solar signalin climaterchang

=R

. COST 724 _

jatiana Vs _:lerlyzl&) /a and Umitriii. Pwlyzl /in

INSttUte oy SICSHUNIVEerSIity oot Eeterspurg; 1969048y St eterspurg, hussia

Long-term climatic time series and solar proxies are studied using wavelet transforms and Empirical Mode Decomposition method. Cross wavelet technique is applied to examine coherence and phase
relationships between various time-series on interannual scale and to find the solar signal in climatic data. Time-frequency patterns reveal synchronous quasi-periodicities and the global origin of
some climatic oscillations. Patterns display also transient correlations and nonlinear impact of solar activity on climate. Geographical regions and historic periods of significant solar impact on
climate are allocated The last 70 years since 1930' demonstrate unusual hypersensitivity of climate response to solar output: this result is discussed in conjunction with the problem of
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The result of wavelet analysis of the instrumental air
;'- temperature data (5-year smoothed) are presented.
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(they have similar climate) and different — more

\ i | complicated — for Central England (the climate of England
} i | is affected by Gulf stream). See the figures at the bottom.

The cross wavelet spectra of the Wolf numbers (5-year
smoothed) and the climate data under consideration
| demonstrate some coherence/phase relationship between
4| the time-series. But this effect is not very strong and
] explicit.
 The last three figures demonstrate the relationship
4 between the temperature data sets.
Thus, it is seems that the climate is exceptional

durmg last ~70 years. It would be interesting to

.| investigate whether such 11-year signal in climate
'; time-series can be observed in earlier time intervals.
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The results of wavelet and cross wavelet (with Wolf numbers, 5-year smoothed data) analysis for such climate proxies (also 5-year smoothed data) as air temperature, NAO and SOl are
presented. Here one can see the temperature figures for four different regions: Polar Urals, Central Europe, Western North America and Tasmania. One can see the 11-year signal which
appears differently in the different regions. From the comparison with the corresponding cross wavelet spectra one can suggest that the signal can be seen better in the polar and coast-
ocean regions. From the comparison with the wavelet spectra of Wolf numbers one can remark that the 11-year signal is stronger during the periods of the high level solar activity. The signal
in Central Europe (continental zone), where the coherence between the temperature and Wolf numbers is weak, can nevertheless be seen during the same periods (for example, ~1830-
1870). So, the 11-year signal can be observed in the second half of the XX-th century and sometimes in the past — probably it is related to the high level of solar activity. It is suggested to
filter the original unsmoothed data by Empirical Mode Decomposition (EMD) method and to investigate the wavelet and the cross wavelet (with the unsmoothed data set of Wolf numbers)
spectra of EMD-components.

T R S e e R ;Ft'l!-n::."‘ T R Lo ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ "r o ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ T R L ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ L S R - e e T L ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ T R Lo ;Ft'l!-n::."‘ Fy i ;Ft'l!-n::."‘ T R Lo ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ Fy i ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ Ey i ;Ft'l!-n::."‘ T R Lo
Erign 'l'i:l.-.g'i‘ e "3-"1' Flie AT "3-"1' A e "3-"1' A e "3-"1' Sl "3-"1' e o 'l'i:l.-.g'i‘ oI 'l'i:l.-.g'i‘ oI "3-"1' A e "3-"1' A e 'l'i:l.-.g'i‘ i "3-"1' A e "3-"1' A e, "3-"1' A e 'l'i:l.-.g'i‘ o "3-"1' A e "3-"1' Sl 'l'i:l.-.g'i‘ o "3-"1' A e 'l'i:l.-.g'i‘ "3-"1' e A "3-"1' e A "l'i:l.-.:'i‘ 'l'i:l.-.g'i‘ 'l'i:l.-.g'i‘ AR O o
g {-r‘?l""l-i-ﬁef'ﬂuu {-r‘?l""l-i-ﬁef'ﬂuu {-r‘?l""l-i-ﬁef'ﬂuu {-r‘?l""l-i-ﬁef'ﬂuu {-r‘?l""l-i-ﬁef'ﬂuu {-r‘?l""l-iﬁef'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f"‘l-?rﬁef'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘?l""l-iﬁef'ﬂuu {-r‘f'“l-?rﬁ'ﬂuu {-r‘f"‘l-?rﬁef'ﬂuu {-r‘?l""l-iﬁef'ﬂly i3

o

"""3"3-” W-.r-*zu.--‘i‘ """h-wdt

.,!_ i

ﬁ-f
: 1:',:?‘ ‘-‘ﬁ; ﬂ.[.l
* _— - e . — — e of g "1.,?-1»; nr;rm-*#w nr;rm-*#w nr;rm-*#w f-r'ﬂﬂ.,,:-u

- - = - - - - - i ',;,:-:
I?E I?Wr?ﬁ o £l ER R L e e e R T R e R R e S e L T P S ey iR ._ A ._ e y o ._ T ; P Bl e g L o)
fwifi g; "“ Sr;.w 1““"{ *w}&wj;‘i. i f‘*:"z_"r“‘%t‘“ tfﬁit‘“‘?“ﬁ o 1““ o e Hh 1““ "“*‘efr 1““ 5&.3:‘::% {EH 1"“ %i“ L ﬁ e -L/ S SR r%ﬁ%@%ﬁ%@%ﬁ%@%ﬁ%@%ﬁr? "'ﬁ e e il el ﬁ-ﬁf“-?ﬂ?f‘ Rl Al et
’v-étf i) ._AIAJJ.I TG G .l.[.ll_._ijf M'.l.[_ll_.‘ _,_.1.;3“ 2 ﬁJJJM OPCLAT O k) [t J 1] )] J@%ﬁfﬁ%ﬁ@%ﬁi%ﬁ@%ﬁ@% : . ..
Gt o R A Lt B R R R SR G L A B R R R e e e ﬂffﬁtﬁ‘”’”" o AT R L e T AT s R e e A T e R SR i As a result of the mvestlgatlon the :

EMD (T in Polar Urals) EMD (T in Central Eurape) El\lilD (T in Westem Morth America) ] EMD (T in Tasmania) " EMD (NAQ) EMD (30 fOI IOWi ng COHCI USions can be made: ‘ '
Hwn——.rm e btk a4 - - i ' : : ; !- H”' '”l‘"”l”'hlh ikl il '“"| L

I 1
100 1200 1300 1400 1500 GO0 1700 1800 1900 A0 400 600 BOO 1000 1200 1400 1600 1800 fam 1500 1600 1700 1800 1900
-t f Frommii f f (= P ! ! "
00 100 1300 1400 150 1600 1700 16a0 1o
I

,-

g

it il it Y T

DDD 1100 1200 1300 1400 1500 1600 1700 1800 1900

l

i

s .. .. .. .. .. .. . .
ST I
u""'&li‘:'
LIE
e

1600 1850 1900 1950 2000 1750 1800 1850 1900 1950

Lz

1)
e

200 400 00 GO0 1000 1200 1400 1600 1500

e
'h'_.h _..'-
T T
1
s

. T Fp, H
o P =k

l

a 1 T a0 Pl 1 1 L1 1
nnn 0D 200 10 400 1E00 1600 700 1800 1900

] e e e e e e v o Y |
1000 1100 1200 1300 1400 1500 1600 700 100 1900

_¢FJWWWWW\¢W\MWWW
1000 1100 1200 1300 1400 1500 1600 1700 1600 1900
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

0

T

§ L
I ':r_,u{nf"'. .
G )

_ I
1400 1500 1600 1700 1600 1900

1800 1850 1900 1950

T
L

1600 1850 1900 1950 2000

A0 400 600 800 1000 1200 1400 1600 1800

8
i
i

g

g

1100 1200 1300 1400 1500 1800 1700 1800 1200

o [ mn ey | [ N [ e | LTl Larya = | 8 T | SN
L = n . a4

==

i_;

1 Ta, T F ¥ f |

200 400 EOD EOD 9000 1200 1400 1GOD 1AOD
100 1200 1300 1400 1500 1600 1700 98O0 100 —_—
; e e o e e ol 0 200 400 GO0 EOD 9000 1200 1400 1ROD 1AOD
100 1200 1300 1400 1800 1600 1700 18O0 100 e
T 0 200 400 GO0 EOD 9000 1200 1400 1GOD 1AOD _
100 1200 1300 1400 1800 1600 1700 1800 100 e o

—_—, 0 200 400 GO0 EO0 9000 1200 1400 1ROD 1ROD
100 1200 1300 1400 1500 1500 1700 1BDD 1900 e
0 200 400 GO0 EO0 9000 1200 1400 1ROD 1AOD

| "t

100 1200 1300 MDD 1500 1EDD WDD 1600 1300 U0 0 40 RO0 SO0 1000 1200 1400 1RO0 1RM0 B H :

i i I i I ——+——=F I E| § I ; ; . 3 I :
I

9 = 1 | 1 | |

L ! ! !
100 1200 1300 1400 1500 1ROD 1700 1800 1900 U0 0 40 RO0 SO0 1000 1200 1400 1RO0 1RM0 e 1400 1500 1600 1700 1600 1800

=

“{4m 1500 1600 1700 1600 1800

17480 1600 1850 1800 1850

T
E‘\u""

A
5

iy . T
T b T
e o 1 o
it 5P n it

1600 1850 1900 1950 2000

Z
A
E—'
T
=y
5

4. The ~11-year signal in instrumental
and reconstructed data;
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6. The signal is nonlinear: it can be
observed in different regions in
different periods;
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8. The signal is more stable in north
regions;
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10.The response to the signal can be
observed not only in north or oceanic
regions, but also on the continents in
the periods of the high level solar
activity;
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12.In the considered instrumental L
temperature data the 11-year signal |
is observed to be more explicit
since 1925-1930-th years.
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s The results of EMD applied to the reconstructed temperature, NAO and SOI time-series (unsmoothed values) one can see on the top figures. The 3-rd (sometimes 2-nd) mode
(from top to bottom) corresponds to ~11-year periodicity. Using the wavelet and the cross wavelet techniques one can better study the evolution of the mode corresponding to this
| signal and its relationship with Wolf numbers (unsmoothed data). The results are presented. One can see the relatively strong 11-year signal since about 1930-th year.
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