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Daily weather variability recently included the official all -time
state record low temperature, 16 Jan 2009

USGS 01010070 Big Black River near Depot Mtn, Maine

38

208

18

Tenperature, air, degrees Fahrenheit
A
=

-50 -

Jan 14 Jan 15 Jan 16 Jan 17 Jan 18 Jan 19 Jan 28 Jan 21

All-time record low




Climate Change Institute
The University of Maine

Too oo o o o o o o o

Climatology/Paleoclimatology

Historic climatology
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Central question:
What i1 s the natur al
what are the underlying mechanisms?
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Departures in temperature in °C (from the 1961-1990 average)
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Future changes are likely the opposite of what happened in the past
1000 years --- southward expansion of spruce during the cool period.

Spruce Forest Cover in the Northeast
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Figure 16 Spruce forest cover in northeastern North America as revealed by percentage of spruce pollen in lake sediments (Schauffler and Jacobson
2002). Spruce cover has increased over the last 1,000 years as the regional climate became cooler and wetter.




20,000 years ago was the most recent glacial maximum

Maine under ice




Katahdin and other high areas

emerged from the ice
ca. 15,000 years ago




Regular ice ages characterize the past 2.6 million years
(information derived from ocean sediments and other geologic deposits)
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Prof. Paul Mayewski of the University of Maine
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Where will future changes take us?

IPCC 2000

Scenarios

for 2100 AD
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CO, concentration (p.p.m.)

Delayed response increases the difficulty of recovery
(after Lowe et al. 2009. Environmental Research Letters 4: 014012)
fig. used in Monastersky 2009. Nature 458:1091 -1094.
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Projections indicate that Maine is likely to
be warmer and wetter in all seasons (except
summer) and all regions of the state

Figure 2
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FIGURE L. (orupnal Figure 9 revised). Multi-model prediction of 217
century winter, spring, summer, and autumn temperature and precip-
itation changes in each Maine climate division from model runs forced
with scenario A1B (IPCC 2007a; see Appendix for details). Boxes de-
pict median (solid horizontal line with numerical value), 25th and 75th
percentiles for 42 model simulations. Vertical lines span minimum to
maximum variation among the models.
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Seasonal Temperatures in Northern and Coastal Maine, 1900-2100
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Figure 22 Average temperatures for March (Northern climate division) and April (Coastal division) for each year calculated
across the 42 ensemble climatic states and averaged acros s the decades shown (see Appendix for details).




Range Limits for Native Woody Plants

Mai neds steep climate radgi ent
interesting patterns of range limits in plants

Figure 18 The lines on the map show the geographic range limit for all of the native woody plants that reach
the edge of their range in the state. They constitute about half of the state’s 240 species of native woody plants
(McMahon et af 1990, Boone and Krohn 2000). Light green lines are trees and shrubs that reach their northem
limitin southem Maine, consistent with the southern growing season; dark green lines are trees and shurbs that
reach their limit approximately along the Northem-Southern Interior climate divide.




Maps of changing plant distribution (after Jacobson et al. 1987)

Thousands of years before present




Growing Season Length, 1850-2000
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Figure 1. Growing season length in days for each climate division in Maine, based on data from Baron and Smith (199 and NEISA (2005). Growing seasons were
at times much sharter than present, with later frosts in the spring and earlier frosts in the fal,




Plant-hardiness zones have been shifting northward

Maine Hardiness Zones, 1990 and 2006.

1990

Figure 20 The Arbor Day Foundation (2006) revised plant hardiness zones used by farmers and gardners, based on data from 5,000 National Climatic Data Centter cooperative stations
across the continental United States. A northward shift in zones reflects a warming climate.




Spring runoff has shifted to earlier in the year

Changes in Timing of Maine River Flows, 1952-2007
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Figure 15a Stream gauges across the state show statistically significant increases (blue) and decreases (browen) in river flows in late winter and spring,

respectively. The shaded block represents the regulatory season used by the Maine Department of Environmental Protection to prescribe season-specific
Aquatic Base Flow levels. A Mann-Kendall statistical test on daily streamflow data confirmed trends during the period (Ricupern and Jain 2008).




Ice-out Records for Selected Maine Lakes
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Current and Projected Forest Cover in the Northeast
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Figure 17 Maps showing modeled cument and predicted future ranges for three important Maine tree species based on Forest Inventory
and Analysis (FIA) data (Prasad et al. 2007) and 38 predictor variables. Future model projections were made using the average of three general
circulation models (CM3Avg Hi), and the high future greenhouse gas emission scenario (A1fi) for potential suitable tree habitat in the year 2100
(Iverson et al. 2008). Importance values reflect species basal area and number of stems as determined by FIA protocals.




Sea Surface Temperature in the Gulf of Maine
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Figure 11 Observed and predicted sea surface temperature anomaly (relative to 20-year average) at Enothbay Harbor {observational data from M. Lazzari, Maine
Department of Marine Rescurces; predicted range based on Frumhoff et al 2008).




Sea-levelrise is likely to accelerate

Maine Sea Level, 1912-2100.
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Figure 14 Tide qauge recordsin Portland, Maine, show a sea level rise of 0.07 inches per year (1.77 mm/yr) since 1912 (Belknap 2008). The Intergovernmental Panel on Climate Change (IPCC 2007a)
projection of anather one-foot rise in sea level by century’s end is considered conservative (minimal) by many glacial geologists and climate change experts (Oppenheimer et al. 2007; Rahmstorf 2007),
because the IPCC projections did not account for increased melting of palar glaciers, and they are already behind observations of sea-level change from satellite data. Future sea level rise may be triple
those of the IPCC projections (Rahmstarf 2007),




Courtesy UM Prof. Gordon Hamilton
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Stearns & Hamilton, 2007 (GRL)
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Volume loss is approx. 122 km?3/yr
or, 10% of observed sea level rise for 2001-2006



Global average sea level rise (m)
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Adapted and modified from Figure 10.33 (IPCC, 2007)
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Bluff Stability
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Bluff Erosion map, Maine Geological Survey, Black et al., 2002
http://maine.gov/doc/nrimc/mgs/pubs/online/bluffs/bluffs.htm
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Eastern coastal Maine has a unigue setting in the context of climate

The Guif of Maine
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Figure 10 The Gulf of Maine covers a broad area between Cape Cod, MA, and southwestem Nova Scotia. Shallow banks isolate the Gulf from the apen
Northwest Atlantic Ocean, forming a semi-enclosed sea. The unique oceanographic setting and physical characteristics of the Guif act together with climate to
control nutrient exchange and bialogical production (Townsend et al 2006).




Cold ocean waters influence coastal terrestrial ecosystems, keeping
the eastern -coastal Gulf of Maine cooler than inland sites




1,000 years ago

Cool conditions (relatively) in eastern
coastal Maine are likely to persist, even
as inland areas become warmer (result
of tidal mixing of deep, cold water)




Questions/Discussion?



Arctic sea -ice is decreasing in area and thickness

September

Figure S1. Sea ice extent in March 2009 (left) and September 2009 (right), illustrating the
respective winter maximum and summer minimum extents. The magenta line indicates the
median maximum and minimum extent of the ice cover, for the period 1979-2000. [Figures
from the National Snow and Ice Data Center Sea Ice Index: nsidc.org/data/ seaice_index.]
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