Climate Change Tipping Points:
The Untold Story of William Dansgaar




CLIMATE BASICS: THE ATMOSPHERE

Sunlight passes through the atmosphere and
warms the Earth's surface. This heat
is radiated back toward space.

Most of the outgoing heat is absorbed by
greenhouse gas molecules and re-emitted in
all directions, warming the surface of the Earth
and the lower atmosphere.




CLIMATE BASICS: THE CRYOSPHERE
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https://www.weforum.org/agenda/2019/11/arctic-ice-melting-time-lapse-video/



EARTH...AN INTEGRATED SYSTEM
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The Earth’s Climate System

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle

Atmosphere

-~

 N,O, Ar,

H,0,CO,, CH,N,0, 0, etc.
Aerosols

. Changes in the Cryosphere:
:’w‘:’;‘ Tar:;s Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in the Ocean: Changes in/on the Land Surface:
Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems




WHAT IS CLIMATE CHANGE?

#1 — Long-term (decades) significant trend of temperature & precipitation.

#2 — Change in the seasonal timing of precipitation and/or snow events.

#3 — Increased variability in the weather (i.e., more extreme weather).

Changing Rain




“WHAT IS THE CAUSE OF CLIMATE CHANGE?"
Cause #1 — Greenhouse Gas or GHG (man-made — industry, energy)

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into space P ’a into space




"WHAT IS THE CAUSE OF CLIMATE CHANGE?"

Cause #2 — Natural Cycle (Earth orbit, solar cycle, ocean current, volcanism)

Cycle 24 Sunspot Number (V2.0) Prediction {(2016/10)
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THE $1 MILLION QUESTION:

“"WHAT IS THE CAUSE OF CLIMATE CHANGE?”

Cause #3 — Blended-view (GHG/man-made and Natural Cycle)

In atmosphere at Mauna Loa
{approx 330 in 2008) :

Temperature
Average world surface readings




THE $1 MILLION QUESTION:

Cause #3 — Blended-view (GHG/man-made and Natural Cycle)

with human effects

Temperature (°F)

natural forces only

1900

Year
Observations

s Models using only natural forces
- Models using both natural and human forces




Viking Journeys to Greenland
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Photo courtesy of Torben Hansen (http://www.th-randers.dk)




Photo courtesy of Torben Hansen (http://www.th-randers.dk)



Trands of Graerilznd temoaretiire

Annual Mean Temperatures 1873-2005 i

Denmark, The Faroe Islands and West Greenland

C

Source: Denmark Meteorological Institute (http://www.dmi.dk/dmi/tr06-08.pdf)



Greenland — ZERO project

Figure 1 The Zackenberg Research Station seen from south-west in late August 1996.
(Photo: Hans Meltofte)
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Video clip: time-lapsed Greenland glacial melt 2002-2016:

https://www.youtube.com/watch?v=ZVWXC_j7Dqgs




Evidence for Climate Change:
Global Glacial Retreat

Mountain Glacier Changes Since 1970 Global mass change of reference glaciers
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Evidence for Climate Change:
Impacts to Greenland Glaciers

/4

Melt Anomaly § 45
(Days) H.50

Number of
Melt Days

NSIDC / Thomas Mote, University of Georgia
NSIDC / Thomas Mote, University of Georgia

Source: (https://www.universetoday.com/158589/greenlands-ice-loss-is-worse-than-we-thought/)
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Average near-surface temperatures of the northern hemispere during the past
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ROYAL
MUSEUMS =
GREENWICH

What is an.
ice core?




WHO IS WILLIAM DANSGAARD?

1)
2)
3)
4)
S)
6)

Danish Paleoclimatologist — U. of Copenhagen, Dept. of Geophysics
Member, Royal Danish Academy of Science (plus three other societies)
Won five international awards for his scientific work

40+ years of Greenland field and lab work investigations

Many peer-reviewed science papers/books published (1970s-1990s)
Founding Father of the field of Stable Isotope Meteorology

Portrait of

- a pioneer in Danish ice core research




First job: Denmark’s Meteorological Institute (like NOAA), Greenland.

He help set up a Mass Spectrometer, UC’s Biophysical/Isotope Lab.

June 1952: experiment to measure the isotope composition of rainwater.

riment contin

ues with airplane - air samples inside a cloud.
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1) Further tested O-18 variations in rainwater, river, and Greenland ice.

2) Collaborated with Scholander (1956), U-Oslo: chemistry of air bubbles in ice.
3) EGIG project (1959-60): Greenland geodetic survey, auger firn/ice-cores.
4) First analysis of ice O-18 vs. temperature at many sampling sites.
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1) Camp Century (1963-1966): ice-coring reached to bedrock (~1400-m).

2) Chemistry of air bubbles: O-18, Deuterium, CO2, Methane, volcanic dust.

3) International symposium ISAGE (1968) — CC ancient ice/isotope record.
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1) GISP Drilling Project (1972); ISTUK (1981): ice-coring went to ~2000-m.
2) Noticed abrupt shiftsin 0O-18, and temperature, ~25-30,000 years ago.
3) Hans Oeschger, Wally Broecker — N-Atlantic Gulf Stream switched on/off.

a8 36 -3 -3

o 5'e0—
|Deptn <1
1&E0 [I'ﬂ:l I=|._

165 l —E‘

—— =

= I
1954 I"_\_"-jj
'_l_ﬁ

156G

1555
1 0

——
Du=t content{mn/kg &)

Fig. 11.4 & and dust concentration in the ice deposited during some of the great climatic shifts that characterized the coldest
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1) GRIP Drilling Project (1987) — expanded sampling efforts; GRIP2 - USA.
2) Ice-core record now extends ~150,000 years ago (next to last glaciation).
3) Found 24 great/violent abrupt climate change events (131-117,000 yr B.P.).

Depth

|

— Glacial to Holocena

transition e

_.L___-

7:‘1-

f i
—

—

|4 —

-

_——
Eomintarglacial SSSSEE
3000 1 | -

-45 -40 -35 =30

50" [%]

Fig. 13.1. 6-profile along the GRIP ice core core. Thewildly  Fig. 13.2. Calculated Greenland temperature deviations
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Fig. 14.7 The entire NorthGRIP crew celebrating the big moment in the drill hall




Rapid Climate Change?
Climate Change dgement Day?

FROM THE DIRECTOR OF INDEFPENDENCE DAY

Driven by changes in mm Cold deep current
ternperature and salinity,

' Warm surface current
Iarge ocean currents are in

constart rotion, rowing . m Heat release to atmosphere
heat from the equator to 1
the upper |atitudes and
then rmoving cold back
tow ard the eguator,
Krnown as “thermchaline
circulation,” this phenor-
enan includes the Gulf

N ) s
Strearn, which moderates //
novthern Europe’s clirmate,
Sorme sciertists
specul ate that global - é
warrning could weaken this ~3 e

circulation and leave some
regions relatively cooler,

SOURCES: National Center for Atmosphenc Research MSNBL
= - [ntergovernmental Panel on |II|| te Change

https //www, bu5|neSS|n5|der com/day—after -tomorrow-was-right-and-wrong-about-climate-shifts-2019-3



Atlantic Meridional Overturning Circulation

Temperature (°C
Source: https://en.wikipedia.org/wiki/Atlantic_meridional_overturning_circulation



A Dansgaard-0Oeschiger event:
Climate Change “Tipping Point™ event

Isotope data for Antarctic and Greenland ice cores
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Abrupt events: the ice core view
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Eyjafjallajokul Volcano 2010 Ash Plumes

North American West Coast (15 station avg.) - 2010 data
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rin) = Greenlzrnie Inuit Elcjer

“The Eskimo-Kalaallit people
have a prophecy that when the
once rock-hard glaciers become
S0 Soft that you could leave a
handprint on them, this would
be a sign that Mother Earth is in
profound turmoil. I never
thought I would witness the
prophecy taking place in my
lifetime.”

Source: www.icewisdom.com



Countdown to CO2 Nipping Peint?

CARBON DIOXIDE - TIPPING POINT THRESHOLD
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Source (observed data, through SEP 2019): NOAA - ESRL Global Monitoring Division

Dr. James Hansen, NASA: https://pubs.giss.nasa.gov/abs/ha02210k.html
https://www.wired.com/2007/12/nasas-james-han/



OTHER CC TIPPING POINTS?

Potential Tipping Points

A

. Arctic Sea-Ice Loss

: ; . Permafrost and
lantic Deep Climatic Boreal Forest Tundra Loss?

Boreal Forest vt Formation Change-Induced Dieback

Dieback Ozone Hole?
andian Monsoon

/ . Chaotic Multistability
West African
Monsoon Shift

Change in ENSO
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Greening
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Amazon Rainforest
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Antarctic Ice Sheet i

Population Density (persons per km?)
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Changes in Antarctic Bottom
Water Formation?

Source: https://nca2014.globalchange.gov/report/appendices/fags
https://en.wikipedia.org/wiki/Tipping_points_in_the_climate_system
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J. Harlen Bretz: He seriously challenged the idea of Uniformitarianism
with his major field evidence of gigantic Ice-Age floods. “ Ideas without
precedent are generally looked upon with disfavor and men are shocked
If their conceptions of an orderly world are challenged.”
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The Eruption and Recovery of a Volcano
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Annual mean streamflow at TOW, in m® s*!

Most of the area Salmon were destroyed by the eruption. The river waters
were so heavily choked with sediment that Biologists estimated that it
would take 10-15 years before the Salmon would return to the rivers.



Punctuated
Equilibrium

How does Darwin’s original idea of gradual Evolution pathway
differ from a Punctuated Equilibrium pathway?




ARCTIC
VOL. 64, NO. 3 [SEFTEMBER 2011) P. 385-387

WILLI DANSGAARD (1922-2011)

Willi Dansgaard, distinguished professor emeritus at the
Niels Bohr Institute and head of the Geophysical Isotope
Laboratory at the Umiversity of Copenhagen, Denmark,
died in Copenhagen on January 8, 2011 at the age of 88. He
1s recognized as one of the world’s foremost authorities on
past climate change as revealed 1n polar 1ce cores.

Dansgaard will be remembered best for his considerable
contributions 1n the field of the Earth’s past chimate and 1ts
abrupt climate changes (with H. Oeschger, University of
Bern) and by his students and co-workers whom he tramed
and inspired. His groundbreaking discovery of the seasonal
vanations and rapid changes i climate over short time mter-
vals was established by measunng vanations in the stable
oxygen isotope ratio data (0*/0%) in the 1390 m deep core
recovered at Camp Century, Greenland. This core, the first
to bedrock. was obtained in 1966 by the US. Army Cold
Regions Research and Engmneenng Laboratory (CRREL) in
Hanover, New Hampshire. Dansgaard’s climate record of the
deep core reflected annual accumulation layers dating back
to 8300 years BP, and additional accumulation years back to
the bottom at 115000 years BP, with less accuracy.

Will: Dansgaard at age 75 1n 1997, Photo: Sigfus Johneon

“His style of leadership in the group was marked by his hot temper, his
very short patience with ‘details’ and his strong focus on the scientific
goals. He was very good at including everybody, senior as well as very

Junior, in important decisions and this created a very strong team spirit.”




RESEARCH CITATIONS

https://www.iceandclimate.nbi.ku.dk/publications/frozen_annals/
http://www.sciencepoles.org/article/willi-dansgaard-pioneer-of-paleoclimate-research
https://nbi.ku.dk/english/www/willi/dansgaard/

https://www.science.org/doi/abs/10.1126/science.166.3903.377?sid=28e20f18-e1a4-4e4d-b8f1-
b794c5b2688a

https://www.latimes.com/science/la-me-willi-dansgaard-20110207-story.html

https://www.cambridge.org/core/journals/polar-record/article/willi-
dansgaard/16626A5BA1F8F35488630C56CFFE8575

https://theconversation.com/ancient-leaves-preserved-under-a-mile-of-greenlands-ice-and-lost-in-a-
freezer-for-years-hold-lessons-about-climate-change-157105

https://en.wikipedia.org/wiki/Dansgaard%E2%80%930eschger_event

https://www.ncei.noaa.gov/sites/default/files/2021-
11/2%20Heinrich%?20and%?20Dansgaard%E2%80%930eschger%?20Events%20-%?20Final-
0OCT%?202021.pdf

https://www.sciencedirect.com/science/article/abs/pii/S0033589413000215
http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/scholander-per. pdf
https://blogs.egu.eu/divisions/cr/2022/01/28/camp-century-bottom-ice/
https://oceanservice.noaa.gov/facts/amoc.html
https://en.wikipedia.org/wiki/Atlantic_meridional_overturning_circulation
https://www.google.com/books/edition/Climate_Change_Research/chgrtAEACAAJ?hl=en
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\WWhat are your questions?

Wange tak! ©
\ ((hank you very much!)
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