Climate Change Research Letters S RZELIF AR, 2020, 9(4), 270-284 Hans Y
Published Online July 2020 in Hans. http://www.hanspub.org/journal/ccrl

https://doi.org/10.12677/ccrl.2020.94031

Study on the Future Projection of
Global Sea Surface Temperature
over 21st Century Using a Biases
Correction Model Based on
Machine Learning

Zhiyuan Kuang'23, Zhenya Song?234*, Changming Dong135

'School of Marine Sciences, Nanjing University of Information Science and Technology, Nanjing Jiangsu

*First Institute of Oceanography, Ministry of Natural Resources, Qingdao Shandong

3Laboratory for Regional Oceanography and Numerical Modeling, Qingdao National Laboratory for Marine
Science and Technology, Qingdao Shandong

4Key Laboratory of Marine Science and Numerical Modeling, Ministry of Natural Resources, Qingdao Shandong
>Oceanic Modeling and Observation Laboratory, Nanjing University of Information Science and Technology,
Nanjing Jiangsu

Email: ‘songroy@fio.org.cn

Received: Jun. 23", 2020; accepted: Jul. 3", 2020; published: Jul. 10", 2020

Abstract

The climate model has become the key tool to understand climate change and predict the future
climate. However, due to the simulation biases, accurate simulation and prediction is still a chal-
lenge for climate models. The pilot works on the biases correction based on machine learning
have shown good application potential in research on the weather forecast and climate prediction.
In this paper, based on Ensemble Empirical Mode Decomposition (EEMD) and BP (Back Propaga-
tion) neural network, a biases correction model for monthly global mean sea surface temperature
(SST) of a climate model is developed. The parameters of the biases correction model are deter-
mined using historical observation data and simulation results, and then it is used to project the
global mean SST over 21st century under three future emission scenarios (SSP1-2.6, SSP2-4.5,
SSP5-8.5) based on the sixth phase of the Coupled Model Intercomparison Project experiments
conducted by FIO-ESM v2.0. The results show that the biases correction model can effectively re-
duce the historical simulation biases of FIO-ESM v2.0.The root-mean-square-error and absolute
mean deviation decrease from 0.401°C to 0.096°C and from 0.338°C to 0.077°C, respectively, while
the correlation coefficient increases from 0.33 to 0.95. The corrected trends of global mean SST
under the three future emission scenarios over the 21st century are 0.424°C/100a, 1.325°C/100a,
and 3.185°C/100a, respectively. And the global mean SST will increase by 0.608°C, 1.181°C, and
2.409°C at the end of 215t century (2081-2100) compared to the present (1995-2014).
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SN B HEHIRKE, [EERERAEBSER AN AT SRR SBEA TR TR, A
HTF R SER U R R ANEE R R, KW T SETN B REEE. ETHS%I0T
IERRZEE RS RS E TN FUESE S HHRBER RSP RIH TREFMSAHE ). 2 XETEESER
A&7 fi# (Ensemble Empirical Mode Decomposition, EEMD)F1BP (Back Propagation) ¥4 M4 K f&
TR AR A P8R IEE (Sea Surface Temperature, SST) 1T IEAERL, 22T J7 52 WA HE A< 4%
#ENFIO-ESM v2.03 55 A K E RS & #5 HL8iTXl (Coupled Model Intercomparison Project 6,
CMIP6) I i BRI G R E T RIS H, #HxH R =FHBUE # (SSP1-2.6. SSP2-4.5f1SSP5-8.5)
MIRREFELIRAPIISSTHR T TEITIE. SREH: RAAXCBILNBEIIIEHRE, BBEX
R P e R AR E, B ARIREH0.401CHEE0.096°C, FH40wEH0.338°CH#4ZE0.077°C,
XA HA033|AR 7095, KWITIESE, RR=ZFHBERT HNEBRFIHSSTH B BH A
0.424°C/100a. 1.325°C/100a%13.185°C/100a, A4 K204E(2081~2100)4F I &FRFIHSSTH
BIE204E(1995~2014) %43 71 71+#80.608°C. 1.183°CH12.409C.
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1. 51§

32 1R FE (Sea Surface Temperature, SST)AL T RAMIFAER A2 FH, FEHEE S RS EAEH NSRS
S5, 1R ERIE T EBASERGNARERE. A T Ea Lok, BEE NG AW, 4Bk
AAEAWTIRE, 4BkF) SST iz 23T EF-p#a%, TR EFE911~2011 F) BT 0.8 CLAA[1].
bz, FEARARRRITE ST, AR EFER R A O Z 3 50T . R, S EER Tl AR B 4
BRI SST R A H T BEARAS [ R KAG 50 F SR RGN, R BT R0 S5 A8 4 S5 BOR 1)
5E o

o HERAE RGN CL T RIRR “AUEBE HVENE SRR EEF B —, R BRI 3 A
A IER AN NS AR o ma ¥ FE Ak T H[2].  E M Manabe F1 Bryan 7 A 204008 1) FF G114
TAEBILAR, H5al 27 E brah &4 5 L 11X (Coupled Model Intercomparison Project, CMIP)HIH#ES) T,
A IS TR KBRS 4] [5], CREMS AU HIBLIL H Sk R ZEAR-E[6]. SR UEBE
TEIAT 225 R I [F I, RS RAIAEE — E W2, £ SST J7 1, WnHH AR S mid . RIS
WX R A2k SST 7L VA (i 22 110 (7] B A 1 R 75 IXUHT 1 DX A7 7 B A 22 55 28 B IR RS H0L 0 22 BRI SR A7
FE[6]0 IXEL)T; SN SST B 22 IAAAE, N T AR TAh SST BIAHA & M, DR iy B4 Al 22 32 T 42
e AR TN AR T 2 SR ) v P B B R S

FIO-ESM v2.0 (First Institute of Oceanography-Earth System Model version 2.0)/& H #A T HB 58 —
WFFE T SR K I HBIR RGN, SN 1 28 7S K Bl S B LL B TRl CMITP6, W28 45 B3 B LA,
RE VB L —ACH T BORRI Bk, BAE SST S5 77 A A AE R A 22 5], IX PR 1 AR AR I TR o i)
o ek, BEENTERIIKRE, PLa% ] EEBoREZ B ER, O ZNH TR RER N2
AN . ERE R LS RAT IR, R T LA 5 ) T IEASE AL R DA B 25 88 R0 45 2R 5 00 2
() 22 (1) AR AR 1t A8 A, 3 57 22 TOOMI AR AR, AT 45 281 SRS o A AR AT IR 45 SR . il i) — 28 5 4n H B
AKE[7]S 2 m R[8] [9]+ ATHLET 10 m KIE[10]. HEEIRAG BOp w1115 MR W T HLA % I FEBUE AR R AS
FATIETT R . PRtk B2 TALER 2 ST AT IR g 38 v AU e A R0 5 T30 /g 4 it 17 — AN i)
BEg[12].

AT A FIO-ESM. v2.0 1) CMIP6 30258, 2R LA ST IR, T 7 s il
2B P35 SST WHME IEFI AR K B -4 Bk H ~F35) SST 284k B Tl i 72, — 5 A B T 3R BCRE b o ) AR oK
T EE R, 59— 7 T AR AR TF EAL#S 5 21T IR AL AR S5 AR A A0k 5 T R &R A LA

2. BiiR. FIEFISCE T
2.1, PR

AR S FH I B kL Sy 2 5 KA % # /F (National Oceanic and Atmospheric Administration,
NOAA)RABLHI S8 H IR AT FE A B 715 SST (Extended Reconstruction Sea Surface Temperature version 5,
ERSST v5)$#i4E, ZHIEERSG 7ROV &, BF554EE ICOADS v3 (International Compre-
hensive Ocean-Atmosphere Data Set version 3) I AAATEZ AR ULIIME , Argo V45 11T 1028 248 LA A2 HadISST2
(Hadley Centre Sea Ice and Sea Surface Temperature 2) 70K 78 55 A5 FAE[13]. ZCIE SR JE A 1854
1 H~2014 12 7, KFPRHIEN2 <2 .

2.2. R HER
ASC 3 FHAE N 5 AR B SR BRI R — i S BT ER R A FIO-ESM v2.0 (First Institute of
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Oceanography-Earth System Model version 2.0)Z 5 CMIP6 {4k SST A F¥RIGEE, 6 s A
PR 56 A = 21 oK K5 523X 36 (SSP1-2.6 . SSP2-4.5 F1 SSP5-8.5) WIS HL 48 I o 7 s A A A5 400 ik 56 2
(1854.01~2014.12) HF1H 5 =00l 22 i AR 22T IERE Y, ARk 5050 2045 (2015.01~2100.12) F F SST
TS ITIE, KFA A 1.1 %(0.27° ~ 0.547) [5].

BT i H T I R (P 1)) RS A HBL R (1] 1(b)) 17 SE T 31(1854.1~2014.12) 4=k H “F 3% SST 1454k .
MR LI i, FIO-ESM v2.0 Re 8RN H AR5 R 40+ Ut 20 R BRI — Tt 20 15 R X — FE AR,
ES5MMA L, EHAERAE LGS FHFE— 2 W ZEE 1(c). TR, FIO-ESM v2.0 481645 5t
FUEUIN 1909 4FEAT Fr AT, KELE 1884 fER G, 7E 1884 FE A, ALK AERT-H) SST M¥RIA F %,
XTI R BN RS, 76 1884 2 5, HreRBEMIER s LTt, 2 B0EE O AR XS M0 R A i 5

1 " L L "
Jan-1854 Mar-1886 May-1918 Jul-1950 Sep-1982 Dec-2014

W CHD

Figure 1. Global mean monthly SST from historical period (1854.01-2014.12) (a)
Observation (ERSST v5) (b) Model (FIO-ESM v2.0) (c) Difference between model
and observation

B 1. [AEREA(1854.01~2014.12) & FkF 15 SST AL (a) FM(ERSST v5) (b)
R (FIO-ESM v2.0) (¢) #ERXEWMEE

2.3. EEMD 75343

LU REMD) [14100 TIE& - FRa G oo e &, el 5615 5 0 v N a i 2K
PR T A AEAE 2R $ (Intrinsic Mode Function, IMF) Al — /N 325 A0 el FR R AT R, M RS S R0k
PRtk . BT S W AR 35 SST 5 5 IARHERILH T BRI P AR IR E AR, BT LUK EMD 43
il 773 0 F B A SRR T 1) /7 B2 T AT 1

BIR EMD RIR PRI — R IG5 S 0 v A RIS S 7 BT, B2 55 5 PR
B9, Bkp TR s Ry, oG 5 P iR E S E R o m LRI R, HIBESTRE RILR[15].
EIXHZIL%, Wu Al Huang 75 EMD &6t b, X R 4R15 5 I0AS [RIE B (e 75 5 BT EMD 20 i, Ko
fRAFEIE IMF 2 0T LG A S g2, 32 TGRS 70 f#(Ensemble Empirical Mode De-
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composition, EEMD)] 7772, MTfFIE 7S TRIE B 18 B[ 16]. IT4-k EEMD 7£ % B 7 41 2 i 8] RS (1) 43
Mr[17] PR 2 RE AT 18] 54U A TR« %T EEMD 7 (5 S I 3, ASCE+
EEMD J7VEx A BRF-1) SST (¥ 77 S0 iR Hs FOslil 2o 23 i, % B1530 9 /> IMF fl—/ MBI R,
AN IMF #ARRE AR R E11E 5, BEEARFR R E LR ESA T ES, SHRRAF R E R
FEH IMF A8 A540 0 R BT A, K BP #4445 81 43 il 41 & 5 (1) SST 5 51T IE W % .« SR 53
F ST AF R ZE T IERE R, JF R A ke f 5456 SSP1-2.6. SSP2-4.5 Al SSP5-8.5 = Fft L Rk FF R AR 155 =
N AERFH4 SST M Ak 1T 1E

2.4. BP 12 4& &k

BP A MBS AFERMNE . & EAGEE, —ih, MAZAHEERE 2, BEENEDLE—
2. MBS Z0HE — 28 ERNITMETT, METHERERARZESEZ MM EEE. F—Z0
AEFFN . AFRBEAHE AR Z ZEMERR T — N ELME RS, e s S E 24 2
SRR Z . LL=)Z BP MM ], HMLE/tnE 2,

WAG A \'A ‘ ‘ kel
\\.!6'(}"‘ X
WX ” ,;,:’./

N JZ b 2

Figure 2. The schematic diagram of the three-layer BP neural network
2. =JZ BP HEWEEHREE

BP 2 IS LE YNGR, F AR 20 IR O A A5 A2 oo, 38t B0l R 06 SR ) il i — 4%
He2)m, REIRENSIRASAENRE ZMAER ERRE, HRIVHE &R (5 E 4R SR SR
M2, ARG ITHRIRZER R A IR TS RS, AR R — RRE R B bR, M2gaET
FEB A FBCETT AT —Fe AT IS SRR e AR I, i 2 RE R BRI AT A TS, M
25 A S R A (A R R AR R, ERNRZE PR VR ECNERIN, 22 IRl R Rt 45

2.5. SEENEST

2.5.1. £¥kF15 SST B EEMD 4
1E EEMD 43 @RS, FP A I I B U T o0 1 0 B IE . BT A SR 36 T 7 s i G AR 40, 4= BRF
¥ SST [l 22 1T IERE Y, 3E 1 I F X A Sk = FhHEA I 5% F 2BRF1 SST I Hifh 11 1E, Hrh Ak 55k
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(RIS (A B2 86 H(2015~2100 47), BRltt, FEXHEALYIZRET 1% £ 1929~2014 (R 86 K LI Sk
5 SST 52 DGR g T AR, DA B KR FE b ARAIE AR A% 5056 SST 20t Ja 25 AN B 18] RS o & 1) R
IGRBEAHIT . AE XU 548 sUBEAEL I 1929 4E 1 H~2014 4E 12 A £ ERF14 SST 73 31T EEMD 2 1if
HEEENDTSH: B ADRBINES K RMEZE Nstd , 5 AR IR NE , ASCE
Nstd =0.2 , NE =200 o WUIEHE > s Fan bl 3, W 4ERT18 SST 4l 9 AN HAMK K38 K1) IMF
AASEBTIR, Hdr, BRI AERT- Y5 SST Bl [AIZET s AFAE, X 5Tk 4k
SARARIR TS S UMD . HAMRAL, B & BRT1 SST thr it 9 AN K I K IMF F1 1 /N
IR (] 4).
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Figure 3. Global mean monthly SST decompositions of observation (ERSST v5) during the historical period

(1929.01-2014.12)
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Figure 4. Global mean monthly SST decompositions of FIO-ESM v2.0 simulation during the historical period (1929.01-
2014.12)

4. SERtEA(1929.01~2014. 1248 R (FIO-ESM v2.0)#&E I &5k B 15 SST S iRLER

M IMF 73 S H~F BRI DPTBAE H, S 007 i H ) IMF A i 1B) R R A — 3, B
# A& IMF1 AR ZET RJZ A IG5, IMF2 F1 IMF3 AR ERE IG5, IMF4 i IMF5 AR bR RUZ A
WIfE5, IMF6 AAEHERRANIE S, IMF7 fl IMF8 ACEREMRPRREANE S, IMFI /CR )\ H4ELL L
PR RE A E S . RIEARE R ERE, 507504 IMF2 #1 IMF3, IMF4 fil IMF5, IMF7 #il IMF8,
IMF9 Flia#4 0 R AHINZH G, 132 6 R HInT (55, 0 — 4l 0l i 41 & i 845 5 30T W 25 0T
1k
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Table 1. The mean cycle and time scale of each IMF component of model and observation (1929.01-2014.12)
#= 1. BEREWM(1929.01~2014.12)% IMF 2 E89F B AT B R E

X BRI
Moy & - -
S35 JE /AR P i) J]RUBE S84 A 4 P i) J]RUBE

IMF1 0.49 e 0.49 =
IMF2 1.01 4 1.00 3
IMF3 1.39 3 1.48 3
IMF4 420 EBR 3.74 EBR
IMF5 8.60 EBR 8.19 EBR
IMF6 19.11 (RN 17.20 F4EBR
IMF7 57.33 EARBR 57.33 EARBR
IMF8 68.67 RN 64.33 AR
IMF9 85.5 AR 85.33 LEAR PR

2.5.2. BP & MR RE L

NIRRT IERSCR, AN AN AR RE S, @A — BP A MBI HE T T
1. TERRBYERSTRT, AR ERELRI 0 NG RUF ML, = NMESHIFELEN 70:8:8. BT
HIERN, ACEREY T EA—MREEN=)Z BP amEx 6 MUEARBEREMNHEFS
SAEHATITIE, fANZERIA 12 MEsn, BAOMEc AR — A AEHRmsmE, 2 R H
12 M2 TE, REARE U R — A A LRI . B 2R 2 o8 A RIE AR s = Vm+n +a
S, Horm Fln oy pl RSN E A TR R n s, KNI 12, a2 1~10 FE—54L[19] [20].
AT s A 6~13 1k, I TH AR50 IR 4R 1 At 1 B8 00 e P /) 1R 22 SR e B IR B S 1
AL

BP #122 [ 25 I 21T IEREREAE MATLAB P86 N REAT, 5 56 fan Nt ol 5 — A B [-1, 17EE W,
DU IR FE s AT R S 22 . A S H BN

1) BNEZREEERE R S 2R EL poslin, FiIXAN:

x x>0
4 (x):{o x<0

2) BREERH ENERRE: BT RAHE SST & M ENES, BHEIERALYE R purelin,
RIS N f(x) =Xx3

3) I EAERER ISR ef H . 3 DL B YE trainbr, 1Z7575 52 5T Levenberg-Marquardt S5 & 24,
[ A0RIN i SeR e S e A A L

4) M4 R 5 ) IREL: 100 1K

5) A 0.01;

6) YshirZ: 0.0001;

7) HAhZHH M H N2 BRI S 4.

3. BRSO
3.1. SRS SST BYTIE

M 1929~2014 4 )77 5256 () 4Bk SST BENLEE 15 A NIREE, BB IERT & R w2
B HTBENLARMAREE, Fit R E SRR ZE N F 4 m 2=, W3 2 TTLLEH, 23F BP #H& M
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KIITIE, BHEMERESHHTRRES P4 mZ A TR N, WREZER 0.401C R
0.088°C, TFET 78.1%, “FH4axtmZm 0.345°C FEZE 0.075°C, T T 78.3%. H—NHEE S
T MR AR ZE FI-F- S8 4o e ZE ¥ BT IERT A BT N R, (HEARA G NRRREE AR, E8 Rz, 4
6 HESTEITIERA TIRKEEM T, 25IFEE 0.002°C. 0.004°C, TEATAHE T B R
WIEEmZERDN, JUFS5MMARSE, 3RRBAT K E S R IR HhiT 1B G 2 fEIT IEATiRZE
WK, WTIEREWA TIRKIEER N, WEER T 81.7%; A 4. A& 3 wEEH TITIERTIRZ RN, i
AT IERSCR L 2, FRIRTE 30% LLR; 418 | 7EIT IE RT3 MR 22 AR R e K — 00, (EnTBE T
B m, ERMRIEERZE SRR, RE 20%, 21T IEEmZERRIRIE. 4500
A0 6 NMHEIITIERCR SRR ZE R, A 6. HA SITIERF, fEAE 3. Af 4 MAA 11T
IERRR .

Table 2. The error of the combined signal of the test set and the reconstructed signal before and after the correction

F 2. MAREASURENESEITERNGRIRE

X BIJTIRIRZ('C) SR ZE(C)
I H) {5 5 : : : :
1T IE Ry IR 1T IERG IR
HAE1 0.093 0.074 0.059 0.037
HE2 0.290 0.053 0.260 0.035
443 0.071 0.053 0.059 0.044
HE 4 0.040 0.028 0.035 0.022
&S 0.041 0.004 0.032 0.003
HE6 0.192 0.002 0.188 0.002
H"ES 0.401 0.088 0.345 0.075

ST RS, MRAR A A 3RT3Y SST fEREA A I35 5 AR R ZE 1P 3 40 i 22 BT IERT#A TR
TEFEAR(E 5), FFHIMET 02°C. B miRiREmE, HPIE 1~ AR 12 AREEIT IERTHEK, iTIE
JE e AR I, KRR ILE 2 A, N 86.1%, ~FIIBEIREM 0.552°CR# % 0.085°C, TR T 84.6%; 10
HAT6 A FBERN, FEIERA 15.6% (M 0.131°CREZE 0.107°C)F1 18.6% (M 0.074°CI%Z 0.063°C), X 5IT
ERTPIA A R ZE BN TR R o P45 22 T IE T R R 557 iR IR 228400, 76 1~4 HAT12 A
TR, 7610 AR 6 A FRFEE/N.

BINGREE . B0 UE SRR F 1T IE 45 FA% R 1929 4E~2014 SRR (RGP E o, 32007 1E 5 1%
AN D3 S A AR H T2 SST 580 ¥ 22 (1] 6) « AR FR BT LAFE HA T 1F Ji5 1 i 26 (L0 4R AT IE R (B 28)
BE T RIS, YRR Z BT IERTH 0.401°CIR/INA 0.096°C, FEIEIAE] 76.1%; “FH4a% % il
IERT) 0.338°CH/NA 0.077°C, FEMER 77.2%. (AR, 50000 AH ¢ R £ i T IERTAY 0.332 #2310 1 0.952
(99%EE%).

DR BT A M A BT R T SRR T IR BT S A A B m AR, [E 7 AT 12 AN iR RZE L FYY
d 2= Ao R4 SIAREEIRAL, BTl AT IE G ¥ 5 IR Z 50T IERTH BT F R, BRE 0.08C
—0.12°CZ[i); 1 H~4 AT IERTRZER K, iRt R, 16 81%LL I, Hd 2 A NEEK, A 84.5%:;
T IEAT R ZRN, 10 A6 HREEEER /N, 25109 33.1%F 41.9%. P340 2 535 )7 iR 2
Bk, 761 A~4 AITIEME, THEERK, 7810 AM 6 H THIEE RN, fEHRXE L, & HiTIE
JEBAT IR BTt E, (HlTAT RS H ARSI 0.73 DAL, D8R B B8 5 HRAR 22 FIT- 1 4 06t
WZERS /N, 1E 2%~17%218]; Hi 1 H~2 H. 11 H~12 AT IERTHSE R EED, 1T IEERIRFREE 5K,
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FEWRTE 13.2%~17.3%2 18], S KHH N1, HIEHN 17.3%: HT 5 A~10 AT IERAHES &80, TIE
R e/, IR T 10%, 8 AR/, UF 2.7%.

0.6 H@)

T
I F10-ESM v2.0 Historical [ After Correcting

=
=
T

BT AR ()
S

1 B 44568 i 2 (°C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
EE7

Figure 5. The monthly error of the reconstructed signal of the test set before correcting (blue) and
after correcting (red) (a) root mean square error (b) mean absolute deviation

B 5. M KEWESETERMER)FITERGER)EAIREQ@MHFRIRE () FHEN RE

1

F1O-ESM v2.0 Historical After Correcting

Zas

0.6 2 L M M "
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Figure 6. The deviation of the global mean SST from the historical period (1929.01-2014.12) before
correcting (blue line) and after correcting (red line) relative to observation
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Figure 7. The statistics of the global mean monthly SST from the historical period
before correcting (Blue) and after correcting (Red) (a) Root Mean Square Error (b)
Mean Absolute Deviation (c) Correlation Coefficient
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Table 3. The mean period and time scale of each IMF component of the global mean monthly SST under three future scena-
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Figure 8. Global mean monthly SST during 2015-2019 before correcting (Blue line)

and after Correcting (Red line) with observation (Black line) under three future scena-

rios (a) SSP1-2.6 (b) SSP2-4.5 (c) SSP5-8.5
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Table 4. The statistics of global mean monthly SST during 2015-2019 before and after correcting under three emission sce-
narios
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Figure 9. Global mean monthly SST during 2015-2100 before correcting (Blue line)
and after Correcting (Red line) under three futures cenarios (a) SSP1-2.6 (b)
SSP2-4.5 (c) SSP5-8.5
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