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Preface

“All models are wrong ...” G. Box

“ .. but some models are useful.”

Although they may need a bit of help ...

And in seasonal forecasting they need a lot of
help.
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MOTIVATION
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REANALYSIS ERA 20 CM

Figure 7: Annual-mean temperature anomalies (K) relative to 1961-1990 for the ERA
20CM ensemble mean (broader, lighter-coloured bars) and CRUTEM4 (version 2.0.0
from www.metoffice.gov.uk/hadobs; narrower, darker-coloured bars) for area
weighted averages taken over all grid boxes for which CRUTEM4 has values. Timings
of El Nifio events and volcanic eruptions are indicated as described in Hersbach et.al

2013.
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Forbes, 2012, December
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CpeaHAa TemnepartypHaa aHomanua 3umbl 2013-14 rr (aekabpb-
deBpanb) B CeBepHOn AMepuke (gaHHble HOAA)

Temperature (2—meter) Anomaly [°C] O0ZO1DEC2013 ——> O0ZO1MAR2014 | Average
NCEP CFSvZ2 CONUS Anom: —1.572°C 16

NCEP CFSR 1981-2010 Climatology | T574 CFSv2 Analysis Grid | Ryan N. Maue | WeatherBELL



Knnmatunyeckumn temnepatypHbiv TpeHa 3a 1994-2013 rr Ha
Tepputopumn CLUA (aaHHbie HOAA)

Contiguous U.S., Temperature, December-February
1995-2014 Trend 1981-20040
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7.3-6.1)*100/7.3=16.4%
August 1993 (7-3-6.1)"100/7.3=16.4% August 2013

Sea Ice Extent Sea Ice Extent
Aug 1993 Aug 2013
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TonuwunHa ApKTU4YecKoro nbaa yBerinvdMBaeTcs B
nocreaHuve roabl

Ice Thickness
October 01 0 October 2011

CryaSatRachel Tiling, University College London



+ October 2010




MpoTBOpEUYMe C NPOrHO3OM KNMMaToNoroB-
MmopenbepoB IPCC
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Author lectures are now
avallable at YOUTUBE
via site
of virtual laboratory
http://meteoviab.meteorf.ru/index
.php?option=com_content&view
—article&id=767&Itemid=206&lan

g=ru
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http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
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* Physical background of the changes in the
SST time series: impact on other
parameters of climate system

 Stationary and non-stationary series:
transition from Fourier to Wavelet analysis

 Trends: Linear and Non-linear

« Coherence between various climate time
series
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Global Ocean Conveyer (Brocker)
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Two Impact mechanisms on
Arctic Sea Ice Extent

eAtlantic sector of Arctic
Sea:

Inflow of Atlantic waters
Pacific sector of Arctic Sea:

Atmospheric winds
generated by SST anomaly
In North Pacific
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.

Stationary time series:

*Fourier Analysis

*Auto-Regression Moving Average
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Non-stationary Time Series

*\Wavelet Analysis
*Smoothing (non-linear trend):
*Cross-Validation (Wahba, 1978)

Influence observation selection (non-
stationarity)& local polynomial approximation

(Cleveland, 1991)
*Regularization gikhonov, 1968)
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Experimental data smoothing
t
_ 2, "2
S(f,i)_;{yi—f(ti)} +ztj f (t)<d
1

yi - measurement data

f - spline or a set of fitting functions (e.g.,
polynomials)

A— smoothing parameter

The best" value of 21— , will be one that minimizes

the mean square error:

Ly=n"1 3 {ft)—f_ (1)}
=1 [ Al

29-30 July 2014 Remote Sensing for Global Water
Circulation to Climate Change



Ordinary cross-validation:

The cross validation score is calculated from leaving

out one value of yi in the fitting model

to the remaining data and calculating the squared
difference between the missing datum and its predicted
value 1: (-1)
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Lat=67.5 N; Long=12.5 E; iteration =5
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Lat=67.5N; Long=125E
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Comparison of linear and non-linear trend efficiencies

Correlation | STD Rate of
With explained
observing variance
data (Fisher
Statistics) (%)
Linear 0.31 0.53 5
trend
Non-linear | (0.63 0.46 32
trend
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2.6

Temperature non-linear trend:
Arctic Ocean: h=300 mAtlantic infloyw
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Global SST for 30N-60N band (winters, 1948-2008):

NCEP reanalysis

53T (MHCEF Reanalwsis) Jan to FebigBW to 28M and BH to Z660E auveraged

55T «<Ch

29-30 July 2014

Date

Remote Sensing for Global Water
Circulation to Climate Change

Zeia



Non-Linear Global Trend of Winter SST:
for 1948-1998

Global mean SST in latitude belt 30N-60N for winters of 1948-2008 (O.M. Pokrovsky, 2008)
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Non-linear trend and error bars for significance level: 0.01 (p=0.99)
Lambda=0.47

Nonlinear trend of global SST in latitude belt 30N-60N for winters of 1948-2008
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Linear trend and error bars for significance level: 0.01 (p=0.99)

Linear trend of global SST in latitude belt 30N-60N for winters of 1948-2008
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Comparison of standard statistics for linear and non-linear SST trends:

Mean Error Bar Correlation | Fisher statistics
“Width” (C) coefficient | (Rate of
significance to predicted
level: 0.01 observation | variance)
(p:099) al data

inear 11 78 0.11 0.72

Non- 1.12 0.69 1.16

linear
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Global SAT for 30N-60N band (winters, 1948-2008):
NCEP reanalysis

Rir Temperature (HCEF Reanalwsis) Jan to Feb:igBM to 28M and BH to Z660E auveraged

Air Temperature (Ch
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Non-Linear Global Trend of Winter SAT:
for 1948-1998

Global mean SAT in latitude belt 30N-60N for winters of 1948-2008 (O.M. Pokrovsky, 2008)
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Non-linear trend and error bars for significance level: 0.01 (p=0.99)
Lambda=0.47

Nonlinear trend of global SAT in latitude belt 30N-60N for winters of 1948-2008
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Linear trend and error bars for significance level: 0.01 (p=0.99)

Linear trend of global SAT in latitude belt 30N-60N for winters of 1948-2008
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Comparison of standard statistics for linear and non-linear SST trends:

Mean Error Bar | Correlation | Fisher
“Width” (C) coefficient | statistics (Part
significance to of predicted
level: 0.01 observatio | dispersion)
(p:Ogg) nal data

linear |2 91 0.27 11.9

Non- 11 72 0.65 4.9

linear
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North Atlantic:

Atlantic Multidecadal
Oscillation
(Source: Enfield, et al, GRL, 2001)
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Atlantic Multidecadal Oscillation (AMO),
winters 1856-2009: smoothing by
regularization technique

Smoothing of Atlantic Multidecadal Oscillation for 1850-2003
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Comparison of Linear
and Non-Linear Trend
Efficiencies
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DEVIATIONS FROM:

Nonlinear trend —07

55T, C

Quasi-white noise:
Model of “climate noise”

Linear trend —

XT,C

Deviation of Measured AMO values from Mon-Linear trend
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Correlation function of deviations from:

carrelation function for nonlinear trend approximation
T

Nonlinear trend

Close to
Delta-function

_D_‘.l 1 1 1 1 1 1
a S0 100 150 200 250 =00 250

Linear trend

Non-Stationarit
29-30 July 2014 Remote

- _I:I i 5 1 1 1 1 1 1
Circu ] 50 100 150 200 250 300 350




Confidential interval widths for:

05 : ; :
o4k e ; .................... ....... | mhh ‘|||| l“ ......... ......... g 7.
: 5 |
1 . ||| ' i' : ||||||“|N||| ||‘ ik “||||| | il
Nonlinear trend: = 0.22 o2 \l'"”|||W|M||hum"U“H"”IN ------- e
e B R
L ‘h iml:hl i |||||||| !”IN"”IFH‘“ "III' ||||‘| ||||||‘ ” me”h ||| A i|||| b ‘| (s
: i, Al 1 hum \|
ool |||||‘ , i ||m”| ‘|||‘| '|||||| |||||'”||||||| _5 __________ |!.I | I m‘lm
] |||||-- J_H||||n FE ';:__--| S
P T el -;|||||||WH|||'!Ii' ..... AT
i "-:
OBE - .......... ......... ......... .......... ......... ........ .
+ 08 i 1 I i 1 i 1 1
T840 1860 1880 1900 1920 1940 1960 1880 2000 2020

ne A ! !
" ERITRI
03f ! ”| | .
q ol
1 . . o1l I I el
Linear trend: 4 0.48 [ I!:”"“H' |'||:I!:“!|“'II| a IlIHIIHI:||||’:||”|||||“!u i 0 -
. | “ I |||||| 0 W “” |i||||
o \.m!!!!! "" i }nu:nu ‘ ”"" '.” s
a3bo H HH “Imh ||I||| |:||||‘|| l,iu, il
N h \|\|H||
29-30 July 2014 Remote Sensing fc P 1880 1880 1900 192 r19:10 1950 1980 2000 2020

Circulationto Clir..c.cc —..c..g<



Ice Extent Anomaly in Barents and Kara
Seas, Septembers, 1900-2000: smoothing by
regularization technique

Barents and Kara Seas
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Smoothing of Atlantic Multidecadal Oscillation for 1200-2000
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Cross-Correlation Function between AMO and Ice extent
Positive correlation with phase ~ 60 years

Cross-correlation %l:tinn betweenki] and lce extent
! ! : ! : ! ! ! !

29-30 July 2014 rRbisGarelationwae  Phase ~ 60 years
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Confidential interval widths for:
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Russian Arctic Stations: surface air temperature trends
(1931-2003, winters)
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Spectral methods for time
series analysis:
Wavelet
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CtaHaapTHbIN Pypbe aHaNIM3 BPEMEHHbIX
PS0B OPUEHTUPOBAH HA NPUMEHEHNE K
cTaunoHapHbIM psigam. OTKIIOHEHME OT

cTaLMoHapHOCTM Brie4veT 3a coboun
3aBMCUMOCTb Pypbe CNeKTpoB OT 6A30BOro
NHTepBarna aHanmsa. dypbe CnekTpbl 3aBUCAT
OT (pasbl N3y4aeMoro npouecca, kotopas
N3MeHAeTCs B HecTauMoHapHOM crny4vae. [n4g
TOro 4YToObl NOSTHOCTBLIO OXBATUTb BCE
0CODEHHOCTU HECTALUMOHAPHOIo rnpoLecca oOblis
pa3paboTaH MeTo Nosly4YeHns1 BEMBNET
CNEKTPOB, KOTOPbIE B OTNNYME OT OJHOMEPHbIX
dypbe CNeEKTPOB OKa3blBAOTCA ABYMEPHbLIMM.
OcTaHoOBMMCSA Ha onNUcaHUM gaHHOro meTtoda

1550, IEKTPANBHOLY, AHANKAA BREMEHHBIX PSIOB.

Circulation to Climate Change



Consider time series .

X(t)

Wavelet has following form:

Wy (7,5)=[x(t) - w7 g ()t
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Function of spectral transformation:

o= w(tTH
(s xg S

Depended on two new variables: time delay 7

and scaling variable S.
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Mostly used spectral function is

Morly function
_t2
1 2 t2
t) = el20< .
0=, 3@,
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North Atlantic:

Atlantic Multidecadal
Oscillation
(Source: Enfield, et al, GRL, 2001)
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Atlantic Multidecadal Oscillation (AMO),
winters 1856-2009: smoothing by
regularization technique

Smoothing of Atlantic Multidecadal Oscillation for 1850-2003
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Atlantic Multidecadal Oscillation (AMO),
winters 1856-2009:
wavelet analysis

Atlantic Multidecadal COscillation: YWwavelet Power Spectrum, logZ{powwer)
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~ Wavelet spectrum:. _
Statistical Significance Estimation

c) Global Wavelet Spectium

Stat. Significant

Oscillation
. 16
Time scale,
years 32
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Relationships between SAT
and PDO
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PDO Index

4 Global Temperature vs Pacific Decadal Oscillation
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Cea3z AMO u PDO

*CXOIHBIE MACIITA0bI KOJICOaHUM
*CaBur (a3

*CBs3b 4acToTh! Dinb-Huaro\Jla-Huupo ¢
IIEPHOIAMH MOTSIUICHHUA\IIOX0I0aHH
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Pacific

Decadal O=scillation, “inter Datas
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« Comparison of Paleo Climate
time series and analogical

Instrumental data for SAT In
Central England: 1659-2005
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PaleoClimate data on AMO
(Grey, et al, 2004, G.R.L.)
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AMO, Paleo Climate Data 1570-1970
(Grey, et al, 2004, JGR)

Atlantic Multidecadal Oscillation, PaleoData (Grey, et al, GRL, 2004)
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Atlantic Multidecadal Oscillation, PaleoData (Grey, et al, GRL, 2004)
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Atlantic Multidecadal Oscillation (AMO),
winters 1856-2009:
wavelet analysis

Atlantic Multidecadal COscillation: YWwavelet Power Spectrum, logZ{powwer)

1250 12350 1900 19220 1940 1950 1950 2000
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Ice Extent Anomaly in Barents and Kara
Seas, Septembers, 1900-2000:
wavelet analysis

Kara Sea lce Extent: Wawvelet Power Spectrurm
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North Pacific:
Pacific Decadal Oscillation

(EOF analyses were calculated of the monthly

SST anomalies poleward of 20N in the Pacific

pasin.
nttp://www.atmos.washington.edu/~mantua/abst.P

DO.html)
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Pacific

Decadal O=scillation, “inter Datas
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Source: EOF analyses were calculated of the monthly SST anomalies poleward of 20N in the Pacific basin. http://www.atmos.washington.edu/~mantua/abst.PDO.html

FPacific Decadal Oscillation (Y"inter: “Wawvelet Power Spectrurm

Period (years|

(=T

128 4 4 ; 5

L 1 T 1 T

256 & _l = = = |

1900 1210 1920 19=0 1940 13950 1950 1970 1950 1990 Z2Oo00d
Tirme [(vear)




Relationship between PDO and ice
extent in Chukcha Sea
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Pacific Decadal Oscillation:
Paleo Climate Data
after Shen, et al, GRL, 2006,
NOAA/World Data Center for
Paleoclimatology
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Annual Pacific Decadal Oscillation: Paleo Data, Shen, et al, 2006
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Source: Shen, C., W.-C. Wang, W. Gong, and Z. Hao. 2006. A Pacific Decadal Oscillation record since 1470 AD reconstructed from proxy
data of summer rainfall over eastern China.Geophysical Research Letters, vol. 33, February 2006.
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Global Surface Air Temperature
(SAT)
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Global annual anomaly temperature CRU Met Office version
CRUTEMS3
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Global SAT by UKMO climate model
for 1870-1999

=moaathing of global temperature for 15370-1999 based an UKMO HAD model
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Deviation of global UKMO modeled
SAT from its non-linear trend

Deviation of LUKMO Modeled SAT values from Mon-Linear trend
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Detrended (excluded linear trend)
global annual temperature CRU Met Office
version CRUTEMS
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Smoothing of Atlantic Multidecadal Oscillation for 1850-2005
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CONCLUSIONS:

* |ce extent in Russian Seas are closely related to Atlantic
and Pacific Multidecadal Oscillations

« Climate indexes revealed a high rate of a coherency with
account to 60-70 year cyclicity and now those are in its
positive phases, which are close to achieve its maximum
values, probably, in 10-15 years

« Now Arctic Ice Extent series Is In a negative phase and
close to reach its minimum value, probably, in twenties

 Atlantic Multidecadal Oscillation demonstrates
coherency with de-trended global annual surface air
temperature for last 160 years
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Cross-correlation function: AMO and Global SAT (1856-2008)

Lag~ 10 years
Cross Correlation Fuction for TNOB-2003: AMO and Glabal annual SAT [CRU)
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Coherence In fluctuation of SAT
In Northern Hemisphere for last
150 years

and Solar Wolf numbers for last
250 years
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Surface 2Air Temperature (MNH station data), monthes: dan-var
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Sun s=pot “YWalfe numbers
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Source: World Data Centre for the Sunspot Index, Royal Observatory of Belgium online catalogue of the sunspot index, http://sidc.oma.be/html/sunspot.html
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Precipitation

1. Central England
2. Ukraine (Kiev)
3. Siberia
4. Global fields
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Annual precipitation
In England, 1766-2007,
Met Office data
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Annual precipitation in Central England.
1766-2006

Annual precipitation in Central England 1/bb-2006
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Winter precipitation in Central
England: 1766-2006

Winter precipitation anamaly in Central England 1766-2006
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MO, °C

AnNnnual Rain Rate in England (1L766-2007), Met

Office Data Set
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Annual Precipitation for summer
months (JJA): 1880-2000,
Ukraine
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Monthly precipitation (Kiev)

10000 : : 4000
(| - | W, annual sums (left)
IE A, summer sums (right)
2000 | ® 3500
8000 4 3000
7000 + 4 2500
=
=
E
S
6000 - 4 2000
5000 - 1500
4000 4 1000
3000 1 1 L L 1 1 L 500
1860 1880 1900 1920 1940 1960 1980 2000 2020
vear
L
A
(<]
<
D
=
=
=
S
o

128 =2 —— 2
29-30 July 2014“,, = —
256

L— 3; ~ r 1r ) r B - -l
1900 Cireziation to Glimate Change 1980 2000

Time (year)




Summer precipitation amount in
Ukraine (Kiev): 1880-2006

summer season Precipitation Trends, Kiey, 18381-2004 (O.M. Pokrovsky, 2003)
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Summer precipitation (Kiev), Wawelet Power Spectrum, log2(power)
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Precipitation : wavelet analysis

a)Precipitation, Kiev (summer)- detrended
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Frecipit_annual sum=s meas and cormr: Turghansk Cnon-linear trend)
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Impact of NAO on the regimes of
atmospheric circulation and rain rate
In Europe

Shift in NAO
«Arctic dipole appearance

Enhancing in meridional circulation in North
Atlantics and Pacific

*Absence of noticeable warming in Arctic
meteorological stations

*Coherence of fluctuation in precipitation amount
at South of Russia and changes in AMO
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Positive NAD (NAO+) Megative NAO (NAO-)
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FMorth Atlantic ODOscillation, YWinter Clata of Hurrel
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MHorth Atlantic O=scillation: Y“Yavelet Power Spectrurm
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Global Precipitation Time
series
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Global average annual precipitation amounts (mm)
for 1979-2009:
Linear and Nonlinear Trends
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month number

\ \ \ \ \ \ \ \ \ \ \ \ \ \
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Fig. Global average rain rate (mm/day): intrannual dependencies for 1979-2009
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Average over Northern Asia Precipitation Rate (mm/day) distribution by years and monthes
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Monthly Precipitation Trend for 32 years
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Global Trend field for precipitation mean daily rate (mm per day) for 32 years (1979-2009, CMAP data)
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Annual precipitation sum trend for 32 years

Global Trend field for precipitation annual sums (mm per year) for 32 years (1979-2009, CMAP data)
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Global and regional cloudiness
time series
(ICSSP)
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Global cloudiness

Global Cloudiness, ISCCP monthly data {2011), Pokrovsky 2012
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Cloudiness over continents

Cloudiness over Continents, ISCCP monthly data (2011), Pokrovsky, 2012
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Cloudines over World Ocean

Cloudiness over World Ocean, ISCCP monthly data (2011), Pokrovsky 2012
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Cloudiness In Tropics

Cloudiness over Tropics (30 S - 30 N), ISCCP monthly data (2012), Pokrovsky, 2012
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Wavelet Spectrum: Global Cloudiness

Wavwelet Spectrum' Global Cloudiness
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Add Conclusion

» Climate cooling and warming periods are closely
related to the SST anomalies in Atlantic and
Pacific

* More frequent EI-Nino events are found in
periods of warming.

* More frequent La-Nino events were observed in
periods of cooling.

* There is coherency between the SST and
precipitation amount.

* There Is coherency between the cloudiness and
the SST and the SAT
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Author lectures now available
at YOUTUBE

via
http://meteoviab.meteorf.ru/in
dex.php?option=com_content
&view=article&id=767&ltemid
=206&lang=ru

29-30 July 2014 Remote Sensing for Global Water
Circulation to Climate Change


http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru
http://meteovlab.meteorf.ru/index.php?option=com_content&view=article&id=767&Itemid=206&lang=ru

