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A Current climate
A Climate change in théndustrial Era
A Radiative forcing and climate feedbacks
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Spatiotemporal Scales in the Earth Climate Syste
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Spatiotemporal Scales in the Atmosphere

____________|Scale |Name

20,000 km (weeks) Planetary Global circulation
2,000 km (1 week) Synoptic Synoptic (e.g., cyclone)
200 km (1day) MesoU Mesoscale (e.g., TC)

20 km (hours) Mesob Mesoscale (e.g., supercell)
2 km nQing Meso0 Mesoscalgconvection)

200 m  rfing Micro-U  Boundarylayer turbulence
20 m gecs Micro-b  Surfacelayer turbulence

2m sec9 Micro-2 Inertial subrange turbulence
2mm  gecs Micro-u  Finescale turbulence

Airmolec (< 1 sec) Molecular Viscous dissipation subrange
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Earth Energy Budget (in EarlyS2Century)

Units Wm2
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0.7 - - absorbed ¥ “eva-sensible
— — surface = poration -~ heat up surface down surface |PCC, 2021

AEnergy balance: Atmosphere 80+(398-40)+21+82-342-(239-40),
Surface 160+342-398-21-82, Earth TOA 340-100-239
APlanetary albedo: =~ 29% (surface 7%, atmosphere 22%) 6




Top-Of-Atmosphere Incident Solar Radiatiok,,,
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Planetary Albedo (at TOAR
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TOA Net Downward Solar Radiation: {R) F,,
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TOA Upward Longwave RadiatioRs;,

90N Ifl'fYTliiI"ijT'rT'f‘TTrTT'T"IITU

=

60 | & . -
Se /= W {*
30 \ ’““"ﬂ!\ . :
26 N~ I\ &y G
L , £ 240—_ -
X /]

30 ¢

C‘

60 - e
;,N‘j( e A e ——
L ——
90S s aeae ey s S UV U U N N Y A (N WA NS UUNY S U NN N S S S
180W 120 60 0 60 120 180E

10



Clearsky OLR (W/m?)

Near-surface Temperature (K)

FAs a Linear Function of Surface Temperature
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Koll et al., 2018, PNAS
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TOA Solar Radiation: Meridional Distribution
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TOA Upward Longwave Radiation: Meridional Distributi
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A High values of about 250 wrhin 30S30N
A Higher values in northern than southern polar regions
A Weaker gradient than solar radiation
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e
TOA Net Flux (Solar + Longwave): Meridional Distributi
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Surface Net (Solar + Longwave) Flux
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Global Surface Temperature: 198909
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Global Seasonal Surface Temperature: 19884

ISCCP-FD 1983087-2080412 Hean DJF ISCCP-FD 196387-208412 Hean HAN
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Tropospheric Air Temperature: 1983009
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Vertical Distribution of Air Temperature and Its Drivers
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Global Water Vapor Content: 1983008

ISCCP-D2 1933087-280806 Hean Annual
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Global Cloud Water Content: 1983008
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Global Cloud Cover

ISCCP-D2 1983087-288806 Hean Annual
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Global Cloud Cover: 1983008

ISCCP-D2 198387-208886 Hean Annual
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Global Precipitation: 19722008

GPCP Monthly Medan Precipitation Rate {mrm /day)
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Global Seasonal Precipitation: 19-29008

GPCP Monthly Mean Precipitation Rate (mm /day) GPCP Monthly Mean Precipitation Rate {(rmrn/day)
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Global Warming
2022
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Global Temperature Anomaly: 1852020

Changes in assessed historical surface temperature changes since AR5
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Global Temperature Change In Industrial Era

2025 saw the second hottest first half of the year on record
Average temperature, degrees C, relative to a 1850-1900 baseline
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https://www.carbonbrief.org/stateof-the-climate-2025on-track-to-be-secondor-third-warmestyearon-record/
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Global Temperature Change In Industrial Era

Monthly global temperatures

Monthly global temperature anomalies, degrees C
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Source: Berkeley Earth, GISTEMP, NOAA GlobalTemp, HadCRUT5, and ERAS carbonBrief
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https://www.carbonbrief.org/stateof-the-climate-2025on-track-to-be-secondor-third-warmestyearon-record/
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Global Temperature Evolution

Global temperature evolution over the past 60 million years
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Global Temperature Anomaly

1900-1980
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Global Temperature Anomaly: 2024

Anomaly relative to 19942020 mean 5024
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https://www.ncei.noaa.gov/access/monitoring/climatat-a-glance/global/mapping
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Global Temperature Anomaly Rank: 2024

Rank of anomalyvrt 1991-2020 mean 2024
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Global Temperature Anomaly: 2025
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https://www.carbonbrief.org/stateof-the-climate-2025-on-track-to-be-secondor-third-warmestyearon-record/



