019 remain from the ESA SAR 
Satellites Sentinel-1A and 1B.  IIP con-
tinues to rely on Sentinel-1A/B imagery 
due to their consistent collection sched-
ule, and open source, no-cost imagery 
available online in near real-time.  IIP 

augmented this satellite reconnaissance 
with imagery from the Canadian C-Band 
SAR satellite system (RADARSAT-2) 
throughout the season.  Additionally, 
during the 2019 Ice Season, IIP worked 
with DHS S&T on a major project to tag 
icebergs with GPS trackers.  The goal of 
this project was to collect validated sat-
ellite iceberg images for developing an 
improved satellite iceberg detection al-
gorithm using machine learning. 

The RADARSAT-2 frames col-
lected and analyzed in the 2019 Ice 
Season were obtained through IIP’s 
NAIS partnership with USNIC under the 
Northern View arrangement between 
the U.S. National Geospatial-
Intelligence Agency (NGA) and 
Canada’s Department of National 
Defense.  Having a dedicated person at 
USNIC to manage RADARSAT-2 
ordering requests continued to prove 
invaluable toward the smooth collection 
of data.  IIP balanced the RADARSAT-2 
frames collected between supporting the 
DHS S&T tagging campaign, by 
acquiring frames in the area planned 
iceberg tagging area, and collecting 
frames near the Iceberg Limits.  

IIP analyzed 230 individual satel-
lite frames during the 2019 Ice Season. 
These 230 satellite frames comprised of 
190 Sentinel-1A/B frames and 40 
RADARSAT-2 frames.  IIP’s Satellite 
Dayworker (SDW) identified 4,864 ice-
bergs and four radar targets in the 230 
analyzed frames, of which 3,945 were 
added or resighted in BAPS.  The four 
targets classified as radar targets were 
clear targets within the satellite images 
that could not be ruled out as ships.  
Section 3 contains a further breakdown 
of satellite icebergs reports received 
from all sources and the total numbers 
of satellite icebergs entered into BAPS. 

 

Figure 4-9. Example of NAIS reconnaissance 
coverage from 01 August 2019. Circle color 
indicated risk of iceberg collision for vessels in 
the transatlantic shipping lanes.  Blue and green 
areas are low risk to transatlantic shipping and 
are monitored for iceberg population.  Yellow 
indicates moderate risk and the area is monitored 
frequently early and late in the season when the 
Iceberg Limit is within this region.  Red indicates 
high risk of icebergs affecting transatlantic 
shipping, and reconnaissance is focused on this 
area when the Iceberg Limit extends to these 
regions. 
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The total number of frames ana-
lyzed in house by IIP decreased from 
the 305 in 2018. The decrease is at-
tributed to improving the quality of 
satellite analysis conducted by IIP’s 
SDW.  In 2018, IIP focused on increas-
ing capacity of satellite images analyzed 
through the development of the SDW 
position.  In 2019 the emphasis shifted 
to improving the quality of the analysis 
utilizing new techniques to filter targets 
developed after the 2018 Ice Season. 
The updated filtering process increased 
the amount of time the IIP SDW spent 
analyzing individual frames, but 
improved the quality of target classifica-
tion. Additionally, even though less 
frames were analyzed, IIP identified and 
incorporated more satellite icebergs into 
BAPS in 2019: 3,945 compared to 1,273 
in 2018.  Also, Figure 4-10, shows that 
the total percentage of satellite identified 
icebergs (from all sources) continued to 
increase in 2019.  Highlighting the con-
tinued expansion of satellite imagery 

analysis in iceberg detections, and im-
proved detection and identification 
processes.  However, as with previous 
changes in iceberg reconnaissance 
methods, there may be error inflating 
the number of icebergs detected by sat-
ellite reconnaissance. IIP and others 
continue to improve the ability to detect 
and discriminate icebergs in SAR satel-
lite imagery, reducing the error and 
inflation of satellite identified icebergs.   

Satellite validation efforts after 
the 2018 Ice Season led to an improved 
filtering process of Sentinel imagery.  
Using results from concurrent IIP aerial 
reconnaissance and satellite frames, IIP 
was able to refine tactics used to filter 
possible targets, which included analyz-
ing targets and identifying icebergs in 
greater than 7/10 sea ice for the first 
time.  Refer to Appendix B for further 
information about IIP’s improved detec-
tion of icebergs in sea ice and refined 
filtering process used during the 2019 

 

Figure 4-10. Comparison of the number of satellite iceberg detections (all sources) received at IIP and 
the total number of iceberg sightings from 2014-2019.  The grey line shows the percentage of total 
iceberg sightings processed by IIP that were from satellite sources. 
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season.   
However, IIP’s validation project 

also highlighted the difficulty in acquiring 
a large enough data set of validated 
satellite icebergs needed to develop 
machine learning algorithms. Out of the 
29 satellite frames concurrent with 15 
IRD patrols in 2018, less than 25 corre-
lated icebergs were identified. In 2019, 
the extreme extent of the iceberg distri-
bution and priority of patrolling the 
Iceberg Limits did not allow any dedicat-
ed satellite validation patrols. The high 
number of satellite validation flights in 
2018 occurred because the light iceberg 
season limit extents, but there was also 
an analogously lower number of poten-
tial validation targets.   

DHS S&T Iceberg Tagging Campaign 

IIP’s satellite validation efforts to 
date have shown that collecting iceberg 
ground truth data for satellite machine 
learning algorithm development requires 
a dedicated project outside of IIP’s nor-
mal IRD routine. In an effort to collect 
sufficient data for this purpose, DHS 
S&T funded and led a team to conduct a 
dedicated campaign during the 2019 Ice 
Season. IIP staff contributed to ele-

ments throughout the campaign 
including: test plan development, on-
scene operations, satellite image collec-
tion, and preliminary data analysis.   The 
goal of the project was to track icebergs 
with a wide array of shapes and sizes in 
sea ice and open water to develop a ro-
bust data set of validated icebergs in 
SAR satellite imagery.  DHS S&T con-
tracted C-CORE to fly custom built 
quadcopter drones from a vessel to de-
ploy GPS-tracker beacons (i.e. “tag”) 
onto icebergs.  GPS-trackers would pro-
vide accurate positional data every thirty 
minutes for tagged icebergs, providing 
validation data of targets in coincident 
satellite imagery. 

The DHS S&T team directed four 
deployment campaigns spanning from 
late April through early August.  The first 
GPS tagging campaign deployment in 
April was conducted aboard the USCGC 
JUNIPER (WLB-201).  IIP’s Information 
Branch Chief sailed with JUNIPER to 
provide on-site iceberg expertise and to 
assist with beacon deployment. Due to 
its capability of operating in sea ice the 
USCGC JUNIPER was selected for the 
first deployment while sea ice was pre-
sent in the OPAREA from late April 

 

 

Figure 4-11.  The two vessels used during the DHS S&T GPS tagging campaign, USCGC JUNIPER on left 
and F/V Patrick and William on the right.  USCGC JUNIPER was used during voyage 1 in April 2019.  F/V 
Patrick and William was used for voyages 2-4. 
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through early May (Figure 4-11, left 
panel).  The three following deploy-
ments were conducted aboard the F/V 
Patrick and William, a contracted fishing 
vessel.  The F/V Patrick and William 
conducted tagging operations from late 
May through early June, late June 
through early July, and late July through 
early August.  IRD 9 coincided with the 
third GPS tagging voyage and flew over 
the Patrick and William as it was con-
ducting tagging operations (Figure 4-11, 
right panel).  

The DHS S&T team collected 
SAR satellite imagery to identify targets 
coincident with GPS-tracked iceberg po-
sitions.  IIP augmented regular 
RADARSAT-2 imagery collection 
through the USNIC and Northern View 
arrangement to support the GPS Tag-
ging project.  Benefiting from its NAIS 
partnership, IIP coordinated closely with 
CIS to de-conflict RADARSAT-2 order-
ing. The validated iceberg position data 
and collected satellite imagery is being 
analyzed for iceberg detection algorithm 
development using automated machine 
learning processes.  Detailed results will 
be published separately when available. 

While drone delivery was a con-
ceptually sound approach, the reality of 
flying a drone and tagging small ice-
bergs (i.e. less than 60m in length), 
proved considerably challenging. Varia-
ble wind conditions in the immediate 
vicinity of the iceberg created an unsta-
ble environment for piloting and beacon 
deployment – particularly near small, 
irregularly shaped icebergs. Additionally, 
as observed by the tagging team at sea, 
small icebergs frequently broke apart 
and rolled, reducing the amount of time 
that beacons remained affixed. During 
the four campaigns, a total of 140 GPS 
trackers were deployed onto icebergs. 
Of these 140 trackers, only 67 remained 

on icebergs long enough to provide data 
for satellite validation. The majority of 
these tags lasted for one day or less. 

A secondary goal for DHS S&T 
effort was to support iceberg drift model 
improvement.  To that end, while un-
derway, C-CORE personnel gathered 
additional data on the tagged icebergs 
and the ocean environment in which 
they drifted.  This included 132 3-D ice-
berg profiles using photogrammetry and 
Light Detection and Ranging (LIDAR) 
remote sensing for the above water por-
tion of the iceberg and hull-mounted 
multi-beam sonar for the underwater 
portion; 35 Conductivity, Temperature, 
Depth (CTD) profiles; six Acoustic 
Doppler Current Profiles (during Voyage 
3), 10 SVP buoy deployments (as dis-
cussed in Section 2) and three wave 
measurement buoy deployments.  IIP 
acknowledges and appreciates the US 
Coast Guard Academy Science 
Department for providing the CTD for 
collecting vertical water column profiles.  
This ancillary data will be available for 
future efforts to modernize IIP’s iceberg 
drift and deterioration models. 

Commemorative Wreath 
Deployments 

Each year, IIP deploys commem-
orative wreaths in conjunction with 
reconnaissance operations to remember 
the lives lost at sea in the North Atlantic 
Ocean.  This year, IIP held a memorial 
service and wreath dedication ceremony 
to commemorate the 107th anniversary 
of the sinking of RMS TITANIC in New 
London, CT on the morning of 10 April.  
The two wreaths dedicated during the 
ceremony were deployed from an HC-
130J aircraft on 18 April (Figure 4-2).  
The wreaths were donated and dedicat-
ed to the victims of RMS TITANIC by 
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the Titanic Society of Atlantic Canada, 
and Ms. Monica Adorno.   

On 19 June, IIP held a memorial 
service and wreath dedication ceremony 
in New London, CT commemorating the 
sacrifices of those serving as part of the 
Greenland Patrol during World War II.  
The wreath dedicated at the memorial 
service was deployed in the North 
Atlantic from an HC-130J aircraft on 24 
June.  The wreath was donated by the 
Navy League of the United States 
Bridgeport Connecticut Council. 
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5.  Abbreviations and Acronyms 
 

3-D Three Dimension 
AIS Automatic Identification System 
APN-241 HC-130J Tactical Transport Weather Radar 
ASEC U. S. Coast Guard Air Station Elizabeth City 
AVHRR Advanced Very High Resolution Radiometer 
BAPS iceBerg Analysis and Prediction System 
C Celsius  
C-CORE A not-for-profit research and engineering organization in St. John’s, 

Newfoundland 
CG-5PW U. S. Coast Guard Director of Marine Transportation Systems  
CCG Canadian Coast Guard 
CFAR Constant False Alarm Rate 
CIIP Commander, International Ice Patrol 
CIS Canadian Ice Service, an operational unit of the Meteorological 

Service of Canada 
CT Connecticut 
CTD Connectivity Temperature Depth sensor 
CYYT St. John’s International Airport 
DHS S&T Department of Homeland Security’s Science and Technology 

Directorate 
DMI Danish Meteorological Institute 
DWS Duty Watch Stander 
EGI ELTA GPS 
ELTA ELTA Systems Ltd., a group and a wholly-owned subsidiary of Israel 

Aerospace Industries specifically referring to the ELM-2022A 
Airborne Maritime Surveillance Radar aboard the HC-130J 

EOSDIS Earth Observing System Data and Information System 
ERMA Environmental Response Management Application, NOAA 
ESA European Space Agency, owner of the Sentinel-1a satellite 
ESRL PSD Earth Systems Research Laboratory Physical Science Division 
F/V Fishing Vessel 
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GHRSST Group for High Resolution Sea Surface Temperature 
GPS Global Positioning System 
GRD Ground Range Detected 
HC-130J U. S. Coast Guard Long Range Surveillance Maritime Patrol Aircraft 
HD High Definition  
HH Horizontal-Horizontal Polarization 
HV Horizontal-Vertical Polarization 
IDS Iceberg Detection Software 
IIP U. S. Coast Guard International Ice Patrol 
IRD Ice Reconnaissance Detachment 
ISAR Inverse Synthetic Aperture Radar 
IW Interferometric Wide Swath 
JHU Johns Hopkins University 
KGON Groton-New London Airport 
KML Keyhole Markup Language 
KOQU Quonset State Airport 
kts knots 
LIDAR Light Detection and Ranging 
LOX Liquid Oxygen  
M/V Motor Vessel 
m meter 
mb millibar 
MCTS Marine Communications and Traffic Service, Canadian Coast Guard 
MMS Minotaur Mission System 
M/V Motor Vessel 
N North (Latitude) 
NAIS North American Ice Service 
NAOI North Atlantic Oscillation Index 
NASA National Aeronautics and Space Administration 
NAVAREA Navigational Area 
NAVO U.S. Naval Oceanographic Office 
NAVTEX Navigational Telex 
NAVWARN Navigational Warning 
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NC North Carolina 
NCAR National Center for Atmospheric Research 
NCEP National Centers for Environmental Prediction 
NGA U. S. National Geospatial-Intelligence Agency 
NIC U. S. National/Naval Ice Center 
NL Newfoundland and Labrador, Canada 
NM Nautical Mile 
NOAA National Oceanographic and Atmospheric Administration 
NSIDC National Snow and Ice Data Center 
NWS National Weather Service 
OPAREA Operational Area 
OPC Ocean Prediction Center 
OPCEN Operations Center 
PAL Aerospace Commercial aerial reconnaissance provider based in St. John’s, 

Newfoundland.  
PFA Probability of False Alarm 
POD Probability of Detection 
PO.DAAC Physical Oceanography Distributed Active Archive Center 
RADARSAT-2 Canadian C-Band SAR satellite system, owned and operated by 

MacDonald, Dettwiler, and Associates. 
Radiofax Radio Facsimile  
RMS Royal Mail Steamer 
R/V Radar/Visual 
SafetyNET Inmarsat-C Safety Net, automated satellite system for promulgating 

marine navigational warnings, weather, and other safety information. 
SAR Synthetic Aperture Radar 
SDW Satellite Dayworker 
shp Shape File 
SIM Standard Iceberg Message 
SITOR Simplex Teletype Over Radio 
SN1 Sentinel-1 ESA C-Band SAR satellite system (A and B) 
SOLAS Safety of Life at Sea 
SST Sea Surface Temperature 
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SVP Surface Velocity Program 
UCSD University of California San Diego 
UKMO United Kingdom Meteorological Office 
U.S. United States 
USCG U. S. Coast Guard 
USCGC U. S. Coast Guard Cutter 
USNIC U. S. National Ice Center 
VH Vertical-Horizontal Polarization 

VV Vertical-Vertical Polarization 

W West (Longitude) 

WWNWS World Wide Navigation Warning System 

Z Zulu – Coordinated Universal Time 
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7.  Semi-Monthly Iceberg Charts 
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8.  Monthly Sea-Ice Charts 
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Appendix A 
Ship Reports for Ice Year 2019 

 
                Ships Reporting by Flag Reports 

 

BAHAMAS  
JAGER ARROW 1 

BERMUDA 
 

MONTREAL EXPRESS 1 

M/V CORSIER 1 

TORONTO EXPRESS 1 

CANADA 
 

ATLANTIC ENTERPRISE 1 
** AVALON SEA 21 
CIEM PILOT 10 
CLAUDE A DESGAGNES 1 
CYGNUS 2 
CCGS DES GROSEILLIERS 6 
DORSET SPRIT 1 
FRAM 1 
HORIZON ENABLER  1 
JANA DESAGNES 1 
LEEWAY OYSSEY 1 
** MAERSK CLIPPER 11 
** MAERSK CUTTER 6 
** MAERSK DETECTOR 1 
MAERSK NEXUS 3 
SINNA 1 
* UMIAK 1 14 

GIBRALTER 
 

ARA ANTWERPEN 1 

HONG KONG 
 

GENOA EXPRESS 1 
OOCL BELGIUM 1 
OOCL MONTREAL 6 
TAMPA BAY 1 

LIBERIA 
 

NAUTICAL DEBORAH 6 

MALDIVES ISLANDS  
MAAS CONFIDENCE 1 

MARSHALL ISLANDS 
 DUBAI ANGEL 1 

STI EXCEL 1 

NETHERLANDS 
 

 

https://www.cia.gov/library/publications/the-world-factbook/flags/flagtemplate_ca.html
https://www.cia.gov/library/publications/the-world-factbook/flags/flagtemplate_hk.html
https://www.cia.gov/library/publications/the-world-factbook/flags/flagtemplate_ca.html�
https://www.cia.gov/library/publications/the-world-factbook/flags/flagtemplate_hk.html�
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BEATRIX 2 
EEBORG 2 
FRASERBORG 1 
FULDABORG 1 
QAMUTIK 2 
ZUIDERDAM 2 

PORTUGAL  
RCGS RESOLUTE 1 

SYRIA  
PHOENICIA 1 

UNITED KINGDOM  
ATLANTIC SUN 1 

UNITED STATES  
***CGC JUNIPER 8 
OCEAN GLORY 1 

  
UNIDENTIFIED SHIPS 3 

 
*   Denotes the CARPATHIA award winner. 
** Denotes vessels contracted by the oil rigs to track icebergs. 
***Denotes vessel used to track icebergs for the Tagging Campaign.  
IIP awards the vessel that submits the most iceberg reports each year. The 
award is named after the CARPATHIA, the vessel credited with rescuing 705 
survivors from the TITANIC disaster. 
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Appendix B.   Aerial and Multispectral Ground-Truth 
Verification of Iceberg Detection and Classification 

Capability in Synthetic Aperture Radar Imagery 
LT Don Rudnickas 

B-1. Introduction 

A key factor in making effective use of any remote sensing application is the processes 
by which an analyst extracts information (something meaningful) from the vast amounts 
of data (something measured) collected.  For the International Ice Patrol (IIP), this comes 
in the form of finding the location and sizes of icebergs amid the pixel values of a Synthetic 
Aperture Radar (SAR) image.  Simplified, the first step in the information extraction in-
volves detection – the identification of possible targets within the image.  Once likely tar-
gets are detected, they must be classified – assigned an identity such as “iceberg” or 
“ship”. This effectively results in the transition from raw pixel values received at the sensor 
(data) to identified targets useful to an analyst in making an Iceberg Limit for mariners 
(information).  However, the quintessential question in remote sensing remains: how do 
we know?  How do we know that our detections and classifications are correct?  To an-
swer the question, we must test our accuracy with ground-truthed targets that have been 
verified as icebergs or some other object by another sensor.  When the ground-truthed 
target matches the SAR target, we have an accurate detection and classification.  A false 
positive occurs when a SAR target has been detected and classified where no ground-
truthed target exists.  At IIP, this can result in the needless expansion of the Iceberg Limit.  
A false negative occurs when a ground-truthed target is not accurately detected or is 
misclassified resulting in a potentially dangerous situation where the Iceberg Limit may 
not include all icebergs.  The former condition is a nuisance, the latter a danger. 

This Appendix describes recent efforts by IIP to make process improvements and test 
our accuracy of iceberg detection and classification using ground-truthed icebergs located 
by aerial reconnaissance as well as in multispectral imagery from the Sentinel-2 satellite 
mission.  Multi-spectral imagery is incredibly useful for verification purposes because ice-
bergs are easily identified and interpreted by the human eye.  However, it is not a viable 
tool for routine reconnaissance due to the predominantly cloudy and/or foggy conditions 
in the vicinity of the Grand Banks of Newfoundland.   

This Appendix first presents some background information on the target detection pro-
cess in Section B-2, then presents a case study from the 2018 verification effort with 
coincident aerial and satellite iceberg reconnaissance in Section B-3.  Section B-4 de-
scribes the process improvements in pre-classification target filtering implemented as a 
result of the verification effort.   

The importance of ground-truthed verification in determining reconnaissance capabil-
ity is compounded when looking for icebergs within sea ice. Detecting icebergs within sea 
ice remains of critical importance to IIP as relatively thick first-year sea ice from Baffin 
Bay moves south in the Labrador Current early each year carrying embedded icebergs 
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along with it toward the shipping lanes.  The threat of these concealed icebergs was 
demonstrated by the 2017 “Iceberg Explosion” where the sudden, catastrophic destruc-
tion of sea ice by strong low-pressure systems beginning on 11 March 2017 released 
over 270 icebergs that passed south of 48˚N by the end of the month.  In the immediate 
aftermath, four of these icebergs were found outside of the published Iceberg Limit (IIP, 
2017) creating a potentially dangerous situation for transatlantic shipping and an opera-
tional challenge for IIP.  While the rapid release experienced in 2017 was extraordinary, 
the eventual retreat of sea ice and release of icebergs directly into the shipping lanes is 
an annual occurrence.  As such, IIP has focused efforts to quantify the population of ice-
bergs held within sea ice to ensure the accuracy of the daily Iceberg Limit.   

Detecting and classifying icebergs within sea ice has routinely been a challenge for 
IIP regardless of reconnaissance method.  From an aircraft, visually identifying glacial ice 
in and amongst the white of sea ice is difficult when flying at 2,000 feet and 180 knots.  
This challenge is amplified from the several hundred-kilometer altitude of an orbiting SAR 
satellite as sea ice provides its own unique noise floor compared to open water, with the 
capability to mask embedded icebergs. Further, broken and rafted sea ice in a SAR image 
produces returns similar to an iceberg.  Combining these two factors, sea ice has the 
capacity to produce large numbers of false positive iceberg targets as well as missed or 
misclassified targets resulting in false negative conditions. 

Section B-5 presents a case study showing how the newly implemented 2019 pre-
classification filtering process has improved our ability to classify icebergs within sea ice 
while Section B-6 provides the results of some ground-truthing work conducted using 
Sentinel-2 multispectral imagery that has shown that the IIP filtering process and target 
detection method is still not accurate enough to allow full confidence in our ability to clas-
sify the iceberg population within sea ice.  Finally, Section B-7 offers some conclusions 
and the way forward. 

B-2. Background 

For satellite reconnaissance, the Satellite Dayworker (SDW) at IIP analyzes each sat-
ellite image using a process that IIP has developed in conjunction with Iceberg Detection 
Software (IDS) licensed from C-CORE, a company based in St. John’s, Newfoundland.  
The IDS provides an interface for the SDW to analyze a satellite frame using a chosen 
target detection method and thresholds.  In the most basic sense, it outputs a shapefile 
(.shp) with locations of detections (i.e. SAR targets) for analysis within a Geographic In-
formation System.  For Sentinel-1 imagery, IIP analysts typically use a sliding window and 
Constant False Alarm Rate (CFAR) method of target detection.   This method can gener-
ate thousands of targets for the analyst to classify, especially in or around sea ice.  In 
order to manage this workload, IIP has established a filtering process that applies filters 
of wind magnitudes, vessel traffic, and sea ice concentration to reduce the number of 
targets that the analyst must classify but, if not tuned correctly, the filtering could result in 
classification errors by deleting iceberg targets before an analyst has a chance to analyze 
them.   
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For target detection, IIP primarily uses an adaptive threshold CFAR method in which 
a detection’s signal is compared to a detection threshold value based on the noise level 
within a sliding window (typically 300 × 300 pixels centered on the target pixels).  A K-
Distribution is assumed to model the background ocean clutter within the window and 
targets are identified above a detection threshold based on the mean and standard devi-
ation of the pixel values within the window and scaled for a desired Probability of False 
Alarm (PFA).  For more detailed information on CFAR detection methods, the reader is 
referred to El-Darymli, et al. (2013).  In general, using a smaller PFA allows for a smaller 
number of false alarms to be generated by increasing the detection threshold, meaning a 
fewer number of targets will be detected, but the targets will be of higher certainty.  A 
larger PFA value results in a lower detection threshold, more targets detected with corre-
sponding lower certainty, and more false alarms.  For the remainder of this Appendix, we 
will refer to the PFA utilized as a CFAR value.  An example of the effect of different CFARs 
on the analysis of a satellite frame can be made from the verification work in Table B-1 
and discussed in greater detail within Section B-3 of this Appendix.  In the example shown 
in Table B-1, an IIP Aerial Reconnaissance flight within 8-10 hours of the satellite frame 
on 04 May 2018 detected 36 icebergs within the frame while, depending on the CFAR 
threshold utilized, the IDS detected between 682 (at CFAR 10-20) and 2,612 (at CFAR 10-

9) targets. 

 

B-3. 2018 Coincident Aerial and Satellite Verification 

In 2018, a relatively light Iceberg Season enabled IIP to conduct USCG HC-130J aer-
ial reconnaissance patrols in the same area and within 12 hours of 29 Sentinel-1 satellite 
image acquisitions providing an excellent opportunity to compare observations from the 
two platforms and verify the detection and classification capability of IIP’s SAR process.  

 
Table B-1. The number of targets detected on a coincident aerial reconnaissance and Sentinel-
1 satellite frame on 04 May 2018.  The Confidence in this context is an output field from the 
Iceberg Detection Software based on the ratio between the decibel level of the target pixels to 
the average of the background decibels.  A ratio of 10:1 or greater is a High Confidence target, 
while less is a Low Confidence target. 

High Low Percent 
High

Percent 
Low

Aerial Observation 36
CFAR 10-9 2612 796 1816 30% 70%
CFAR 10-10 1749 665 1084 38% 62%
CFAR 10-11 1473 619 854 42% 58%
CFAR 10-15 1011 530 481 52% 48%
CFAR 10-20 682 435 247 64% 36%

Targets by Confidence

Detection Method Total Number 
of Targets 
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IIP’s SDWs processed the Sentinel-1 frames in accordance with the standard SDW pro-
cedures (See Supplemental Material B-1: 2018 SDW Filtering Sheet) to detect and 
classify icebergs (termed “SDW classified icebergs”) and, in a separate process, a select 
group of verification team members made up of the most experienced analysts deter-
mined what SAR targets correlated with each aerially observed target.   

For the remainder of this Appendix, a “verified iceberg” refers to a target that has been 
confirmed to be an iceberg using either aerial observations or multispectral imagery.  
These are considered to be ground-truthed icebergs.  For each verified iceberg, the veri-
fication team determined whether or not it was detected in the SAR image by finding a 
correlate-able SAR target.  A verified iceberg with a correlated SAR target (termed a “cor-
related iceberg”) is a result of an accurate SAR detection, and gives a measure of the 
accuracy of our sensors and target detection capability.  Next, the verification team de-
termined whether an SDW correctly classified the SAR target.  For this Appendix, a pos-
itive, correctly classified SAR target is an SDW classified iceberg that was deemed by the 
verification team to correlate with a verified iceberg.  This results from accurate detection 
as well as accurate classification and provides a measure of validation regarding the SDW 
procedures and analyst’s ability.  A misclassified SAR target is an SDW classified iceberg 
that could not be correlated to a verified iceberg.  These are referred to as false positives 
and result from inaccurate classification by the SDW. When a verified iceberg was iden-
tified but a correlate-able SAR target was misclassified or the SAR target was filtered out 
after detection but before classification (i.e. there is no SDW classified iceberg but there 
was a SAR target) this is a false negative resulting from classification error.  The verifica-
tion team did not consider the SDW classification when finding correlate-able SAR tar-
gets.  When a verified iceberg was identified but no correlate-able SAR target was de-
tected it is referred to as a “non-correlated iceberg” and is a false negative that results 
from detection capability.   These definitions are summarized in Table B-2. 

During the 2018 verification effort, 20 correlated icebergs were found. 15 of the 20 
were in a satellite frame on 04 May 2018 (Figure B-1) which is used here as a case study.  
On this day, the Sentinel-1 pass along the northeast coast of Newfoundland occurred at 
0941Z (Figure B-1a).  The frame was a Ground Range Detected (GRD) Interferometric 

 

Table B-2.  Verification term definitions 
and outcomes of SDW Classification 
related to ground-truthed icebergs.  A 
verified iceberg refers to a confirmed 
iceberg from a reconnaissance source 
other than SAR (in this case aerial ob-
servation or Sentinel-2 multispectral 
imagery) as determined by a member 
of IIP’s verification team. 
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Wide Swath (IW) with 20 m spatial resolution.  The flight track took the HC-130J recon-
naissance flight in a parallel search pattern with 25 NM track spacing (Figure B-1b) ena-
bling 95% probability of detection of small icebergs (15 – 60 m waterline length).  Within 
the geographic bounds of the Sentinel-1 frame, the HC-130J team recorded 36 icebergs 
between 1730Z and 1949Z (8-10 hours after the satellite pass).  As part of the 2018 ver-
ification work, this frame was processed in accordance with the standard 2018 filtering 
sheet. In addition to CFAR 10-9, the frame was analyzed by an SDW using the detections 
at CFAR 10-15 to classify all targets that remained after filtering (Figure B-1d).  and the 
IDS was run at CFAR 10-10, 10-11, and 10-20 in order to test the detection effectiveness at 
different CFARs (Table B-3). The CFAR 10-9 detections were used as starting points to 
run a “What If Model” within IIP’s iceBerg Analysis and Prediction System (BAPS) from 
the time of the satellite pass until the end time of the flight.  BAPS uses two iceberg drift 

 

 

Figure B-1. Overview of the 04 May 2018 coincident Aerial reconnaissance and Sentinel-1 frame.  (a) The HH polar-
ization image. Note that in this frame, lower incidence angles are to the right of the map. (b) The HC-130J flight 
track and the icebergs that were observed.  Those circled in orange are the verified icebergs.  Note that circles are 
different sizes based on the model output for each SAR target.   See Tables B-4 and B-5 for more detailed infor-
mation on each detection.  Target #50 was determined to be a growler shed from Target #49 after the satellite pass. 
(c) The satellite detections in CFAR 10-9 (green) and CFAR 10-15 (pink). (d) The results of three different SDW clas-
sifications of the frame.   

 

(a) (b) 

(c) (d) 
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and deterioration models: the IIP model (Mountain, 1980; Anderson, 1983) and the North 
American Ice Service (NAIS) model (Kubat et al., 2005).  The model output was compared 
to the iceberg positions at the time of the flight as a guide to help predict the direction and 
distance to look for viable target correlations.    

SAR targets identified by the IDS and feasible in accordance with the model predic-
tions were examined by a member of the verification team.  Only detections that were 
substantial enough to be recognized as a target from the background clutter and distin-
guished from sea ice were considered as correlate-able SAR targets.  As such, there 
were instances where the IDS detected SAR targets but the verification team member 
discounted them as noise or sea ice.  The verification team did not solely rely upon the 
IDS to detect targets but also conducted a visual scan of the area in the imagery to look 
for targets that were not detected by the IDS.  The author acknowledges that this is not 
an absolute detection accuracy as the verification process is still reliant on the skill of the 
verification team member as an analyst, but it does provide a relative sense of accuracy 
given the capability of the sensors and the CFAR detection method.  The details of the 
SAR target most likely to correlate with the aerial observation was recorded (Table B-4).  
As noted, 15 icebergs were verified in this manner in the 04 May frame.  A 16th aerial 
target was determined to be a growler that most likely shed from a nearby medium iceberg 
within the 8-10 hours since the satellite pass.  This growler was removed from subsequent 
analysis of the detection and classification accuracy.  Images captured from the aircraft 
of the verified icebergs and their correlated SAR targets are presented in Figure B-2. 

The remaining 20 aerially observed icebergs on 04 May were not correlate-able to a 
viable SAR target by the verification team and were non-correlated icebergs: false nega-
tive targets in the SAR analysis of this frame (Table B-5).  This means that there was 
either no SAR target nearby the aerially observed verified iceberg or that there were 
nearby SAR targets that the verification team was either unable to distinguish from the 
background noise or classified as sea ice.  Eight of these had images recorded from the 

  
Table B-3. Results of target detection at various CFAR False Alarm Thresholds on the 04 May 2018 coin-
cident Aerial Reconnaissance and Sentinel-1 frame.  Note: it was determined as part of the analysis of 
this frame that a 36th verified iceberg identified by the aircraft was a growler that had split from a larger, 
nearby iceberg at some point after the satellite pass.  Therefore, for this phase of the analysis, the total 
number of targets was reduced to 35 to discount this growler. 

 

# Targets 
Correlated with 

Verified Icebergs

% of Targets 
that matched 

Verified Icebergs

% of Aerially 
Verified Icebergs 

Correlated

Aerial Observation 35 35 100%
CFAR 10-9 2612 15 0.57% 43%
CFAR 10-10 1749 14 0.80% 40%
CFAR 10-11 1473 14 0.95% 40%
CFAR 10-15 1011 13 1.29% 37%
CFAR 10-20 682 12 1.76% 34%

Detection Method Total Number 
of Targets 

Accuracy
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aircraft and are presented in Figure B-3.  Sea ice played a major part in these false 
negatives. 80% (16 of 20) of the non-correlated icebergs were near or within sea ice – 
highlighting the challenge of detecting and/or classifying icebergs in sea ice.   

  

 
Table B-4. Correlated icebergs.  Verified icebergs and their correlated SAR targets from the 04 May 2018 coincident flight and 
Sentinel-1 pass.  The ID column is the unique identifier that the target was assigned.  These numbers can be used to identify the 
target in Figures B-1 and B-2.  The Observation (Obs) Method column refers to the method by which the iceberg was detected from 
the aircraft. “VISUAL” refers to icebergs that were observed only by the window observer in the aircraft, “RADAR” refers to ice-
bergs that were identified only by the sensors on the aircraft, and “R/V” refers to targets that were observed through both methods. 
Refer to Table B-6 for more detail.  

ID Obs 
Method

Date/Time 
(YYYMMDDHHMMSS)

Lat.   
(N)

Lon. 
(W)

Sea 
Ice 

Conc.

Iceberg 
Size

Iceberg 
Shape

Lat.  
(N)

Lon. 
(W)

Waterline 
Length 

(m)

Confid-
ence

Incidence 
Angle

Detection 
Pol

Classified 
2018 Filter

Classified 
2019 Filter

Detected 
CFAR-9

Detected 
CFAR-15

19 VISUAL 20180504182500 50.015 -52.558 1/10 Medium Domed 50.006 -52.601 52.4 High 40.2 HH No No Yes Yes
25 R/V 20180504184400 49.802 -53.920 None Small Non-Tab 49.796 -53.904 61.8 High 45.1 HH No No Yes Yes
28 R/V 20180504184900 49.670 -53.808 None Small Non-Tab 49.673 -53.761 73.0 High 44.4 HH No No Yes Yes
29 R/V 20180504185200 49.690 -53.433 None Medium Non-Tab 49.708 -53.361 59.6 High 43.0 HH Yes Yes Yes Yes
30 R/V 20180504185200 49.642 -53.255 None Small Non-Tab 49.645 -53.242 56.6 High 42.4 HH No Yes Yes Yes
31 R/V 20180504185300 49.470 -53.390 None Medium Non-Tab 49.494 -53.385 55.4 High 42.8 HH Yes Yes Yes Yes
34 R/V 20180504190100 49.590 -52.608 None Large Non-Tab 49.693 -52.579 60.0 High 39.8 HH No Yes Yes Yes
40 R/V 20180504191900 49.217 -50.920 None Small Non-Tab 49.201 -50.881 53.0 Low 31.4 HH No No Yes No
42 R/V 20180504192300 48.853 -51.007 None Small Non-Tab 48.873 -50.963 59.0 Low 31.3 HH No No Yes No
45 VISUAL 20180504193800 49.117 -52.007 None Growler Non-Tab 49.157 -52.009 49.5 Low 36.7 HH No No Yes Yes
47 R/V 20180504194300 49.272 -52.440 None Small Non-Tab 49.262 -52.352 55.0 High 38.3 HH No No Yes Yes
48 R/V 20180504194400 49.173 -52.635 None Large Dry Dock 49.242 -52.504 79.9 High 39.0 HH No No Yes Yes
49 R/V 20180504194600 49.322 -53.053 None Medium Non-Tab 49.343 -53.047 83.1 High 41.4 HH No Yes Yes Yes
51 R/V 20180504194900 49.320 -53.305 None Medium Non-Tab 49.333 -53.262 55.8 High 42.2 HH Yes No Yes Yes
11 R/V 20180504173000 50.558 -53.802 3/10 Medium Non-Tab 50.572 -53.741 109.7 High 45.2 HH No Yes Yes Yes

FLIGHT OBSERVATIONS CORRELATED SAR TARGETS
AERIALLY VERIFIED ICEBERGS CORRELATED WITH SATELLITE

 

Table B-5. Non-correlated icebergs.  List of icebergs 
observed by aircraft on 04 May 2019 but with no cor-
relate-able SAR target detected in the coincident 
Sentinel-1 frame.    The ID column is the unique iden-
tifier that the target was assigned.  These numbers 
can be used to identify the target in Figures B-1 and 
B-3.  The Observation (Obs) Method column refers 
to the method by which the iceberg was detected 
from the aircraft. “VISUAL” refers to icebergs that 
were observed only by the window observer in the 
aircraft, “RADAR” refers to icebergs that were iden-
tified only by the sensors on the aircraft, and “R/V” 
refers to targets that were observed through both 
methods.  Refer to Table B-6 for more detail.  * De-
notes that an image was recorded of this iceberg 
from the aircraft (Figure B-3). 



B-8 
 

  

   
(a) Target #29 (b) Target #30 

  
 (c) Target #31 (d) Target #48  

  
 (e) Target #49 (f) Target #11 

  
 (g) Target #51 (h) Target #47 

          
(i) Target #45 (j) Target #25 (k) Target #42 

Visually verified 
iceberg - no 
image was 

recorded from 
the aircraft. 



B-9 
 

 

 

The method of aerial detection may have been a factor in these 20 non-correlated 
icebergs as well.  Table B-6 provides definitions of the aerial observation methods and 
summarizes the strengths and weaknesses of each.  Of the 20 non-correlated icebergs, 
seven were observed by both radar and visual means, five were observed by visual 
means only, and the remaining eight were detected by radar only.  In contrast, of the 15 
correlated icebergs, 13 were detected by both radar and visual means, two were detected 
by visual means only, and none were radar only.  40% (eight of 20) of the non-correlated 
icebergs were observed using radar or other aircraft sensors only. Of these eight, four 
were visually verified as icebergs using the high definition camera but no size information 
was obtained, while the remaining four were identified using only Inverse Synthetic Aper-
ture Radar (ISAR).  ISAR is a sensor with output subject to interpretation and increased 
challenges in distinguishing icebergs from sea ice and, therefore, is not the best tool for 
ground-truthing since these detections are also based on sensors other than the human 
eye and are in need of their own verification.  Icebergs identified by radar only are entered 
into the BAPS models as “general” icebergs, and are given a size of 120 m (longest me-
dium) though they could have been sighted as growlers or as very large icebergs.  This 
lack of accurate size information adds a complication to the verification process as it 
changes the way the BAPS models drift the iceberg and provides less information to the 
verification team member attempting to correlate it with a SAR target. 

    
(l) Target #28 (m) Target #34 

  
  (n) Target #40 (o) Target #19 

 
Figure B-2.  Correlated icebergs.  Images of coincident, verified icebergs and their correlated SAR targets 
on 04 May 2018.  The camera image from the HC-130J (left) is alongside the corresponding Sentinel-1 
target (right) in HH Polarization.  The Target # for each subset corresponds with the IDs listed in Table B-
4.  Note that Target #45 was a growler observed visually only by the aircraft crew and there was no image 
recorded of the iceberg.  
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(a) Target #15 (b) Target #16 (c) Target #17 

    
  (d) Target #22 (e) Target #23 (f) Target #32 

  
 (g) Target #37 (h) Target #46 

Figure B-3.  Non-correlated icebergs.  Images captured from the HC-130J flight on 04 May 2018 of 
satellite false negative icebergs – verified icebergs that were unable to be correlated to a SAR 
target in the coincident Sentinel-1 frame using IIP’s current processes.  While some (Target #15, 
#16, and #46 for example) are visually more worn and of lower profile than the majority of the 
correlated icebergs in Figure B-2, others (such as Target #32) have substantial edges that should 
have returned the SAR signal.  For more information on each target, use the Target # in the cap-
tions to reference the ID column in Table B-5. 

 
Observation Method Description 

Visual Only 
The iceberg is sighted visually by an ice observer in the aircraft 
only.  This method provides confirmation that the target is an ice-
berg and size information, but the position is estimated. 

Radar Only 

The iceberg is sighted using the aircraft sensors only.  These in-
clude the high definition camera, the radar, as well as the In-
verse Synthetic Aperture Radar (ISAR).  This method provides 
accurate position information but uncertain size information.  Use 
of the high definition camera can confirm the identity of the tar-
get, but radar and ISAR alone do not. 

Radar and Visual (R/V) 
The most detailed method providing the size information and vis-
ual confirmation of the iceberg identity from the ice observer 
combined with the accurate position information from the aircraft 
sensors. 

Table B-6. Description of observation methods from aerial reconnaissance. 
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Of further note, 35% (seven) of the non-correlated but verified icebergs were recorded 
as small icebergs (15 – 60 m).  Depending on where their sizes fell within this range, an 
iceberg of less than 20 m waterline length cannot reasonably be expected to be detected 
at the 20 m spatial resolution of a Sentinel-1 GRD IW frame.  Two of the four medium 
icebergs (60 – 120 m waterline length) that were aerially detected but not correlated to a 
SAR target were only sighted visually and were within 7/10 or 8/10 sea ice concentrations 
– highlighting the challenge of detecting even medium-sized icebergs within sea ice from 
both aircraft sensors and satellite. 

Table B-7 describes the results of the verification work on 04 May 2018.  It should 
be noted that while 2018’s light Iceberg Season allowed for aerial satellite verification 
flights, the low target density associated with a light season diminished the effective-
ness of the verification flights due to fewer aerial targets per flight.  In contrast, 2019 
had high target density but reduced ability for satellite verification flights due to higher 
demand for Iceberg Limit patrols.   

Though 2018 did not yield a large dataset, the verification work provided four key 
results:  

1. Using CFAR 10-15 at higher incidence angles detected all verified icebergs 
and reduced analyst workload.  On the 04 May frame, 100% of the correlated 
icebergs at incidence angles greater than 35˚ were detected by CFAR 10-15.  100% 
of the correlated icebergs at incidence angles less than 35˚ were only detected at 
CFAR 10-9 (0% were detected at CFAR 10-15).  Though 100% of the correlated 
icebergs at greater than 35˚ incidence angles were also detected at CFAR 10-9, 
using this value resulted in more than double the total number of targets for the 

 

 
Table B-7. Results of Satellite Dayworker (SDW) analysis of a verified Sentinel-1 frame on 04 May 2018.  
Here, the SDW processed the frame using the 2018 filter process with CFAR 10-9 and 10-15 detections 
separately.  These results helped to develop the 2019 filter process.  A subsequent analysis by a different 
SDW that used the 2019 filtering process is included here and demonstrates improvements over the 2018 
filter process that used CFAR 10-9 alone.  Note that the top two rows refer to the 15 correlated icebergs 
and the percentage of those that were classified as each category, while the third row is the percentage 
of SDW classified icebergs that were not correlated to verified icebergs and the fourth row refers directly 
to the number of non-correlated icebergs as a percentage of the total number of verified icebergs (35). 

CFAR-9 
(2018)

CFAR-15 
(2018)

Both 
(2019)

CFAR-9 
(2018)

CFAR-15 
(2018)

Both 
(2019)

Detection and 
Classification Category

3 8 6 20% 53% 40% Accurate Detection and 
Classification

12 7 9 80% 47% 60%  Classification Error: 
False Negative 

10 26 76 77% 76% 93% Classification Error: 
False Positive

20 20 20 57% 57% 57% Detection Error:        
False Negative

Verified Icebergs not correlated with a 
SAR Target (Non-Correlated Icebergs)

Percentage

Verified Icebergs Correctly Classified 
as Icebergs by SDW

Verified Icebergs Detected by SAR but 
Not Classified as Icebergs by SDW

SDW Classified Icebergs that did not 
Correlate with a Verified Iceberg             

(Non-Iceberg SAR Target)

Targets
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analyst to work through – i.e. many more uncorrelate-able SAR targets (Tables B-
3 and B-4). 

2. Detection accuracy was improved using CFAR 10-15.  Using CFAR 10-15 on the 
04 May frame resulted in 2.5 times better accuracy in detection of verified icebergs 
(53% of verified icebergs detected vs. 20% at CFAR 10-9), and half as many false 
negative targets (47% vs. 80%; Table B-7) perhaps due to the fewer, but higher 
quality targets presented to the analyst. 

3. Rejecting Low Confidence detections rejected verified icebergs.  Of the cor-
rectly classified SAR targets from the entire verification effort, 75% (15 of 20) were 
High Confidence targets and 25% (five of 20) were Low Confidence. Confidence 
is described in detail in Section B-4. 

4. Verified icebergs were mostly detected in HH polarization.  Of the correlated 
SAR targets from the entire verification effort, only 10% (two of 20) were detected 
in both HH and HV polarizations (Dual-Pol) targets, with the remaining 90% (18 of 
20) in HH polarization only. 
 

B-4. 2019 Filtering Process 

Based on the 2018 verification work and the results summarized in Section B-3 that 
icebergs were easier to detect in HH polarization at incident angles greater than 35˚, IIP 
refined the filtering sheet in 2019 (See Supplemental Material B-2: 2019 SDW Filtering 
Sheet).   The 2019 filtering process was aimed at striking a balance between the number 
of targets for the SDW to analyze (efficiency) and the likelihood of these targets being 
valid targets (accuracy).   

The 2018 SDW process utilized only High Confidence detections in CFAR 10-9.  The 
confidence level of a SAR detection is determined by the ratio of the target pixel decibel 
level to that of the mean background noise in the sliding window.  If the ratio is 10:1 or 
greater, the target detection is High Confidence.  If it is less, the detection is Low Confi-
dence.  In 2018 and earlier, the first step in the IIP filtering process was to immediately 
reject all Low Confidence targets, thus the analyst only considered High Confidence tar-
gets.  Note from Table B-1, the example of 04 May 2018 shows that 70% of all targets 
detected at CFAR 10-9 were Low Confidence and were, therefore, deleted.  For the same 
date, 20% of the SAR targets correlated with verified icebergs were Low Confidence de-
tections, and would have been missed by the 2018 filtering process.   

The main difference between the 2018 and 2019 filter sheets is the inclusion of two 
CFAR thresholds.  CFAR 10-15 was utilized for the region of the frame with incidence 
angles greater than or equal to 35˚, while CFAR 10-9 was utilized for the area of the frame 
with incidence angles less than 35˚.  This allowed the analyst to accept more false alarms 
in the area in which targets are more difficult to detect due to the decreased signal to 
noise ratio closer to the satellite.  Further, the 2019 filter sheet eliminated the confidence 
level of the SAR target as a filtering factor. 

When the 2019 filtering process was applied to the 04 May 2018 verification frame 
(Table B-7), the SDW identified six of the 15 correlated icebergs using the 2019 process 
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(40% accuracy compared to 20% from the 2018 filtering process).  However, 60% of the 
correlated icebergs were still missed resulting in nine false negative targets due to clas-
sification error.  Significant as well, was the 76 false positives identified in the frame.  In 
areas close to the Iceberg Limit, these false positive and false negative detections and 
classifications result in inaccurate representation of the iceberg danger.  It is important to 
point out that the quantification of accuracy presented in Table B-7 shows that using 
CFAR 10-15 alone had the best results; this better performance drove the creation of the 
2019 filter process and will be considered in further revisions of the filter process.  Further, 
the results presented in Sections B-3 and B-4 are based mostly on the verification of a 
single Sentinel-1 frame.  A more rigorous quantification of accuracy over a wider array of 
frames is needed to validate the 2019 filtering process.   

As noted in Section B-3, 80% of the non-correlated, false negative icebergs in the 04 
May 2018 frame were within sea ice, which provides complications both to detection and 
classification.   In the next section, further validation of the filter process focusing on the 
challenge of detection and classification of icebergs in sea ice is directly addressed 
through examining satellite frames collected in February 2019. 

 

B-5. February 2019 Icebergs within Sea Ice 

The 2019 filtering sheet was put into operation on 08 February 2019. During the month 
of February, 16 Sentinel-1 frames with SAR targets in 9/10 sea ice concentrations or 
greater were analyzed by IIP SDWs (Figure B-4).  These were used as a case study to 
test the effectiveness of the new filtering mechanism on icebergs within sea ice.  For this 

 

Figure B-4.  February 2019 Sentinel-1 
frames with targets in sea ice concen-
trations of 9/10 or greater utilized for the 
analysis of the 2019 filtering sheet on 
icebergs within sea ice.  The colored 
shading represents the sea ice concen-
trations on 19 February as determined 
by the Canadian Ice Service. 
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case study, the number of SDW classified icebergs identified using the 2019 filtering 
sheet in each frame was tallied alongside the number identified with the 2018 filtering 
sheet.  Figure B-5 and Table B-8 show the results of the tabulation: 151 more icebergs 
within sea ice were classified with the 2019 filtering sheet than would have been classified 
with the 2018 process during February 2019.  Several characteristics of the classified 

 
Figure B-5. Results of the 2018 vs. 2019 filtering process regarding SDW classified icebergs in Sentinel-1 
frames with 9/10 or greater sea ice concentration during February 2019. 

 
Table B-8. Results of the February 2019 analysis of iceberg classifications in sea ice concentrations of 9/10 or greater.  All 
values to the right of the Frame ID refer to the number of individual targets or icebergs in each category.  All columns to the 
right of the 2019 Filter Sheet Icebergs column refer to the number of icebergs identified in each category by the 2019 filtering 
process.  The “Both 9 and 15” column indicates the number of icebergs that were detected in both CFAR 10-9 and CFAR 10-

15.  In the last two columns, “IA” refers to Incidence Angle. 

 

Date Frame 
ID

CFAR-9 
targets

CFAR-9 
High Conf

CFAR-9 
Low Conf

CFAR-15 
targets

2018 Filter 
Sheet 

Icebergs

2019 Filter 
Sheet 

Icebergs

Dual 
Pol

HH/VV 
Only

HV/VH 
Only

High 
Conf

Low 
Conf

Both 9 
and 15 >35 IA <35 IA

8-Feb-19 881D 326 51 275 52 0 34 10 20 4 14 20 30 22 12
9-Feb-19 EB6E 187 22 165 17 1 14 2 10 2 9 5 14 14 0
9-Feb-19 4D3A 168 32 136 6 0 3 1 2 0 1 2 3 2 1
9-Feb-19 E814 444 103 341 17 1 5 2 3 0 1 4 5 1 4
10-Feb-19 BD76 762 74 688 90 1 7 4 2 1 4 4 7 7 0
10-Feb-19 3A44 290 9 281 4 1 3 1 2 0 3 0 3 3 0
12-Feb-19 72A1 208 9 199 8 0 6 1 2 3 2 4 6 6 0
14-Feb-19 F0EE 307 37 270 63 1 12 2 7 3 4 8 12 10 2
15-Feb-19 52D7 102 11 91 5 0 9 2 5 2 3 6 5 4 5
20-Feb-19 4338 450 53 397 66 0 13 2 5 6 6 7 13 13 0
21-Feb-19 3C48 180 12 168 13 0 8 2 6 0 2 6 7 5 3
24-Feb-19 0040 479 118 361 58 0 20 1 18 1 15 5 20 10 10
24-Feb-19 228A 166 19 147 7 0 4 0 4 0 4 0 4 4 0
26-Feb-19 8E09 269 64 205 35 2 3 2 1 0 1 2 2 1 2
27-Feb-19 C83A 208 33 175 36 3 20 4 10 6 11 9 20 20 0
28-Feb-19 49FA 116 17 99 31 0 0 0 0 0 0 0 0 0 0

Icebergs Classified by the New Filtering Process

Classification
Detection
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icebergs are apparent in Table B-8.  First, when looking at the effectiveness of CFAR 10-

9 vs. CFAR 10-15, on average, 4% of the total CFAR 10-9 detections were classified as 
icebergs while 55% of total CFAR 10-15 detections were classified as icebergs showing a 
better chance of having viable targets presented to the SDW when using CFAR 10-15.  
75% of classified targets were detected at incidence angles greater than or equal to 35˚ 
and 93% of classified targets were detected in both CFAR 10-9 and CFAR 10-15.   

In the 2018 filtering process, for detections in sea ice concentrations of 7/10 or greater, 
only dual-pol targets were considered.  Under the 2019 filtering mechanism, polarity in 
sea ice at incidence angles of 35˚ or greater was not a considered factor.  Indeed, in 
February 2019 only 26% of SDW classified icebergs within sea ice were detected in dual-
pol while the remaining 74% were detected in single-pol (59% in HH/VV, 15% in HV/VH).  
Additionally, in the 2018 filtering sheet, only High Confidence targets were analyzed.  
However, the 2019 filtering sheet did not consider confidence and 50% of classified tar-
gets were detected with Low Confidence that would never have been analyzed under the 
2018 filtering process.  Though the increased iceberg classifications are a positive result 
for IIP operations, the problem of ground-truthing whether the increased classifications 
were icebergs or just scattering features within the sea ice persisted as the presence of 
sea ice normally results in a large number of SAR detections that could correspond to 
false positives.   

B-6. Multispectral verification shows the challenge of sea ice. 

The severity of the 2019 Ice Season (10th most severe since 1900) prevented any 
targeted aerial reconnaissance for satellite verification flights. Lacking this coincident ver-
ification in 2019, IIP turned to multi-spectral imagery for ground-truth when available.  
Sentinel-2 is a multi-spectral imaging mission consisting of two satellites each sampling 
13 spectral bands at various resolutions.  To make a true color image, Bands 4, 3, and 2 
in RGB were built into a composite image at 10 m resolution.  Of the 16 days in February 
with analyzed Sentinel-1 frames in 9/10 or greater sea ice concentration, three days (09, 
20, and 24 February) had near-coincident, relatively cloud-free Sentinel-2 frames.  Since 
the area of the Sentinel-2 frames is roughly a third of the size of the Sentinel-1 frames, 
not every SDW classified iceberg was able to be compared to the true color image.  The 
Sentinel-2 true color images were visually inspected to locate icebergs. In the true color 
image, icebergs were most clearly identified by the shadow cast to the north of the ice-
bergs since the satellite passed at 1507Z and, when in strong winds, by the disturbance 
of the sea ice around the iceberg.  For many icebergs, there was a clear difference in 
pixel texture between the surrounding sea ice and the iceberg but, for IIP, this process 
remains strictly qualitative and based on the analyst’s eye.  Examples of correlated and 
non-correlated icebergs verified by Sentinel-2 multispectral imagery are shown in Figure 
B-6. 

On the 09 February frame (Frame E814 in Table B-8), no SDW classified icebergs 
were identified in the Sentinel-1 frame within the area of the Sentinel-2 image and no 
verified icebergs were identified by visual inspection of the region of the Sentinel-2 image 
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(accurate detection and classification).  On 24 February (Frame 0040), five SDW classi-
fied icebergs were identified by SAR within the area of the Sentinel-2 frame but no verified 
icebergs were identified by visual inspection of the Sentinel-2 image (false positive due 
to classification error).  A large number of broken up sea ice rafts were in the image that 
could provide edges for the SAR imagery to scatter resulting in misclassification.  On 20 
February (Frame 4338), 11 SDW classified icebergs from the SAR imagery were within 
the Sentinel-2 frame region but 106 verified icebergs were visually identified in the true 
color image.  Of these 106, only five had been correctly classified by the SDW in the SAR 
image, resulting in six false positive icebergs and 101 false negative icebergs.  It is also 
important to note that the 2018 filtering process resulted in zero SDW classified icebergs 
in this frame – no false positives but more false negatives and no accurate classifications, 
showing a small, but definitive, improvement in the filtering process. 

    
(a) 130m iceberg Not Detected or Classified  (b) 90m iceberg Detected but Not Classified as 

an Iceberg 

    
(c) 190m iceberg Detected and Classified Correctly (d) 140m iceberg Not Detected or Classified 

Figure B-6. Example comparison of verified icebergs (using multispectral satellite imagery) within sea ice and 
corresponding SAR image from coincident Sentinel-2 (left) and Sentinel-1 (right) imagery on 20 February 2019.  
Note that the SAR returns in (a) and (b) are HH polarization while (c) and (d) are showing a layer stacked method 
of display in which the HH, HV, HV bands are shown in RGB. (d) had no SAR return in either polarization nearby, 
presumably due to a rounded shape and lack of broken sea ice around the iceberg, differentiating it from the 
other examples shown here. 
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Figure B-7 shows a subset of the 20 February imagery containing 18 of the 106 veri-
fied icebergs.  Using CFAR 10-9 and 10-15, five targets were detected.  Three of the five 
were positively detected and classified by the SDW while two were positively detected 
but misclassified.  The remaining 13 of the verified icebergs were not detected at all.  

Throughout the region of the entire 20 February Sentinel-2 frame, Table B-9 shows 
the number of IDS detections in the Sentinel-1 SAR image at different CFAR values within 
1 NM (based on the estimated speed of the ice over the time between satellite passes) 
of the verified icebergs as an approximation of detection accuracy. This process resulted 
in 14% (CFAR 10-15) and 35% (CFAR 10-9) of the Sentinel-2 verified icebergs detected 
as SAR targets and clearly highlights the low detection accuracy for icebergs within sea 
ice using the current methods.  An important point is that when increasing the CFAR, the 
percentage of verified icebergs detected in SAR increased dramatically, going to 93% 
with CFAR 10-5.  However, this also resulted in a corresponding dramatic increase in the 
number of SAR targets to analyze.  As shown in Table B-9, only 6% of the CFAR 10-5 
SAR targets were within 1 NM of a verified target, while 31% of the CFAR 10-15 SAR 
targets were.  Clearly, there must be a balance between accuracy and effectiveness. 

 

  

 

 

Figure B-7. Subset Sentinel-2 true color 
image from 20 February 2019.  Here, three 
SDW classified icebergs from the SAR im-
age (pink triangles) are compared with the 
18 verified icebergs in the true color im-
age (orange triangles).  In this subset, the 
three SAR classified icebergs were accu-
rately identified, however, the 15 false 
negatives shown here highlight the chal-
lenges that still exist with identifying ice-
bergs within sea ice. 

 



B-18 
 

 
 
 

B-7. Conclusion 

The general scope of satellite reconnaissance can be broken into two main realms: 
detection – flagging certain pixels as possible targets, and classification – determining the 
nature or identity of the target.  Classification is a challenge that requires analyst training, 
experience, a broad dataset of ground-truthed data, and, ideally, a reliable classification 
algorithm to rely on a defined set of signature characteristics that could be automated.  
While not an easy problem to solve, if the analyst were to err on the side of caution, the 
result is false positive iceberg classifications. While these are a possible inconvenience 
to transatlantic shipping by needlessly holding the Iceberg Limit farther out than required, 
they are far safer than misclassifying icebergs as sea clutter resulting in false negative 
targets.  False negative targets would not inform the Iceberg Limit and therefore can be 
a safety risk to maritime traffic.  Classification error is a significant challenge in the satellite 
reconnaissance process and is compounded by challenges with detection.  An analyst or 
a machine learning algorithm cannot successfully classify what is not detected.  Unde-
tected icebergs will always be a false negative target – dangerous by definition.   

 

Table B-9. Estimation of detection accuracy at different CFAR values (top rows) and SDW classification ac-
curacy (bottom rows) using the coincident Sentinel-1 and Sentinel-2 satellite passes on 20 February 2019.  
The Sentinel-2 frame was visually examined and 106 verified icebergs were identified.  The Sentinel-1 frame 
was processed through the IDS at the indicated CFAR values and target detections within 1 NM (based on 
the estimated speed of the ice over the five hours between the passes) were identified.  Note that the quality 
of the SAR detection is not reflected by these numbers, and there is no indication given in the top rows of 
this figure that any of the detections close to a verified iceberg would have been classified as an iceberg by 
the SDW.  Indeed, the bottom rows show the classification results from the 2018 and 2019 filter processes.  
These are a better indication of classification accuracy: under the 2019 filter process, 45% of the SDW clas-
sified icebergs in the SAR image were verified icebergs from the Sentinel-2 image while only 5% of the veri-
fied icebergs identified in the Sentinel-2 image were classified successfully.  Note that the 2018 filter process 
classified none of the verified icebergs. 

SAR Detection Method
Total Number 

of SAR 
Targets

SAR Targets 
w/in 1 NM of 

a Verified 
Iceberg

Verified 
Icebergs 

with a SAR 
Target w/in 1 

NM

% of SAR 
Targets w/in 1 

NM of a Verified 
Iceberg

% of Verified 
Icebergs with a SAR 

Target w/in 1 NM

CFAR -5 5601 340 99 6% 93%
CFAR -7 664 67 59 10% 56%
CFAR -9 205 37 37 18% 35%
CFAR -15 48 15 15 31% 14%

SDW Classification
Total 

Classified 
Icebergs

Verified 
Icebergs 

Classified

% of SDW 
Classifications 

that were 
Verified 
Icebergs

% of Verified 
Icebergs Classified 

Successfully 

Sentinel-2 Verification 106
2018 Filter Sheet 0 0 - 0%
2019 Filter Sheet 11 5 45% 5%
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This study has shown two primary conclusions: (1) that IIP’s verification work has 
served to improve the processes for classifying icebergs within sea ice but (2) that the 
current methods of both detection and classification are still not accurate enough to reli-
ably use as a primary reconnaissance methodology nor transition to automated detection 
and classification.  IIP is currently conducting another round of verification work using 
results from the 2019 Department of Homeland Security’s Science and Technology Di-
rectorate Iceberg Tagging Campaign as well as more Sentinel-2 multispectral imagery.  
The results collected from this work will be used to continue to refine the filtering process 
and to provide insight into better methods of detection.  

Using the example of 04 May 2018, the need for improved detection and classification 
is clear.  On this date, 35 icebergs were observed from an HC-130J aircraft and 15 of 
these verified icebergs were correlated with SAR targets successfully.  As noted in Table 
B-2, false positive classifications are a direct result of classification errors while false neg-
atives can be due to classification or detection errors.  Table B-7 shows the results of an 
IIP SDW analysis of the frame, resulting in false negatives (second row; nine by the 2019 
process) and false positives (third row; 76 by the 2019 process) related strictly to misclas-
sification.  Misclassification can be a result of a filtering process that needs to be adjusted 
or of classification errors by the analyst.  As IIP’s SDWs become more experienced and 
the filtering process is continued to be refined, we should expect a corresponding im-
provement in classification ability.  Of the 35 aerially observed targets on 04 May, 20 were 
not able to be correlated to SAR targets at all by the current CFAR detection method and 
SAR sensors that IIP utilizes. 

Within sea ice, we have shown that high incidence angle detections are the most 
prevalent.  Further, that most detections were made in single polarization (HH or VV).  We 
have shown that it is more effective to focus on CFAR 10-15 at higher incidence angles 
than CFAR 10-9 as the percentage of viable targets compared to false alarms was im-
proved.  This study has shown that while we have made major strides in improving our 
ability to classify icebergs, ground-truthing work continues to show that we still have sig-
nificant work to do to improve accuracy.  At present, without additional data sources that 
can support the SAR analysis, we are unable to confidently quantify the number or size 
of the icebergs that we cannot see in a given image. 

The 20 February 2019 example of coincident Sentinel-1 and Sentinel-2 images paints 
a compelling picture of the challenges associated with the current methods of satellite 
detection of icebergs within sea ice.  While the 2019 filtering sheet, utilizing two different 
CFARs and capitalizing on the strengths of SAR at different incidence angles, helped to 
detect 151 more icebergs within 9/10 sea ice concentrations in the month of February 
2019, the 101 missed icebergs in this one frame are quite sobering.  With so many missed 
targets in one frame, we are faced with the need to improve not only the classification 
methods of discriminating icebergs from other targets, but the first step in the process: 
detecting icebergs to begin with.  Utilizing larger CFAR values results in many more tar-
gets to analyze, but IIP must strike a balance between the ability to detect using a viable 
CFAR and not inundating analysts with the classification of unlikely targets.  Further, with-
out a strong, validated set of iceberg classification signatures, IIP cannot transition to a 
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more automated analysis required to handle significant quantities of SAR data.  For the 
problem of icebergs in sea ice, improvement may require a better method of target de-
tection, increased automation to streamline the currently cumbersome pre-analysis work, 
as well as a reanalysis of levels of acceptable risk based on the fact that satellite recon-
naissance will continue to provide both false positive and false negative targets.   

Detecting and classifying icebergs within SAR imagery is a challenge, but not an in-
surmountable one, and certainly worth the effort invested in order to provide the most 
accurate depiction of iceberg risk to mariners operating in the North Atlantic.  To improve, 
we must investigate new detection methods as well as data sources and sensors.  For 
example, anecdotal evidence regarding L-Band SAR imagery has shown great promise 
at detecting icebergs within sea ice.  While multispectral imagery is not capable of provid-
ing sufficient data for routine operational use, analysis of cloud-free imagery and devel-
opment of automated target detection within such imagery can aid in improving detection 
and classification within the more operationally relevant SAR imagery.  Further, continued 
collection of ground-truthed verification data by any means will refine not only our ana-
lyst’s classification skills, but provide the necessary data for automated detection and 
classification algorithms that will become more and more relied upon as more SAR data 
becomes available.  These efforts will provide the key to extracting essential maritime 
safety information from these valuable satellite sources. 
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B-9. Supplemental Material 

 
SUPPLEMENTAL MATERIAL B-1: 2018 SDW Filtering Sheet  
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SUPPLEMENTAL MATERIAL B-2: 2019 SDW Filtering Sheet 
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