CHAPTER 1

THE CHANGING ENVIRONMENT

»
ez N
PEKING

UNIVERBITY



The Earth System

=AE
(Pfidte. 3%

K
CKIL R

7K
(ﬁﬁﬁﬂiﬁ\ B&7k)




The Earth System

EAE
(BEd, +i8) AEHE

Anthrosphere

K SR
Ckl. PR
7K K EE

GGATS8R3% BE7K)




Pressure of World Population

The power of population is indefinitely greater than the power in the earth to produce

subsistence for man.
- Thomas Malthus, An Essay on the Principle of Population
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History of Chinese Population
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Chinese Population Growth

Declining Birth Rate vs. Stabilized Death Rate _
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Working Age Population Is Set to Contract Soon

Source: NBS, Morgan Stanley Research; Note: Birth rate is the ratio of new birth to total
population; death rate is the ratio of the death to total population.
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Chinese Population Structure Change: 1950-2050
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What Have Humans Done to the Environment?

» Land use change: agricultural activities starting
from 5000 years ago; urbanization; afforestation

» Agua/marine ecosystems: fishery, surface &
ground water pollution, eutrophication, etc.

» Industry: emitting greenhouse gases and
pollutants

» Eco-environmental protection

Ruddiman and Thomson, 2001 QSR: CH4 change since 5000 years ago



Global Change
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“Changes in the global environment
(including alterations in climate, land
productivity, oceans or other water
resources, atmospheric chemistry, and
ecological systems) that may alter the
capacity of the Earth to sustain life.”

- U.S. Global Change Research Act of 1990

“A transformation that occurs on a
worldwide scale (e.g., an increase in
carbon dioxide in the atmosphere) or
exhibits sufficient cumulative effects to
have worldwide impact (e.g., local species
extinction resulting in global loss of
biodiversity)”

- National Geographic
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Climate Change

“Climate change refers to a statistically significant variation in either the mean
state of the climate or in its variability, persisting for an extended period
(typically decades or longer). Climate change may be due to natural internal
processes or external forcings, or to persistent anthropogenic changes in the
composition of the atmosphere or in land use.”

- IPCC

“a change of climate which is attributed directly or indirectly to human activity
that alters the composition of the global atmosphere and which is in addition to
natural climate variability observed over comparable time periods”

- UNFCCC

SO RAPID AND SEVERE ANTHROPOGENIC CLIMATE CHANGE THAT
CANNOT BE ADAPTED WITHOUT ENORMOUS AND UNACCEPTABLE
CONSEQUENCES

11



The Fragility of the Atmosphere

upper atmosphere

Source: NASA

Earth’s radius
Atmosphere thickness
Troposphere thickness
Boundary layer thickness

6400 km
~150 km
~12 km
1-2 km

‘ T\
R W
“90

i |
Thermasphere
, | .

Mesojphere |
ratopause

Stratosphere

ropopause

~
‘ Tropos

40  -20 0 20 40

Temperature ‘C

-———
phere

12



History of Earth’s Climate

Temperature & atmospheric composition reconstructed from Antarctic ice core:
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Trends in Long-lived GHGs Concentrations
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Recent Trend in CO, Concentrations

Atmospheric CO, at Mauna Loa Observatory
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Global Temperature Evolution

Global temperature evolution over the past 60 million years
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Global Temperature Anomaly: 1850-2020

Changes in assessed historical surface temperature changes since AR5
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Global Temperature in 2023 and 2024

THE 30 WARMEST BOREAL SUMMERS (JJA) GLOBALLY @

Data: Global-mean surface air temperatures fram ERAS « Credit: C3S/ECMWF
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World Extreme Climate Status: July 2024

Selected Significant Climate Anomalies and Events: July 2024

(ﬂ) GLOBAL AVERAGE TEMPERATURE

Jul 2024 global surface temperature ranked warmest since global records began in 1850, making it the 14th consecutive record-warm month.

THE ARCTIC
The Arctic had its third-warmest Jul and fifth-warmest

Jan—Jul. Arctic sea ice extent for Jul was sixth lowest
on record.

EUROPE
Europe had its warmest Jul and
warmest Jan-Jul on record.

HURRICANE BERYL

Following a destructive landfall in Grenada
in Jun, Beryl peaked in Jul as the earliest
Category 5 hurricane on record. Beryl also

made landfall on the Yucatan Peninsula and
southeast Texas.

NORTH AMERICA

North America had its second-warmest Jul/(ﬂ)
and second-warmest Jan—Jul on record.

CARIBBEAN

The Caribbean region and the Main
Development Region for Atlantic
hurricanes each had their warmest
Jan-Jul on record.

AFRICA
Africa had its warmest Jul and
warmest Jan—Jul on record.

SOUTH AMERICA
South America had its warmest
Jan-Jul on record.

ETHIOPIA
Heavy rain in remote areas
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MEDITERRANEAN
A series of heatwaves in several Mediterranean countries
brought widespread temperature exceedances of 100°F and

hundreds of deaths that were likely related to heat. Greece
had its warmest Jul on record.

PERSIAN GULF
Heat indices in parts of the Persian
Gulf region reached extreme levels in
Jul as temperatures exceeding 105°F
and Gulf water temperatures above
90°F led to feels-like temperatures
of 140°F or higher.

ASIA
Asia had its warmest Jul and fourth-
warmest Jan—Jul on record.

TYPHOON GAEMI

Gaemi, a Category 4 equivalent typhoon,
caused significant flooding and wind
damage in Taiwan and China.

PHILLIPPINES
® Heavy rains associated with the
southwest monsoon and Typhoon
Gaemi triggered widespread flash

floods, where more than 30 deaths
were reported.

TROPICAL STORM PRAPIROON
Severe Tropical Storm Prapiroon caused
floods and landslides that led to extensive
damage in southern China and northern
of Vietnam.

southwestern Ethiopia led to

landslides that killed more than

and homes.

PATAGONIA /(!)

Extreme cold temperatures
caused wildlife deaths in

southern South America. warmest

GLOBAL OCEAN
Global ocean surface temperature was second

200 people and destroyed crops

OCEANIA
Oceania had its eighth-warmest

Jan—Jul on record.
for Jul, ending a streak of 15 consecutive

monthly record highs.

Q

ANTARCTIC SEA ICE EXTENT
The Antarctic tied as fifth-warmest Jul and sea ice extent for Jul ranked second lowest on record.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https:/www.ncei.noaa.gov/access/monitoring/monthly-report/global/

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202407
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Changes in Surface Air Temperature in China
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Heatwave in 2022 in China
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Cryosphere: Shrinking
2022
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Cryosphere: Arctic Summer Ice Cap May Soon Be Gone

Summer ice cap may be gone by 2050

Sea Ice Extent, Sep 2020
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Cryosphere: Antarctic
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Cryosphere: Glaciers Are Retreating
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Hydrosphere: Sea Level Is Rising
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Hydrosphere: Changes in Precipitation

(b)
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Hydrosphere: Storm Intensity

More frequent strong rainfall events as temperature rises

Results from an ensemble of 11 coupled climate models {denved from Sun

etal., 2007)
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Hydrosphere: Changes in Precipitation in China

1961~2020
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Hydrosphere: Flood Vulnerability

Regional flood vulnerability )

People affected by floods in 2009
General floods

@ Flashfloods Fitt: Z_E MK Asia
Countries most affected by

~ floods in the last 10 years

Note: the size of the circles is
proportional to the values shown.
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Hydrosphere: Freshwater Resources

Distribution of Earth's Water
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Lithosphere: Land Use Changes

Widespread Conversion of Natural Ecosystems
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g Global Desertification Vulnerability
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Changes in the Biosphere

* Human impacts:
— Over-harvest of desirable species
— Land use change
— Pollution, climate change

* Migration of flora (1849%f) and fauna (E)49EE) habitats
* Change in species behavior or ecological relationships

* Extinction of species
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Biosphere: World-wide Reef Bleaching

Zooxanthellae Zooxanthellae expelled Dead skeleton covered in
in coral tissue from tissue filamentous algae
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Biosphere: World-Wide Reef Bleaching
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Biosphere: Acidification of Global Oceans
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Biosphere: Ecosystem Migration

Impact on mountain vegetation zones

Nival
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Sources: Madin Benitsan, Meurtain emiranments in changing cimates, Roulledge, London, 1684; Climate change 1935, Impacts, acaptations and migraton of dimale changa, contribulion of warking group 2 lo
the second assessmeant report of ?he Intergovemmental panel on cimate change (IPCC), UNER ard WMO, Cambridge press uriversity, 1995,
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Arctic “greening”

R -— =

Vegetation productivity
trends 1982-2005

BB Increases in peak productivity
and growing season
B Decline in productivity (forested areas

g J =g
not recently disturbed by fire) _ 3 * A-

http://maps.grida.no/go/graphic/trends-in-arctic-vegetation-productivity-1982-2005-greening-of-the-arctic 39



Biosphere: Greening in China in the 215t Century
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Biosphere: Eco-structure Change
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Biosphere: Deforestation

Loss of tropical forest in developing regions, 1980-1990

Deforestation 90 - 2000
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e
Biosphere: Species Extinction

Species Extinction and Human Population
Extinctions per thousand species per millennium
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Biosphere: Biodiversity

“Biological diversity is the
variety and variability among
living organisms and the
ecological complexes in which
they occur.”

Historic and future development of global biodiversity

Mean species abundance (%)
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Ozone Hole and Recovery
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e
Stratospheric Ozone Loss and Recovery

NASA/NOAA Data c
60 degrees North to 60 degrees South
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The Great Smog of London, 1952

Cold and stagnant weather
Inversion

Burning of coal

12000+ people died
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Haze in China

Beijing

Shanghai

Guangzhou

»Emissions of PM and precursors
»High humidity, sunlight
»Stagnant atmosphere

»Wind direction/speed



http://www.nationalgeographic.com/resources/ngo/maps/view/chinat.html

Summary

* There are real, rapid and severe changes in the

natural environment all over the World

 Many of the changes are caused directly or

indirectly by human activities

* The impact of the changes can be magnified

through complex interactions and feedbacks in the

Earth system
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Suggested Reading

* United Nations Environment Programme

https://www.unenvironment.org/explore-topics/environment-under-
review

* NOAA Global Climate Report
https://www.ncdc.noaa.gov/sotc/global/201807

* NASA World of Change
http://earthobservatory.nasa.gov/Features/WorldOfChange/index.php

. hESEITLIERP (2021, 2022, 2023, 2024)

e Movie: An Inconvenient Truth

 Movie: The Day After Tomorrow
o K. SeEKAT AL
- IR NERE., TR v.s. IEFTFHRK
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https://www.unenvironment.org/explore-topics/environment-under-review
https://www.ncdc.noaa.gov/sotc/global/201807
http://earthobservatory.nasa.gov/Features/WorldOfChange/index.php

Quiz

1. Causes of vertical distribution of air temperature
2. Causes of seasonal variation of CO2

3. Causes of different magnitudes of change in CO2,
CH4 and N20O

4. Why do we care about the Amazon?

5. Why does ozone hole happen over the Antarctic in
spring?




Lithosphere: Desertification
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