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Background: Solar-Atmosphere Energy Flux
Global Energy Flows W m~
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“The sun is the source of
energy for the Earth’s
climate system and
observations show it to
be a variable star.”

Effects of Variability

due to the Solar Cycle?

Solar Variability is
thought to account for
about .07% of TSI, or
about 0.17 W/m?2

This is still twice as large
as energy input from the
sum of all regularly
occurring non-solar
sources

[Gray et al., 2010 ]

102\ Reflected Solar 341 Incoming
Radiation Solar
101.9W m? Radiation

341.3Wm?
Reflected by

Clouds and
Atmosphere

Absorbed by
78 Atmosphere

17
\

>
=
—
=
=l
|
80

e [ S ]
Thermals Evapo-
transpiration

== Abson:bedby
. Sqa_'face
: Net absorbed
0.9

W m*

Emitted by
\ Atmosphere

t

356

396

a3 Surface
~“.Radiation

239 Outgoing
Longwave

f Radiation
238.5Wm?

Atmospheric
Window

Greenhouse
Gases

4

333
Back
Radiation

1333

Absorl;edby s
Y. Surface

Heat Flux*
Heat Source [Wim 2] Relativ e Input
Solar Irradiance 340.25 1.000
Total of All Non-Solar Energy Sources 0.0810 2.4E-04

* global average

Physical Climatology, W.D. Sellers, Univ. of Chicago Press, 1965

Table 2 on p. 12 isfrom unpublished notes from
H.H. Lettau, Dept. of Meteorology, Univ. of Wisconsin.



TSI and Temperature Response

Global Radiative Forcing Components in 2005
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« Just from TSI calculations, using IPCC radiative forcing parameters,
solar cycle variance could produce a global surface temperature
variation of about 0.07K.  (cray et ar., 2010]

« The IPPC report also notes that additional climate forcing through
solar UV contributions and other solar mechanisms are also possible.
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Alrradiance from Solar Minimum Reference Day (Wm™?)

SSI and Temperature Response
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Calculations with
Spectral Solar
Irradiance values have
shown more variance in
temperature

Studies have
increasingly been
looking at variability in
solar irradiance due to
solar cycle influences as
a function of
wavelength.

Increased UV in the
stratosphere during
solar maximum could
result in a 1°-2°
temperature change at
these levels.

[Gray et al., 2010]



.—— | Temperature Profile of
THERMOSPHERE the Atmosphere

wiimb4{ ¢ In the troposphere,
temperature cools with height

"""""""""""""" until the tropopause.
0.01 mb - . :
. « Warming occurs in the
MESOSPHERE stratosphere due to absorption
01 mb - of UV by the ozone layer
 Warming also occurs in the
________ - thermosphere due to
absorption of solar radiation by
STRATOSPHERE oxygen molecules.
10mb
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The Atmospheric Infrared Sounder

On the Earth observing satellite Aqua

- Data covered near global range of
latitudes

* Provided monthly averaged values

4 - First time we can look at AIRS
# Ll temperature data over the length of a
solar cycle, from September 2002 to

February 2013




AIRS data has a pressure
range that includes 24 levels
through the troposphere and
stratosphere.

January 2011 at 42.5° Latitude
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AIRS Temperature Data Spanning a Year
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_AIRS Temperatures (K) for 42° Latitude _
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.= =~ Verifying Data Sets

e To make sure any trend is a real trend in the atmosphere,
first compare multiple satellite temperature records
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- - Fourier Transforim

e Analyzing the data to identify different cycles of regularly
occurring temperature trends

_AIRS Temperatures (K) for 2.5° Latitude
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- Fourier ﬁﬁamu—’m
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AIRS 1000.0000 mb at 42.5000° Latitude
- [ T T T [ T T [ T T T [ T T T [ T T 1 .
=
= ]
= _ ]
[
4 ]
= 1
=2
[ I D T I
2005 B
Dat

O

IDL>> FFT(data)

10l 42 ” Lati

®* Converts time domain to a
frequency domain

®* This will isolate important
frequencies of different
temperature trends.
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Fourier Tiransfoilim

AIRS 1000.0000 mb at 42.5000° Latitude
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Power Spectrum

Fourier Tiransfoilim

AIRS 30.0000 mb at 42.5000° Latitude
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Slgnal Processing

1.00000 mb at  42.5000° Latitude 3.00000 mb at  42.5000° Latitude

X

14 :_I 7T T T TTT I T | I I I I I B | I 7T 1717171717177 I 7T T T T T T I_; 14 ;_ I L DL L I 17T T T T 1T 1T 77 I 7T T 17T T 17T 71T I_;
e 5.2 month 3 2 5.5 month E
0.8 3 0.8 E =
i cycle E I \‘l cycle ;
0.4 F 3 0.4 E =
02 F 3 02 F =
= S R A T N B S R R N [ m Lot | ] BA v v v | Nt 1 =
%05 10 20 30 40 005 10 20 30 40
10.0000 mb at  42.5000° Latitude By can
1.4 —_l rT1T 17717 TT T rT T 1T T17TTT I rT 1T 17T T T T7TT I T T T T T TT l_— 300000 mb at 425000 LatItUde
. E 3 -—_I rT T T T 171771 I Tfrr 7 17 17177 I T T T T T T T 1771 I 3 F LA T L0 I_-
12-_1.5 year 3 1‘;: E
2F E 1.2 e
1.0 F cycle - b QBO E
08 b E 08 F =
0.6 F * = 06 F * =
04 F 3 0.4 F E
02 F = 02 F 3
00: L1 N 1 1 1 L1 00_ ATEREE AN I a1 1 T
~o 10 20 30 40 ~o 10 20 30 40
‘IIOO.OOO mb at I 42.5000° Lati’fude 300.000 mb at  42.5000° Latitude
14 :_l | L B L S T T T T T T T1TT1 T T T T T T TT1TT rT T T T T1TTT I_: 14 :,_1 T T T T T 171 l T T T T T 17171 | Y4 EX&d I EAd 3 | T T r1rr1rrri I_:.
10 5 10 f 3
08 = 08 F =
06 E = 06 F =
0.4 E = 04 F =
0z f , 3 o2f | | 3
005 10 204\I I [30 = 40 0 B I10I S 20 30 40
¢ 1000.00 mb at  42.5000° Latitude

1.4 T T T TTTT] | TMrrr7 1717 17T l rT T 1T T T17TT7TTT I rT T T T T1TTT I_:

12 10- 5 —-i

Annual 10 Fyear 3

0.8 -

Cycle 06 E

0.4 —;

02 =

0.0 l_;A_:#l_AA TR T B N I

30 40



—~ = = =
ﬂnA — -

~ —~
Lz_s_é,__;_A__ - _up

Filterin g out High Frequencies

AIRS 1.00000 mb at 42.5000° Latitude

B |
CE - Fourier sharp-cut
B e o e filter used to
£ . attempt to isolate
I LAWWA/\ longer signals.
= h - This particular
g = a filter removes all
o~ 5 e, frequencies
AIRS  1.00000 mbat  42.5000° Latitude greater than
T n e ittt e about 2.5 years.
s E = « Still has some
EE -~ 2year QBO
=5/ —  elements within
-1 —  thefilter
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Fllterlng out High Frequencies

AIRS 1.00000 mb at 42.5000° Latitude
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all frequencies
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Power Spectrum
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remain, so the
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Examining Bias Issues with FFT
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Examining Bias Issues with FFT

AIRS 3.00000 mb at 42.5000° Latitude
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There is a significant
dependence on
endpoints of the
data using Fourier
transform and
filtering

This may exaggerate
any solar cycle
impact in the
experimental data
range

However, structure
of trend in
experimental signal
remains generally
close to that of
original.



Whole Atmosphere Community Climate Model

Community Earth System Model

- The Community Earth System Transient and static WACCM configurations
Model is a coupled climate model 1000 d—m Lo 41 L
for simulating the Earth system. ] -
©
800 - __ ) [
- WACCM is a climate-chemistry E O =
general circulation model for the o} g %
atmosphere, from the surface to % 600 10 x
thermosphere O 3
400 1~ W |
O Using 1955-2005 run for the 1 RCP I
Coupled Model Intercomparison 200 - ‘—-?Oth Clenturyl e S. — 0

Project phase 5 (CIMP5) 1840 1880 1920 1960 2000 2040 2080
O Also looking at a RCP4.5
predicted run for 2005-2065.




29.73 mb 10.7 mb 5.5 mb 1.6 mb

100.5 mb

WACCM

Generally strong correlation between WACCM and satellite
temperature observations!



WACCM (red) and AIRS (black) Temperatures for 992mb at 42° Latitude
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Future Work:

(o]

Look for a better filtering method

(o]

Use more powerful analysis type than Fourier transform

(o]

Look for a signal at other latitudes

o

Change parameters in WACCM to attempt to better understand
solar cycle influence on temperature variations
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Thank you for your attention!

Any Questions?
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