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The Earth System
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The Earth System
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Pressure of World Population
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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

Estimated world population, 1950-2000, 

and projections: 2000-2050

Source: UN
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We now share the 
world with 8 billion 
other people
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History of Chinese Population
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Chinese Population Growth
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Chinese Population Growth
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Е

2021 ЇῊ ָ 141260ҌָЇ ҏ ꜘ48Ҍָɼ
Ὴ ₴ ָ 1062ҌָЇ₴ ҿ7.52ŉЖ
ҿ0.34ŉ

2022 ЇῊ ָ 141175ҌָЇ ҏ ⁯ 85Ҍָɼ
Ὴ ₴ ָ 956ҌָЇ₴ ҿ6.77ŉЖ ҿ
- 0.60ŉ

2023 ЇῊ ָ 140967ҌָЇ ҏ ⁯ 208Ҍָɼ
Ὴ ₴ ָ 902ҌָЇ₴ ҿ6.39ŉЖ ҿ
-1.48ŉ



Chinese Population Structure Change: 1950ς2050
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http://www.360doc.com/content/15/0929/18/14590724_502277109.shtml



What Have Humans Done to the Environment?
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üLand use change: agricultural activities starting 
from 5000 years ago; urbanization; afforestation

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

üIndustry: emitting greenhouse gases and 
pollutants

üEco-environmental protection

Ruddimanand Thomson, 2001 QSR: CH4 change since 5000 years ago



Global Change
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ά/ƘŀƴƎŜǎ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ŜƴǾƛǊƻƴƳŜƴǘ 
(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 lifeΦέ

- U.S. Global Change Research Act of 1990

ά! ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ƻŎŎǳǊǎ 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 
ōƛƻŘƛǾŜǊǎƛǘȅύέ

- National Geographic

ЕῊ ָ ɻ ꜗ
Ὴ ɼῊ ָ Ї
ҿ қא ᴰ ῗ ɻ ֢ ɼ



Climate Change
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άClimate changerefers to a statistically significant variationin either the mean 
state of the climateor 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 useΦέ

- IPCC

άŀ ŎƘŀƴƎŜ ƻŦ ŎƭƛƳŀǘŜ ǿƘƛŎƘ ƛǎ ŀǘǘǊƛōǳǘŜŘ directly or indirectly to human activity
that alters the composition of the global atmosphere and which is in addition to 
natural climate variabilityƻōǎŜǊǾŜŘ ƻǾŜǊ ŎƻƳǇŀǊŀōƭŜ ǘƛƳŜ ǇŜǊƛƻŘǎέ

- UNFCCC

In my view, the aspect of climate change we care most is:
SO RAPID AND SEVERE ANTHROPOGENIC CLIMATE CHANGE THAT 
CANNOT BE ADAPTED WITHOUT ENORMOUS AND UNACCEPTABLE 
CONSEQUENCES



The Fragility of the Atmosphere

12

Source: NASA

Earthôs radius6400 km

Atmosphere thickness ~150 km

Troposphere thickness ~12 km

Boundary layer thickness  1-2 km



IƛǎǘƻǊȅ ƻŦ 9ŀǊǘƘΩǎ Climate
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Temperature & atmospheric composition reconstructed from Antarctic ice core:

Petit et al. [1999]

280 ppm



Trends in Long-lived GHGs Concentrations
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IPCC, 2021

[CO2] in 2024/05: 423.43 ppm



Recent Trend in CO2 Concentrations
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https://gml.noaa.gov/ccgg/trends/



Global Temperature Evolution
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IPCC, 2021Paleocene ᴮᾺќψEocene ḊᾺќψOligocene ░Ὰќψ
Miocene ѧᾺќψPliocene іᾺќψPleistocene ῭Ὰќψ
Holocene ԅᾺќψQuaternary ᵺ



Global Temperature Anomaly: 1850-2020
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IPCC, 2021

Hiatus

AR6
AR5



Global Temperature in 2023 and 2024
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June 2024 was warmer globally than any 
previous June in the data record, with an 
average ERA5 surface air temperature of 
16.66£C, 0.67£C above the 1991-2020 
average for June and 0.14£C above the 
previous high set in June 2023. 



World Extreme Climate Status: July 2024
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https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202407



Changes in Surface Air Temperature in China
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Ҳ Ṣ ӫ 2020ɻ2024

ü 1951~2019 ẉιѧᶂẉᶎ↔□⅛10ẉ״ 0.24ɫι״□ ꞌ῎Ῐ ҈ᵃῼԅרẈᶎ↨Ẉ

ü 20ẉῗ20ќ ִҨ‎￼ῳῧῊῼ

ü 20ќ 90ẉҦѧῼҨ‎ιѧᶂ‖ □҆ҭ῎Ῐᶭᶺ

ü 2019ẉι҉ᴇӺ ε43.1ɫζ 64 ῄῳ ↔□ ֹἆ ᴗᴷ‖Ӫ

ü 2023ẉιἅᶂᶊ Ẉᶎ↔□ ẂẉӪӭ 31;7ɫιѭ1901ẉҨ‎￼ῳῧẉҰ



Heatwave in 2022 in China
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Cryosphere: Shrinking
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2022



Cryosphere: Arctic Summer Ice Cap May Soon Be Gone
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Summer ice cap may be gone by 2050

NSIDC

SIMIP Community, 
2020, GRL



Cryosphere: Antarctic
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Source: NASA



Cryosphere: Glaciers Are Retreating
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Source: NOAA

1993

Ӌ 1 —
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Hydrosphere: Sea Level Is Rising
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Contributors to sea level rise:
https://youtu.be/Q15gTMXjwCc



Hydrosphere: Changes in Precipitation
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IPCC, 2021

Wet gets wetter over oceans?



Hydrosphere: Storm Intensity

28Liu et al., 2009

More frequent strong rainfall events as temperature rises



Hydrosphere: Changes in Precipitation in China
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Ҳ Ṣ ӫЃ2021Є

1961͘ 2020



Hydrosphere: Flood Vulnerability

30

http://maps.grida.no/go/graphic/regional-flood-vulnerability

Е

ᵺṨṟ╕χhttps://www.bilibili.com/video/BV1aY4y1c7Fd?t=95.5



Hydrosphere: Freshwater Resources
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Lithosphere: Land Use Changes
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Lithosphere: Desertification
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Changes in the Biosphere
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ÅHuman impacts:

ïOver-harvest of desirable species

ïLand use change

ïPollution, climate change

ÅMigration of floraЃ Єand faunaЃ꜠ Єhabitats

ÅChange in species behavior or ecological relationships

ÅExtinction of species



Biosphere: World-wide Reef Bleaching
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Source: 

Great 

Barrier Reef 

Marine Park 

Authority



Biosphere: World-Wide Reef Bleaching
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Source: Great Barrier Reef 

Marine Park Authority

2020 Ҭ Ԋᴆ
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