


Appendix B: The Great Lakes’

Influence on Downwind Regions

Figure 65: Maps of the monthly-mean anomalies of (top-left) downward shortwave radi-
ation, (top-right) low-level cloud cover, and (bottom-left) air temperature at the 1000mb
level in the vicinity of the Great Lakes for May 1998. In each of these panels, the clima-
tology for the years 1979-2013 is subtracted from the mean of May 1998. The remaining
panel (bottom-right) is the longterm-mean wind field at the 850mb level averaged for the
years 1979-2013. All are based on the NARR reanalysis.

In §4.3.1, we saw negative anomalies in low-level cloud cover in downwind regions
of Lake Superior in May 1998 (Figure 65). As if following the flow of winds from the
east to the west, the regions of negative anomalies in low-level cloud cover looked like a

long strip that starts from a region that contains Lake Superior and extends to the east.

These strips of land of negative trends in low-level cloud cover might be an example of
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Lake Superior affecting its downwind regions. For example, let us take a look at the air
temperature plot in Figure 65, about the Great Lakes region for May 1998. The bottom-
left panel of this figure is a map of air temperature anomalies at the 1000mb pressure
level. Compared with the top-right panel in the figure, a map of anomalies in low-level
cloud cover, the regions of positive air temperature anomalies and the regions of negative
anomalies in low-level cloud cover approximately match. The flow of the longterm-mean
May winds over the Great Lakes (bottom-right panel) is consistent with the distribution
of the regions of these anomalies, supporting our speculations that winds carried negative

low-level cloud cover anomalies to Lake Superior’s downwind regions.

Lake Superior’s Influence on Downwind Regions in June May 1998 is one of
the most conspicuous examples, but when we examine trends of the June climate around
the Great Lakes region, we find a general trend similar to these examples as follows.

Figure 66 contains maps of warming trends in June-mean air temperature at 2m above
the surface, the 1000mb level, 900mb level, and 800mb level over the regions containing
the Great Lakes, Hudson Bay, and a part of Greenland. In the top panels, we see a long
strip of land that shows strong warming trends in air temperature that spreads from the
Great Lakes eastward.

For comparison, Figure 67 contains the June-mean wind fields (left) at the 925mb
level and (right) at the 850mb level averaged for the years 1979-2013, based on the NARR
reanalysis data. Again, a possibility is that lake-surface warming of the Great Lakes has
dissipated more fogs, less low-level clouds have appeared over the lakes consequently, and
with the climatological wind flowing eastward, the less cloudy air over the Great Lakes
is carried to their downwind regions, increasing air temperature there due to increased
shortwave radiation. We also note that the region of the strongest warming trends within
a vicinity of the Great Lakes is exactly at the location of Lake Superior at the 1000mb
pressure level, yet as we examine the trends at the 900mb level, and then the 800mb level,
the region of the strongest warming trends there gradually moves eastward, consistent

with the flow of the climatological wind at each level.

140



2m Air June Temperature Trends 1000mb June Temperature Trequ
s é ' 0.15

10 W 100 W 30 W 8 W T0W &0 W W 400w 1Mo W 100 W 20 W B W /0w 60 W 500w 40 W

Figure 66: Maps of warming trends in June-mean air temperature at 2m above the surface,
the 1000mb level, 900mb level, and 800mb level over the regions containing the Great
Lakes, Hudson Bay, and a part of Greenland. The units are in °C/year.

The Great Lakes and Hudson Bay’s Influence on the Atmospheric Circulation
When a change in surface air temperature of this spatial scale occurs, it also changes a
large-scale horizontal temperature gradient as well, possibly affecting the pattern of at-
mospheric circulation. Figures 68-70 contain maps of warming trends in annual-mean
air temperature at the 1000mb level, 900mb level, and 800mb level over North America.
In these figures, we see that the Great Lakes, especially Lake Superior, affect the tem-
peratures of downwind regions. One way to affect is to change the amount of low-level
cloud cover there by westerly winds from Lake Superior in late spring/early summer, as
suggested in this subsection. Another way would be that warm air over Lake Superior

ascends high enough to be carried to these downwind regions in autumn and winter, when
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June Wind at 925mb Level
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June Wind at 850mb Level
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Figure 67: The June-mean wind fields (left) at the 925mb level and (right) at the 850mb
level averaged for the years 1979-2013 over the eastern part of North America, based on
the NARR reanalysis data.

the atmosphere becomes unstable due to lake-surface warming. We saw indications in
§4.2 and Appendix 1 that Lake Superior affected the atmosphere at least as high as the
800mb pressure level. The Figures 68-70 suggest that these amplified warming trends
give rise to thermal-wind anomalies over the Great Lakes region that flow from the east,
change the direction over Lake Superior, and then flow to the north (Figure 71). These
thermal-wind anomalies would act as a positive feedback to the existing warming trends
there.

Another reason that thermal-wind anomalies would act as a positive feedback to the
existing warming trends of the Great Lakes is the existence of even stronger warming
trends over the eastern part of Hudson Bay, regions southwest of Greenland, and numer-
ous other regions in the Arctic ocean, as we see in Figures 68-70. It turns out that, the

regions of strong warming trends in Figure 68, a map of warming trends in annual-mean
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1000mb Air Warming Trends
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Figure 68: A map of warming trends in annual-mean air temperature at the 1000mb
pressure level over North America for the years 1988-2007, based on the NARR reanalysis
and computed by linear regression. The unit is in ° C/year.
air temperature at the 1000mb level over North America, matches the locations of strong
negative trends in sea-ice cover, which in turn matches the locations of sea-ice ”shore-
lines,” the lines along which sea-ice-covered regions meet open-water regions. This is an
indication that, not only the amount of sea ice is decreasing, but also, the atmosphere
above regions where the amount of sea ice is decreasing is warming rapidly.

Figure 71 implies that, when the Great Lakes’ ice, the sea-ice over Hudson Bay and
over regions southwest of Greenland all decrease together, the atmospheric circulation
above the Great Lakes would change so that the lakes receive warmer air from the Atlantic

ocean more often, and when they all increase together, the atmospheric circulation above
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900mb Air Warming Trends
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Figure 69: A map of warming trends in annual-mean air temperature at the 900mb pres-
sure level over North America for the years 1988-2007, based on the NARR reanalysis
and computed by linear regression. The unit is in °C/year.

the Great Lakes would change so that the lakes receive colder air from the north more

often.
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800mb Air Warming Trends

160 W 1400 W 120 W 00 W B W 60 W 40w

Figure 70: A map of warming trends in annual-mean air temperature at the 800mb pres-
sure level over North America for the years 1988-2007, based on the NARR reanalysis
and computed by linear regression. The unit is in ° C/year.
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Wind Trends at 850mb Level
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Wind Trends at 500mb Level

Figure 71: The trends in annual-mean wind fields (left) at the 850mb level and (right) at
the 500mb level over the eastern part of North America for the years 1988-2007, based
on the NARR reanalysis data and computed by linear regression. The magnitudes of the
largest trends south of Greenland in the left panel is roughly 0.12ms tyear=t. The magni-
tudes of the largest trends south of Greenland in the right panel is roughly 0.20ms ™ 'year=!.
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