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1 Introduction

A time series of a climate variable can be viewed as a single realization of a stochastic process
that represents the mechanism generating it. One goal of the time-series analysis is to figure out
(estimate) the underlying mechanism of the time series. It is usually a daunting challenge to
accomplish this goal, because of the lack of high-quality observations (limited samples), and the
non-linear and non-stationary nature of the process. To alleviate this, climatologists may want to
decompose the data generation mechanism into a somewhat deterministic component and a
stochastic component. For example, if the time series of a variable exhibits a pattern of annual cycle
superimposed on a long-term trend, one may want to do the (additive) classical decomposition,
which decomposes its underlying process into a long-term trend component, a seasonal component,
and a residual component. This paper will focus on the analysis of this type of variable.

From the observed time series, an estimate of the first two deterministic components can be
drawn. Once the decomposition is done, the removal of the deterministic component from the
original time series may facilitate the analysis of the remaining part. However, this decomposition
may also produce ambiguous results, since it is not easy to distinguish long-term trends and seasonal
components from the residual. Different decomposition methods may produce different results,
which may have implications for the classification and analysis of climate events.

There are at least three kinds of procedures that are commonly used for the classical
decomposition of a given time series. The first, which we call the Simple method, is to determine
the long-term trend using either moving mean or locally linear regression, and then determine the
annual cycle by averaging the state of the detrended time series concerning a fixed phase of the
cycle, or by fitting the detrended time series to a sum of sines and cosines. The second, which we
call the Predictor-corrector method, is to do method-1 iteratively, that is, update the estimated trend
using the deseasonalized series, and then update the estimated seasonal component using the newly
detrended series, and so on, until convergence criteria are met. The third, which we call the Global
model-fitting method, is to determine the long-term trend and seasonal components simultaneously,
by fitting the time series to a function containing a global linear trend and some sine and cosine
terms.

Previous studies (Chen & Li, 2021; Findley et al., 1998; Narapusetty et al., 2009; Pezzulli et
al., 2005; Wu et al., 2007)..., (Hua et al., 2018, 2022; Qin et al., 2020).... CCHRZERFFHMNE. ).
However, few of those ... (%% gap £F#h7T). The purpose of this paper is to compare several
commonly used classical decomposition (seasonal adjustment) methods systematically and to
provide suggestions for future research.

This paper is organized as follows. (the plan of development 13 #h 75)
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2 Data and Method

2.1 Data

2.1.1 NOAA Extended Reconstructed SST V5 (ERSST v5)

“A global monthly SST analysis from 1854 to the present derived from ICOADS data with
missing data filled in by statistical methods.” ()

“ERSST is suitable for long-term global and basin-wide studies, and smoothed local and short-
term variations are used in the dataset.” ()

NOAA Extended Reconstructed SST V5 data provided by the NOAA PSL, Boulder, Colorado,
USA, from their website at https://psl.noaa.gov.

Citation: Boyin Huang, Peter W. Thorne, Viva F. Banzon, Tim Boyer, Gennady Chepurin, Jay
H. Lawrimore, Matthew J. Menne, Thomas M. Smith, Russell S. Vose, and Huai-Min Zhang (2017):
NOAA Extended Reconstructed Sea Surface Temperature (ERSST), Version 5. [indicate subset
used]. NOAA National Centers for Environmental Information. doi:10.7289/V5T72FNM. Obtain
at NOAA/ESRL/PSD at their website https://www.esrl.noaa.gov/psd/ [2022-07-23].

2.2 Classical decomposition

Classical decomposition is to decompose a time series into the following three components: 1)
a long-term trend, 2) an annual cycle, or seasonal component, and 3) a residual component. In
climatological studies, these three terms are usually assumed to be combined in an additive manner.
The trend plus the annual cycle is sometimes referred to as the climatological mean.

Typically, climate data are sampled at equal time intervals. For simplicity, the following
discussion will be focused on monthly data. However, the following discussions can easily be
generalized to daily data, or data obtained by sampling at other time intervals.

Denote the original time series as z, := x(t;), ¢ = 1,---, N, where ¢, is the time value of the

i*" month. One can simply let ¢, := i.

2.2.1 Simple method
1 Trend determined by locally weighted linear regression (LWLR)

For each time ¢, the trend component z, . ,(t) of the original series is determined through
the following locally weighted linear regression (LWLR) procedure.

The goal of LWLR is to find a model of the form Z(¢) = Bo + Blt that best fits the original
series in the sense of least mean square loss, that is, to find B = (BO, Bl)T that minimize

N 2
(@~ MB) W(z-MB) = w, (z,~ (A+hit)) .
i=1

where x is the response vector, M 1is the data matrix, and W is the diagonal weight matrix,
which are defined as

1ot w,
xTr = <'r17"'1'1:N>T, M := < ) , W = ( )
1ty wy
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The solution of /é is

B := argmin{(x — MB)"W(x — MB)} = (MTWM) 'M"Wz. )

BER2
The trend component is determined by

‘rtrend<t> = ‘(i(t) = 60 + ﬁlt (2)
Note that W depends on query time ¢, so the above LWLR procedure should be executed
individually for each t.

Let @yend = (Tirena(t1) s Tirena ( N))T, the trend series can be written as
Lirend = Mﬂ (2),
2 Seasonal components determined by simple averaging

The seasonal component can be determined by the simple averaging method, in which the time
series is averaged concerning a fixed phase of the cycle. Specifically, the seasonal component

— g -2, 1<i<12,
M 7

‘(I‘.season<tifl2>7 N 2 i > 127

3)

xseason (tz)

- ._ 1 N
where z:= )" ;.

3 Classical decomposition by LWLR and simple averaging

Using the LWLR procedure and simple averaging, the classical decomposition of a time series
can be done. We call this kind of decomposing method the simple method. In this paper, the
following two commonly used simple methods will be evaluated.

(a) M-14 method

Step-1 Determine the trend component. Apply LWLR procedure (1)(2) to the original series
to obtain z, 4, With the diagonal weight matrix W in (1) defined as
1, t—p<t, <t+p,

w,=Ht—p<t, <t+p}:= {() otherwise

“)

which means z,,.,4(t) is determined by those data near t. When ¢ is near boundary ¢, or ¢,
so that t —p <t; or t+ p >ty, less data is available to determine z,,.,4(¢). In this case, one
can adapt the following boundary adjustment strategy: let w, :=I{t, <t, <2p—t,} or w, :=
Kty —2p <t; <ty} such that the same number of data is used for determining x4 (%).
Step-2 Determine the seasonal component. Apply simple averaging (3) to the detrended

o, .
series ) := x; — Ty,onq(t;) to obtain

1 M o
— Y X9 — T, 1<i<12,

mseason@') = MJ:Zl i - (5)
xseason<tifl2>7 N 2 { > 127

7. LN
where 2’ =3 @i

Step-3 Determine the residual component. Simply let @, gqua1(ti) == T; — Tirona(ti) —

y — Lseason (t'L> .

The procedure above decomposes the original time series as
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_(M-1A)
i~ ““trend

(b) M-1B method
M-1B method is like M-1A, but determine the seasonal component first, before detrending.

—(M-1A) L M-1A
2 4 2O () + a0 (¢). (6)

residual

(t;) +

Step-1 Determine the seasonal component. Apply simple averaging (3) to the original series
. YN . to obtain
iJi=1

1 < _
— ) T 19— T, 1 <4 <12,
3 2 e

‘(I‘.season<tifl2>7 N 2 i > 127

0

mseason (tz) =

- ._ 1 N
where z:= )" ;.

Step-2 Determine the trend component. Apply LWLR procedure (1)(2) to the deseasonalized
series x; := T, — Tyaeon (t;) to obtain trend, with the diagonal weight matrix W' in (1) defined as
(4). The same near boundary adjustment strategy as in M-1A can be adapted.

Step-3 Determine the residual component. Simply let @, gqua1(ti) == T; — Tirona(ti) —

Lseason (tz ) .
The M-1B method decomposes the original time series as
Ty = fﬁgﬂﬁf)(m +alnion(t;) + xgi-ildBu)al@i)' (®)

2.2.2 Predictor-corrector method

Intuitively, the trend estimator will work better if there’s no seasonal component, and the
seasonal estimator will work better if there’s no trend. This is the motivation of the following
predictor-corrector method.

(a) M-2 method

Step-1 Initial trend and seasonal estimates

Apply M-1A method to obtain the initial estimate ' (¢,) and z®:12)(¢,).

season

Step-2 Revised trend and seasonal estimates
Apply the LWLR procedure (1)(2) on the deseaonalized series z!" := z; — 2™ 18 (¢.) to

obtain a revised estimator of trend xf,. 4(¢,). Then apply the simple averaging method (3) on the
@) .

revised detrended series x,” := ; — {,.,q(t;) to obtain a final estimator of seasonal components,

2MD (1),

Step-3 Final trend and residual estimates
Apply the LWLR procedure (1)(2) on the revised deseaonalized series = := z; — 22 (t,)

7 season
to obtain the final estimator of trend, :L’Srlcizi
(M-2) o M-2) M-2
€T (t) =z —x (t;) — Q2 (t;)-

residual trend season

(t;), and finally compute the residual components

The M-2 method decompose the original time series into
M-2 2 M-2
€Ty = 1‘1( ) <t1> + I‘S\c/lagc))n <tz> + xgcsid)ual (t1> (9)

trend

(b) M-24 method
M-2A method is like M-2 but determines the seasonal component first, before detrending.
Step-1 Initial seasonal and seasonal estimates
. e . _ M-1B

Apply M-1B method to obtain the initial estimate =P (¢,), 2™ (¢ ).
Step-2 Revised seasonal and trend estimates

. . . 1 M-1B
Apply the simple averaging method (3) on the detrended series :c(i) =, — :cimn d)(ti) to

obtain a revised estimator of seasonal components, . (t,), and then apply the LWLR procedure

season
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@ =z, — 2/, (t;) to obtain a final estimator of

season

(1)(2) on the revised deseasonalized series x;
trend, denoted as "> (t,).

Step-3 Final seasonal components and residual estimates

Apply the simple averaging method (3) on the revised detrended series ' := 2, — 22 (¢))
. . (M 2A) N
to obtain the final estimator of seasonal components, *™-2A)(¢.) and z == Do T
. . g : —(M-2A
Finally, compute the residual components % (t,) := a; — 2™V (t,) — 2 M g2
The M-2A method decompose the original time series into
_ L (M24) —M24) | voa (M-2A)
xi - xtrend (tz) + .’II; + mgeasor)l (tz) + xresjdua]<ti>‘ (10)

(c) M-2S method
The M-2S method is like M-2 but uses the spectral method (Narapusetty et al., 2009) to
determine the seasonal component. The spectral method is to fit several sines and cosines

H
ey (t) == ag + Z a; cos(kwyt) + b, sin(kwyt)
k=1
to the raw series {z(¢,)}Y ,, where w, := 2w/P, P isthe annual period. If ¢ is in units of months,

ie., t =0, ..., 12 corresponds to month O, ..., 12, then P should be taken as 12.

Let M be the data matrix, « be the response vector, and ﬁ be the parameters vector, which
are defined as

( cos( - cos(Hwgty) sin(lwgty) - sin(HthN)\
1 cos lwo cos(Hwyty) sin(lwgty) -+ sin(Hwgty) |
kl cos lwotN) cos(HwotN) sin(l@OtN) Sin(HwotN))
2= (2(t,), -, 2(t))",  Bi= (dgy sy by, sy - (1)
The least-square solution of ﬁ is
B = a;gr;ﬂn{(w —MB)"(x —MB)} = (M™)'M"z, (12)
R?

and the seasonal series is defined as

T (t os(kwyt;) +b sin(kwt;) . (13)

M:

k=1

Let @gy = (zgy(ty), ;USM(tN))T, the seasonal series (13) can be written as

Ty = MB — d,u, (13)'
where u := (1,---,1)" € RY. Since (13) contains no trend, the original series should be detrended
first.

The procedure of the M-2P method is as follows.

Step-1 Initial trend and seasonal estimates

Apply the LWLR procedure (1)(2) on the original series to obtain the initial trend estimate
2" (t,), and then apply the spectral method (12)(13) on the detrended series x(l) =z,

trend
1)

trend

Step-2 Revised trend and seasonal estimates

(t;) to obtain the initial seasonal series ), (t;).

Apply the LWLR procedure (1)(2) on the deseaonalized series 3:(2) =z, x(sllz/l (t,) to obtain

a revised estimator of trend, z® (t;). Then apply the spectral method (12)(13) on the revised

trend
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detrended series 5’7(1-3) =T :Ug)cnd

.’II(M 2S) (tz) .

Season

(t;) to obtain a final estimator of seasonal components,

Step-3 Final trend and residual estimates
Apply the LWLR procedure (1)(2) on the revised deseaonalized series x\" := x; — 2329 (¢,)

season
to obtain the final estimator of trend, 2 M29

trend
(M-25) (M-25) M-2S
residual trend (tl> - SE'( ) <t1>

The M-2S method decompose the original time series into
T5 = Tipena () + 2800 (0) + 2,500 (E)- (14)

1 trend season residual

(t;), and finally compute the residual components

(t) =z —x

2.2.3 Global model-fitting method

Another classical decomposition method, which we call the global model-fitting method,
assumes that the original series is composed of trend and seasonal components with a pre-assumed
form, and a residual term. Typically, the trend is assumed to be a linear or quadratic polynomial, and
the seasonal component is assumed to be the sum of a few sine and cosine signals.

(a) M-3L method

M-3L method fits a model of the form

H
Z(t) = ¢y + 1t + Z ay, cos(kwyt) + by, sin(kwt),
k=1
to the original time series, where w,, := 27/P, P is the annual period. If ¢ is in units of months,

ie., t =0, ..., 12 corresponds to month O, ..., 12, then P should be taken as 12.

Let M be the data matrix, & be the response vector, and ﬁ be the parameters vector, which
are defined as

M := <Mtrcnd’ Mscason)’
1t
Mtrcnd = ( > )
1ty
(cos(lwotl) < cos(Hwgty) sin(lwgty) - sin(Hwyty) \
M | cos(lwyty) -+ cos(Hwyly) sin(lwyty) -+ sin Hwo |
kcos(lwotN) < cos(Hwyty) sin(lwyty) - sin HthN )
T - - T
L= (‘T(tz)? ,ZU(tJ) I ﬂ = <ﬁtrend7 IBseason) ?
~ o ~ . ~ T
ﬂtrend = (00761>T7 IBseason = (ao aN7b17 7bN> . (15)
The least-square solution of ﬁ is
B := argmin{(z — MB)"(z — Mg)} = (M™M) M . (16)

BER2
The trend series {z,,..,4(¢;)}Y., and the seasonal series {zgy(t;)} Y, is defined to be
Lirend (t ) = é\0 + é\ltz'? (173')

Mm

Ty (t os(kwyt;) +b sin(kwt;) . (17b)

k=1

T T
Let Lirend = (mtrend <t1>7 "y Lirend (tN)> y Lgm = (xSM (t1)7 y Tsm (tN)> > the trend and

seasonal series (17) can be written as

~

Lirend = Mtrendétrendﬂ Loy = Mseasonﬂseason‘ (17),
(b) M-3Q method
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The M-3Q method is like M-3L method but assumes a quadratic trend.
M-3Q method fits a model of the form

H
B(t) 1= Gy + Gt + G5t + ) Gy cos(kwyt) + by sin(kuwyt),
k=1
to the original time series, where w,, := 27/P, P is the annual period. If ¢ is in units of months,

ie, t =0, ..., 12 denotes the month 0, ..., 12, then P should be taken as 12.
Let M be the data matrix, & be the response vector, and ﬁ be the parameters vector, which
are defined as

M := <Mtrcnd’ M

/1 tl t?\

Mtrcnd \ )
1t N t2

scason)

(cos(lwotl) < cos(Hwgty) sin(lwgty) - sin(Hwyty) \
M, = | Cos(lfuotQ) cos(Hw0t2) Sin(lfuotQ) -+ sin Hwo |
kcos(l('uotN) cos(HwotN) Sin(l(:dotN) -+ sin HthN )
2= (a(t)ot)"s A= (Bluws Bluon)
Btrend = (50751a52>T7 Bseason = (%v : anblv"'ﬂ?)N>T' (18)
The least-square solution of ﬁ is
B := argmin{(z — MB)"(z — MB)} = (M™M) "M zx. (19)

BER2
The trend series {z,,..,4(¢;)}Y., and the seasonal series {zgy(t;)} Y, is defined to be
xtrcnd (t ) = 60 + é\1t + 62t127 (203)

Ly ( Za cos(kwot;) + b, sin(kwot,) . (20b)

T T
Let Lirend = (xtrend <t1>7 "y Lirend (tN)> y Lgm = (xSM (t1)7 y Tsm (tN)> > the trend and

seasonal series (20) can be written as

~

Lirend = Mtrendﬂtrendﬂ Loy = Mseasonﬂseason‘ (20),
2.3 Experiment setup

2.3.1 Idealized time series

AR, HLRE =

12514 GRAGED, X2 trend FEURT A 0 SR
(1) 2P/ =K trend + 1 FEE S + B,

(2) Lot/ =ik trend + 1 SEFIME S +4.3 FERHUES

(3) Zth/—ik rend + 1 FRIES +43 FRBES + 1
2. 524, X trend HOHYE AR,

(3) [A k.

(4) BIZIEIZRNE/ IR trend + 1 FEJHIAGE S + 4.3 FEFWAES + M,
3. % 3 4, Xt seasonal cycle FIMRRE 7 2= B BBUSE.

(3) [A k.

(5) L&t/ X trend + /MEFER) 1 F ARG 5+ 43 FHHE S + Mejs.

ul

e
B
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#x1 EREANSEGF, BEKINEERSGE.
Case Name: C1 C2 C3 C4 C5 C6 C7 C8 C9 CI0
StdVar.Residual (le-1°C) 7.99 7.99 142 142 160 160 160 160 160 16.0

2.3.2 Real time-indices

Global SST (Monthly), ....

2.4 Assessment methodology

2.4.1 Idealized time series

X TG MR AR IE R BARN (A5 5, “HSL” RO, MARES Ik S
“CHESLT RZEEL

fabs 10 B RD (8L, SUETHZAD X “H” RO (B, AUETFHE) B4
K % Hl(sample Pearson correlation coefficient, CC)FIFE A3 77 1% 2 (sample root mean square
error, RMSE).

Tabs 20 B H RPN “ L7 RGP SR A AR O RECFIFEA Y J7 R 2.

BhR 3: AT AC XU IE R 2 (cross-validated mean squared error, CVE). CVE & X
N BEEE AR A | R E ISR, ARV NIIZREE, K it A BT
AR SRR TR ZE, MICE i EEHAT, XF i fPIE.

2.4.2 Real time-indices

X T SEBRI AR H, “ S EORAL MRAE U 235 15 S AU T A R R/ M
RT3 VR 22, WG BIYIR iR A S AR AR A T IR ZE B

TEAR 4: a0 2 2800t JL I 18] e ) (R A A 56 SR BRI RE A 2 7 iR 2.

FRFR 50 Han (0BT B2 SN T8 P 81 R 58 SCBRIE IR 22 CVE. CVE [¥5E SRR PR 3.
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3 Results

3.1 Idealized experiments

3.1.1 Classical decomposition results
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PFERT(b), residual FE/~T(c), seasonal components 7xT(d).
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Ideal Case 5
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components, WL 4.3 & A FE AR inter-annual ZZZRF Gaussian noise 2B, (a)P LB RHE trend &
2. A=ZEFEPHEEM trend 2R T(b), residual = /RTF(c), seasonal components 7xT(d).
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Ideal Case 8
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(2022 #8) HF-MS8401-44000-MO1-HFPEFME SR 73 Hr £ 1H B
4.3 -’Eliijﬂﬁﬂﬂ’J inter-annual ZZ N Gaussian noise A%, (a)PLLRRE trend 2. A=
FER LR trend H =R T (b), residual 7= RT(c), seasonal components 7xT(d).

Ideal Case 10
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components. kA 4.3 F£ A EEARY inter-annual ZF ZF Gaussian noise HA%, (a)P IR RE trend 53
2. A=XGFEPBER trend 2 RTF(b), residual F=7~TF(c), seasonal components 7xF(d).

3.1.2 Comparison of different methods

M-2S B MR G NES CL,2,5,6,7,8,9, 100 B, ERFETE (RMSE, CVE)
EEEAR T A M-1, M-2 T3, (HAR B A R AR R IR AR () M-3R 8107702 (B 11, B 12,
K13, K14 .

M-1A JiikfE K ss Rz G BB C7,C8) BRAERRAS RBAR CHf B C3,C4, H
R RG-S R BN 4.3 AR EES) B, fEfEfEis LT M-1B, HAK
M-2S (E 11, K12, E 13, K 14) .
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RINZE K, ERRAERIES B C8 b, XA ZE R 0.1°C; fTEHRFEHIH, XANAEFHN 107
2oC B WHEE L, M2A W HRDIEEIRUEAE, 11 M-2 ANZIXFE. 73 AERAR S
Case5 (E 16) 1 Case 6 (B 17) LA L, M-2 Fl M-2A it trend (1922 1R/ (~10-
°C) s ENFAIRIE . R 15 4, ST A, M-2 Al M-2A i trend
EHAE trend 2 SRR (1R, IXZH LWLR A2 RN 8 ). X seat B4
T~ M2 5§ M2A HHERTIZERFTMEFTHEER; HEBEHELMRE,. B8
KRS ERAR, M2 FMHKTINEAYETRETRE, TERM M2A #fid&
MBEKRER.
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M-2 Xf M-1A, M-1B 5%, 1) FH1EEHIZF M2 3 M-1A RatEBEESERGE
4) RN, HEEFAESN~10" (100 °C BN, ZFH/NF 103 (10 °C.M-2 ¥t M-1B
MBEFERESER (X 7)) TEMKEHEERRZEEAGAMmGM. 18 F8giEA 2°C 1
(B C7, 8 AR HAB S, XAZERLIN 0.01°C; M FEREX 20°C B (561 C7,8), X
MNERIHEE 0.1°C. IMERTHEEKHERNIELSENIERMmEAR GEES) . £5F
BB AW E L) 2°C BIRTIR T, XANZEREGANIELMBHAEG) (C2,4,6,8,10) F#RLLAH
MR B (C1,3,5,7,9) FIRK (7, HIXalRe5E AL MERI 5 2R
(122 4F) R THIRIZR I 014G 0. &R M-2 ¥t M-1B fIEENESERNEEERA,
EKHER T EH R LT RFEBESHBR. i, JE5 RIZIK AR &S T 2 80E
— A AR AR IR B WA T LU S AR, S i Ak R R R Y R S
FERETERIMRA. 250 AHRXMHEE? BENEBHERNE LG ITENEER
KEIREE N FFIITA, 20 M-1A 1 M-2 7535004, M ERFEEFLY; XER M-2 3 M-
1A BIHENESERT/NT M-1B WREE. 2) RO EATZS. 158 L, M-1A [
HARTUS R EHER, BERERTUNE; 1 M-1B f M2 ARG IR (F15) . /EHE
RIH, M-2 3 M-1B WL RTHEZERRDN (K8 . M-2 3 M-1A fRE KIMEE
2 (X5 FEMEEESIELMOEERTMIEAR. R ZEHEL BB ES C8 T, XANER
It 0.1°C. ¥R C5, C7, CO W RUUAMEZ FAF (R 5), UHHAEEA TR ZIFZEA
XA ZES, C8 PRERMATIMARETIEREMARKMNEE. I MEFTHEER
KW EREMTTEX. £ HGLMEMABERMER C1,3,5,7,9 7, MEERIT ZAH
I, M-1A A M-2 %t R 22 R UR kA, BEARAR IO 22k, XA Z ok, £ EAH
A k2 A R EG) C2, 4, 6, 10 H1, A RTIANEE: ERARIZ —RkZm=EHME
il C8 1, EXAZEFHEAK, I 0.1°C, XZEFE A C8 HAB 1)k 3L 2 B A B AR R T %
H e FRARRIS & H W f =i 1. 3) J i KA F 9 2 7. M2 3 M-1A B98I trend 2R CGR
6) FEMEEFNESIRENEMMmEA, MESEEEEL X, /L AHFEEETY
S5 ARG C1-8 1, XANZERIBEELL, 408 0.06°C; {EHARZEE S8 B R/ MO E 5]
C9-10 1, ENMZEFAF] 4X1073°C. Nt —PHRAFZH M-2 X M-1A Hith trend 2 7/ 5
B, A G AEAF XA 22 e i K BRAR G €3 (& 19) . AT, XA ZE R FE R IE
BT P AN B 15 ARAb,  FLBRAEIR 17 41 i v o U 22 S5 OK. V31 LWLR X R 0E BCN
304 fEE B 1S4 (FRmB%RX) M, 5 il trend EARE B DAFEES & w15 4ER
ZIRHL ) 30 AE XA & s RIS T s fEINZ X Ah, B trend fE/E HHPA1X
RO 30 AEIX[A] % m s e G e 1. IETEREE] M-1A 1 M-2 ) trend 7192
MIEZX G, SERTE T LWLR ZX A =115 5 B R P 2IHAT I, e & 1 2 Lk
FENE AT IR FAPATH . TR, FENESIAES RN trend BG4 50,
R 1(5 5 R K MER. AKX M 5, LWLR X8 F 0 EAL T4 m, #ox A
SMAAR /N TITERAZIX P, IR ASRENKE E 6 5 e 2 B S s b 3ok, Rk, S5(ES
IR EIVARF MR E# LWLR BIASHEMEA, BEMK M-2 3 M-1A #it trend ZFH
FEERE, MXERELEXIMERR. M-2 3 M-1B B9t trend 25 (£ 9) B,
F EREH AR AR ZIFE G RN, AR EEE LN 2 (200 °C i, XANERAET]
4X10* (4X103) °C. XAZ Rt M-2 % M-1B [ trend ZE57E/N, 24 M-1B
trend Fl M-2 —HEHR N BRZNE ST IRINE), RAAT T8 M2 X M-1A fith
trend Z M EZIRR. 4) FHCRI)HIZEEZEH. WIEATTHF 08T, 0 M-2 3 M-1A #1
M-1B Bt (&) ZFHERGIE: o BIZUEBEHESE, @54 M-1B HF1(E 514
it FIF M-2 EIHEBESE M-1A 8660 b) BIELMERIBEESE, @idisd M-1B 1)
ZHESMTE, AT M2 M EETNES R M-1A 88 AEES); EFFHREKTIER
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M-1B #iE: o) XWEBRKRMAE, FIT M-2 (L RTUIIER M-1B #ik: d) KIBER
EWES, ELEMEHRA L LWLR LZRBECK, FIF M-2 B trend [5 M-1B
BE (%K) - ZEAMEREEHENSGR, RET M-2 2F#FiE M-1A £ M-1B.

M-2A % M-1A, M-1B K12 5. MRIERTHEX M-2 5 M-2A K12 555001, Ax M-2 X M-
1A, M-1B )2 25007, 15 L8200 M-2A 3 M-1A 1 M-1B 93 (£TH) ZRMEEERE:
a) EIZIRYEIBED, Eidi5 4 M-1B FIZETE ST, FITF M-2A FRIHFEBESE M-1A
BEE; b) SRIESMROIEMEFESS, @i M-1B ETIE S, AT M2A ffH ST
F5H M-1A #i8 (JEES); WHTFREKTIIER M-1A E: o KNBEERRTAE,
FIF M-2A O RTUIMER M-1A BE: d) KIBENFEHES, @ ms Il a g
LWLR 4N H0R, FIF M-2A B9%iH trend B M-1B 358 ((UA%X) . B4,
EE d {ERR/, BAEa, b, c BFITF M-2A B M-1A 85F; EiH%X AN, FEdIERT
M 5HRE a, b, e MR, EANTRIGIEZ RUE TEDLZ XA M-2A 2 H#E M-1A i&/2 M-1B.

M-2, 2A 5 M-1A, 1B IR, DHEAEER C8 (K &) A, ZE K HARZImIEL
PERRAR S, ILAE N BB IS5 IR R AT X ). M-2 6 M-2A 2R (& 18) FERI
ERTME L, ZERHET 0.1°C, X2&HEAEAKEIELESEN. M2 X M-1A F1ZR7
(E120) FERIERH wrend WX K, LAAHRDUSE L, fifHETES ZRIR/.
X2 AR A B SR AR LR X R A R, DL TS S RAZ X LWLR 5200 AT L.
RN M-1A Fll M-2 fEREZETE S, KA O LB, SURIZ I E AR S AR A7
TERREETNE SR KER. M2 3 M-1B £ % (K 21) FEEWNHHETNES
M2 5l eSS AT S, Mg trend AR TISME 02 ARIR N, XA, ®EY
PIAREAS T M-1B FIZETE ST, SRS M2 ZRECR; @ E5 55 5%
H AR T EH W 2 2 BAR AR, B DU AR U 22 AR/, T A EEAb T trend
I, #OERTFENES, ASWFENES T, W ZHHHBET M-2A X M-1A £ 7
(Bl 22) FEARIERIH trend I % 7 R H FBRM B RIIZ R, MHHENE SR
TEE 2 IR/, IXAERN M-1A ZE4 i trend IR EBRFTIE S, Wb trend 5 M-2A
258K fEMATTFRTESN, WA CERKIE@‘A, BHnETNESERN; 1
TR, PR OEAA RIMERIE, #dH R IE LS. M-2A X M-1B {12
s (B 23) FERI S5 2 7 A H AR U E 2 7 e 3% S B R I =,
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flith, (EXF M-1A [semy i, SEMmMTENHEEETESER (K 16) 5 b) RIEL
M ROIBAE RS, WIdE Y M-1B FIETES M, B M-1A AT M-1B i =R CEE
D) 5 EFTFHEK M-1B Ffar AR TE A4 X8, M R H 4 A 06t B E I (E I
1 M-1A FIZER (R 17 5 o) KEEBEKMAZE, FITHK M-1B it R (A 4500
B, AT R4 AR T B FHEARIER M-1A 2R (R 17D 5 d) KIBERNZHE
B, B M-1A FIRERE Bl LWLR A2 Ok, FIFHK M-1A (% trend 5
TEAS T trend AT CLEBRKHIEHM M-1B ZER ((LUZ%IX, £ 18) . LRIUANMHERSHT
M-1A F1 M-1B ()8 H 2 5.
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K F S 7 s R, AR E T, KIFBEBNLM O NEHS Cl, 3,
57,9 HAEkM: GBI C2, 4, 6, 8, 100 X M-1, 2 RFIAFEmE/N (KB 11, 12, K
13) . HR BRI Z GRS C7,8) B, M-1,2 &5/ CVE BsE K (K 14) , M-1B
AT M-2 AR TUBEARMEIG R (B 15) . KEEARIEL X M-3 KPR, K8
B AE M-3 AU EMHFER (5541 C1, 3,5,7,9 2T M-3L, C2,4,6,8,10 2T
M-3Q) , J7iE S HEARE 5 —EUtk i MK B SEPRE A R b M-3 BN i (B
% C2,4,6,8,10 2 F M-3L) , izt SEAG S 8L MBS T SEhRE A
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AERAS, 5 M-2S Al M-3 R 51 REGE 7 AR IG5 Bk A 2 5
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RAEE) CHH N seasonal component. M-3L, 3Q ) residual ZFEAIE AL F-ARESRIT F 12
PRUE? 4 RAE IS [B] 2 48 i SR B B A A ) RSO BRI 2D B 7 i Y seasonal
component JFEARMME L E, 1X 2 H & 7L R E SRR,

Climatological mean: output vs. ideal
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Residual: output vs. ideal
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Cl1 C2 C3 C4 C5 C6 C7 C8 C9
Case name
& 12 7Kg, =32 classical decomposition methods % BY residual 432 X IEAEEF8] 77
i residual 2 BRI 5 R IRZE (RMSE)F Pearson Z 4% 2 #(CO).

Cl10

Output climatological mean vs. ideal series

25 T T T T T T T T T T
2+ i
-l i CR AR AT AN TR
; e [l I |
5 1+ B V-1A M2 [ M-2S I M-3Q
‘ B M- 1B [ M-2A ML
0 | |

—_

Corr. Coeff.
o o o
S oy >

<
o

m

C3 C4 C5 Cé6 C7 C8 Cc9
Case name

& 13 A IEH, =2 classical decomposition methods i BI S & F 7S (trend + seasonal
components) XTIBFERT (8] FFFIAIHE AR S IRIRZE(RMSE)F1 Pearson 214 8% 2 $(CC).

C10
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE

) Climatological mean: output vs. ideal
T T T T T T T T T T

5] I |

B M-1A M2 [ M-2S I M-3Q
N M-1B I M-2A [T M-3L

0.5

25 QOutput climatological mean vs. ideal series
. T T T T T T T T T T

Cross-validated RMSE (°C)

—
(9]

Cl C2 C3 C4 Cc7 C8 c9 Cl10
Case name

& 14 7KL d, =3 classical decomposition methods i B S 1% F 7S (trend + seasonal
components) XTIEIERTE]FF(b) R ESIEFET (MR X EIEFIRIRZE(CVE).

[—
T

" LA

I

Mean of seasonal component

20 T T T T T T T T T T
) ‘ ‘ ‘ |
10 |’ \ {1l Il Il | ] I | Il I |
I M- M-2 [ M-2S _M 3Q
_ 2 M- 3L
=
<
Zz 0
< Mean of residual component
vO 20 T T T T T T T T T
o
i
15 _ ‘
) ‘ ‘
5
o (MDATH | ‘ 0H lind i ‘ : | ‘
Cl C2 C3 C4 C5 C6 C7 C8 Cc9 C10
Case name

& 15 7B IEs, =2 classical decomposition methods i BI S & F 7S (trend + seasonal
components) XTIEIERTE]FF(b) R ESIFFE ()X X EIEP FIRIRZE(CVE).
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(2022 ) HF-MS8401-44000-MO1-5 LRI KR 45 H7 JERESEE
x2 AIEEKET, M-2A minus M2 FEBIHMNETBOENES.
Case Name: C1 C2 C3 Cc4 cs C6 c7 cs Cc9 C10
Max.Em. (1e-8°C) 268 269 271 271 269 269 274 275 176 1.77
(Order)): (®) ) 4 (3) (6) (%) ) ) (10) ©
Min.Err. (1e-8°C)  -168 -168 -169 -169 -168 -168 -17.1 -172 -1.10 -1.11
(Order?): ®) ) 4) (3) (6) (%) ) Q) (10) ©)
Max.Abs.Err. (le- 268 269 271 271 269 269 274 275 176 177
8 °C) (Order|): (®) ) 4) (3) (6) (%) ) ) (10) ©
RMSE (1e-9 °C) 132 132 133 133 132 132 135 135 857  8.65
(Order)): (®) ) 4 (3) (6) (%) ) ) (10) ©
Mean.Abs.Err. (1e- 111 111 112 112 111 112 114 114 719 726
9 °C) (Order)): ®) ) ©) 3) (6) %) ) ) (10) ©
#=3 HEERIED, M-2A minus M2 FERIENETINES.
Case Name: C1 C2 Cc3 Cc4 cs C6 c7 Cs Cc9 C10
Max.Err. (1e-3°C) 159 129 849 198 101 214  10.1 101 101 214
(Order)): (10) %) ) “ (7 () (6) 1) (®) 3)
Min.Em (1e-3°C)  1.59 129 849 198 101 214  10.1 101 101 214
(Order?): Q) (6) () (7 4 (®) 3) (10 (%) )
Ideal Case 5
~20 |
@)
< Utk
£ 10 T
. 0 | | 1 | | |

Trend. (M-2A minus M-2: 8.55¢-08, t= 1464, -8.55¢-08, t=1. EV:0.02, 0.02)

12 B
e e
<11 R

" I_/—///IJI | | M-2 “M2A ideal |

1900 1915 1930 1945 1960 1975 1990 2005 2020
10 _Annual Cycle. (M-2A minus M-2: 1.68e-07, t=1; -2.69¢-07, t=12. aEV:0.92,0.92)
~ T T w2
£ o~ ———M2A
_— ideal -
_10 | | | | | | 1 | | | | |

2 4 6 8 10 12 14 16 18 20 22 24
Months

16 7EIBAEIRIE Case 5 1, M-2 5355 M-2A 7ML fiRsE R,
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE

Ideal Case 6
620 N l
T I h (AT
£ 10 | W ‘;u‘;"“;‘w (i wuvuw!H"IH'HIWU"H'
n 0 1 1 L
Trend. (M-2A minus M-2: 1.04e-07, ¢ = 1464; -1.04e-07, t=1. EV:0.03, 0.03)
M-2 M-2A ideal

o12F
S -—#_’//, _

10 Fm—L —p—— ) I | | | |

|
1900 1915 1930 1945 1960 1975 1990 2005 2020
Annual Cycle. (M-2A minus M-2: 1.68e-07, t=1;-2.69¢-07, t=12. aEV:0.92, 0.92)

10
,—'/—/\\\\ ,‘/—/\\ ~ M-2
8 0 //,/' \‘\\\‘ //,/ —\M*Z\A\
-10 — I I I I \|\>—"—__|/ | L L }deal .

2 4 6 8 10 12 14 16 18 20 22 24
Months

& 17 HEEREIRIE Case 6 B, M-2 5355 M2A FEMNZHBOMRER.

Ideal Case 8
50

| ‘“ A !
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N
“Ix“lxl“ll] | l A ‘1 11“ l'lnl' i inf il il
VTV ALY . . . . |

Trend. (M-2A minus M-2: 8.20e-07, ¢ = 1464; -8.20e-07, t=1. EV:0.62, 0.62)
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51 — L 1 L !
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80.

-5 '
1900 1915 1930 1945 1960 1975 1990 2005 2020

10 Annual Cycle. (M-2A minus M-2: 1.72e-07, t=1;-2.75e-07, t=12. aEV: 0.97, 0.97)

/,//\\\ /,/‘7,\\ M-2
QO_, 0 //// \‘\\\ e ;M-QA
— ~__ ideal
10 _ I I I I L I I I I I

2 4 6 8 10 12 14 16 18 20 22 24
Months

& 18 7EIBEAEIKIE Case 8 1, M-2 5355 M-2A AEMBZ B RER
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(2022 %) HWF-MS8401-44000-MO 1 -7 FR 5% B4 /0 Mt yenEske)
F= 4 HFEIEEIRIED, M-1A minus M-2 FEMIENESHENES.
Case Name: C1 C2 C3 C4 C5 C6 Cc7 C8 C9 C10
Max.Err. (1e- 69.5 69.5 70.3 70.3 69.6 69.6 69.6 69.6 4.07 4.07
5 °C) (Order)): (7 ®) (D 2 3) Q) 4 6) O] (10)
Min.Err. (1e-5 °C) -87 -87 -87.5 -87.5 -87.2 -87.2 -87.2 -87.2 -5.74 -5.74
(Order?): (7 ®) 1 2) (3) (%) 4) (6) ) (10)
=5 EEBIRET, M-1Aminus M-2 S5ERIHERTEES.
Case Name: C1 C2 C3 C4 C5 Co6 C7 C8 C9 C10
Max.Err. (1e-2 °C) 6.28 7.41 7.08 8.21 7.16 8.29 7.16 16.2 1.37 2.50
(Order)): (8 4 @) €)) (6) @) Q) (D (10) O]
Min.Err. (1e-3 °C) -59.1 478 -533 420 -509 -396 -50.9 395 6.46 17.8
(Order?): (D Q) @) (6) 4 @) €)) (10) (®) O]
Max.Abs.Err. (le- 6.28 7.41 7.08 8.21 7.16 8.29 7.16 16.2 1.37 2.50
2 °C) (Order)): (®) “4) @) 3 (6) 2 Q) (D (10) 9
RMSE (le-2 °C) 1.77 2.19 1.99 2.67 2.04 2.78 2.04 10.2 1.01 2.14
(Order)): &) 4) (8) (€)) @) @) (6) (D (10) Q)
Mean.Abs.Err. (le- 8.78 17.6 14.3 234 154 24.7 154 101 10.1 21.4
3 °C) (Order)): (10) Q) (8 3 @) 2 (6) (D &) 4)
Mean.Err. (1e-3 °C) 1.59 12.9 8.49 19.8 10.1 214 10.1 101 10.1 214
(Order)): (10) Q) O] 4) @) @) (8 (D (6) (€))
F6 HEIEAEKIED, M-1A minus M-2 FEHH Y trend BIE F.
Case Name: C1 C2 C3 C4 C5 Co Cc7 C8 c9 C10
Max.Err. (1e-3 °C) 61.5 61.5 62.7 62.7 61.8 61.8 61.8 61.8 3.67 3.67
(Order)): @) (®) (D 2 “4) ®) (€)) (6) O] (10)
Min.Err. (1e-3 °C) -61.5 -61.5 -62.7 -62.7 -61.8 -61.8 -61.8 -61.8 -3.67 -3.67
(Order?): @) (®) (D @) 4 ®) €©)) (6) O] (10)
RMSE (1e-3 °C) 17.7 17.7 18.0 18.0 17.8 17.8 17.8 17.8 1.05 1.05
(Order)): @) (3 (D 2 4) Q) 3 (6) O] (10)
Mean.Err. (1e- -53.0 333 -29.4 48.1 4.60 -19.4 72.0 259 -42.2 40.5
16 °C) (Order|): (10) 4) (®) 2 (6) @) (D Q) 9 3)
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Ideal Case 3
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E 19 7FEIEERIE Case 3 B, M-1A 535 M2 FERNEZ B REER.

Ideal Case 8
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Annual Cycle. (M-1A minus M-2: 6.96e-04, t=4;-8.72¢-04, t=11. aEV: 0.97, 0.97)
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20 7EIEABIRIE Case 8 B, M-1A F53E5 M-2 FEM RS IRER.
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(2022 %) HWF-MS8401-44000-MO 1 -7 FR 5% B4 /0 Mt yenEske)
£ 7 HEIEEIRIED, M-1B minus M2 FEMENEDBESHES.
Case Name: C1 C2 C3 C4 C5 Co Cc7 C8 c9 C10
Max.Err. (1e-3 °C) 8.86 10.9 8.75 10.8 8.44 10.5 72.6 89.0 8.44 10.5
(Order|): 7 (3) (3) ) ©) (5) ) (1 (10) (6)
Min.Err. (1e-3 °C) -9.11 -11.1 -8.73 -10.7  -8.67 -10.7 -72.8 -88.9 -8.67 -10.7
(Ordert): 7 (3) (3) ) ©) (5) ) (1 (10) (6)
Max.Abs.Err. (1e- 9.11 11.1 8.75 10.8 8.67 10.7 72.8 89.0 8.67 10.7
3 °C) (Order|): @) (3) (®) 4) ©) 5) 2) 1 (10) (6)
RMSE (1e-3 °C) 5.61 6.88 5.48 6.75 5.34 6.61 45.6 55.8 5.34 6.61
(Order|): (7 (3) 3 “4) ©) (5) 2) (1) (10) (6)
Mean.Abs.Err. (1e- 4.85 5.96 4.77 5.87 4.62 5.72 39.6 48.4 4.62 5.72
3 °C) (Order|): ) (3) 3 “4) ©) (5) ) (1) (10) (6)
Mean.Err. (1e-16 °C) 16.3 14.2 17.6 -5.4 5.13 -2.87 444 18.7 -19.4 -50.3
(Order|): (3) “4) 2) (3 (%) (6) 7 (1) ©) (10)
# 8 AIEMEIKEP, M-1B minus M-2 FEBRMEBHNRTINES.
Case Name: C1 C2 C3 C4 C5 Co6 Cc7 C8 c9 C10
Max.Err. (1e-3 °C) 9.41 11.5 9.02 11.1 8.96 11.0 753 91.9 8.96 11.0
(Order)): (7 (3) ©) 4) ) (5) 2 (1) (10) (6)
Min.Err. (1e-3 °C) 9.17 -11.3 -9.04 -11.2 -873 -10.8 -75.1 -92.0 -8.73 -10.8
(Order?): (7 (3) ©) 4) ) ) 2 (1) (10) (6)
Max.Abs.Err. (le- 9.41 11.5 9.04 11.2 8.96 11.0 753 92.0 8.96 11.0
3 °C) (Order)): (7 (3) 3 4) ) (5) 2) (1) (10) (6)
RMSE (1e-3 °C) 5.61 6.88 5.48 6.75 5.34 6.61 45.6 55.8 5.34 6.61
(Order)): (7 (3) (3 4) ) (5) 2 (1) (10) (6)
Mean.Abs.Err. (1e- 4.85 595 4.76 5.87 4.62 5.72 39.6 48.4 4.62 5.72
3 °C) (Order)): (7 (3) ©) 4) ) (5) 2 (1) (10) (6)
Mean.Err. (1e-16 °C) 2.31 24.0 57.0 -66.2 -39.6 -159 -178 126 29.0 3.42
(Order)): (6) 4) 2 ©) ©) @) (10) (1) (3) (5)
%£9 AEEAERKIED, M-1B minus M-2 FiEHH Y trend BIE F.
Case Name: C1 C2 C3 C4 C5 Co6 Cc7 C8 Cc9 C10
Max.Err. (1e-4 °C) 3.22 3.95 3.15 3.88 3.06 3.79 26.2 32.0 3.06 3.79
(Order)): @) (3) )] 4) ©) (5) 2 () (10) (6)
Min.Err. (1e-4 °C)  -3.22 -3.95 -3.15 -3.88 -3.06 -3.79 -26.2 -32.0 -3.06 -3.79
(Order?): @) (3) )] 4) ) (5) 2) (1 (10) (6)
RMSE (1e-5 °C) 9.24 11.3 9.03 11.1 8.79 10.9 75.1 91.9 8.79 10.9
(Order|): @) (3) )] 4) ©) (5) 2) (H (10) (6)
Mean.Err. (le- -18.6 -38.3 -74.7 71.7 34.5 18.6 182 -145 -9.44 46.7
16 °C) (Order)): @) )] ) 2) 4) (5) (1) (10) (6) 3)
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Ideal Case 8

50

SST (°C)

Trend. (M-1B minus M-2: 3.20e-03, 7= 1;-3.20e-03, 7= 1464. EV:0.62,0.62)

30 M-1B M-2 ideal
525t _—

< 20 o

) ) |
1900 1915 1930 1945 1960 1975 1990 2005 2020
Annual Cycle. (M-1B minus M-2: 8.90e-02, = 12;-8.89¢-02, t=1. aEV:0.97,0.97)

10 o —
" T~ _— T
5 - ~_ - ~— M-IB
< 0 /’// \\\\ /// \M-Z\\
-10 — I I I I -Tk_“‘--l—’ I I | }deal \l
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Months

21 7EIBAERIE Case 8 1, M-1B k5 M-2 FEMZH SRR,

F 10 7EEAERIE D, M-1A minus M-2A SiEMHEHESEESNES.

Case Name: C1 C2 C3 C4 cs C6 c7 c8 o C10
Max.Err. (le- 69.5 695 703 703 696 696 69.6 69.6 407  4.07
5°C) (Order]): (7 ®) M @ “) (6) 3) ®) © (10)
Min.Err. (le- -87.0 -87.0 875 875 872 -872 -872 872 574 574

5 °C) (Order?): (7) (8) (1) (2) (5) (6) ) (4) ) (10)

F 11 EEERIEH, M-1Aminus M-2A FERENRTINESR.

Case Name: c1 2 C3 c4 €5 Cc6 C1T C8 o C10
Max.Em. (Ie-3°C) 612 612 623 623 615 615 615 615  3.65  3.65
(Order)): ®) @ 0 © ® Q) G a0

Min.Err. (le-3°C)  -60.7 -60.7 -618 -618 -61.0 -61.0 -61.0 -61.0 -3.62 -3.62
(Order?): ®) @ (M © ® Q) G a O

Max.Abs.Err. (le- 612 612 623 623 615 615 615 615 365  3.65
3°C) (Order]): ®) a0 @ M ©  ® Q) G a O
RMSE (le-3 °C) 177 177 180 180 177 177 177 177 105 1.5
(Order)): ®) @ M © ® Q) G a O
Mean.Abs.Err. (le- 772 772 786 786 776 716 716 716 461 461
4 °C) (Order)): ®) @ M © ® Q) G a O
Mean.Er. (le-18°C) 177 434 140  -377 276 230 244 129 103 93
(Order)): (4) H G a0 2 G ) (6) (7) (8)
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(2022 %) TF-MS8401-44000-MO1-¥#5 PEHIZ HAE /b7 yeneskzrh

* 12 FEIEEIRIEF, M-1A minus M-2A F3EHRIHRY trend BIER.

Case Name: C1 C2 c3 C4 cs C6 c7 c8 c9  C10
Max.Em. (Ie-3°C) 615 615 627 627 618 618 618 618 3.67  3.67
(Order)): ®) ™ @ 0 (©) ®) 4 G a O
Min.Erm. (le-3°C)  -61.5 -61.5 -62.7 -627 -618 -618 -618 -61.8 -3.67 -3.67
(Order?): ®) ™ @ (M (©) ®) 4) G a0
RMSE (le-3°C) 177 177 180 180 178 178 178 178 105  1.05
(Order)): ®) ™ @ M (©) ®) 4) G a1 O
Mean.Err. (le-  -7.62  26.1  -179 -181 -36.6 -149 -109 937 -11.7 -323

16 °C) (Order)): ) (2) (6) (7) ) ) a0 (@ “4) (8)

50

SST (°C)

Ideal Case 8
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vy 1L Ik 1 Iy L ” | ! | | | |

Trend. (M-1A minus M-2A: 6.18e-02, 7= 1464; -6.18¢-02, 1=1. EV:0.62,0.62)

M-1A M-2A ideal//

T
\

T
|

_Residual. (M-1A minus M-2A: 6.15e-02, ¢=1;-6.10e-02, ¢=1464. aEV: 0.66, 0.66)

I
! |

{ ! f
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|
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Annual Cycle. (M-1A minus M-2A: 6.96e-04, t=4; -8.72e-04, t=11. aEV:0.97,0.97)
T T T MiA
L / M-2A

— ideal
1 ]

2 4 6 8 10 12 14 16 18 20 22 24
Months

22 FEIRFEIRIE Case 8 1, M-1A /5355 M-2A FHiEMZ B HRRER.

#= 13 BRI D, M-1B minus M-2A FiEMHHESEESNER.

Case Name: C1 C2 C3 C4 Cs Coé Cc7 C8 c9 C10

Max.Err. (1e-3 °C) 8.86 10.9 8.75 10.8 8.44 10.5 72.6 89.0 8.44 10.5

(Order)): 0 &) ®) @ an  © @ M ® (©)
MinErr. (le-3°C)  -9.11  -11.1  -8.73 -10.7 -8.67 -10.7 -72.8 -88.9 -8.67 -10.7
(Order?): 0 &) ®) @ a0 (© @ (M ® ®)

Max.Abs.Err. (1e- 9.11 11.1 8.75 10.8 8.67 10.7 72.8 89.0 8.67 10.7

3°C) (Order]): (RN ® @ a0 © @ M ) ®)
RMSE (le-3 °C) 561 688 548 675 534 661 456 558 534 6.6l
(Order)): (RN ® @ ) G @ 1 a0 - (©

Mean.Abs.Err. (1e- 4.85 5.96 4.77 5.87 4.62 5.72 39.6 48.4 4.62 5.72

3°C)

(Order]): (7) 3) (8) 4) ) (5) (2) () (10) (6
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(2022 %) WF-MS8401-44000-MO 1 - IR K3 /0 #r s B
Case Name: c1 2 C3 C4 Cs C6 c7  C8 c9  C10
Mean.Err. (le-17°C) 140 120 188  -174 571 -760 -419 199  -192  -504
(Order]): 3) 4) 2 (7 (5) () (6) (1) ©® 10
#Fz 14 HEERKEF, M-1B minus M2A FFEBIENRTINESR.
Case Name: c1 2 C3 C4 cs C6 c7 (o] 9 C10
Max.Er. (le-4°C) 782 -142 534 870 -112 -104 652 -869 -112 -104
(Order): @ (6) 3 ®) ¢ a1 @ (M “4) ©)
MinErr. (1e2°C)  -1.08 -242 -1.75 -3.10 -1.88 -322 -851 -193 -1.88 -3.22
(Order?): (10) () ©) ®) ®) 3) @ (1 (M “4)
Max.Abs.Err. (le- 1.08 242 175 310 18 322 851 193 1.88 322
2°C) (Order)): (10) (6 ©) ®) (®) 3) @ (1 (M “4)
RMSE (le-3 °C) 583 146 101 209 114 224 467 115 114 224
(Order]): (10) (6 ©) ®) (M 3) @ (M (®) “4)
Mean.Abs.Err. (le- 504 129 853 198 101 214 402 101 101  21.4
3°C) (Order]): (10) (6 ©) ®) (M 3) @ M ®) “4)
Mean.Err. (1e-3°C)  -1.59 -129 -849 -198 -10.1 214 -10.1 -101  -10.1 -214
(Order]): (1) (6) 2) (7) 4) ) 6 1) 3 (8)
15 AIBEIRIET, M-1B minus M-2A 75 35MEH) trend HES.
Case Name: c1 2 C3 c4 cs C6 c7 (o] 9 C10
Max.Err. (le-4°C) 322 395 315 387 306 379 262 320 306 3.79
(Order]): (M 3) ®) @ 10 ®) @ (1 ©) (6)
Min.Err. (le-4°C)  -3.22  -395 -3.15 -3.87 -3.06 -3.79 262 -32.0 -3.06 -3.79
(Order?): (M 3) ®) @ (10 (6) @ (1 ©) )
RMSE (le-5°C) 924 113 903 111 879 109 751 919 879 109
(Order]): (M ©) ®) @ 10 (6) @ (1 ©) ®)
Mean.Err. (le- 268 454 631 552  -6.69 231 102 771 210 262
16 °C) (Order|): (1) (8) ) (4) (6) (2 (5) (10) 3) (7)
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(2022 %) TF-MS8401-44000-MO1-¥#5 PEHIZ HAE /b7 yeneskzrh

Ideal Case 8
50
g) M i I i IiY!
~—~ ]“ i I f ”' |/
& Al m A |
7! A ' i ”11. i A i '”m” M ” L H | | |
0
Trend. (M-1B minus M-2A: 3.20e-03, = 1; -3.20e-03, = 1464. EV: 0.62, 0.62) B
30 M-1B M-2A ideal
S5+ o
20 o
15 F -
I e | | | | | 1

5 {OResidual. (M-1B minus M-2A: -8.69¢-03, = 1453;-1.93e-01, t=12. aEV: 0.65, 0.66)

| f v ! L 4 | 1}
1 1 | I 1

- |
1900 1915 1930 1945 1960 1975 1990 2005 2020

10 Annual Cycle. (M-1B minus M-2A: 8.90e-02, 7= 12;-8.89¢-02, t=1. aEV:0.97,0.97)
T T T T
— _— ~—M-1B
8 0 e e ———M-=2A
_— T~ ideal ™~
_10 | | | | | | 1 1 1 1 Il I

2 4 6 8 10 12 14 16 18 20 22 24
Months

23 FEIEREIRIE Case 8 1, M-1B /5355 M-2A FERNZR MY RLER.

F 16 7EEAERKIE D, M-1B minus M-1A SiEMHEHERESNES.

Case Name: C1 c2 € Cc4 C5 C6 C71 C8 co  C10
Max.Em. (Ie-3°C)  9.68 11.7 958 116 926 113 734 898 849 105
(Order]): (ORENC) ®) “) ® ®) @ H - ao - (©

MinErm. (le-3°C)  -9.44 -114 -9.07 -11.1 900 -11.0 -732 -892 -8.69 -10.7
(Order?): (ORENC) ®) “) © ®) @ H - ao - (©

Max.Abs.Err. (le-  9.68 11.7 958 116 926 113 734 898 869 107
3 °C) (Order]): (ORENC) ®) “) ® ®) @ H a0 - ©
RMSE (le-3 °C) 6.15 742 603 730 58 7.5 462 563 538  6.65
(Order)): 0 3) ®) “) ® ®) @ H - ao - (©
Mean.Abs.Er. (le- 539 649 530 641 515 626 402 490 465 575
3 °C) (Order]): (ORENC) ®) “) © ®) @ H - ao - ©
Mean Err. (le-16°C) 159 160 202 -570 781 -452 202 211 -190 -502
(Order)): (4) ) 2) (8) ) (7) (6) (1) © 10

Fz 17 EEBRID, M-1B minus M-1A FEREBARTIHZES.

Case Name: cTL €2 ¢ Cc €5 C6 C1 C8 c9  C10
Max.Err. (1e-3°C) 659 567 597 505 573 48 124 497 234  -6.89
(Order)): @ & & 6 @& ©® GO ™ ©® a0
MinErm. (le2°C)  -6.93 827 -7.72 -9.06 -7.77 -9.11 -144 251 -223 -3.57
(Order?): ® & 0O @& O & @ @ a1

Max.Abs.Err. (le- 693 827 772 9.06 777 9.1 144 251 223 357
2 °C) (Order|): 8) ) (7) ) © G @ (1 a9 0O
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(2022 ) HF-MS8401-44000-MO1-5 LRI KR 45 H7 JERESEE
Case Name: C1 C2 Cc3 Cc4 C5 C6 c7 Cs8 Cc9 C10
RMSE (le-2 °C) 1.87 23 207 277 212 28 502 116 1.5 224
(Order)): © (%) (®) €] @) (3) @) 1 (10) (6)
Mean.Abs.Err. (le-  1.16 1.78 144 235 155 248 424 101 101 2.14
2 °C) (Order): © (6) (®) €] @) (3) @) Q) (10) (%)
Mean.Err. (Ie-3°C)  -1.59  -129 -849 -198 -10.1 -214 -101 -101  -10.1 -214
(Order)): )] (6) ) ) 4 ©) Q) (10) (3) ®)
F= 18 1EIEAEIKIEF, M-1B minus M-1A FEHIHRY trend BIER.
Case Name: C1 C2 Cc3 Cc4 cs C6 c7 cs Cc9 C10
Max.Err. (1e-3°C) 618 619 630 630 621 622 645 650 398  4.05
(Order)): ®) ) 4) 3) (6) (%) 2 )] (10) ©)
MinErr. (le3°C)  -61.8 -619 -63.0 -63.0 -62.1 -622 -645 -650 -3.98 -4.05
(Order?): ®) ) 4 3) (6) (%) ) M (10) ©
Max.Abs.Err. (le- 61.8 619 63.0 63.0 621 622 645 650 398  4.05
3 °C) (Order|): ®) ) 4 3) (6) Q) ) )] (10) ©
RMSE (le-3 °C) 178 178 181 181 178 179 185 187 1.14  1.16
(Order)): ®) ) 4) 3) (6) Q) 2 )] (10) ©)
Mean.Abs.Er. (le- 795 79.6 809 810 799 800 8.7 835 513 522
4 °C) (Order): ®) ) ) 3) (6) 6)) ) )] (10) ©
Mean.Err. (le-16°C) 344  -71.6 -452 236 299 380 110 -171 327  6.18
(Order)): 3) © ®) (6) &) 2 )] (10) €] )

3.2 Classical decomposition of several real time-indices

3.2.1 ERSST vS5 global monthly SST (1902-2021)

60°E_120°E_180°

M-1A: Climatological mean to raw series

120°W_ 60°W

0°

0°

60°E_120°E

180°

120°W_ 60°W

RMSE (°C)
49,2.58e+16]*1e-16, , 64°N 160°W
1.49, 2.58¢+16]*le-16, 88°N 18°E, 64°N 160°

02 03

0.4

0.5

0.7

Corr. Coeff.
[0.0941, 0.995], 70°S 52°W, 40°N 122°E

0.8

0.9

24 %f ERSST v5 £k SST ##E(1902-2021), M-1A 73R EISIEEIIZAS (trend + seasonal
components) XfJ& BT [B]F %Y root-mean-square error (RMSE) (a) and Pearson linear correlation
coefficients (CC) (b).
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(2022 %) HF-MS8401-44000-MO 1 -1 PR 58 5048 4 7 fis [ B
M-1A: Climatological mean to raw series
0°  60°E 120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

0°

40°S

80°St

0.2 0.4 0.6 0.8 1 1.2 20 40 60 80
Cross-validated RMSE (°C) Variance Explained (%)
[3.09, 3.3e+16]*1e-16, 88°N 18°E, 64°N 160°W [0.869, 997, 70°S 52°W, 40°N 122°E

&l 25 f ERSST v5 £ ¥k SST ##2(1902-2021), M-1A FF3EMiHHSIEREZA (trend + seasonal
components) XfJRETB)FFAY cross-validated RMSE (CVE) (a) and explained variance (EV) (b).

M-1A: Mean of annual cycle (seasonal component) and residual
0° 60°E 129°E 189" 120°W__60°W__ 0° 0° 6Q°E 120°E 180" 12Q°W 60'°W 0°

Mean of seasonal component (°C) 116 Mean of residual (°C) %1076
[-2.07, 1.44]*1e-15, 64°N 180°, 72°N 138°E [-6.65, 7.19]*1e-16, 52°N 142°E, 38°N 50°E

26 %f ERSST v5 €%k SST ##E(1902-2021), M-1A Fx4HAY seasonal component (a)#l
residual (b)AYE1{E.
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(2022 %) HF-MS8401-44000-MO 1 -1 PR 58 5048 4 7 fis [ B
M-1B: Climatological mean to raw series
0°  60°E 120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

0°

40°S

80°St

0.2 0.4 0.6 0.8 1 02 03 04 05 06 07 08 09
RMSE (°C) Corr. Coeff.
[1.49,2.58e+16]*1e-16, 88°N 18°E, 64°N 160°W [0.0942, 0.995], 70°S 52°W, 40°N 122°E

& 27 %f ERSST v5 £Fk SST ##2(1902-2021), M-1B 75 &M RIS IRFEIIZS (trend + seasonal
components) XJJREF B FFFIH) root-mean-square error (RMSE) (a) and Pearson linear correlation
coefficients (CC) (b).

M-1B: Climatological mean to raw series
0°_ 60°E 120°E_180° 120°W 60°W __ 0° 0°  60°E 120°E 180° 120°W 60°W __ 0°

40°S

80°St

0.2 0.4 0.6 0.8 1 1.2 20 40 60 80
Cross-validated RMSE (°C) Variance Explained (%)
[3.09, 3.3e+16]*1e-16, 88°N 18°E, 64°N 160°W [0.872, 99], 70°S 52°W, 40°N 122°E

28 %f ERSST v5 £F¥k SST ##8(1902-2021), M-1B 77 &M RIS IZEFEI97S (trend + seasonal
components) X [REFBFFIHY cross-validated RMSE (CVE) (a) and explained variance (EV) (b).
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE

M-1B: Mean of annual cycle (seasonal component) and residual

60°E 120°E 180° 120°W_60°W _ 0° 0° 60°E 120°E 180° 120°W_60°W _ 0°
i T ! '} SUV'\IVVLOI \l‘\/\o " j 1 1 j !

-5 - -0.5 0 0.5 1 1.5

Mean of seasonal component (°C) 1913 Mean of residual (°C) «107
[-2.46,2.5]*1e-15, 28°N 52°E, 8°N 14°W [-3.98, 1.74]*1e-2, 70°N 106°W, 12°S 14°E

E 29 Xt ERSST v5 £Fk SST ##&(1902-2021), M-1B F3 %4t AY seasonal component (a)FA residual
(b)RIFEHE.

Annual cycle: M-1B minus M-1A
0°  60°E_120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

-6
Max. (°C) “10° Min. (°C) %107
[1.93, 1.43c+15]*1c-17, 88°N 18°E, 46°N 62°W [-1.34e+15, -1.77]%Le-17, 44°N 64°W, 88°N 18°E

30 ¥t ERSST v5 £ ¥k SST ##8(1902-2021), M-1B 75555 M-1A 73344 B9 seasonal component
ZE.
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE

Residual: M-1B minus M-1A
0°  60°E 120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

0 0.05 0.1 0.15 0.15 0.1 -0.05 0
Max. (°C) Min. (°C)
[-2.56, 27.2]*1e-2, 80°N 94°W, 40°N 120°E [-281, 6.54]*1e-3, 40°N 120°E, 76°S 62°W

&l 31 f ERSST v5 £k SST ##8(1902-2021), M-1B /5555 M-1A /5% Y residual Z 2.

Residual: M-1A minus M-2
0°_ 60°E 120°E_180° 120°W 60°W __ 0° 0° _ 60°E 120°E 180° 120°W 60°W__ 0°

Max. (°C) Min. (°C)
[-7.08, 283]*1e-3, 76°S 62°W, 40°N 120°E [-27.4, 2.61]*1e-2, 40°N 120°E, 80°N 94°W

32 %f ERSST v5 ©8k SST ##8(1902-2021), M-1A 75355 M-2 F53EMH Y residual 2 2.

Residual: M-1B minus M-2
0°__60°E_120°E_180° 120°W_60°W__ 0° 0° _ 60°E 120°E 180° 120°W 60°W _ 0°

Max. (°C) %107 Min. (°C) x107
[1.77, 1.34e+15]*1e-17, 88°N 18°E, 12°S 14°E [-1.34e+15, -1.93]*1e-17, 12°S 14°E, 88°N 18°E

[E] 33 % ERSST v5 £k SST ##8(1902-2021), M-1B /5555 M-2 75 3% AY residual 2 Z.
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE

Residual: M-2S minus M-2
0°  60°E 120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

0 R

40°St

80°St

005 01 015 02 025 03 035 035 03 025 -02 -0.15 -0.1 -0.05
Max. (°C) Min. (°C)
[1.38,9.71e+16]*1e-17, 88°N 18°E, 58°N 88°W [-9.54e+16, -1.28]*1e-17, 64°N 162°W, 88°N 18°E

[E] 34 % ERSST v5 £k SST ##8(1902-2021), M-2S /5555 M-2 75 % #iHAY residual 2 2.

Annual cycle: M-2S minus M-2
0°_ 60°E 120°E_180° 120°W 60°W __ 0° 0°  60°E 120°E 180° 120°W 60°W__ 0°

80°N <

40°N
0° R

40°S}

80°St

005 01 0.5 02 025 03 035 035 -03 025 -02 -0.15 -0.1 -0.05
Max. (°C) Min. (°C)
[1.28,9.52e+16]*1e-17, 88°N 18°E, 64°N 162°W [-9.69e+16, -1.38]*Ie-17, 58°N 88°W, 88°N 18°E

35 X} ERSST v5 £k SST ##8(1902-2021), M-2S /5555 M-2 5% AY seasonal component
ZE.
Residual: M-1A minus M-2A
0° _ 60°E 120°E 180° 120°W 60°W _ 0° 0° _ 60°E 120°E

180° 120°W 60°W _ 0°

80°N
40°N
= X . ) r (el - '_" . ) ’
40°S T = i W ! S
8 A o Fy 20
- W W
0 0.05 0.1 0.15 -0.15 -0.1 -0.05 0
Max. (°C) Min. (°C)
[0, 0.279]*1e0, 88°N 18°E, 40°N 120°E [-0.277, 0]*1e0, 40°N 120°E, 88°N 18°E

&l 36 % ERSST v5 €k SST ##8(1902-2021), M-2A 753%5 M-1A 753 AY residual 2 2.
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE

Residual: M-1B minus M-2A
0°__60°E_120°E_180° 120°W_60°W__ 0° 0° _ 60°E 120°E 180° 120°W 60°W _ 0°

o=

20.01 0005 0 0005 00l 20 <15 -0 -5 0 5
Max. (°C) Min. (°C) <107
[3.62, 3.08]*1e-2, 70°N 104°W, 12°S 14°E [-4.87, 1.16]*1e-2, 64°N 162°W, 6° 80°W

[E] 37 f ERSST v5 ©Fk SST ##8(1902-2021), M-2A 75355 M-1B F55&MiHHY residual Z 2.

Residual: M-2A minus M-2
0°  60°E 120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

0°

40°S

80°St

Max. (OC) 10'3 Min. (OC) 10'3
[-1.74, 3.98]*1e-2, 12°S 14°E, 70°N 106°W [-1.74,3.98]*1e-2, 12°S 14°E, 70°N 106°W

38 Xt ERSST v5 ©8k SST ##8(1902-2021), M-2A 75355 M-2 F53EMH Y residual 2 2.

Annual cycle: M-2A minus M-2
0° _ 60°E 120°E _180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

0 1 2 3 4 -3 -2.5 -2 -1.5 -1
Max. (°C) <107 Min. (°C) %107
[0, 7.65e-07]*1e0, 88°N 18°E, 40°N 120°E [-4.95¢-07, 0]*1e0, 40°N 120°E, 88°N 18°E

B39 Xf ERSSTv5 ©%k SST ##8(1902-2021), M-2A 75755 M-2 7 iAHiH A seasonal component
ZE.
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M-2: Mean of annual cycle (seasonal component) and residual
0°__60°E 120°E_180° 120°W_60°W__ 0° 0° _ 60°E 120°E 180° 120°W 60°W _ 0°

UUW I UUWN UL

Gy e

-4 -2 0 2
Mean of seasonal component (°C) 1916 Mean of residual (°C) «107
[-1.84, 1.7]*1e-15, 60°N 86°W, 70°N 74°E [-3.98, 1.74]*1e-2, 70°N 106°W, 12°S 14°E

B 40 X ERSSTv5 2%k SST ##8(1902-2021), M-2 F5 &4 B9 seasonal component (a)Fll residual
(b)HIEHE.

M-2A: Mean of annual cycle (seasonal component) and residual
0° 6Q°E 129°E 189" 120°W__60°W__ 0° 0° 6Q°E 12()°E 18‘0o 12Q°W 60f’W 0°

'0\1 \J\lL/VX\/V\JVd\

-4 -2 0 2 4 -2 -1 0 1 2
Mean of seasonal component (°C) 116 Mean of residual (°C) %1076
[-1.91,2.03]*le-15, 60°N 92°W, 58°N 90°W [-7.9, 6.89]*1e-16, 38°N 124°E, 44°N 48°E

41 X ERSST v5 £¥k SST ##E(1902-2021), M-2A 77kt AY seasonal component (a)Fl
residual (b)AYE1{E.
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(2022 %) HF-MS8401-44000-MO1-iF 2 F 45 K48 43 #r JERESEE
Residual: M-1A minus M-2S
0°  60°E 120°E 180° 120°W 60°W _ 0° 0°  60°E 120°E 180° 120°W 60°W _ 0°

R

40°S |-

80°St

0 0.1 0.2 0.3 0.4 -0.4 -0.3 -0.2 -0.1
Max. (°C) Min. (°C)
[-1.89, 1.1e+04]*1e-4, 68°S 62°W, 46°N 50°E [-1.1e+16, -1.07]*1e-16, 46°N 52°E, 88°N 18°E

&l 42 % ERSST v5 £k SST ##8(1902-2021), M-2S /5355 M-1A F5:3&MiE ) residual Z 2.

Residual: M-1B minus M-2S
0°_ 60°E 120°E_180° 120°W 60°W __ 0° 0° _ 60°E 120°E 180° 120°W 60°W__ 0°

80°N g

40°N
00

40°S}

80°St

005 01 0.5 02 025 03 035 035 03 -025 -02 -0.15 -0.1 -0.05
Max. (°C) Min. (°C)
[1.35,9.56e+16]*1e-17, 88°N 18°E, 64°N 162°W [-9.73e+16, -1.76]*1e-17, 58°N 88°W, 88°N 18°E

43 % ERSST v5 £k SST ##8(1902-2021), M-2S /5555 M-1B 75 3£ Y residual 2 2.
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ERSST v5 (1902-2021) 40°N 120°E

— N
oS O

SST (°C)

(=)

M-1A
——M-IB

(°C)
—— e
R NN
[o){ee] \S] S Ne )N

*Residual. (M-1B minus M-1A:2.81e-01, t=1; -2.72e-01, ¢=1440)

C 1 1 1 1 1 1 1

1902 1917 1932 1947 1962 1977 1992 2007
Annual Cycle. (M-1B minus M-1A: 3.11e-03, t=1; -4.18e-03, t=12)

-10 1 I I I L L
2 4 6 8 10 12 14 16 18 20 22 24
Months
[ 44 %t ERSST v5 ©Fk SST ##E(1902-2021)7E 40°N, 120°E, M-1A 75355 M-1B F5iAH)&Z 81
NIRER.

|

ERSST v5 (1902-2021) 70°N 106°W

[ S
i;’l

SST (°C)

B Trend. (M-2A minus M-2: 4.32¢-08 @ ¢ = 1440, -4.32¢-08 @ t=1)

M-2 M-2A

1 1 | 1 1

NS}

Trend (°C)
(e

I
[\S)

Residual. (M-2A minus M-2: -3.98¢-02 @ ¢= 12, -3.98¢-02 @ ¢ = 1429)

)
1

|
1902 1922 1942 1962 1982 2002

\S}

Residual (°C)
(e

8 2 Annual Cycle. (M-2A minus M-2: 3.40e-08 @ t=1, -5.24e-08 @ t=12)

(]

St M-2

2 0 M-2A

é = | | | 1 1 1 1 N‘\
é 2 4 6 8 10 12 14 16 18 20 22 24

Months
45 3t ERSSTv5 £k SST ##&E(1902-2021)7E 70°N, 106°W, M-2 /5355 M-2A FHiERNEZ S
TRLER.
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ERSST v5 (1902-2021) 58°N 88°W

Trend. (M-2S minus M-2: 1.80e-03 @ ¢ = 1440, -1.80e-03 @ ¢=1)

—_—

M-2 M-28

Trend (°C)
(=]
W

(=]

Residual. (M-2S minus M-2: 8.27¢-01 @ t=7,-9.71e-01 @ ¢=1436)

N OB

1 1 1 1

|
1902 1922 1942 1962 1982 2002
Annual Cycle. (M-2S minus M-2: 9.69¢-01 @ ¢t= 1292, -8.25¢-01 @ t=7)

DO B

I E——
| | | |

2 4 6 8 10 12 14 16 18 20 22 24
Months

&l 46 % ERSST v5 £Fk SST ##8(1902-2021)7E 58°N, 88°W, M-2S 75365 M-2 J5 AR 814y
fREER.

Annual Cycle (°C) Residual (°C)

ERSST v5 (1902-2021) 46°N 52°E

— N
(=]

SST (°C)
S

0k 1 |

Trend. (M-1A minus M-2S: 2.16e-01 @ = 1440, -2.16e-01 @ t=1)
M-1A

_.
n
]

M-2S

Trend (°C)
o

—_
(=]

Residual. (M-1A minus M-2S: 1.08e+00 @ ¢=1, -1.10e+00 @ ¢= 1430)

oS

= |

:_5 0

E 5 I I ! I L
1902 1922 1942 1962 1982 2002
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ERSST v5 (1902-2021) 58°N 88°W

SST (°C)
w o
=

Trend. (M-1B minus M-28S: 1.67e-03 @ ¢= 1440, -1.67¢-03 @ t=1)
M-1B M-2S

Trend (°C)
o
(9}

O L | | | |
o Residual. (M-1B minus M-2S: 8.28¢-01 @ ¢t=7,-9.73e-01 @ ¢ = 1436)
o 4
ER
S 0 l'
é)) -2 | | | 1 1
1902 1922 1942 1962 1982 2002
8 Annual Cycle. (M-1B minus M-2S:9.71e-01 @ ¢t=1292,-8.27¢-01 @ t=7)
[
o 4 — M-
= 0
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48 ¥t ERSSTv5 £k SST ##E(1902-2021)7E 58°N, 88°W, M-2S /5555 M-1B 5 ARIZ #145
FRLESR.

3.2.2 Comparison of different methods

M-1B 5 M-1A B2 5. HT XM ETT X5, AXAET trend &5 seasonal component
T FI R BR TN, R SCPRIXFR X)) T 80U 73 il 45 R 22 S N 32 HRIRZE (swap error). 1
ERSST 54571, it residual 25 R HE A (B 31) KRB, 2ZRHKIX 8 H BAE LBk
CEREHIX, B R TFIIAZ) 0.28°C (40°N, 120°E, & 44); HiAth 23X, X2 AT 0.1°C.
MWK 44 mrit—BE H, M-1B 5 M-1A 12 5 EZ IR 8] 7 50 8 P, fe(d Bl
e AL, FJERUWN: a) LWLR FIGE500. A SCREUP) LWLR X [AHCBE A& 30 4, B
EFEHIE S B 15 8 trend AAHLIE . B 15 SERZDyC . 30 G E] X 8] _E 1 R 5E

(M-1A) 5% deseason J5 [I{H (M-1B) JHEi 2k A B W), TR LA 4 R ZE R
f£ LWLR X [A] 0 BT AR /N G A ABREE R 15 F4 MU %], M-1A F1 M-1B
(% 22 AR /N T R T I (R B 0 P g e, BUBRAZE B LWLR X ] Ay, AT trend
ZRIEEK. b) FH 1 EXLE MR S AT, M-1A TE520E LWLR B, B 8)5 81 sp A & 4 2=
WES, 1 M-1BXH. FHESEARKHTNEN, BEEERSEMEMNEMMEER
FEEEROM, 2= AR MRS 7 RO, XS A A REAE N K. X SNiET LWLR A58
SHRIRBK, EREREFFINE BRI, M-1B 5 M-1A BRI ERT R, B0 %5,
AmRTERmEERELR () s (K31), EHESHERESEDREX M) (E50) .
FRERIER: FHESNEMEENFIMAEZES LWLR BAGHEMBA, BRER M-1A
FMM-1BHRIEERMNEERR. 54 HEETESZRASNEKNZE RN 0.014°C(46°N,
62°W) .c) RUEYEZHF M-1A P RTBUE FHMER (K 26), M-1B K H R T5E K
ZESHEAHET 0.04°C (B 29), XA 5 46 H 2 5 i sk ae /).
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M-1A 5 M-2 % 5. 76 ERSST 5414, M-1A % M-2 {4 residual 2 53 1) 58 53 #i
(B 32) AT M-1B /9 (] 31); iX 2N, M-1B X M-2 B H residual % 7450 (B
33), AN 0.013°C (12°S, 14°E), HA]GER IR R4 L6 Ja 1 20 H.

M-2S 5 M-2 {JZ 5. f£ ERSST 5474, M-2S X M-2 K%t residual % 750Kk (B
34), FAS AT M-1B FIl M-1A % residual 25 (B 31), Z=F8K X FREH B
FEAGF R PE I SRR A AR X, (HZE(ETE R, &ARTIEZ) 0.83°C (58°N, 88°W) . by
=3, M-2S J5 15U seasonal components 5 M-2 ) Z= SRS AE AT (K 35) 5 M-2S 77
%5 M2 T residual ZRERE AT (B 34) KL % M-2S 5 M-2 Kt
residual Z R KA HLo3 AR 45 S (589N, 88°W, & 46), KIIHIANTEREH trend R
RN (~103°C), Tk ZE11E 5 2R R E S residual 1% 5 P BRA R =L (~1°C).
RENENR, BEFEHTABSEXNARSBNRLENESER, —RERBRAMG-KIES
FER M-2 f1 M-2S HEHSRERERNEERR.

M-2 5 M-1A, M-1B [ Z 5. £ ERSST 54194, M-2 (%t residual £ #:8 M-1B 1)
(E33), ZRHEKL0.013°C (12°8, 14°E); {HILES M-1A 1 (B 32), ZRHE KL 0.28°C
(40°N, 120°E) . XA EHRIR: T M-1A, M-1B ATEN{S FE A s -2 1E 75 3R HR :

HE U, A M-1B 3EE, AICKREE M-2 RIS ZENKREWEARAE.

M-2A 5 M-1A, M-1B, M-2 i ZR. FHEIERE REN], #HE M2 K9, 524 trend
Fl season FIMHTHAIT, BN M-2A J5i%, 2EEEHHHEE M-1A? /£ ERSST &H4ld, M-
2A HIHH residual 3AER L M-1B B (B 37), ZREKRINZ 0.025°C (64°N, 162°W);
{EE S M-1A [ (K 36), ZRAZ] 0.28°C (40°N, 120°E) . Ht—5142, M-2A (X
it residual Xf M-2 (12 55/ (B 38), Z{EH KL 0.04°C (70°N, 106°W) . LRI 4E5
REW: 5 M-1 RFHEL, 7E M2 ZF09, ZTHREENH. XMERER: 5§ M-1 &3
FEMEL, KRB M2 &I, TEBRHTHSERTRERN2ICHEE YRR SN
MEIEMSREEFLE NXNME, BEXW M-1 5%, UFNENRBSBERER
3E M-2 &% M-1B.

M-1B, M-2, M-2A =F 54 B2, (HARXT I 25 M-1A B AT REJE R AT 4 2 AiTaAE
it M-1A fil M-1B B 50, RATCELIEH, M-1B X trend Bl &N ZEBRETES
FRIIS TE) 7 4 ARl LWLR 3206, X5 M-1A WA Z 1555 R S A T trend £
AN ZEE S0 A 0] U5 B B2 B HAAl LWLR IR RN ROR, ik % M-1A T M-1B
oy 2= SR E R AL R, [FJE T UL IE SR M2 AT M2A, AR — B Al
trend (M-2) L2141t seasonal component (M-2A), it —PHEIESG, trend HIfHTHREARZ
M EBRFENE S MR R 77 i@ LWLR /531, X5 M-1A ANE. WX/ AEE, M-1B,
M-2, M-2A =5 ENHEREGE, (BEMNZEE M-1A BNE, EFSTHN, TRENE
% LWLR B8N0k iR FE.

PR FH M2 fl M-2A ZRIRE. £ ERSST &EHl+H, M2 il M-2A [W#it
seasonal component Z 5 — AT 10°°CE 39); M-2A T £ FF residual FEARIE(E 41),
M M-2 A1 (400, H M-2 1 residual FEARMEZ 040 (K400 5 M-2 Fl M-2A %
H residual ZFHIBAEZH A (K 38) —3. HH % M-2 Al M-2A HJ#iH residual B Z F
ARALE (70°N, 106°W, K 45) LRI o fidss 5, KP4 A trend F1 seasonal component
IZRRN (~108°C), T residual 70 & ZE R A—H %4 (0.040°C) . iXLegh R
i, $2ENHY residual BAEEABEIEE, BEMK M-2 #1 M-2A HIHERMNEERE; [A residual
PIFEARIER /DN, # M-2 5 M2A FIfHZRR/D: SAATTEMERSERZES, U M-2
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X M-1A, M-1B, M-2, M-2A fiii Z 7 Fihie. fEXT BRI i dr e, FRATIEH: S
KPUMOERZS I FEEFRE a) BIZAIKHAES: b) BIELMEAKHEES: o XB&K
I (AMBSEETR) FE; d) KIBERFES. 7€ ERSST &4+, 3518: fEh4EHX,
HE& dREFEM, $hik (FEZM-1A 5EA=M) FHH R R T 0.3°C (E
31); fEARE RN, RER o id—@EM, &k b RO 5T 0.1°C; 7EJLIKEF
oy X3, RIER a R BIAE AR K, s mmfar th 227915 5 AR IS , (ER ¥ HE AR TS IR AN K
TEHR R HIX, SEZREREDN, SEmHRIZE S —BABE 0.1°C. N THIE L
R, FATIEE ERSST HAHIE (K 50). FHES G (500, LLRRTUEAT 2
FIME (B 49), KIAE M-1A X M-1B BJ%iH R T2 FHO AL EER P A B HLIX (B 31),
ERZENESRER KX (B 50); 7€ M-1A X} M-1B % H A2 it 0.1°C 7k
EARKFEHMX (B 31D, FEWESWRERN (B 500, mRIbsMEZERK (B 49); £k
VKVEEERR BRI ZI X (] 50), M-1A X M-1B ffi 2415 5 2% (F 30) Al M-1B
AT (B 29) #FXT A, [HEAT 0.01 10.04°C, W RTHZES (B 31) LI
SESMN. R AT ST B i L L H e E KRR R AR (R )

RIE WG R 2 WE M2 X M-1AMM-2A), LK M-2A X M-1B i H R 03
18 2 S i KA E 700N, 106°W [, M-1A 1 M-2 JERI& gz (B 52) . 554 K
FE A I AR LR A2 3 R U AR 22 1 = L A,

M-2S 5 M-1A, M-1B fI £ R, A4 5 a K341, BEZR M-2 il M-2A #4350 M-1B
MIZE M-1A, 4 FJE M-2 2511 M-2S 751k, Z&BAEE M-1 RFITL? 78 ERSST H41
i, M-2S X M-1A (1 42) ,M-1B (& 43) B8 residual (2 5 #EK, TR 1°C. %
% M-2S XF M-1A [ residual BfR 2 5 FTEA B (46°N, 52°F, K 47) & Mo fidh
B, wrl M-2S AT M-1A BT ZETE S ZE R AT 0.9°C, X0 H R IR 2 FA HE
TUER. AN TR trend (1922 SAERTEF AR R 15 AR LA ZIE/N, FEPIAN I 2 Ak
B EE (£90.22°C), MR A7 5B B, M-2S 5F M-1A fiH trend 2 55 residual
2 A TRk, %52 M-2S XF M-1B fI%i i residual ff KZFATEALE (58°N, 88°W, K
48) LMo R, AT WL M-2S X M-1B i trend f 2 FR/N (~103°C), Tk H 2
TE T ZE R P ERAAFI I H residual Z R HIREFEHR (~1°C), #i8 M-2S 5 M-1B K
residual 757 FEZHHIHFENESWZERIERL. FE, M-1B X M-2S %t residual [
ZRAREYAR, PR residual FIFEAIE N R 7L R H residual 2 R 78E D&
iRk, 45 b, ER M-2S 5 M-1A,M-1B MZERKNWEREGE: 2) BFEHAHEXNRE
SHHHEFENESER, XEREKFUXATEEE KX (Narapusetty etal., 2009); b) FF{F
S EVARRNZ E# LWLR FHAGEBA (M-1B LT ; ¢) 32K residual B
HAMEIET (M-1A FTikIR) .
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Residual (M-2)
0°__ 60°E 120°E 180° 120°W 60°W _ 0° 0° _ 60°E 120°E 180° 120°W 60°W _ 0°
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80°St
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Std.Var. (°C) Avg. (°C) %107
[1.48,2.58¢e+16]*1e-16, 88°N 18°E, 64°N 160°W [-3.98, 1.74]*1e-2, 70°N 106°W, 12°S 14°E

&l 49 ¥t ERSST v5 £Fk SST ##8(1902-2021), M-2 F5:%Mit residual BFEARFRIEZE (a)FNE
(b).

SST increment (100 years) peak-peak value of annual cycle (M-2)
0° 60°E 120°E 180° 120°W 60°W _ 0° 0° 60°E 120°E 180° 120°W 60°W  0°
1 1 1 | )
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SST increment (100 years) (°C) peak-peak value of annual cycle (M-2) (°C)
[-5.21, 22.7]*1e-1, 66°N 40°W, 80°N 8°E [3.7,2.44e+18]*1e-17, 88°N 18°E, 46°N 50°E

50 %f ERSST v5 £¥k SST ##E(1902-2021), [FIAHUIEN B EIEE(2), 1 M-2 FEBIHENE
BEERIE-IEE (D).
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M-2: Climatological mean to raw series
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80°St
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[1.49, 2.58¢e+16]*1e-16, 88°N 18°E, 64°N 160°W [0.0942, 0.995], 70°S 52°W, 40°N 122°E
[El 51 X ERSST v5 £k SST ##8(1902-2021), RIAHHEXT M-2 7 &M SIEFHESHINFIR
=2 (a)f Pearson k£ X R B(b).

ERSST v5 (1902-2021) 70°N 106°W

~4r
O
T2k JALL
2= o SR o ettt o L S
n prrmmye s SUTNETRE ||
L1 1 1 b NiA I LA [ILIITA 1 I | ]
5 Trend. (M-1A minus M-2: 1.90e-02, t=1440;-1.90e-02, t=1. EV:0.43,0.43)

[ M-1A M-2
2o

2 1 L 1 1 L 1
2 #Residual. (M-1A minus M-2: 5.86e-02, ¢=1;2.10e-02, ¢=1440. aEV: 0.57, 0.57)
O of
_2 Il | 1 1 1 1 1
1902 1917 1932 1947 1962 1977 1992 2007
2 Annual Cycle. (M-1A minus M-2: 1.06e-04, ¢=1;-2.00e-04, t=12. aEV: 0.87, 0.87)
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N 0 L
| 1 1 1 | |
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Months

52 Xt ERSSTv5 £Ek SST ##8(1902-2021)7E 70°N, 106°W, M-1A F53%5F M-2 J5 EMZ 84y
fRGER. WAIE R M-2 X M-1AM-2A), MK M-2A 3f M-1B BiiE & THIEERRAME.
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4 Discussion

41 SRSBHEXBRERSEMY

BEFENFESLHREN? (X BB 2 Itk f#? empirical mode
decomposition (EMD)? ##f BX 5l i Fidh ?

4.2 MEFEIFFFIZ 57 ROPIE-BFEE

trend MLAE MR R GEA B ) — FHRRIR N BRACR,  BRSMIMAARSZ 838, 5 T2 M-1B, A
PIRRTTIE, SRR » U RYELA P 51 70 i RE 70T B, PR e A0 B 28 S0 I3 i o

43 BERENBANEERNER

trend FUARENE, FHESHIEE, Fhr. EAPERWIEL. M-1A, B (0257207
A, MHARFEFRIER R -

4.4 FL-KIERYWE

Ebise M-2 &5 S, Ak Ebie M-1 &4,

4.5 BfEFH S REEITM

PR 5k SRR P HRSE  BWISLASR ASE H121 S5 30 1915 B
BPULRL > — RSB IEART R. #MRRATECE PRI B IE S, WO LR
SERI M, AU R, R RS BRI, A SCRIU & HbR
B%, FURITH T ERS.

4.6 IR TR FHHEFFARSE

T U [ A PR, <138 AT e R SE AN TR R ME 5 i — 8 2. A L5k, B RUE
FAT R FHEN, WA B RIERRTYE. £EEE?

4.7 RFKMFREIRL

AW FURM], AR T, Sy N seE Rz, AN EERE. &%
UL JREERT FUNE R B XA 22 AR AR RN R ARZRIE IO, AL &
W 2 WEL BersE S MBCER Wi MBS HEL G A& &
k.
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5 Conclusions

ASCCL =KW 2 3 7 SO0, WE7E T AR i 7 S 45 R RE M. 25 34580,
RIANF T30, RS RGP, RIS am ARt , B E R,
FERETHMRER, RITTZER) T, HEVR. E2RBARLRE SN, AR5 RE
(EE S SSES

BETALIHE, AT, AESEERES, FWRMESNEFR, H
ST E S, BLRAR R 70 if 5 58 S 2 B s iR s 47 200, X2 s &
eI A R AARYR. DRI, BTG R SR FU IR 1 DU R (1) SRS U RS B
SEEWE SC, FFRESAR R EE R TT R (2) RN RS R A e, AT
BRI 18] 3 50 70 i T35 T SE RN V8 SR LAt 7 T3 92068 45 SR VIS, DLIRE Sk FE 451 4
I3 i T3 SR R ) R AR AR R R

weiguorui@sjtu.edu.cn 47 /48 2022-08-03 11:49:00



(2022 %) TF-MS8401-44000-MO1-¥#5 PEHIZ HAE /b7 yeneskzrh

References

Chen, X., & Li, T. (2021). An Improved Method for Defining Short-Term Climate Anomalies. Journal
of Meteorological Research, 35(6), 1012-1022. https://doi.org/10.1007/s13351-021-1139-2

Findley, D. F., Monsell, B. C., Bell, W. R., Otto, M. C., & Chen, B.-C. (1998). New Capabilities and
Methods of the X-12-ARIMA Seasonal-Adjustment Program. Journal of Business & Economic
Statistics, 16(2), 127-152. https://doi.org/10.1080/07350015.1998.10524743

Hua, W., Dai, A., & Qin, M. (2018). Contributions of Internal Variability and External Forcing to the
Recent Pacific Decadal Variations. Geophysical Research Letters, 45(14), 7084-7092.
https://doi.org/10.1029/2018GL079033

Hua, W., Dai, A., & Qin, M. (2022). Reconciling Roles of External Forcing and Internal Variability in
Indian Ocean Decadal Variability Since 1920. Geophysical Research Letters, 49(9),
€2021GL097198. https://doi.org/10.1029/2021GL097198

Narapusetty, B., DelSole, T., & Tippett, M. K. (2009). Optimal Estimation of the Climatological Mean.
Journal of Climate, 22(18), 4845-4859. https://doi.org/10.1175/2009jcli2944.1

Pezzulli, S., Stephenson, D. B., & Hannachi, A. (2005). The Variability of Seasonality. Journal of Climate,
18(1), 71-88. https://doi.org/10.1175/j¢cli-3256.1

Qin, M., Dai, A., & Hua, W. (2020). Quantifying Contributions of Internal Variability and External
Forcing to Atlantic Multidecadal Variability Since 1870. Geophysical Research Letters, 47(22),
€2020GL089504. https://doi.org/10.1029/2020GL.089504

Wu, Z., Huang, N. E., Long, S. R., & Peng, C.-K. (2007). On the trend, detrending, and variability of
nonlinear and nonstationary time series. Proceedings of the National Academy of Sciences, 104(38),
14889-14894. https://doi.org/10.1073/pnas.0701020104

weiguorui@sjtu.edu.cn 48 /48 2022-08-03 11:49:00


https://doi.org/10.1007/s13351-021-1139-2
https://doi.org/10.1080/07350015.1998.10524743
https://doi.org/10.1029/2018GL079033
https://doi.org/10.1029/2021GL097198
https://doi.org/10.1175/2009jcli2944.1
https://doi.org/10.1175/jcli-3256.1
https://doi.org/10.1029/2020GL089504
https://doi.org/10.1073/pnas.0701020104

	MS8401 (2022春)课程项目
	Course Project
	Table of Contents
	1   Introduction
	2   Data and Method
	2.1   Data
	2.1.1   NOAA Extended Reconstructed SST V5 (ERSST v5)

	2.2   Classical decomposition
	2.2.1   Simple method
	1   Trend determined by locally weighted linear regression (LWLR)
	2   Seasonal components determined by simple averaging
	3   Classical decomposition by LWLR and simple averaging

	2.2.2   Predictor-corrector method
	2.2.3   Global model-fitting method

	2.3   Experiment setup
	2.3.1   Idealized time series
	2.3.2   Real time-indices

	2.4   Assessment methodology
	2.4.1   Idealized time series
	2.4.2   Real time-indices


	3   Results
	3.1   Idealized experiments
	3.1.1   Classical decomposition results
	3.1.2   Comparison of different methods

	3.2   Classical decomposition of several real time-indices
	3.2.1   ERSST v5 global monthly SST (1902-2021)
	3.2.2   Comparison of different methods


	4   Discussion
	4.1   经典分解的基本假定及合理性
	4.2   对时间序列经典分解方案的物理-数学理解
	4.3   造成各分解方式间差异的因素
	4.4   预估-校正的收益
	4.5   时间序列分解质量评价
	4.6   年际及以上变率的数学期望和样本均值
	4.7   未来研究建议

	5   Conclusions
	References

