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Outline

ÅCurrent climate

ÅClimate change in the Industrial Era

ÅRadiative forcing and climate feedbacks
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Spatiotemporal Scales in the Earth Climate System
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Spatiotemporal Scales in the Atmosphere
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Scale Name

20,000 km (weeks) Planetary Global circulation

2,000 km   (1 week) Synoptic Synoptic (e.g., cyclone)

200 km (1 day) Meso-Ŭ Mesoscale (e.g., TC)

20 km        (hours) Meso-ɓ Mesoscale (e.g., supercell)

2 km          (mins) Meso-ɔ Mesoscale(convection)

200 m       (mins) Micro-Ŭ Boundary-layer turbulence

20 m         (secs) Micro-ɓ Surface-layer turbulence

2 m           (secs) Micro-ɔ Inertial subrange turbulence

2 mm       (secs) Micro-ŭ Fine-scale turbulence

Air molec. (< 1 sec) Molecular Viscous dissipation subrange



Earth Energy Budget (in Early 21st Century)
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ÅEnergy balance: Atmosphere 80+(398-40)+21+82-342-(239-40), 

Surface 160+342-398-21-82, Earth TOA 340-100-239

ÅPlanetary albedo: ͘29% (surface 7%, atmosphere 22%) 6

IPCC, 2021



Top-Of-Atmosphere Incident Solar Radiation: FSW

7

Beijing:
150-500 w/m2

15S-15N:
350-450 w/m2



Planetary Albedo (at TOA): R
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TOA Net Downward Solar Radiation: (1 ς R) FSW
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TOA Upward Longwave Radiation: FLW
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FLWAs a Linear Function of Surface Temperature

11Koll et al., 2018, PNAS



TOA Net Radiation:FTA
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TOA Solar Radiation: Meridional Distribution
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TOA Upward Longwave Radiation: Meridional Distribution
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ÅHigh values of about 250 wm-2 in 30S-30N 

ÅHigher values in northern than southern polar regions

ÅWeaker gradient than solar radiation
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TOA Net Flux (Solar + Longwave): Meridional Distribution
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Surface Net (Solar + Longwave) Flux
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Global Surface Temperature: 1983-2009
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Global Seasonal Surface Temperature: 1983-2004
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Tropospheric Air Temperature: 1983-2009
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740 hPa 500 hPa

375 hPa Tropopause



Vertical Distribution of Air Temperature and Its Drivers
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Global Water Vapor Content: 1983-2008
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Global Cloud Water Content: 1983-2008
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cm

g/m2

g/m2

(2001ς2005) (2002/07ς2007/06) (2005) 

(2006/08ς2007/07) 

0.001         0.003        0.006         0.008          0.010         0.030



Global Cloud Cover
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CLARA-A2 (1982-2015)



Global Cloud Cover: 1983-2008
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High cloud (< 440 hPa)

Middle cloud (440 Ɋ680 hPa

Low cloud (> 680 hPa)



Global Precipitation: 1979-2008
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Global Seasonal Precipitation: 1979-2008
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Global Warming
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Global Temperature Anomaly: 1850-2020
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IPCC, 2021

Hiatus
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Global Temperature Change In Industrial Era
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https://www.carbonbrief.org/state-of-the-climate-2025-on-track-to-be-second-or-third-warmest-year-on-record/

Hiatus



Global Temperature Change In Industrial Era
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https://www.carbonbrief.org/state-of-the-climate-2025-on-track-to-be-second-or-third-warmest-year-on-record/



Global Temperature Evolution

31IPCC, 2021
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Global Temperature Anomaly

32Jim Hansen: ҟ¢ variability and biodiversity threat?

IPCC, 2021



Global Temperature Anomaly: 2024
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https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/global/mapping

Anomaly relative to 1991-2020 mean



Global Temperature Anomaly Rank: 2024
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Rank of anomaly wrt  1991-2020 mean

https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/global/mapping



Global Temperature Anomaly: 2025
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https://www.carbonbrief.org/state-of-the-climate-2025-on-track-to-be-second-or-third-warmest-year-on-record/


