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Introduction to Climate Science; | D0 Sa0ter

Part 1

Visiting
Researcher, UCLA

| My Background

= Wy job: Atmospheric
scientist

= iy education: UK. and
Germany

* My rasearch: Climate
fingerprinting

= My hobby: Rock-
climbing
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| What this presentation will cover

Natural effects on climate
* Changes in the 5un’s energy output
* Changes in volcanic activity

= Natural internal variability (El Nifios,
La Nifias)

| What this presentation will cover

Human effects on climate
= Changes in greenhouse gases

= Changes in particulate pollution
{sulfates, soot)

= Changes in land surface properties

- What this presentation will cover

Natural effects on climate
* Changes in the Sun’s energy output
= Changes in volcanic activity

= Natural internal variability (El Nifios,
La Nifias)
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, Studying changes in the Sun

= Direct measurements {since 1979)
® Sunspot numbers
* Cosmogenic isotopes

Satellite measurements of changes
in the Sun’s energy output
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| sunspots

® First spotted by telescopein 1611

= Synspot numbers increasa and decrease in a cycla of
roughly 11 vears

Can be 25 shart 25 8 years and as long as 14 years

= Highest number of sunspaots in any cycle = Solar
Mlaximum

® |owest number of sunspots i any oycle = 5olar
rAirimum
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| Sunspots
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| Sunspots
T Maunder Minimum in sunspots between 1645 and
1715
& Sunspot numbers dropped dramatically during that
tirme
® The Maunder Minimum was a colder time in Europe
+ Prolonged Solar Minimum may have decreased
solar energy and cooled parts of the Farth during
Maunder Minimum
“Little Ice Ags”

Sunspots




| What this presentation will cover

Natural effects on climate
= Changes in the Sun's energy output
= Changes in volcanic activity

= Matural internal variability (El Nifios, La
Mifias)

Clase

e Of the
eruptive
kind...

ancounters

Climbing
Mit. St.
Helens,

April 1980

Studying changes in volcanic activity
= Using ice cores

= From space

® From the ground
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lce cores provide one way of studying
“deap time" changes in volcanic activity

Studying
volcanic
activity
with ice
cores
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Many voleanic eruptions have “bipolar”
signatures in ice cores
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Studying changes in velcanic activity
from space

sleanic material in the atmosphers
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Studying
changesin
volcanic
activity from
the ground

Phatameters at

o | 1zada Observatory,
hit, Teide,
Tenerife

Early 21%
century
eruptions

Tarvurwur
[2006)




Early 21*
century
eruptions

Sarychev
(2009)

Early 21
century
eruptions

MNahro

12011)

Early 217
century
eruptions

Calbuco
(2015)




Recent changes in volcanic activity have
detectable changes in temperature

Yolcanic material in the atmosphare
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SIDEBAR: Do volcanoes produce more
CO, than human activities?
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. What this presentation will cover
Natural effects on climate

= Changes in the Sun’s energy output
= Changes in volcanic activity

= Natural internal variability (El Nifios,
La Nifias)




What is internal variability of the
climate system?

Cyclical changss in global or regicnal climate

Purely naturall

Primarily due to interactions between atmosphere ang
acean

They happen an a range of timescales (months to
centurles)

Unelear how nurnan-caused warming will affect these
cyclas

Some commonly studied modes
of internal climate variability

= E| Nifios and La Nifias

= Atlantic Multidecadal Oscillation
® Pacific Decadal Oscillation

» Quasi-Biennial Oscillation

! What are El Nifios and La Nifias?

Animation of El Nifios and La Mifas
https://oceanservice.noaa.gov/facts/
ninonina.html
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How have El Mifios and La Nifias varied?
e
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| What this presentation will cover

Human effects on climate

= Changes in greenhouse gases

= Changes in particulate pollution
{sulfates, soot)

sChangesin land surface properties

Scientists have studied the heat-trapping
properties of greenhouse gases for centuries

Joseph Fourier
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The greenhouse effect

Where do scientists make diract measuremeants
of greenhouse gases in the atmosphere?
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Direct measurements of
CQ. in the atmosphere
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We also
measure
CO,inice
cOres

Air bubbles
in Antarctic
ice




10,000 years of atmospheric CO, levels: Combined
data from direct air measurements and ice cores
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800,000 years of atmospheric CO, levels: Combined
data from direct air measuremeants and ice cores

Carbon dioxide
[parts per mill:on)

i a3 Yaars hefore present

How do we know that most of the recent
increase in atmospheric CO, is due to
human activities?

= Oceans are acidifying

= Atmospheric oxygen is decreasing
= |sotopic carbon ratios are changing
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Oceans are acidifying

= The oceans stora tha jarges:
amaunt of the Earth’s
carzan, =0 if the atmospharic
0, increase wene “natura”,
it weanld likaly be coming
from the oceans — ac2an pH
wioyld rioe

* Autwe kaew the OOy
inc 5 not oomming from
Lhiz 5 bEcause the pM of

the oceans is dropping
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Atmospheric oxygen

is decraasing

* Burning carbon requires cxygen;
when we burn an atam of
carbon, the reguired ocxygen
becomes part of the C,
maolecla

The CO, increase from ouming
fossll fuels should be
accompanied by a decrease in
atmaspheric moygen —which is
what has heen cbserved
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Isotopic carbon
ratios are changing

» L0, produced from burning
fossil fuels has a different
izotopic signature fram I
natural CO, in the s
atmosphere EL
As CO, from burning fossil
fuels is released into (anc
mixes with) the atmosphere,
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| What this presentation will cover

Human effects on climate
= Changes in greenhouse gases

» Changes in particulate pollution
(sulfates, soot)

» Changes in land surface properties

Air pellution |5 visible from space

ion ld-rﬂl!
humtu.-'L-: her fochors,
optical depth ol 1 lrnnm
that snly about 3TH of divect
sunlight reaches the wurface.

'I.-‘u'ﬂat ﬁappaned to pl:ullutlu::-n during lockdown?
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| What this presentation will cover
Hurman effects on climate
= Changes in greenhouse gases

*Changes in particulate pollution
(sulfates, soot)

® Changes in land surface properties

Amazom Deforestation
3 2000-2007
4 5 ’ !"'.. L ]

I Deforestation in Cambaodia I
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Land surface changes through urbanization

Animation of changes in areal extent of
Los Angeles over time
http://www.atlasofurbanexpansion.org/
historical-data
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| Summary of Part 1

» Climate is influenced by:
« Matural factors {the Sun, volcanoes, internal
variability)
» Human factors {greenhouse gases, particulate
poliution, land surface changes)

® How we separate natural and human
influences on climate is the subject of Part 2
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Ben Santer

Introduction to Climate Science:

Visiting Besearcner,

Part 2 UCLA

‘What Part 2 will cover

= Climate fingerprinting 101

® Lingerprinting and the 2021 Nobel Physics Prize

= Fingerprirting examples

= |poking at the causes of changes in extreme
avents

» Satellite temperature datz

® Conclusions

| What Part 2 will cover

® Climate fingerprinting 101

® Fingerprinting and the 2021 Nobel Physics Prize

" Fingerprinting examples

" Looking at the causes of changes in extreme
avents

= Satellite temperature data

= Conclusions




l The arc of history...
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How was scientific progress made?

® |mproved {and more) climate models

» Better understanding of factors that affect
climate

s |mproved (and longer) observed climate records

» Community-wide analysis of climate model
results

® ‘nirastructure for sharing climate model output

= “Climate fingerprinting”

What is “climate fingerprinting"?

Basicidea:

» Different influences on climate have different signatures

® Signatures are easier to discern in patterns
{"fingerprints")

20
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| Natural and human fingerprints on climate
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!What Part 2 will cover

® Climate fingerprinting 101

u Fngerprinting and the 2021 Nobel Physics Prize

= Fingerprinting examples

® | ooking at the causes of changes in extrerne
events

= Sateilite temperature data

® Conclusions
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Hasselmann: The power of patterns
J i 2021 Nobel Physics Prize
Awarded for developing:
" .methods for identifying
specific signals, fingerprints,
that both natural
phenomena and human
activities imprint in the
climate”

Lsing patterns to discriminate between human and
natural effects on climate

Human MNaturai climate
fingerprint varlability
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AL lnut

Pattern ' Pattern

amplitude amplitude
=i — | iy

Manabe: Using medels to understand the real-world
| climata system

2021 Nobel Physics Prize
Awarded for:

“ . the physical modelling of
Earth's climate, quantifying
varigbility and rellably
predicting global warming”




Manabe and Wetherald, 1967

Thermal Equilibrium of

the Atmosphere with 2

Criven Dnstribution of T
Relative Hurmidity : (

(What Part 2 will cover

® Clirmate fimgerprinting 101

® Fingerprinting and the 2021 Nobel Frysics Frize

* Fingerprinting examples

= | ooking at the causes of changes in extreme
events

= Satellite temperature data

8 Conclusions

Example 1
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Measuring " o= And are measured by

s sl W instruments an sateilites
temperature
from space

b2 hicrowaves are emitted

a Higher E
temperatures
Miore microwave
emissions from

by the atmosohere.,

malacuies
® By choosi
atmospheric layers can Be measured

1 different microwave frequencies, different

Different layers
of Earth’s
atmosphere
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Satellite temperature data show the atmospheric
temperature fingerprint predicted by Manabe

Satellite "
observations ™
{Santa Rosa,

CA)
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Other evidence against “the Sun explains all surface
|warming” hypathesis
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L 6, e SRy Shaeege (2009)
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Fingerprinting has moved beyond "temperature only”
| studies
® Climate scientists have identified human "fingarprints"
in many ditferent aspects of the cimate system - not
just in temperature

® Changes in different climate variables are physically 2nd
internally conzsistant, and are independently monitored
witn a wide range of instruments

[

li.F._Fhat Part 2 will cover

® Climate fingerprinting 101

= Fingerprinting and the 2021 Nobe| Physics Prize

® Fingerprinting examples

® | poking at the causes of changes in extreme
events

® Satellite temperature data

® Conclusions

The 2003
g European summer
. ! heatwave

‘4= Jyly and August

L N 2003
- &;‘;... = Health crises in

saveral countries
= Eitimated death
toll: 72,000*
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The 2003 European sistogram of return pericds
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Hurricane Harvey (2017)
® Category 4 hurricans
» Landfall: August 2017
® 5125 hillion in damages
s More than 100 deaths
s Peak rainfall; = 60
inches in 4 days

: | Event attribution:

: Hurricane Harvey

|

| Precipitation total for
| Houston region fram

25 to 31 August [2017)
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“...nn-thrupugenlc climate change lkely incressed  Hurricane

Harvey's total rainfall by at least 13% with a best estimate of 36307

H

-2




!Changes in wildfire weather
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Vapor ! " «  Burned
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Fingerprinting with changes in vapor pressure deficit
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Event attribution:

|Legal issues and questions

= Can we reliakly estimate the human
contribution to the extreme avent's

likelthood?
® |n estimating this contribution, are the key
uncertainties well-quantified?

= Are there reliable damage estimates far the
extreme event?

What Part 2 will cover

= Climate fingerprinting 101

® Fingerprinting and the 2021 Nobel Physics Prize

® Fingerorinting examples

= |Looking at the causes of changes in extreme
events

= satellite temperature data

® Conclusions
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| Satellite temperature data: Technical issues
® Satellite orbit drift
= Satellite altitude decay

= Trift in calibration of microwave sounder
on the satellite

® Change in type of instrument

Iltte temperature data
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| Satellite temperature data
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“Satellite data show leweling off of warming over the past
two decades” EFA Administrator Scott Praitt, lan. 18, 2017
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| Testing the “leveling off of warming claim” -
B i | Probability that final
& 20-year warming
5 E trand in satellite data
i could be natural

4

i 1 | Santa Roza  1.6W

y v wr o Maryland  31%

Alzhama 53%

| Testing the “leveling off of warming claim” -
B =H Frabahility that

i : i average of afl

HE foll possible 20-year

72 | | | trendsin satellite

i, il data could be natural
: oo L | ) SantaRosa  0.007%
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- . sesmees  Alabama 1.7%
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Summary

"Climate fingerprirting” usas pattern information to
separate humen and natusal effacts on cimate
[% was developed in the late 1970s

Human fingerprints an climate are uneguivecal and
ubiguitous

Today, sclentists routinely estimate the impacts of
climate change on extreme events

Zatellite temperatures show signiflicant global warming
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