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CCR researchers are investigating global and Limnology at the Uni

regional biogeochemistry, with a particular focus on
the carbon cycle of the land biosphere
oceans and Great Lakes. Using data an§ %
elucidate natural carbon fluxes and the

controlling them, and work to use this i \ nena"me'ni “'i Atmﬁgi"le"c a“d
improve predictive models. ’ s e .
Oceanic Sciences
b . sl

» Climate Impacts

» Land Surface Processes

Who We Are

Since 1948 we have grown into one of the leading
departments in our field of Atmospheric and Oceanic
Sciences. We have strong graduate and
undergraduate programs which are nationally
recognized. We graduate about 15 Ph.D. and M.S.
students each year; our graduates are active in
research labs and universities around the world. We
graduate approximately 20 B.S. students each year;
they choose options allowing a focus on weather
systems or general atmospheric science.

» Oceanography and Limnology

» Past Climates

Our faculty of 15 has long maintained breadth and
special strength in three areas:

« Climate systems, including the ocean

« Satellite and remote sensing

« Weather systems, including synoptic-dynamic
meteorology
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Public and Private Forestlands
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Local (county, municipal, etc.)
U.S. Forest Service
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State of Wisconsin
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Aspen/birch group
B E!m/ash/cottonwood group
I Maple/beech/birch group
B Oak/hickory group

B Spruce/fir group
B White/red/jack pine group

Non-forest area

B Wwater

D Assessmenlt area
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« Source: UCAR Quarterly, Summer 2007




Population in Millions (black line)
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Atmospheric CO, (ppm)

W GLOBALVIEW-CO, (1979-2014); http://www.esrl.noaa.gov/gmd/ccgg/globalview/

@ Mauna Loa @ South Pole
Contact: andy.jacobson@noaa.gov




Since 1990

Global annual CO, emissions grew to

CO, in the atmosphere grew to

At current rates, CO, is likely to exceed
sometime this century

But: Rate of atmospheric CO, increase is about
half the rate of emissions increase. Why?
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Atmospheric CO, at Mauna Loa Observatory
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Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
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JELIIINECIE Global Carbon Budget

PROJECT

The cumulative contributions to the Global Carbon Budget from 1870
Contributions are shown in parts per million (ppm)
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Radiation Intensity

Solar
Radiation

100%

0%

100%

0% |

100%

0%

100%

1.5 2
Wavelength in microns

0.30.4 0608 1

3 4 56 8 10

Terrestrial
Radiation







Circa 1930 M

Weather Station Network for Wisconsin
(Daily temperature and precipitation data since 1950)
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Source: Map from Serbin and
i Kucharik (2009); photos from
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Annual Global Average Temperature
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¢s the long~term linear trend.
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Change in Average Temperature (° F) from 1950 to 2006

Comter for Chmatic Resoarch & Conter Sowce: Center for Climatic Research & Conter 9 .0
Lamablity and the Global [nvironment, for Sustasability and the Global Enviromment,
e y of Wi n-Mad: k Nebson stitute, University of Wascomin-Madison 8 5
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Annual mean precipitation (inches)
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Change in Annual Average Precipitation (inches) from 1950 to 2006

; Source: Center for Climatic Research & Center 7 O
for Sustainability and the Global Environment, '
Nelson Institute, University of Wisconsin-Madison 65
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Change in Date of
Last Spring Freeze
from 1950 to 2006

/ Source: Center for Climatic Research & Center
for Sustainability and the Global Environment,
Nelson Institute, University of Wisconsin-Madison
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Change in Date of
First Fall Freeze
from 1950 to 2006
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Lake Mendota Ice Duration 1855-6 to 2008-9
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Earlier arrival of spring in Wisconsin

Bird migration | Vegetation

Geese Arrival: Baptista first bloom:
29 days 18 days

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

Robin arrival: Marsh milkweed first

O days bloom: 13 days

% 55 ecological indicators of

.- spring occurred on average
1.2 days earlier per decade from
1936 to 1998.

< Source: Bradley et al., 1999. Phenological changes reflect climate change
in Wisconsin. Proc. Natl. Acad. Sci., 96: 9701-9704.

Le opol d -Sh ack . | Slide adapted from C. Kucharik, UW-Madison
Photo: Aldo Leopold Foundation




Washburn District cluster:
Hardwood chronosequence
(Mature, Intermediate, Young)
Red Pine chronosequence
(Mature, Intermediate, Young)
Pine barren (2)
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Cumulative NEE (gC m® day™)
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Total emissions

- F0ssil fuel emissions
Land use emissions
Atmospheric increase

Houghton et al. (2007)




Cumulative NEE
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Annual NEE
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WUE (standardized)

Wetlands are interesting...

e Adaptation of plants to drying conditions
leads to increases in water use efficiency,

especially for fens

-5 0
Water table anomaly (cm)

US-Los
Ca-WP1
WF Fen
SH Fen
SF bog
CA-Mer
Fen fit
Bog fit
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¢) MODIS-UMD and IGBP.

NOS.

b WISCLAND.

Mixed Forest
Upland Conifer
Aspen-Birch
Upland Hardwood
Upland Opening/Shrub
Grassland

Lowland Conifer
Lowland Deciduous
Lowland Shrub
Yyet Meadow

Open YWater

Road

Mixed Forest
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Buffam et al., 2011, GCB R
B |

Flux rates in Gg-C yr-1
Pool sizes in Gg-C
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IEEINRIYEEIE Observed Emissions and Emissions Scenarios

PROJECT

Emissions are on track for 3.2-5.4°C “likely” increase in temperature above pre-industrial
Large and sustained mitigation is required to keep below 2°C

Data: CDIAC/GCP/IPCC/Fuss et al 2014
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Global Average Temperature
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PCM B1 GFDL A1FI PCM B1 GFDL A1FI

Maximum temperature Maximum temperature Precipitation Precipitation

Annual Annual
2070 - 2099
departure
from baseline
('F)
Winter
Winter (Dec - Feb)
(Dec - Feb)
Spring Spring
(Mar - May) (Mar - May)
Summer
Summer
(Jun - Aug) (Jun -Aug)
Fall Fall
(Sep - Nov) (Sep - Nov)




Winter

Summer

Projected Change in Seasonal Temperatures
1980 to 2055 (° )
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Projected change in the frequency Projected change in the
of <0° F nights per year frequency of 290° F days per year
from 1980 to 2055 from 1980 to 2055

aU Source: Center for Chmatic Research & Center T | 0 a QD Source: Center for Climatic Research & Center 28
for Sustainability and the Global Environment, for Sustainability and the Global Environment, b
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Wisconsin Migrating Climate
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Gy Current & Developing Working Groups

IMPACTS
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losing about 33,000 km ‘}s’ losing about 29,000 km

.

of habitat (-88 percent) [ | 4 (-100 percent)
94 M S 'l‘bm mﬂ‘a}

Coolwater Northem Pike ’ 1\ Walleye

T ol W, losing 11,000 km (-72 losing 4,000 km (-88
— "= | percent) ‘ ‘ percent)
~

Whereas:

HIH

: iR il fit
Warmwater Channel —— “"” *“i Largemouth Bass
Catfish 4 gaining 7,000 km (+34
gaining 1,600 km (+32 ' - percent)
percent)

+4.3°F = 94% loss +1.2°F = total loss

Predicted distribution of brook trout in Wisconsin streams under current climate conditions and
predicted losses under three climate-warming scenarios for Wisconsin by mid-century.
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IMPACTS

Loss of Northern
Tree Species

e ) Forestry Working Group

White Birch

[Southern range limits

Southern range imits
— Current (FIA data) w— Current (FIA data)
2100 Predcted (based wwee 2100 Predicted (based

on avg of § GCMs) on avg of 5 GCMs)

Source: D. Mladenoff, UW-Madison; adapted from Prasad, A.M. and L.R. Iverson.
1999-ongoing. http:/AMww.fs fed.us/ne/delaware/atlas/index html

Impacts of Warmer
Winters on Logging




PROJECTED SNOW

inches
Por
Day Inchos Fraction

(a) Snowfall (b) Snow _ (c)Snow
1 Depth Cover

)
4 N
)
K R
R

. *Modem

e Future .

Source: Notaro, M., D. Lorenz, D. Vimont, S. Vavrus, C. Kucharik, and K. Franz, 2010: 21st century Wisconsin snow projec
tions based on an operational snow model driven by statistically downscaled climate data. International

Journal of Climatology, DOI: 10.1002/joc.2179




Species range shifts:

Current Lower Emissions Higher Emissions

Forest Types
B White/Red'Jack Pine | Loblolly/Shortieaf Pine g Oak/MHickory B Maple'Beech/Birch ) EmVAsh/.Cotlionwood
u Spruce/Fir u Oak/Fine _) Cak/Gum/Cypress | Aspern/Birch 3 No Data

Iverson et al. 2008
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Sugar Maple

Modeled Current

White Oak

Modeled Current

PCM B1

GFDL A1FI
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Lawrentian
Forest Province
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° 7-10 -0
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Sugar Maple

|_| Cumrent Extent

B Potential Shift by 2100

M. Johnson ©2002 Maps.Cemn

Geography in the News 12/20/02
Source: USDA Forest Service
Zone Changes in Past 10 Years  Projected Zone Changes in Next 30 Years
In Color of New Planting Zone in Color of New Planting Zone
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Average Annual Minimum Temperature by Climate-Related Planting Zone
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G Stormwater Working Group

IMPACTS

Damage to communities
and transportation systems
from extreme storm events

N
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L Human Health Working Group

CHANGE
IMPACTS

1980

Increase in waterborne
infectious diseases from
more intense storms

Combined sewer overflow from
Milwaukee entering Lake Michigan
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Increase in vector-boiie

infectious diseasgs/e=

Increase in respiratory
health problems from
air pollution and
climate change




Climate Change Impacts on Summertime Tourism
-

July 1970s July 20508

U.S. Tounsm Climatic Index
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WITHOUT PROMPT, AGGRESSIVE LIMITS ON (O, EMISSIONS, THE EARTH
WILL LIKELY WARM BY AN AVERAGE. OF 4-5°C BY THE CENTURY'S END.

HOW BIG A CHANGE. 1S THAT?

IN THE COLDEST PART OF THE LAST ICE AGE, EARTHS AVERAGE
TEMPERATURE. WAS H.5°C BELOW THE 20™ CENTURY NORM.

LETS CALL A Y.5°C DIFFERENCE. ONE. “ICE AGE. UNIT"

WHERE WE
_2 IAV _1IAU O gTODAY + 1IAU +2lAU
T B o L e S I S e S BRI L e e
™ 2000 v Nee crenciods
AVERAGE. DURI WHERE. WELL
SNOUBALL  YEARS AGD MODERN TIMES IN 86 YEARS HOTHOVSE
EARTH My NEIGHBORHOOD: My NEIGHBORHOOD: MY NEIGHBORHOOD: +200m SEA
(._L, mu) LEVEL RISE

HALF A MILE ®

PAUM TREES
AT THE POLES

== ? NO GLACERS




“I am not a scientist myself, but my best
assessment of the data is that the world
IS getting warmer, that human activity
contributes to that warming, and that
policymakers should therefore consider
the risk of negative consequences.”

— Sept. 2012
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http://www.sciencedebate.org/debate12/




“Higher temperatures and less-predictable
weather would hurt poor farmers, most of
whom live on the edge and can be
devastated by a single bad crop. [...] It would
be a terrible injustice to let climate change
undo any of the past half-century’s progress
against poverty and disease—and doubly

unfair because the people who will be hurt the
most are the ones doing the least to cause
the problem.”

Linkedin.com




“If you look at global warming alarmists, they don't
like to look at the actual facts and the data. The
satellite data demonstrate that there has been no
significant warming whatsoever for 17 years. [...] |
read this morning a Newsweek article from the 1970s
talking about global cooling. And it said the science is
clear, it is overwhelming, we are in a major cooling
period... Now, the data proved to be not backing up
that theory. So then all the advocates of global
cooling suddenly shifted to global warming [...] and
the solution interestingly enough was the exact
same solution -- government control of the
energy sector and every aspect of our lives.”
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Washington Post, 2 Aug 2015




What Are The Options?

« Adaptation

— Economic/political (relocation, tech transfer,
payments for damages, reduce poverty, educate)

— Technological (resilient tech, seawalls, genetic

hybrids, cure malaria, colonize new planet)
« Mitigation
— Economic (taxes, cap and trade, R&D)

— Political (treaties, bans, compacts, fuel/energy
standards, public transit, voluntary agreements)

— Societal (sustainable development)

— Technological (CO, capture, geoengineering,
green tech, alternative energy, energy efficiency)




US forests annually sequester the equivalent of 10% of US carbon dioxide
emissions from burning fossil fuels

1000
800
600
400

Forestry activities
could remove
another 100 to
200 Tg Clyr

Tg Clyr

-400 T T T
1700 1800 1900 2000 2100

- Current trend - = = With policies to increase carbon
sequestration by the forest sector

Smith and Heath 2004, EPA 2005, Birdsey et al. 2006




Life of Wood and Paper Products:

End use Half-life of carbon (years)
Single-family homes (pre-1980) 80
Single-family homes (post-1980) 100
Multifamily homes 70
Mobile homes 20
Nonresidential construction 67
Pallets 6
Manufacturing 12
Furniture 30
Railroad ties 30
Paper (free sheet) 6
Paper (all other) 1

Skog and Nicholson 2000



WILDFIRES PLAGUE WESTERN STATES

s Active fires @ Continuing fires
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“Power plants are the single biggest
source of harmful carbon pollution that
contributes to climate change. Until
now, there have been no federal limits
to the amount of carbon pollution plants

dump in the air.”
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Ankur Desai and the Ecometeorology Lab
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North Temperate Lakes LTER
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Lake States Aspen-Birch:

350 1 @ soil B Down dead wood
300 - O Forest floor @ Standing dead
@ Understory W Live tree

250 ~
200 -

150

Carbon (Mg/ha)

100
50

0 5 15 25 35 45 55 65 75 85 95 105 115 125
Stand Age

Figure data: Smith et al. 2005
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Global sudden stop to emissions in 2016




