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Spatiotemporal Scales in the Earth Climate System
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Earth Energy Budget

Units Wm-2
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« Energy balance: Atmosphere 80+(398-40)+21+82-342-(239-40),
Surface 160+342-398-21-82, Earth TOA 340-100-239
 Planetary albedo: ~29% (surface 7%, atmosphere 22%) 4




e
TOA Net Flux (Solar + Longwave): Meridional Distribution
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. 0
F,,, As a Linear Function of Surface Temperature
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Meridional Circulation
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Hadley Circulation: Vertical Velocity w = dp/dt




ITCZ & Semi-Permanent Highs and Lows

Sea-Level Pressure and Surface Winds Jan
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Global Surface Temperature: 1983-2009
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Global Seasonal Surface Temperature: 1983-2004
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Global Temperature: 1983-2009
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Vertical Distribution of Air Temperature and Its Drivers

Temperature - L e
110 — T ke
STf'UC*Uf'e Of the 6\)\\“& “ﬂaeén}ospHERE

¢
«&a exeet
A T h b“ 0.001 mb — 60
mosphere A -
3 -<r%-‘- ————— Mesopause Voicge o T e
80 — %%,% 0.01 mb — 50
70 — \:""'\\%:b MESOSPHERE
Inversion Layer E &8 s V<
\—_\‘\‘\ % bb\ E
\\\\\\\\_\ Sy Stratopav.sQ -g- i 5 ——————— imb— 30 =
\:(\\S(‘j é;
Isothermaql Zone . b At e
S ,é“
=
20 55 ﬁ
E Tropopause 100mb.—. 49
_______ Rl cisoeeope Aossdiin s

S TROPOSHHERE

Heated by the Sun —,—,—.—-.-»{ | tooomb

100 -80 -60 -40 -20 0 20 40 60 °C

-120 -80 -40 0 40 80 120  °F
13



Global Water Vapor Content: 1983-2008

ISCCP-D2 193387-280806 Hean Annual
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Global Cloud Water Content: 1983-2008

" (a) CERES/MODIS LWP  (2001-2005)

m(b) ssmiLwp (2002/07- 2007/06)

c)Isccp Lwp (2005)
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Global Cloud Cover

ISCCP-D2 198387-280806 Hean Annual
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Global Cloud Cover: 1983-2008
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Global Precipitation: 1979-2008

GPCP Monthly Mean Precipitation Rate {mrm /day)
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Global Seasonal Precipitation: 1979-2008
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Tropical Cyclones
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Walker Circulation and ENSO
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El Nino in 2015

Sea Surface Temperature Sea Surface Temperature Anomaly

Sea Surface Temperature (°c) Sea Surface Temperature Anomaly (°c)
. 2015-01-01
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e
El Nifio (La Nifia): Regional Impacts
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WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY COLD EPISODE RELATIONSHIPS DECEMBER - FEBRUARY
] -
) i
o] b
2 =t
10H - 10
ETk Eq v
186 1 .71 P S B
wsd- -
0 ol
518 -
i - -
MM -, k- L
il H
17 1]
= 2%
1T el
il 5
31 - ol
e - el

24



ENSO Index: MEI (NOAA)

Multivariate ENSO Index Version 2 using JRA3Q
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Index: Positive for El Nifio and negative for La Nina

Data: the time series of the leading combined Empirical Orthogonal Function (EOF)
of five different variables (sea level pressure (SLP), sea surface temperature (SST),
zonal and meridional components of the surface wind, and outgoing longwave
radiation (OLR)) over the tropical Pacific basin (30S-30N and 100E-70W)
Procedure: Sliding bi-monthly, normalization, standardization, co-variance matrix,
15t PC

Details: https://psl.noaa.gov/enso/mei/ .



Monsoon

Play movie
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FRILFERGEH

31 MULTIVARIATE ENSO INDEX

Standardized Departure
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Wang B. and Ding Q., 2008
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Quiz

. Why is cloud top higher in summer than in winter
over East China?

. Why is there subsidence in the subtropics?
. Explain the circulation around the Tibetan Plateau
. Why are the PDO and AMO changes look like T?
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Pacific Decadal Oscillation (PDO)

PDO: a long-lived El Nifio like pattern

Annual PDO Index

of Indo-Pacific climate variability, or
as a low-frequency residual of ENSO
variability on multi-decadal time
scales
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North Atlantic Oscillation (NAO)

North Atlantic Osci”ati'orj_m
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NAO: a climatic phenomenon in the
North Atlantic Ocean of fluctuations
in the difference of atmospheric
pressure at sea level between the
Icelandic low and the Azores high

NAO is one of the most important
manifestations of climate
fluctuations in the North Atlantic
and surrounding humid climates
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NAO Index

North Atlantic Oscillation (NAO)

NAO

https://www.ncdc.noaa.gov/teleconnections/nao/
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Atlantic Multi-decadal Oscillation (AMO)

Atlantic Multi-Decadal Oscillation: 1870-201 1
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Southern Annular Mode (SAM)

Antarctic Oscillation (AAO)
SAM index (station-based): Difference in

MSLP between SH middle and high
latitudes (usually 40° Sand 65° S)

SAM is the principal mode of variability of
the atmospheric circulation in the SH
extratropics
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Thermohaline Circulation, or MOC

Thermohaline Circulation

Salinity (PSS)

32 34 36 38

Driver: density gradient in association with temperature and
salt content *




