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Topic 21: Long- and Short-term Climate

Test 7. due 1oday (HWS+ HW10)
homework 7. due ’romorrow

Today pfn : discussion session; York 330
Today 5 pm: zoom office hour

8 festi 8: next:Monday!
il homework 8: next Tuesday; late subbmission enly untilimicdnignil

your current standing (as from Canvas Gradebook):

add points from each homework

divide sum by 4

add points from each test and extra credits

to-date: 100% corresponds to 60 points (6 homeworks/4 + 6 tests)

opic 21 - Long- and Short-term Climate

Why do we care about thisin a
Natural Disasters classe
¥ ° current change does not have natural cause §

® « changes can occur rapidly (several years)
* clues of what to expect may lie in past

source: wikipedia
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Arctic Seo Ice oVer Ios’r 40 Yeor

Extent Of Arctic Sea Ice PIOMAS Arctc Sea ko Volume
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* minimum area declined from . minimum volume declined from
= ~4.5Mto~4Mkm?->38% decline ~15k to ~ 5 k km?®-> 67% decline

-> ice has become much thinner

- “|I|||lth|I|. T

Million km?

o8 Vohure i 10(

Albedo has declined -> accelerated warming
Overall Volume decline has approached summer/winter difference

c 21 - Long- and Short-term Climate

Globol TemperoTure Increase

Oceans absorb over 90% of excess heat

oC °F
© 2023 ho’r’res‘r’
°§ 15 recorded:
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Oceans are climate moderators 2005-2010 hiatus short-lived
Oceans warm more slowly (Pacific Decadal Oscillation?)

Oceans absorb > 90% of excess heat if not contested

| Short-term Climate __




Global Temperature last 1000 years

——— Apr-Sep; compilation from different types of proxy evidence at about 100 locations around the NH
— Annual; compilation from different types of proxy evidence for 10 locations around the NH

02 B Apr-Sep; based on tree-ring density data from near the tree-line (both latitudinal and elevational) in the NH

Temperature anomaly (°C with respect to 1961-90)

2005-10 hiatus was only short-term!
last decade has broken heat records (2023 hottest)
rate not seen in previous 950 years

| thermometer:
} precise,
-37 to 356°C

* free rings

g < pollen counts

« air bubbles in ice cores (COy)

: - coral ‘'rings’/chemistry (180/'¢0)
f - lake sediments (180/160)

f * carbonate speleothems

(stalactites/~mites)
(180/160; 13C/12C)

- fossils/geological features
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Mihors of years before present

Indicators — Distant Past Proxies

sedimentary rock
-fossil content
| -plant casts

warm:
Youngsst & - coral reefs (most limestones)
Q@ sccession - aluminum ore (bauxite)

& - sfriation, moraines
® - mammoth bones

Temperature of planet Earth

— 7y -— — 4'«»...;’ : }
W ¢
o o g

Thousands of years before present (2015 CE)
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Review: Earth’s Atmosphere&CGreenhouse

Ar B - 0.07% rest

(0.93%) including ...
Greenhouse Gases: HyO, ...

1
: /O . CO, (419 ppm), CH, (2 ppm)
s /, 2 . - = = 3 SR e e
N, B Earth is warming because
(78.08%) greenhouse gases arelineeeSing

Greenhouse effect:
see Topic 15 CH,

§ CO, growig exponentially 8

also growing exponentially

4-CH,more potent than CO, :
<-but less residence fime in atmosphere E==

Radiative Forcing — Greenhouse Gases

relative ability of gas to enhance or reduce effect of greenhouse warming

the 2 most important greenho ser groses

(apart from natural H;0): CO, contributes with 60%
natural and anthropogenic: CO, CH. _} CH, with 16% (less abundant but

more effective)

jrelative contribution [ability to trap heat elative C

L TR

bution to Warming

ontri

}60% |1 : N20(5%)

[16% P21 =
. |CFCs [11% (12,000
- fropospheric O (8% [2000

N0 [5% [310

: 100% anthropogenic:
= CFC; destroys stratospheric Ozone layer

*Oa3: tropospheric ozone




Rc:dlo’nve Forcmg HQO

clouds: negative - reflecfs sunllghf bock to space

AND
water vapor: positive - fraps IR (re)emitted by Earth 4

Rodlo’rlve Forcmg : AErosols

B g.50,5in volconoes ond Afmosphe Brown Cloud

upper atmosphere: negative - reflects sunlight back to space
AND
lower atmosphere: positive - traps IR (re)emitted by Earth

nd Short-term

S -\ Corih: 98% CO, 290°C
g 1 " Earth Today: 0.04%  16°C/61°F
\ e e AN
(20.95%) Portrait of a Planet

|

N2 =
Reflected back to space

(78.08%) L’;T“"::i o 515 W/m?2 Reflected back to space

2

645 W/m?2 Incoming 100 W/m
285°C gree.-.}.‘,‘lSe solar radiation o a srezl;house e

* atsu ere
460 irface o8 _

342 W/m?2

venus:run-away B8
7 greenhouse S N
B (fopic 17: 462°C) =

Earth: moderate A
: greenhouse
':,:" A Venus B Earth

8 most CO,is storediin —

llmesTQnels fromh ; < faint young sun paradox:
Chgm|co weathernng, sun only 70% of today's output but
fossil shells, corals efc. 1 Ga old Earth too hot for water on Earth

as calcium carbonate % greenhouse one possible explanation

nd Short-term Climate
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Cl|moTe Change - The Sun, Plate Tec’romcs
: I\/\E SCALE B||I|ons to Millions of Yeors

+* changes in solar output
< early sun was fainter than today;
10% per Ga (billion years)

+ riftfing and volcanism affect climate
« climate affects sea level (but so does plate tectonics)
+ position of continents affect climate (e.g. Pangaea)

- albedo (large continents near pole -> cooling)

- arrangement of con’nnenTs affect ocean circulation

INDICATORS:
glacial striation
sedimentary rock
-fossil content
-plant casts

Copyri lgthThe McGraw-Hill Companies, Inc. Permlssmneq Irealorrepmd uction o display. |
Mean global Mean global >
temperature premplta!lon
Bl I oy ; recen‘r Iong—’rerm Trend is COOLING
uatomary » Earth was mostly WARMER than today! &
o e N . .
g [Pocens q > glaciation very rare
2 iocene N 3 z
R a7 » colder periods tend to be drier
Orgccene oo > - 2
%“ 2
;E 65 3
P > Cretaceous (145 — 66 M yrs ago):
= N 145
g a lot warmer than today:
- ~ 3x more CO, 222
i <] ~~
3 2 Devonian 20 (
é _g Silurian . Z <>
EE [owmn ™ I =
= f———505
E ss Cambrian 3 7
R <
2 ;
< 3 >
5 0o 4 g,
" :
& 3000 - \‘
o \ [\
\ \
Source: Abbott “Natural Disasters” g’atg - S 2 S |




Sea Level during the Cretaceous

[ High land areas
Low land areas

B Inundated areas
Oceans

Elevation or depth
relative to today (m)

b - lower sea level during glaciation
= » higher sea level in warm periods
* sed level dropped by 200 m in last 10 Mio yrs

Triassic

Permian

Carboniferous

Time ——»
-
b

sea level also depends on sea floor spreading!!
--> cannot infer T directl

Devonian

Silurian

Ordovician

Cambrian

Long- and Short-term Climate
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Clim’re Chqr)gei— 10,000§ Q_f, years

too short to be caused by plate tectonics!

Ghciaices : Possible causes:

* change in solar output
» Milankovitch cycles

e volcanism

Taa -
« ocean currents
Y
/( typically
shorter
t fime scale INDICATORS:
\9\ *ice cores (CO2/oxygen isotopes)
, « coral rings (oxygen isotopes)
- free ring
* pollen composition

Millio!

Nebraskan

Oxygen isotope valu
3 '*0 (6 units)

recent short-t
WARMING

® Eccentricity

Amount of insolation 100,000 years
changes as result of ‘

changes in Earth’s orbital ‘un ‘sLm

parameters

Low eccentricity High eccentricity

e Tilt
- eccenfricity 41,000 years
(100,000 yrs)
- filt of spin axis/obliquity
(4] ,OOO'yrS) Orbital plane
- precession Axis of
(25,000 yrS) \rolalion

Source: Marshak “Earth: Portrait of a Planet”




The M|IckaV|’rch Cycles

Mlldllko\ 1t(h Cy (ke

Source: wikipedia

| S T ST ST SN ST ST SN S ST AT ST S S SO S—
100-700-800-500—400 -300 -200 -100 O 100 200 300 400 500 600 700 80

kiloyears A.D.

- and Short-term Climate _
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Q) obliquity.

) eccentricity
C) precession
precession index

7 (bxc)

daily insolation at tfop ;
Of atmosphere at 65°N : }_
| '80: sediment cores =
B AT: ice cores

different observations
are in syncl!
-> gives confidence

- M|Ionkow’rch cycles chonge T by up ’ro 4°C
- However: AT during ice age 5-7°C@coast — 10-13°C @ inland
- also: why abrupt warming at end of ice ages?

... something else needed ...

climate feedbacksl!!

j- and Short-term Climate __
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Feedbock Mechanisms - Posifive

feedback: secondary process that responds to and influences a change

positive feedback: enhances change
® « warming melts ice sheets -> decrease in albedo -->> more warming
F - warming thaws tundra -> release of methane -->> more warming!!

ST

R negative feedback: counteracts/slows down change
& - warming melts ice sheets -> cold fresh water floats on warm ocean
-->> inhibits oceanic heat fransport -> cooling
* warming causes more evaporation -> clouds -->> cooling

1swbesims (,C)

i i

AV
RTINS vy

. | )
000,008 000,028 000,008 000,021 000,00 000,028
(q81y) oA

000,008 000,028

saw-tooth pattern: warming much faster than cooling

il positive feedback for warming stronger than for cooling
warming feedback through release of greenhouse gases

11



The Last lce Age

: sea level drop > 100 m -> land bridges

& <> lastice age:
18,000 — 10,000 yrs ago
<~ ice sheet:
= beyond Great Lakes
== into much of Europe

climate shiffleads fo :
;'7 8 mass extinctions -

e, ARy e, o oty o, o b st g v ooty o Tt Cy o Fl Gt

© Little
optimum ice
age

Medieval Warm period

Greenland
1 L 1 1 1 I 1 I
10 8 6 4 2 0
s of years ago

Colder

< Little Ice Age (1400 - 1800s):
<> frozen rivers and canals in

Europe
<> sea ice around Iceland

B < climafic eptimum (~6000 yrs ago):
§ T was maximal (2°C higher than today)
§ > ferfile Crescent in Near East

-> weft North Africa

cause:
changes in solar output, ocean currents, ocean-atmosphere interaction

1ort-term Climate
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;VSunspo’r Cycle

s < ll-year cycle
<> changes in solar OCTIVITy r(solor flares; CO al mass ejections)

400 Years of Sunspot bbsewatlons
Modern 1350 EXPLAINS:

c§ Maximum 300 ;; Nelele]llaleic=Tale AIa M VA0
= £ 250 £
nE =
= 200 2
\ o

i ‘x“ J | 150 &

, § Maunder - | H s
¢ % Minimum I‘ ‘ { ) ' ” n ' \[ | o8
1 Al \ J i

A L A 0

x %
) # T
1600 1650 1700 1750 1800 1850 1900 1950 2000

o . Cycle 24 Sunspot Number (V2.0) Prediction (2016/10)
source: wikipedia s

XL ORORK KK 0k

FAILS to explain:

warm years in last
10 years

Topic 21 - Long- and Short-term Climate

Volcanism and Cllmo’re

atmosphere

g :; UAH Satellite-Based Temperature chere
5 0.  Of the Global Lower Atmosphere Waming

g (Version 5.5)

o 0.

g

< 0.

=3

2o

< 0.

!

E 02

1979 1981 1953 1985 1957 1989 1991 1993 1994 1997 199 2001 2003 2005 2007 2000 2011 2013

YEAR
source: Wikipedia

1991 Mt. Rinatubor (VEI 6)

offset global warming -

(by 0.5°C)

11/18/24
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. EI ‘Niﬁo, EI Nina and Climafe

Global average temperature change

strong El Ninos:
1982, 1997, 2015 &

2023 not so strong: :—Cfohg LaNifa = - ‘— ;.
yet tremendous )
Tincrease ' 5 |

| Ll

T T
1950 1960 1970 1980 1990 2000 2010 2020

source: Wikipedia

definition of year:
jul previous - jun current

Strong El'Ninos increase T temporarily.
Strong La Ninas decrease T temporarily.

and Short-term Climate

NOAA Current SST Anomalies (C), 3/4/200

{white ragions indicote esa—ica)
B ™

normal

1997 increased equaiorial
sea surface T in E. Pacific
(5°C)

strong El'Nine
-> much rain in SoCal

El Nino

opic 21 - Long- and Short-term Climate __ = S source: NOAA

11/18/24
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2022 wea

e

kK (¢¢) La Nina

NOAA Current SST Anomalies (C),

{whits ragions indicate esa—ica)

3/4/2003

short vidéo 16

 normal |

2022: decreased eguatoerial
sed surface Tin E. Pacific
(2.5%C)

LaNina > more Afl
hurricanes

Nov 2022

STSToEe

NOAA Current SST Anomalies (C),

{whits regions indicate esa—ica)

3/4/2003

short videb 16

2023 increased eguatorial
B seasurface Tin E. Pacific

(3.5C)

Nov 2023

s (VA1) 19 Nev 202

11/18/24
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El'Nino — Blessing to some, Disaster to others

N short video 16 =
; - Eeruvian Eishermen:around XmasHime
B - decreasein fishinginPacificioif SeUThIAMENCA
- dry season -> crop failure :

- elsewhere high precipitation -=>mudslides

s

El'Nino — Blessing to some, Disaster to others

aboUeEVErRy 5-7years
- recurrence time’complex

(ethereceanicirculation; €:9. Pacific:decadaliescillation)
B - anomalously high'SSiFalonglEastEquaterial Paciiic

- particularly strong EINNIRGS: 9565 119082/8855 O9r/i119985
200 AV B2 D)1 5/16

- strong El'Ninos tend to bring wet season to; Se@al
(otherwise 50/50) 2015/16\waswetiniNo@alionly!
- may have global effects but affects' Pacificiregion mostistrongly,

S

DROUGHT:

- Indonesia & - central America

- Australia - California?

- high Andes = (strong EI Ninos only)

11/18/24
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El Nino and Ancient Peruvian and Bolivian Potato
— “Framers e
0 - ifbrightiniJune; rain plentiful =
-> SEW. N @CIGbEr;

T dim; dry spell
-> SoW. 6 weeks'later:

Pleiades (within

MOUENIISCIENCES :
=IRVISIkIENOWEC ERSIHMIGhEAILTUCENCITUS
(lInkedMOMEIINTRG)

-cirrus denittmakeram
-1/3/less rainfall

El'Nino and Migration of Low Pressure

Normal Conditions’ ~ El'Nino_
W. Pacific: : ' - weakeniﬁg of trade winds
trade winds push air to west & - shift in low pressure system from

& _E. Pacific: - reversal of equatorial ocean

- trade winds pull away warm water circulation

- upwelling of cold, deep, nutrient ~ [§ - drought in Indonesia
rich water - cut-off of deep nutrient-rich water

warmer

Water is
>1°C
warmer

High
rainfall

Descending

- ol dry air =
Rising ]
moist air /7 | South Papua Drought
J\ America New Guine: conditions
400 cm _ASS 300 cm 15 cm
0
Warm-water i
pool Thermoclin® v
wellin
200 m pweling 200 m
\
. Shallower Deeper
Water is thermocline thermocline

0.5-1.0 °C
Topic 21 - Long- and Short-term Climate
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- 1997 El Nino

wet in East Africa,

Europe, Americas;
Drought in Amazon
Basin

1998 La Nina
dry in Africa, Europe,
N. America

-t

Sea Surface Temperature and Vegetation Index Anomalies

0

0.05

—

-2.5 0
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