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Great Lakes IceDatabaseUpdate of Winter s 20122017
Seasonal Cyclelnterannual Variability, Decadal Variability, and Trend for
the period 19732017

INTRODUCTION

The6-winter (20122017) digital ice cover data set includes 996 ice charts of total ice concentration
whichwereadded t o GLERWKiIOS 1 epondiat apuditetice dimaGlbggy RLO6 s 45
dataset19732017. The temporal diribution of the ice charts &so summarized. The original ice charts

were produced by thd.S. National Ice CentefNIC) and downloaded from their webside ASCII files
http://www.natice.noaa.gov/products/great_lakes.hTilé data format, quality control, processing using
ArcGIS, and availability are the same ssctions2-6 of Wang & al. (2012a)

Since the last updated idatase{Wang et al. 2012athere has been significant change in ice
cover on the Great Lakes. This update of thelat@seshould be useful to the research
communit as well as others who rely on Great Lakes ice data for planning purposes. The
technical memorandum that updated thesitasfor winters20062011(Asselet al, 20103, Wang et al.
20129 includes ArcGIS feature class files

Lake ice cover is a sensitiviedicator of regional climate and climate change (Assel et al (1995); Assel

and Robertson (1995) ; Magnuson et al (1997,2000). Seasonal ice cover repeats each year with large
interannual variability. For example, the maximum ice coverage over all of ds Grkes was 95% in

1979 and only 11% in 2002 éBet al 2012).Recently, 2014 and 2015 winter ice covethiaGreat

Lakes reached 92% and 88%, respectively, while ice coweinters2016 and2017experienced very

low ice cove, 34% and 19%, respectly. Possible contributors include interannual and interdecadal

climate variability, and longerm trends (Assel 1990Vang et al. 201)7 some of which may be related to

global climate warming. Even in response to the same climate forcing, Great Lakes ice cover may
experience different spatial and temporal wvariabil
water heat storamy Assel et al. 2003), and turbidity (i.e., albedo due to sedimentation).

DISTRIBUTION OF ICE CHARTS BY WINTER SEASON

The number of ice charts per winter season for the years 2012 to 2017 range from 136 to 195; the dates of
first ice charts range froméhmiddle of November to the beginning of December and the last ice charts
range from the middle of April to the beginning of June. Since the winter season of 2011, the NIC has
been producinglaily charts for each winter season allowing for daily ice cuaatysis.

Table 1.Summary of Ice Chart Statistics

Winter Season Number of Ice Charts LElE g;gr',:St ICE Date of Last Ice Chart
2012 136 November 29 April 13"
2013 177 November 29 May 28"
2014 192 November 24 June &
2015 195 November 14 May 29"
2016 160 November 21 May 3"
2017 136 December 1% April 26"
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ANALYSIS OF UPDATED GREAT LAKES ICE COVER : 19732017

Seasonal Cycle

The spatigllongtermmean annual maximum ice cover in the Great Lakes was constructed based on
chartdata from tle winter seasons of 1973 to 2QEigure ). The biweekly climatology of ice cover in
the Great Lakes was alpooduced for all six individual lakd&igure 3. Shallow lakes (St. Clair and

Erie) are seen to have an eariiee cycle; reachingnaximum ice coveand ice breakip soonethan the
deep lakesThe seasal ice cycle in the Great Lakesnsists of an ice onset, growing period in which
the annual maxiom ice cover area is reathandhenanice offset. Theaveragegrowth of ice cover

over timefollows asimilar pattern in all of the Great Lakegse onset begins in all of the lakes during
early December and has a growing period that lasts anywheredretidFebruary (Erie) to early

March (Superior). In general, ice melts completely during late April to late May.

[
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Figure 1. Long-term Mean Annual Maximum Ice Cov@&MIC) in the Great Lakes
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Figure 2. Biweekly Climatology of Ice Cover in the Great LaKk&9732017 Winter Seasons)
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January Annual Maximum Ice Cover i
January annual maximum ice cover (AMIC) during 44 years (1973-2016)
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February Annual Maximum Ice Cover i
February annual maximum ice cover (AMIC) during 44 years (1973-2016)
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March Annual Maximum Ice Cover i
March annual maximum ice cover (AMIC) during 44 years (1973.2016)

. 1563
Datum O Nofth Amencas 1963

Ice Cover %

6 W ® B & N O W W 0 W0

April Annual Maximum Ice Cover i
£ Aonl '-nn:\u maximum ice cover (AMIC) during 44 years (1973-2016)

9 Sysem 1583
Datim D Horth Amencan 1983

Ice Cover %

0 B D B & B © B W 0 W

Figure 3. Climatological maps for monthly
Annual Maximum Ice CoverAMIC) in all five
Great Lakes for December, January, February,
March, and April for the period 1972017.



Figure 3shows the spatial distribution of Great Lakes monthly AMIC for December to April average over
the period 1972017. In November or December, ice starts to form along the shallow coast and
embayments including western Lake Erie, and progresses into Jamzenying the maximum ice cover

in February in the southern lakes (Erie and Ontario) and in March in the northern Lakes (Superior and
Huron). Ice gradually decays in April.

SeasonaMariations

To begin analyzingnterannual variationin Great Lakesce cover, the mean daily lake average ice cover
for every measured date in the winter season is determined acrossahetSeriod(Figure 4. On
averageice forms on Lake Superior in week 45, which is earlier e other lake§Table J). Ice

onset occurs in week 46 on Lakes Michigemd Huron; anaveek 47 on Lakes Erie, Ontario, and St.
Clair. The growing period of iceover ranges from 1tb 16 week. Lakes Superiaeaclesthe seaonal
maximum area during week BakesMichigan, HuronOntario, and St. Clair during weelkand Lake

Erie during week 6lce coverbeginsbreakingwithin aweekor two after maximum ice coves reached
and melts completely around weekfd0 all lakes excepBuperior (week 21)

The orresponding weekly variatiomefined by standard deviations of annual ice cover indicates that
Lakes St. Clair Erie and Hurorhave thelowest ratio ofstandard deviation® the meanand Lake

Ontario haghehighestratio. The ratio is inversely proportional to predictabiliTshis implies that ice
cover in Laks St. Clair, Erie and Hurorhave the highestpredictability, while ice coveon Lake Ontrio
has the lowst predictability. The overall predictability in afithe Great Lakes i®w sincethe
climatological standard deviations of lake ice coverdden of equamagnitude (and at timegeater
magnitude) tharthe corresponding climatological mean

Based orfrigure 4 Lake St. Clair is observed to have an apparent, local ice cover minimum during week
5 and dual maxima during weeks 4 and 6. This lasgesonaVbariability of lake ice may be resultof
extreme weather events caused by natural, internal climate patterns éWWa2012a).

Table 2 Statistics of Seasonal Cycle Dates (Week Number)

Superior | Michigan | Huron | St. Clair Erie Ontario
Onset 45 46 46 47 47 47
Maximum 9 7 7 7 6 7
Breakup 10 8 10 8 7 9
Offset 21 20 20 20 20 20

Interannual Variability

Time series of weekly ice cover area for all six lakes have been constructed based on the ice concentration
data forthe winters of 1973 to 2017 (Fig.. Al lakes are observed to have high interannual variability of

ice cover. For shallow water lakes &dnd St. Clair, almost complete ice cover is achieved for all 45

winter seasons (with the exception of 1983, 1991, 1998, 2002, 2006, 2012, 2013, 2016 and 2017 in Lake
Erie and 1992, 2002, 2012, 2016 and 2017 in Lake St.)Cldils demonstragghat cosideringonly

lake ice cover may not be sufficient in detecting possible climate signals in shallow water lakes that are
constrained by their bathymetry (Wang et al., 2012a).

Lake Erie experienced the least amount of ice cover during the 1983, 199198ndid&r seasons

(period of 78 years). Though this phenomenon is most apparent in Lake Erie, a similar result can be
recognized across the other lakes as well. Furthernmmorecent yeargstarting in 1998 relatively low

levels of ice cover have casgently occurred every-8 years. This might imply greater interannual

variability of climate patterns in the Great Lakes within the past two decades compared to previous winter
years.
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Figure 4. SeasonaVariation of Weekly IceCoverage

Time series plots for the ice cover annual mean in the Great Lakes are produced for e&tchueké (
Each lakas observed to havarge interannual variabilitgver time. This may implga uniform, major
response of lake ice samospheric interannusaériability of teleconnection patterns such as NAO and
ENSO (Bai et al. 2012)
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Figure 6. Annual Mean Ice CovglAAIC) and Trendn the Great Lakesl9732017.
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