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IPCC  NoRTHERN HEMISPHERE TEMPERATURE RECONSTRUCTIONS
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* Global change science research involves:

— Analysis of observations of air, water, land,
humans over space and time

— Lab and field experiments of these quantities

— Theory and math about the physics, chemistry,
biology, geology, and economics of the

— Computational simulation of various Earth system
to test hypotheses against observations

— Synthesis, communication, and application of
findings from all of the above

 All require:

— good questions, precise observations, and working
In diverse teams!
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Human population increase (in red) from 10,000 BCE to 2000 CE

« Source: UCAR Quarterly, Summer 2007
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CARBON







Atmospheric CO, at Mauna Loa Observatory
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Where Is The Carbon Going?

Total emissions

- Fossil fuel emissions
Land use emissions
Atmospheric increase

Houghton et al. (2007)




00\5 +7.9 per year

Vegetation 610
Soils 1580

Stock = Billion metric tons
Flow = Billion metric tons per year

Atmospheric CO,
750 (@360 ppmy

(+ 3.2 per year)

Global
Carbon
Cycle

l 1.7 Net flux

Ocean 39000




Flux rates in Gg-C yr-1
Pool sizes in Gg-C

Atmosphere )

i A A1 A4
Forest NEE
994 Wetland NEE 154

GPP 3233, R 2238 124 CO2 evasion i
GPP 878, R 754 28

Fossil fuels

CH4 emission CH4 evasion
13 2

Wetland litter
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Wetland runoff
21

Forest litter
2

| Sed 22|

Forests: 64,000 Wetlands: 158,000 Surface Waters: 162,000

Forest runoff
24

Buffam et al., 2011
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Svante Arrhenius

Died

Nationality
Fields

Institutions

Doctoral students

Known for

Notable awards

19 February
1859(1859-02-19)
, Sweden

2 October
1927(1927-10-02)
(aged 68)

, Sweden

Swedish

To explain the ice age, Arrhenius estimated that
halving of CO, would decrease temperatures by
4 - 5 °C (Celsius) and a doubling of CO, would
cause a temperature rise of 5- 6 °C. In his 1906
publication, Arrhenius adjusted the value
downwards to 1.6 °C (including water vapour
feedback: 2.1 °C). Recent (2007) estimates from

say this value (the ) is
likely to be between 2 and 4.5 °C. Arrhenius
expected CO, doubling to take about 3000 years;
it is now estimated in most scenarios to take
about a century.
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BAMS State of the Climate 2011

Air Temperature Near Surface (Troposphere)

Humidity
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Temperature Over Ocean
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Geographical pattern of surface warming
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» Climate changes with:

— A change in forcing (sun strength, Earth’s
orbit, volcano frequency, greenhouse
gases)

— s by positive feedbacks

No feedback

Positive feedback




The carbon cycle feedback is large and hard to predict

Atmospheric CO, change: Historic and A1B
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What drives this feedback?

* Terrestrial ecosystems carbon assimilation
and decomposition respond to:
— Temperature
— Light quantity and quality
— Moisture avalilability
— Nutrients (Nitrogen, CO,, Phosphorous)
— Disturbance (Fire, insects, hurricanes, ...)
— Land use (Logging, draining wetlands, ...)
— Competition, adaptation, evolution




Locally: Warmer winters, drier summers
Temperature Precipitation

Projected Change in Summer Average Temperature Projected Change in Summer Average Precipitation
from 1980 to 2090 (A1B) (inches) from 1980 to 2090 (A1B)

D Source: Center for Climatic Research & Center
for Sustainability and the Global Environment,
Nelson Institute, University of Wisconsin-Madison

Source: Center for Climatic Research & Center
for Sustainability and the Global Environment,
Nelson Institute, University of Wisconsin-Madison

Projected Change in Winter Average Temperature ange in Winter Average Precipitation
from 1980 to 2090 (A1B) (inches) from 1980 to 2090 (A1B)

0 Source: Center for Climatic Research & Center
for Sustainability and the Global Environment,
Nelson Institute, University of Wisconsin-Madison

Source: Center for Climatic Research & Center
for Sustainability and the Global Environment,
Nelson Institute, University of Wisconsin-Madison




FORESTS




8%

14%

- Aspen/birch

- Maple/beech/birch

Northern hardwoods

Aspen

Chequamegon-Nicolet National Forest

Lowland conifer
Red pine
34% Oak

M Lowland hardwoods

M Spruce

M Jack pine

M Paperbirch
Balsam fir
White pine
Hemlock

25%

 Source: NIACS, USFS
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Wikipedia!




Washburn District cluster:
Hardwood chronosequence
(Mature, Intermediate, Young)
Red Pine chronosequence
(Mature, Intermediate, Young)
Pine barren (2)

\“

tall tower *

Legend:
+ CO, Flux tower

4 Young jack pine (Ml Tech)

Sylvania old-growth

WLEF .4 ost Creek

Wetland/clearcut

£ Willow Creek
toving tower (2) ature hardwood UMBS

Minnesota

Wisconsin

shrub-wetland

o+

mature
hardwood

Michigan




0 100 200 km|
Scale

Ontario
US-Los

us-wcr

Wisconsin

Michigan




Evergreen Deciduous
Other Wetland Mixed Forest Forest Forest No Data

459 : : B
-90.36 -90.20

HE BN BN BN BN BN BN BN BN BN BN BN BN BN B O = =
0km 5km 10 km




umel m—2 s—1

—4D

1 . 1 L 1 1 1 1 L r 1 1 1 1 1 L) 1

1996 1997 1998 1999 2000Q 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2013

500

400
. 300
E 200
z

100

G
—100

T lIIIIIIIIIIIIlIIlIIIIIIIIIIIIIIIlIIIIIIlIIIIIlIIl

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2003 2010 20711 2013




Annual NEE
200 F I I | I I I I [ I [ I [ [ I =
- Source to atmosphere :
100 =
= Old-growth S
oF mixed forest /\ -
- Regional
' -0 Tall E
IE ; -
3, ~200F- =
~300 =
Mature /
—E hardwood E
= Sink from atmosphere:
=500k | 1 1 | 1 | 1 | | | | | | | -

1997 1998 19989 2000 2001 2002 2003 Z004 2005 2006 2007 2008 2009 2010 2011 2012



What about 20127

October 9, 2012

Valid 7 a.m. EDT

Intensity.
DO Abnormally Dry
| D1 Drought - Moderate
L | D2 Drought - Severe
M D3 Drought - EXtremAe L = Long-Term, typically >6 months
I D4 Drought - Exceptional (e.0. hydrology, ecology)

DOrought Impact Types
r~ Delineates dominant impacts

S = Short-Term, typically <6 months
(e.g. agriculture, grasslands)

The Drought Monitor focuses on broad-scale conditions
Local conditions may vary. See accompanying text summary

for forecast statements. Released Thursday, October 11, 2012

http: Iid roughtmon itor.unl.edu/ Author: Matthew Rosencrans, NOAA/NWS/NCEP/CPC
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Red Mulberry

Yellow Poplar

Lake Superior

Lake Superor

Lake Supenior
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Bl Underwater

B Upland

B Sedges
Wet Woody
Gram peat initial
Shrub peat initial
Wet min initial

Vegetation area fraction
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x
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Water table level (m)

Source: Sulman et al, 2013 (Ecosystems)




Big Questions About Our Forests

: How has the legacy of land management
influence the trajectory of carbon uptake?

. What changes to the land should we
expect to see with warmer, wetter winters and drier
summers for this area?

: How might we manage the land to
mitigate future climate change and how do we adapt
our relationship with land to sustain forest production,
biodiversity, recreation, culture?




BIRDS?




BIRD MIGRATION VEGETATION

Cardinal first song: Butterfly weed first bloom:
22 days earlier 18 days earlier




Impacts of climate change on avian populations

Stéphanie Jenouvrier!+?

March 6, 2013

Climate
large scale oscillation and local weather
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Survival extreme winter
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