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Earth in the Solar System
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Earth Energy Balance (Start of 21st Century)
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ÅPlanetary albedo: ͘29% (surface 7%, atmosphere 22%)

ÅThanks to GHGs, the Earth surface temperature increases 
from -15хC to 18хC
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IPCC, 2021



Vertical Distribution of Air Temperature and Its Drivers
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Global Seasonal Surface Air Temperature: 1983-2004
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Global Precipitation: 1979-2008
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Atmospheric Circulation (Ҏ )
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Understanding the Global Carbon Cycle

üThe global CO2 cycle and budget have significantly 
intertwined with the climate system in the Earth history

üHuman-induced CO2 increases have profoundly affected 
the climate and biosphere in the past centuries

üIncreasing CO2 in the future would continue to impact  
our living environment to an extent that damage is 
irreversible

üTo understand and predict future climate, we need to be 
able to predict future CO2 cycle and budgets
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Global Carbon Cycle
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Ocean-Air Carbon Flux
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Ocean-Air Carbon Flux
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Jiao Nianzhiet al., Nature Reviews Microbiology, 2024



Ocean-Air Carbon Flux
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Land-Air Carbon Flux
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Greening in China in the 21st Century
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Changes in Global CO2 Emissions
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Changes in Global Anthropogenic CO2 Emissions
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Liu et al., 2015, Nature

Liu et al., Nature, 2015



Changes in Global Anthropogenic CO2 Emissions
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Recent Trend in CO2 Concentrations: 1958/03ςPresent
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https://gml.noaa.gov/ccgg/trends/



Accelerating Global Atmospheric CO2 Growth
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CO2 Lifetimes
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Global Methane Cycle

26

IPCC, 2021
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for 2019



Global CH4 Growth
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Turner et al., 2019, PNAS
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Global Nitrogen Cycle: Why Should We Care?

üGood: Important nutrition for agriculture, 
ecosystem

üBad: Precursor of ozone, aerosols

üBad: Adverse effects on air quality, climate, acid 
deposition, eutrophication,  biodiversity threat

üSpecies: NOx, NOy, NH3, NH4, N2O
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Global Nitrogen Cascade
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Haber-Bosch Process: N2 + 3H2 (+ Catalyst) ҭ 2NH3



Global Reactive Nitrogen Creation
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Anthropogenic NOx Emissions: 1950-2014
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NO3
- Wet Deposition in 2000
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Lamarqueet al., 2013, ACP, Multi-model mean



Tropospheric NO2 Column: 2005-2019
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Near Surface NO2 Concentrations Over China: 2021
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