Topic 22: Anthropogenic Changes and the Atmosphere

homework 8 online shorf video 18f@zone Hole

fest 8: next Monday; InClUAes qUEsHons ferHWe!

upcoming: please p_or‘ricipo‘r_e»in UCSD course review

tis D FICULT to §et a man to understand something
epends upon his NOT UNDERSTANDING IT.”

Changes in the Atmosphere —T, GHGs

2015, in the press: consequence of globol warming:

last 13 years all were among * Uuneven warming
14 hottest ever recorded * more extreme weather

2023 hottest recorded year Anomalous Polar \}orTex

-> extfreme cold storms

CO, Mauna Loa June:
2024: 426.9 ppm

2017 CO, increasing even

though emission stayed flat
-> point of no return2?
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The Global Temperature

this implies that we are Global surface temperature
beyond the 1.2 °C increase
compared to pre-industrial
age

o
@]

Observed temperature
Human and natural drivers
Natural drivers only

=
[

=
o

dramatic increase in rate
of warming since 2010!

o
3]

o

Most of this is
anthropogenic
(most is fossil fuels burning)

Change from pre-industrial

o
5

-1.0
Year 1850 1900 1950 2000 2020

= SOur Jio

Nov 2023: temporarily 2023: most significant natural driver is

passed +2.0°C El Nino (+0.7°C?)
ONLY TEMPORARY!
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Hot Off the Press 111/20/24

potential natural causes for 2024
El Nino — NO El Nino!
Hunga-Tonga 2022 (cooling!)
reduced air pollution — debated
sun spots cyclee NOT YET
increase in GHGs (feedback!)

NASA:
2023 hottest recorded year
but 2024 Jun - Aug topped that

September 2023 Temperature Anomaly (°C compared to the 1951-1980 average)
- ]

L : \ | d
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Sunspot Cycle

< Il-year cycle
<- changes in solar acfivity (solar flares; coronal mass ejections)

; - %
ofe]gife]| WA WNINNE
cooling trend in 1970s

400 Years of Sunspot Observations

E
3
£
=
=

Cycle 24 Sunspot Number (V2.0) Prediction (2016/10)

FAILS to explain:
warm years in last
20 years
= +willadd to Tin
= next 5 years

000 2005
Hathaway NASA/ARC
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CO, - The Keeling Curve

measures atm. CO, af Mauna Loa since 1958 “how do we
recent COz increase dramatic! know it's use”

T

Atmospheric CO; st Mauna L_oa Observatory

RPN AN of O Saneg spty
NOAA Gical MoRRonng Laboratory

Instrumental

2 o measurements
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1220-1560 1700 1800 1900 2000

Anthropogenic emissions have
increased exponentially.

increase from 280 fo 420+ ppm in 150 years (50%) (“hockey: stick™)

COgz is greenhouse gas
climate changes can happen rapidly! (over few decades/years)
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1997 Kyoto Protocol

to stabilize CO, at 450 ppm
emissions must fall fo levels of 1990 by 2012

Atmospharic €O, #t Mauns Los Cburvatony

e it f O g sy
T i o St st srary

Annual CO, cmissions

W ke O Map iz Own
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this would have given
us a 1.5°C increase by
2100

... from pre-industrial
levels

we missed that target! ———

1997 Kyoto Protocol

1997 to stabilize CO, at 450 ppm
emissions must fall to levels of 1990 by 2012
- needed 55% of producers to be ratified
- 2004: rafified after Russia joined; in effect Felb 2005
- 2007: Austrdlia joined leaving
U.S. only industrial country not to join
(has 5% of population but contributes
- developing world allowed to catch up

. asof 2012
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this would have given
us a 1.5°C increase by
2100

... from pre-industrial
levels

25% CO»)

needs a successor
-> COPS since 2009

green: agreed

light green: developing world
red: withdrawn

orange: no intention fo ratify
grey: no position



11/20/24

Post- Kyoto - 2015 Pars Agreement
&AE=T
2007: Inconvenient Truth; Al Gore, IPCC =, - - —
receive Nobel Peace Prize 7/ investin

renewables

»>global increase in T should be less than 2°C
(compared to pre-industrial)

»recognize CO, increase by deforestation

»U.S. at table for very first fime

2009: Copenhagen Accord: TE s e Then
»endorse continuation of Kyoto Protocol Kyoto Protocol [

2015 Paris Agreement:

global increase in T should be well below 2°C/toward 1.5°C
193 parties signed; 110 ratified (10/16); in effect Nov 4, 2016
** China on board ***

For the very first fime, U.S. is on board..... until 2017

BIGGEST ISSUES:

> verification that countries fulfill reduction

»doesn’'t go as far as the Kyoto Protocol

»>different countries have different commitments :
colly ly COP meet

>U.S. administration 2016-2020 ... 2021+22 Veoniarence of fhe porties)

»>Current pledge falls short of 2°C goadl : COP29 in Baku
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In the Meantime — Global CO2 Emissions

- &0
China surpassed USA as S o >
top emitter in 2009 : P

Annual CO, emissions
Carbon doside ICO,) emissions fror
M Table O Map 2 Chart

top 3 emitters 2017 2023
(greenhouse gases):

China (29.3%) China (34%)
us. (13.8%) us. (12%)
India  (6.6%) India (7.6%)

85% through deforestation
15% rest
SIO15 2024: Topic 22 - Anthropogenic Changes: The Atmosphere # 3 overall; #6 by fossil fuels




Anthropogenic CO,

Global energy consumption, 2000 to 2021
-0.8% trend per year from 2016 to 2021 for oil
[_1_\

-0.1%l/yr
™ +2.59%Iyr
™

e coal has plateaued
(CO2, SO2, Mercury)
+1.1%Tyr 2 EOTUKJ' gas ‘exploding
+0.8%/yr (Europe)

r_L\
-~ -> “cleaner burning than
HM- mﬂﬂ. ‘ coal” (but still COy, CHa)
e COVID hiatus/

Oil  Natural Nuclear Hydro Other 2021 increase
renewables

+16.0%/yr
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Anthropogenic CO,

Total fossil fuel CO2 emissions, 2000 to 2020 Per capita fossil CO2 emissions, 2000 to 2020

-0.3%I/yr /lj_‘

-2.2% per year trend from 2015 to 2020
+1.9% per year trend from 2015 to 2020 A

0.0%lyr

-1.7%lyr
+1.5%lyr -3.0%l/yr
-2.8%lyr -
= +2.2%IHyr .79
oy 0.0%lyr 1191 LT
sl o o 00 1
United European Rest of United European Rest of

India  Russia India  Russia

China States  Union world States  Union world

e China’s explosive increase in codl ...
initially
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Anthropogenic CO, - Plateaued 2010s¢¢

D

Carbon dioxide emissions

. Land use
by source since 1880

Coal

1880 1900 1920 1940 1960 1980 2000 2

2017 CO; increasing residence times:

even though emission | CH,~ 15 years
stayed flat CO,>> 100 years

Global Carbon Project
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Greenhouse Gases

>CO,, CHy4, NXO, FCs increase

»radiative forcing of CO, increases
most!

=
=
i
f=

residence times:
CH4 ~ 15 years
CO, >> 100 years

AGGI (2022) = 1 40 —

HFCs do not
harm ozone
layer but are
greenhouse

- —‘
gases

0o —
ERRURNREERRRRARRARRARAN

source: NOAA
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Anthropogenic CO,

»>fossil fuel burning * increase in fossil fuel due to oil/gas
»deforestation : * up to 2009: US conftributes 25%
»cement * China’s explosive increase in coal
production 3 3 -

b 2 e
Human Induced Increase in CO2 m,_

cement production

2023 top fossil fuel CO, emitters:
» China (34%)
° US. (12%)

fossil fuel e India (7.6%)

burning * EU (6.4%)

(80%) e Russia (5.3%)

Indonesia #3 ¢
through deforestation

(#6 without deforestation)
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Anthropogenic CH,

> fossil fuel mining/production
> cattle farming

» waste disposal

> rice paddies

— Methone (CH,

§

— Nitrous Oxide (NO)

Human Induced Increase in CH4-

€O, (ppm), NO (ppb)

§

cattle farming

(29%) 3 5 ;
» also increasing exponentially.

» more effective af frapping heat
* shortf residence time in atmosphere
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IPCC - Urgent Recommendation

2018: greenhouse emission must be reduced by
2010 levels by 2030, and 100% by 2050

Implications:

- electricity from coal (currently 40 %) must be reduced to 1-7 %
- renewable energy must increase (currently 20%) to 67 %
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Percent of species to lose more
than half their range by 2100
Insects

49%
18%

Plants
44%

Vertebrates
26%

0 20 30 40

Global ave. temperature rise (°C)
15 meo msz2 |

Science News Jun 2018

2024: reached earlier!

- 1.5°C higher than pre-industrial
levels increasingly: unlikely.

- 2.0°C if EVERYBODY sticks
with Paris agreement

- 3.2°C or more with even less than
business as usual

- plants and insects

(POLLINATORS!I) most affected

= 2018 IPCC report

food shorfages, wildfires, coral
mass die-offs

- 1.5°C likely reached by 2040 !

- inundated coastlines, intensifying
droughts, poverty

- mistake made earlier: predictions
that these effects kick in with a 2.0°C
increase by 2040
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The Temperature in the Atmosphere
Tem pera ture Increase Variations of the Earth's suce emperature for:

(a) the past 140 years
08 T T

- by elmast 1°C in last 140 yrs GLOBAL
- now reaches level of

medieval warm period
- heating uneven

|

il

|

Il
0

Reasons

1880 1800 1920 1940 1960 1980 2000
Year

Departures in temperature (°C)
from the 1961 to 1990 average

—

- millennial Worming? (<0.02°C) o =
- solar warming (+ 0.2°C%)
- volcanism insignificant:

- anthropogenic CO, emission
(>0.8°C%?)

source: IPCC 2014
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The Temperature in the Atmosphere

X -
Temperature change in the last 50 years =
.

P
e

Fastest increase:
High-latitude
northern
hemisphere

2010-2019 average vs 1951-1978 baseline (°C)

-1.0 -05 -0.2 +0.2 +0.5 +1.0 +2.0 +4.0

source: wikipedia/NASA
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IPCC Report 2014: > 1800 pages ‘

~— Observed
&= RCP8S
W Overlap
== RCP26

3
g8
T
2
e
2
H
=
B
£

o
&
2
5

2
5
e
5

'
5
g
E
s
=
5
3
E

5

3

K]

o

(@]
Projected Temperature c"a"gﬁ mﬁ;orsg“hm('q Solid Color | Yemystrong [ \ypire Dots |m_‘
< [T T - i " .
e s N S e N

RCP2.6 2081-2100 RCP8.5 2081-2100

Figure SPM.4 | Observed and projected changes in annual average surface temperature. This figure informs understanding of climate-related risks in the WGII ARS. It illustrates
change observed to date and projected warming under continued high emissions and under ambiti itigation.

IPCC Report 2014: > 1800 pages ‘

IS

source: IPCC 2014 ~—— Observed
== RCP8S
W Overlap

== RCP26

~

(*C relative to 1986-2005)

=Y

§

Global mean temperature change!

Q

2019

jected Temperatu all this will happen
Pro T re Change much sooner!

e [T 1% Models were T00
simple.

-ice melts faster

-sea level rises faster

-Arctic changes faster

o
o

g

8

]

e
White Dots agreement
N . Little or

Diagonal Lines | o

RCP8.5 2081-2100

RCP2.6 2081-2100

Figure SPM.4 | Observed and projected changes in annual average surface temperature. This figure informs understanding of climate-related risks in the WGII ARS. It illustrates
temperature change observed to date and projected warming under continued high emissions and under ambiti itigation.
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The Role of the Oceans - Temperature

WaTer NAs NIgNTNEAT CAPAEITY — OCEGRS GS ClIMETE moderators
r!# in last 50 years, 85% of Earth’s heat has gone info oceans

. .
Penetration of Ocean Warming Signal

Red=Observed  Green=Parallel Climate Model (PCM)
North Pacific
North Indian North Alllnlle.

Depth [m]
J888R gy

90% CI
002 000 002 004 006
Projection [degC]

South Atlantic

83

Depth [m]

Depth [m]
ELELEE I el

3888

002 000 002 004 006
Projection [degC]

001
S T TS 50z 000 002 001 006
002 000 o Y 0.0

Projecton [degC EoAEEs)

PAdiREWS: GeELnS AECE Y WEmiinG
>E['NIRos Increasing inisirengini anaireUEREY,
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The Role of the ©ceans — CO;,

g S
S S

& - N
p

’ge The Story about the Missing CO;

> aimoesphere hasiess @@sTheaRthUmansipreoducedinilasi IS0NTS
> OCEANS Iake Up C@5 = Sslow:Warming

> 469 aimosphere; 299 0Cean; /76 orest re-growin;
18% other biosphere

—

Pad NeEWs: GCeEn ACIdiiCElion
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The Global Consequences of Warming

East Coast: flooding and erosion
North: ice melf

South: wildfires; floods, droughts
8l Midwest: heat, droughts, storms

projected disaster-related impacts

Coosts that are especiall
2 wulnercble 1o sea E:(e( nze

5 lce melt (laciers, permofros,
ice shelves, sea icé)

s Increosed precipitation

% gadfioods T

@ Iocreased siorm nlensity

# Rising temperatures

® More droughts

& More fires

Western U.S::
sour g = : -earlier spring
“Natural Hoza -later fall
&World Wo stitute
-longer dry season
-> increased wildfire risk
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SMALL ISLANDS
*(E ’\:é,: 8

ANTARCTIC

S S

E: m

Conﬁder_bce in attribution Observed impacts attributed to climate change for
to climate change Physical systems Biolog Human and managed systems
¢ i Glaciers, snow, ice, . ] H i
i andlor permafrost * H Regional-scale
Rivers, lakes, floods, - H : Liveli impacts
andlor drought d/or economics

Coastal erosion ~g
- arine ecosystems
7 indicates andlor sea level effects H ’
|

= confidence range

| - . Outlined symbols = Minor contribution of climate change
Filled symbols = Major contribution of climate change
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IPCC Report 2014: > 1800 pages

e 5 U.S. government: “make
RCP: Representative Concentratfion Pathways | american coal great again!”

Reality: collapse despite
heavy subsidies

all forcing agents in CO2
equivalents

©O eq e
§ ¢ 8§ 8 ¥ 8 3 §

W00 WA 2010 MW W0 W W0 W NN e 0w e
“o-MESSAGE - ACPAS o MM ACPED <o MwCAM ACP LS o MAGE  ACPIPO 20

source: IPCC 2014
RCP 2.6: rigorous emission cuf
emission peaks 2010-2020

RCP 8.5: business as usual
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The Oceans and Sea Level Rise

Tide Gauge Data

il ik inorincl Recent Sea Level Rise
equnsion of Upper ocsdns (30%) | 23 Annual Tide Gauge Records —
- melting of glaciers (20%) [ = Three Year Average 25¢E
- melting of G.L. ice sheet  (20%) L = Satellite Altimetry Vo 20 of
- melting of A.A. ice sheet  (22) e d e
{153
N O
L v L i 1 —_
_~ 0 [ A R 0%
“ F ot L R AT 59
—_ L AR A ©
: Haa ! 08
if all'ice sheets melted, | f ®
sea level would rise 20-70 m 1880 1900 1920 1940 1960 1980 2000

source: IPCC 2014

this is not going to happen any time soon
oTU
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The Oceans and Sea Level Rise

Temperature change

Predictions = Al: “business as usual”

X g °" Bl:resource-efficient
o > . g technolo Al
- model predictions: 40 - 100 cm (16 - 39 in) B ‘ 9y
- even a small increase causes significant 9’» 9r
landward migration of coastal estuaries B Ll 81
. . [-%
-100 cm will have serious conseguences & L
~= Y

0 N R N N O S W Oy IO
2000 2020 2040 2060 2080 2100
Year

source: World Watch Institute

—

For Comparison
- fidal range: up o 12 m/39. ft ool
but typically ~ 100 cm (few: ff) }
- low pressure in a hurricane can

pull up sea surface by 100 cm

Globat crmas paa lovel riso

Sea Level Rise [meters)

ool x - x = 'S - L =
st oz 2084 20 HIS 2108
X monr

d Copyright © 2006 Pearson Prentice Hall, Inc.
SIO15 2024: Topic 22 - Anthropogenic Changes: The Afmosphe source: Keller and Blodgett “Natural Hazards”
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The Oceans and Sea Level Rise

&S

Recent Satellite Data

SATELLITE DATA: 1993-PRESENT RATE OF CHANGE

Data source: Satelite sea level observations /]\ 3 4
Credit: NASA's Goddard Space Flight Center e

millimeters per year

Recent Sea Level Rise
23 Annual Tide Gauge Records

= Three Year Average

= Satellite Altimetry

Sea Height Variation (mm)

1880 1900 1920 1940 1960 1980 2000
source: IPCC 2014 -

1995 2000 2005 2010 2015 2020
YEAR

Tide gauge: 20 cm last 125 years seuree: wlipeels
Satellite: 10 cm last 30 years

- thermal expansion (42%)
- melfing of glaciers

- melting of G.L. ice sheet
- melting of A.A. ice sheet
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The Oceans and Sea Level Rise

Predictions

- 100 cm may. be Possible increase from Antarctic

best case ice melt (up to 2.4 meters total)

- 250 cm for *“business

Currently projected range
as usual” Y proj g

| (0.3 meters to 1.2 meters)

Satellite
data
Geological and ’_L\
| tide gauge data

—_
S
N
o
o
o
N
IS
o
=
(]
.2
=
©
>
<@
[55]
o]
n

RCP 8.5

I | I | |
1800 1850 1900 1950 2000 2050 2100

source: IPCC, US Global Change rrch Program

RCP2.6: emission peak before 2020
RCPA4.5: peak by 2040
RCP8.5: business as usual
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»>not released from Earfh’s inferior nor plants
»>on ground when NOy react with sunlight
>in stratosphere when O, reacts with sunlight
»pollutant on ground

(corrosive and unhealthy)
>UV profector in stratosphere

Absorptivity (%)

£ o %o o8 o8 #
; - : T

o
01 01502 03 05 1 152 3 s 10
Wavelength (1)

- 10ppm at 20-25km altitude

short video 18
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The Ozone Hole

OZONE, Oz

- not released from Earfh’s inferior nor plants

- on ground when NOy react with sunlight

- pollutant on ground Ozone hole:
(corrosive and unhealthy) -needs light

- in stratosphere when O reacts with sunlight -needs very low 1
(10 ppm at 20-25 km altitude) -> springtime

phenomenon

»Ozone greenhouse gas
»Ozone hole NOI relatedifo
global warming!
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The Ozone Hole

decline first noticed in 1980s
- most severe in early spring

- CFCs (chloroflucrocarbons) not natural

(refrigerators, air conditioning, sp
(also greenhouse gas)

ray cans)

- light in stratosphere reacts with CFC

(Clthen combines with O)

Antarctic ozone minimum (60° - 90° S)

19791962 Nimbus 7 TOMS.
1993-1904 Meteor 3 TOMS.
1005 (no TOMS in o)
19952004 Eah Probe TOMS.
20052012 OMI

Minimum ozone (DU)

Altitude (km)

I

I

Lo o laaaalaaaalaaaalg
-40 -30 -20 -10 O
Ozone change (%)

= 1980 ozone level

= 2030 projected ozone level,
without treaty

== 2030 projected ozone level,
with treaty

careful oplimism:

2007 Ozone hole was

smallest in decades

CFC phased out by 1996 by 140 countiries
(1987 Montreal Protocol)

CFC have very long lifefime!

-ozone hole will continue until > 2030

- 2006 ozone hole largest ever

- 2011 deepest ozone hole ever (40%)

Antarctic ozone minimum (60° - 90° S)

19791982 Nimbes 7 TOMS
1993194 Meteor 3 TOMS
1905 (n0 TOMS in o)
19962004 Eanh Probe TOMS
20052012 OMI
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The Ozone Hole — A Recovery?

Global Ozone Loss reached
Plateaue

TOMS Global Ozone (65°N - 65°S)

Nimbus 7 TOMS
Earth Probe TOMS

Ozone (DU)
N
2
3
|

Meteor 3 TOMS
T
1990
Year

... but careful optimism:
2007 Ozone hole was
smallest in decades
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Deferred to Topic 24
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