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The Focus

Sun is a major driver of our climate
Recent low solar minimum spanning 2007-2009

Did this minimum have an affect over North America’s
climate?

- (Lockwood, Harrison, Woollings, & Solanki,
2010,Environ Res. Lett., 5) found a correlation

between solar minima and cooler winters In
Europe

Use a Linear Regression model

- Comprised of four components which have major
effects on temperature: Total Solar Irradiance
(TSI), El Nino-Southern Oscillation (ENSQO), Volcanic

Aerosols, and Anthropogenic (mankind’s impact)

- Linear Regression tells us how much impact each
of these components has on surface temperature
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Figure 3. (left) Compared are geographical response patterns, each normalized to a 0.1 K global temperature change, due
to ENSO, volcanic, solar and anthropogenic influences, derived from the monthly historical surface temperature records
(1889-2006). (right) Also shown are zonal means of the geographical responses from the regression of data in three
different epochs. The thick (green) curve is for the entire period from 1889 to 2006, the thin (blue) curve is for the NCEP
period from 1960 to 2006 and the dashed (pink) curve is for the satellite era from 1980 to 2006.
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Figure 2. Reconstructions of the contributions to monthly mean global surface temperatures by individual natural and
anthropogenic influences (at appropriate lags) are shown. The right hand ordinates give the native scales of each influence
and the left hand ordinates give the corresponding temperature change determined from the multiple regression analysis.
The grey lines are trends for the whole interval. The inset in Figure 2d shows the individual greenhouse gases,

tropospheric aerosols and the land surface plus snow albedo components that combine to give the net anthropogenic
forcing.
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Quick Summary of the other
seasons

* June-July-Aug had the best overall
correlation

 Each season exhibited same Iissues as
domain size decreased
a) March-Apr-May and Sept-Oct-Nov
both had some very radical results

 All of the other seasons had a higher
correlation than Dec-Jdan-Feb months



Temp = A + B*time + C7[

Global Northern Hemisphere
Coefficients Coefficients
Anthro  |Volcanic |TSI ENSO  |mcorelation Anthro_ Volcanic TSI ENSO  |mcomelation |
DJF 0011 37| -0.0029 0.14 053] DJF 0.033 4 0.11 0.14 0.69
MAM 0037, 38 0.11 0.11 084] MAM 0044 33 0.19 0.11 0.85
JUA 0034  -38 0.17 0,02 0.86] JJA 0.025 Vi 042  0.005 083
SON 0041 25 0.066|  -0.0011 092| SON 0056  -2.3 0078  -0.014 0.89
Annual] 0031 -36 0,081 0,042 085| Annuall 0039 .33 0072 0,049 087
Annual Error: 13% 48% 126% 156% 12% 53% 165% 156%
USA Central to Eastern United States
Coefficients Coefficients
Anthro _|Volcanic |3l ENSO  |mcorelation Anthro  |Volcanic TS| ENSO  |mcomelation
DJF 0.036 1.6 0.19 012 042|DJF 0.064 08 08|  -0.088 048
MAM 0.0018 5.3 0.026 0.17 0.29\MAM 0.012 98 0.057 0415 0.39
JJA 0.018 4.2 016/  -0.0076 0.66|JJA 0.012 53 028  -0.061 047
SON 0035 46 026  0.0082 068|]SON 039 29 033 004 ,
Annuall 0022 42 0.12 0.12 06|lAnnual 0.028 33 04 0.1 H 0.55
Annual Error: 30% 60% 147%  91% 31% 99% 56% 135%



March Apr May in Central to Eastern United States
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Correlation = 0.39

Linear Regression may be an inade
*As the domain of interest shrinks in geogr
- Increase of variability in both temperature

- Oceans act as large bodies of constant warm te
amount of temperature variability
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Global

Correlation Values
Ftest |Anthro |Volc TSI ENSO
2.93 0.37| -0.21] -0.081] 0.237
18 0.81 -0.28 -0.22(| -0.011
21.8 0.82] -0.43 -0.28 -0.28
40.6 0.91| -0.37 -0.38 -0.29
20 0.83] -0.4] -0.26] -0.23
USA
Correlation Values
Ftest |Anthro [Volc [TSI ENSO

-0.17|

-0.25

-0.13] -0.076

Northern Hemisphere

Correlation Values
Ftest Anthro |Volc TSI ENSO
0.59 -0.26] -0.039f 0.084
0.12]  0.61 0.67|  0.71
0.8 -0.4 -0.27 -0.21
0.88 -0.35 -0.44 -0.28
0.85 -0.4 -0.29

Central to Eastern United States

Correlation Values
ENSO
DJF 0.011
MAM -0.06
JJA -0.27
SON . . -0.35
Annual 3.29 0.46 -0.22| 0.066 -0.57




What did | really find?

Climate is an extremely complex system of our
planet

Anthropogenic forcing dominates the model fits
Volcanic forcing is second strongest

Solar and ENSO are smaller and less obvious
contributions to climate change

Linear regression fairly accurate for global and
large regions but is unable to produce highly
correlated results in smaller domains



Results for Solar Minima

« This analysis suggests during the 2007-2009 solar minimum,
surface temperatures were lower in 2009 than in the 1996
minimum

a) Global scale change ranged from:
-0.046 to O K
b) Northern Hemisphere change ranged from:
-0.051t0 0.021* K

 To compare to (Lockwood, Harrison, Woollings, & Solanki, 2010,
Environ Res. Lett., 5) | also did a regression over Europe

a) Overall season temperature changes between Europe
and Central to Eastern United states were comparable:

Europe range: -0.22 to -0.015 K
Central to Eastern US: -0.2 to -0.051 K

b) Lockwood et. al (2010) concluded that there is a
correlation between solar minima and cooler winters in
Europe

- Their correlation values ranged from 0.2-0.25



Future paths

* Regions have specific dynamics that can be
included into the regression model

* Appears to be a quasi two year cycle which
dominates temperature variations.

a) North Atlantic Oscillation (NAO) or
Quasi Biannual Oscillations (QBO) in the
stratosphere are two possibilities

» Slower oscillating components from the
oceans, which are too long for my time period
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« Lean, J, & Rind,
global and region
Research Letters, 35.
http://www.agu.org/pub
10.1029/2008GL034864

 Lockwood, M, Harrison, R G,
winters in europe associated with

Research Letters, 5. Retrieved from
9326/5/2/024001

« Temperature data, ENSO and Volcanic Ae
following NOAA and NASA websites:

ENSO: www.esrl.noaa.gov/psd/enso/mei/
Volcanic Aerosol: htip://data.giss.nasa.gov/modelforce/strataer/

Temperature data downloaded from here:
ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis/

Information on reanalysis data can be found here:
http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html
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El Nino Southern Oscillation
El Nino La Nina

o v -

http://rst.gsfc.nasa.gov/Sect14/Sect14 11.html




temperature change (K)

temperature change (K)

Temp Data and Model Fit Europe DJF

278

277

278

275

IIIIIIIIIIIIIIIIIII|IIIIlIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIII

vvvvvvvvv

|||||||||

vvvvvvvvvvvvvvvvvv

lIIIIIIII|IIIIIk

292.0

291.5

291.0

290.5

290.0

IIIIIIIII|IIIIIIIIIIIIII

289.5

IIIIIIIIIlIIIIlI

1970

Temp Dato and Model Fit Europe MAM

||||||||

283.0

282.5

[
[es]
N
fan]

temperature change (K)
)
=
in
T T 17T I T T1TT | T T 17T I T 71T | T T 1771 I T 71T

||||||||||

||||||||||||||||||

IIlIIllII

year

2B6FT T T T

N )
ca ca
-~ w

M
[es]
[}

temperature change (K}

‘»
l||ll|||ll||ll||

IllIIIllIIllIIIllIIllIIlllIIl




change in temp (K)

change in temp (K}

DJF_Eurcpe

) R B R L ]
1 -
oF .
e B L Do o ]
1970 1980 1990 2000 201
years
JUA_Europe
22 O R LA B A T T T L LA B A ]
L 7
oF -
i | L o o Lo ]
1970 1980 1990 2000 201
years

change in temp (K}

change in temp (K}

MAM_Europe
2 L R A B B B R L B R R R R B R B B R ]
E h
oF
e B [ [ [ ]
1970 19380 1990 2000
years
SON_Europe
o LI L A L A T T LA A A ]
e -
oF -
-1 [ [ [ ]
1970 1980 1990 2000



temperature change (K)

temperature change (K)

Temp Data Gﬂd Model Flt North Atlontlc Ocean DJF Temp Data ond Model Fit North Atlonhc Ocean MAM

28450 285.0
284.0 =
C =
C & 2845
283.5 5
B S
- 2
3
283.0 £
- S 284.0
C S
2825 =
282.0L 283.5
1970 1980 1990 2000 2010 1970
290.5[ 289.0[
290.0 ~ 2885
- 5 ~
i ® i
L g‘ L
289.5 - o 288.00
L ~ L
L Q L
_ 8 -
i L i
289.0 5 2875
i @ i
a
i e i
i S C
288.5- = 287.0[
288.0L 286.5L
1970 1980 1990 2000 201¢ 1970




change in temp (K)

change in temp (K)

DJF_North_AtIontlc_Oceon

IIIIIIII||||III|||||I||||III|

-----

.....

IIIIIIII|IIIIIIIII

| N T N I B |

yedars

lIIIIIIIIlIIIIIIIII

) S I Y I |

MAI\/I North_Atlontlc_Oceon

7 L B R T ]
< I :
s 1 [ 1
o C ]
& B ]
IS C
s L
o) B
D-) -

5 0F
z C ]
Q - a
e I Lo Lo Lo ]
1970 1980 1990 2000 2010
years
SON_North_Atlonhc_Oceon
) L L B ]
< C ]

S 1+

O _ .

£ C ]

2 L ]

£ B ]

© C ]

o C i

5 OfF

g C g

Q : :

B Lo Lo Lo ]
1970 1980 1990 2000 2010



