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Abstract

Global warming issues have become a widespread concern of the international community during
the past few years. According to the latest annual report of IPCC AR5, the international scientific
community has gradually reached a consensus that human activities led to greenhouse gases
emissions (GHGs) such as carbon dioxide (CO;), methane (CH4), and nitrous oxide (N20), which are
important driving forces of global warming. However, whether global warming is caused by hu-
man activities or natural factors has become a focus of debate and the contribution of these two
aspects is not available. Global mean land surface temperature is slowdown during 1998-2012,
which is referred to be the global warming hiatus. In term of external forcing factors, global
warming hiatus is mainly affected by solar activities, volcanic eruptions, aerosols, and stratos-
pheric water vapor. Meanwhile, the natural variabilities of the Pacific Ocean, the Atlantic Ocean,
the Indian Ocean, and the Southern Ocean also attributed to the global warming hiatus. Due to the
lack of data and modelling efficiency, the global warming attribution and hiatus analysis still re-
mained large uncertainties. The modelling of global surface mean temperature should include the
polar region such as the Antarctica and Arctic. Generally, the rate of global warming has slowed,
but no hiatus appeared.
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1. 5|8

AR TE B E A A SR R TR IR R A DI Re BRI AL, A RS S5
VBRI AR . AKAEIA . BROGIA L R I8 ORI . SR AL A5 R R AR 1], A ERATE 1] 5t
BB R MR, ANFIEE) K EHBOR E S A R 2= RN 51 R A BRAR IR H I Rl AR I (17 = 22
JREE[2], RAHBIKZES(H0)s ZFHAIK(CO,) s AMITE(N,O) HHE(CH,) FER A (05)5F H FARELA N
FEAE ARG, BERRY CURE AR o I RS FE K PR AT R S AT DU G KA N T, T b T3
B S TR0 P I8 A S 0 A RS0 L = SRR AL, AT P2 KRR I RS T 25 20 Z4EK, [l PrRfl
FOB LT T NIE S = 1R = SR HE O 4 BRI (Y 2K ) SR, A ERRRE O 2 ol Bl Rt
ST RVER I

T RO AEARA,, AR ARG A E AR B AE 1988 4F AL 7 BUM B s L 112 51 2%,
1990~2014 fEAFRG 5~7 ER A — KT, ATl BRSSO s, TR DL 3 SR 4 &
SRV AE 5 LA S NS AT RER I MO 4 it . TPCC 28 Tk vPAl i A FE Hi[2], 1880 % 2012 4F, A3k
BETHEF] 0.85 (0.65~1.06)C, NGB AT GE &1 ik 20 tH8 i DR A BRARHE 1) FZ R, %450 ]
fEEEM S0%IE IR 99%. $R1fT, HBkE —MRHE R RS, BRI R R C R Z MIAEEECR A E
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PE[3] [4]. 2008 H=FEBUR ] [ bR < A% AR A6 & 128 51 2 (Nongovernmental International Panel on Climate
Change, NIPCO)W N HARKE, AR NKIGSE R 1 RN, 4700 58 8 A BH 1 S8 A 2@ 5 SR
FH RN LR 37 o 3R 8 B 52 s[RI, JE/RJE W (ENSO). K IAE F A FAER IR 46 0 A BR AR BE 1A 52
[5][6]o FFENFETEBNIL AR H PR IR 22 A il 4> BRAR W 1) E 428 DR P AR AE R 4+ 33, AT A Th IR B AR R 3
NKIEBNN R ERAZBE A TTRR, A ] 58 Y52 A5 AL A UK 1) B i S A0 R e

S BRAFIEAS T (Global Warming Hiatus) 245 1998~2012 54 BT 14 — SRR &5 15 =5 AR IR B Ak 4225 T
ARIFP YRR I LT, LRI TR, R IPCC (2014) [2]5 LIKVEMHEIRE, 1T
T AR (1998~2012 4F)FHRE A A “ 4 7 (Ha% : 1998~2012 A T4EIR T = 0.05°C, BIEAKT 1951
LR TEREFE 0. 12 CHFEEZ ., 78 1998~2012 FABRERIMIEE HI —MREEmIN S, X
— LR G| AT E N AR X A ERSE AR IR G [ 7] . RERARRR A T, LR AN ZRIE S A E SR R =
fATSEME e BRARRE G S, X L8 a) jE B2 5 i A A 3R AR R LS [ Bkt 2 B 38 B AR 2% S AR AR AL AT
BELA MBSE ] . ASCEET IPCC ARS SOBT VAT & 45 R SO ROSCERIE TRt g, 236 70t 1 A BRARIE
FL AT R BRARIR A 10 Y L, B AR SR AR BRG] E 5 E bR AU R AR E S
*,

2. 2FKERRVAR 4
2.1. £TRIEEVME ST

1979 455 — IRt AL S 4% K 23 (First World Climate Conference) b, Fl2foK 8 SRR ML, A%
Ak ) B — k52 B [ BRAt £ 96 . 1980~2014 4, TPCC & 5~7 ST — UOFAh i, RiE 7 &ERAR
RRRIFESL, ANWdE s seil B0 vORMIE SE Bk R E AW I, SR S8UES RS S NSRBI
KT RZE . IPCC 2 LRV R & — D4R I A BRARBE 52 (2]: 1) MBFRIRE |, 1880 £ 2012
g, BETIA 3 MMMSZEERE TR, 2ERCFEIRFAIAF] 0.85 (0.65~1.06)°C;s 2003~2012 4F, JETHf
(R 5 P e K ME— P R SR o BT R B, B IIR BE L 1850~1990 4F-F- 343 BE A =i 1 0.78
(0.72~0.85)C . 2) MIXIE I, 2BkbhEihAER RGN BEEE S TIEES RS, LEERESEEHhX
FHRME R 1)0 3) AEZIEMLHI b, 5 0 55235 v 32 22 e A v sl HE s i I = MR B 386 m i 25,
NHIE BT R IE B 20 20 At Dok A BB IE 19 E Z R, 1Z45 1R ge M 95%, L 2007 F4E
H AT RE MR L 90% 5 &, R ACNAE FIXT S AR BN . 4) WA R b, BRI &
B FE— R SRRE, vk S ail . T BT R RGO RIK U S, KR CO, K
FEXE I T B0 KL, X AR B ek R B I B A S R G AR KRR LN KRR

i

A FRAR AR R W] I 2 2= 7, IPCC (2014) [2158 HUGPAG R A e, 1983~2012 4E AT fig 2 b2k
BRE 1400 FE LR =14, W T 1850 FLUIRARAT-H4E (& 2). B R bL g e R i gim b, db
Bk e 20 5 1 X EUAR 445 R DX 3 PRR R R R B R BRSO g /K a5, 1T H K EE AR TE R,
WIS 22 B I R R AT, 1971~2010 SE 2 /0 90% AR KR, o 700 KRB LA F)Z K
LT 60%, £ 75 KR LA BIIRZ KR BEAE 1971~2010 FE[A] LLRET4F 0.11°CIEZ EFt. g [
ME, EidEEAa B, FRIE SRR K AR I 8] S 3G 08 FE /N [FIRE R X 5%, 1975 SEHT R IR a1
ARAGHIIX , 2 5 H BT 2R S0 R i S s VA X 38 A2 () A ol L DX s 1983 4 78 3408 Ay it [X (7 b 3 X R 7
38 1 D) B e HE B R A 1] IR R R AR AR AL PEALRI b X B A 5B, 7 VG g A0 A g b X R T 5 2
/N, FEIE 100, 50 A1 30 4F REE B AhARAL B B it — B8]
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Figure 1. Global surface temperature change (1901-2012) (Drawn according to IPCC ARS)
B 1. 23KRIBETH(1901~2012 £F) (RHE IPCC ARS 4:4])
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Figure 2. Global average land and sea surface temperature change (Drawn according to IPCC ARS5)
B 2. £IRFHFEMFNERIRE T L ARYE IPCC ARS 427H])

IPCC (2014) [2]55 FLR VPGS RN Y, AEREE MUK I RIMS B 24 . ma Aok 25 B0 CE Do v, Lok
UKL BRE B E HAE WD AR LR P RS BN F i 2N Eas (A 3).
1901~2010 A BRI KE LN 1.7 mm/yr CFAIFT BT T 0.19 m), 1971~2010 F-FHA38 K3 fE R
2.0 mm/yr, 1993 £ 2010 484K H B IA S 3.2 mm/yr. K AMER £ 5 AL BRI 3 T AR 24%, 2=
TR & 57% [9] [10], TEABRRE b, AU FIKE IR/ o T AUVRE B 2> i 3. s
F =Rk AR KE, 2T 2.20 x 100 km?, 5 E AL 23%, B0 7 7 e
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JRHL X ZE AR AR S BERTEANA) 80% [11]. JbBRVE LI FF-FIE L2 RN, 1967~2012
FEIFR L ZEELL0.18 em/yr FITERFEK, 195 EK 8.05 cm [12]. VKEEREIR, 2011 FRAFERES
R(CO,, CH, AT NL,O)HFIHR EE RIS 13 25 80 T ARAbYE . s vkl s iR, 1825 2.2 Ji4F
K, TR E AR T S FLR A S T AR [ 12]
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45 20
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Figure 3. Long-term variations of spring snow area in the Northern Hemisphere (a), sea ice extent in Arctic summer (b), the
average heat content of the global upper ocean (c), and the average global sea level (d) (Drawn according to IPCC ARSY)

& 3. KEEFFIRERL(2), BKERE(D), EFFHRTE(C), RETALNIEE) (R IPCC ARS £21])

IPCC 25— VTR (1990 4F) [13]/AR % ARG SN SRR IUEYE, 25 — PPl 2 (1996
5E) [14], ZEA SRR T LS5 B A ZE BT 20 e SR e, N KIE B 52 CgR B Hiok,
AEREN 50%. 36 =Tl (2001 4F) [15], BUARBIUIR (i # B 20 20 ARBZ AR A T BRI SRk R
GENHRARFIE RN, I 50 FE(1951~2000 4F) K 43 M0 21 (1A I T i N 835 Bl B R = SRR B 1
IIEE R, SN 66%. SEVUUTEALHE (2007 £5) [16], 2 50 45(1951~2000 4F)f 4= BRAZFE AR 7] G
SR B ASAIGIIERL), ATEEEA 90%. S UGTHE IR (2014 4F), U R A ERARREIL R U B A,
B i R 2 R 3 AR 3G N RS BE IR 95% o AH L Z B ITAl 4 h , 58 L OVE Al 5 18 A B R (R HL ) |
SEMEIRR BRI A IS SR, SR CO, IR E SR ER[8], WAEBRARRER KFEE [ ARG
S ECR = BN IR 45 FE 1),

I A BRARRE I JE A4S BRI RN RIE Bl KBHWE B KT sh SR R G A2 R SRS AT
BE R 4 BR X 35 SIR AR 17] . A PHIE B %F A BRAZ B I R0 2 8 HA R AN 2 RREEPE Y, (LS A 2RiE )
R RKER S SAH, AR R AR FR LA (R ma AR X B/ NIETE BN 5] R S ERAR IR (1) J (K £
B N TG ShHE K iR A AR I RIS N 3R . TPCC S DUV IR 75 45 2], AN JiE8hid sl 4Bk
AR B N NHER G CO, Zi = ARG R . X 88 = SRR T BRI A A . - HOR T A9 AR R DL
FARMREIIR, e A2 R R FER = Y16]. SR, ARFEZRCKILIES) . KFHE35)
FET T 4F RO B (R AR PR AR Ak AT B AR R IS 18] AR A 2R N S35 Bl 06 4 BRAS I FR 52 MR JoA 224 1l 2
RGBS, BRI E = A EHEBOR 2 5 SRR A BGR (R 1),
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Table 1. The analysis of the results of IPCC five assessment reports during 1990-2014
= 1. 1990~2014 4 IPCC IRIFEIRELER 5

I 1] V= B 434 CIEET: 3
1990 i A F HY RIS B S SEE UE S

1996 NS 20 LS A% 1520 50%
2001 I 50 AR R ) RS 4> BY 1 PRI IR T N 2805 66%
2007 NI B3 I IR 3 SR AR 7T R S 4 R AR 1 J 90%
2014 NGB R A BRI T 2 N HE I i = AR I 95%

2.2. 2TREAREREHR

H AR R 20 A BRAR IR (52 M 0 R i My Ve ORBHTE B S KLiG 3055, — Ml ek - RS E S 11
WA SRR RARE, MhERFREILE HATALT “HEH7 1191, KBHTE S A BRASIE i 1E 528 B As 4k,
H 1935 4221 1979 4K FH B 1% 2 M TH 20 8] S S A1 R ik 3] 17 20 390 7 e vy W, o DK B ¥ 0 ) 38 i i
SO A ERAR IR A TR 6] [7]0 A PHIE BN AR A 0 AR AR BRI A5 58 AR Fm i BRI — Pl
RONN, B K PRS0 FE T, K B4R BB B AR B MEUR B AMR AR L IR OK, AR 5 7] e 2
W E RS REZE IR OITBOR: 55— RN, T R A B TS TR R, R s % mT LA
i = BEIIN, ERBHE ) LRI, KPR th b, SR Bk M BR KA R i 3287 S 2,
ML >, =S AR D, HIBERER T K PHAR St 30, S S 80RE b, K BHE Zh s
I, HhERSE ST ARRE[6]. Ak, JE/REHEI R M A BRI S SR, R Edith X AFERIRS
JoR BB R A A R —8, BE/REEI SR AN SELATSEM. SFERE; k2, JBR
JEEILG R AR B E[20].

23. £HTERARER

BT I SR S A T, W R H ARSI, ToiRAE L 20 A SRR HB R AR
BT, FEAR FRERILH 20 A SRR SN B AR RIS A IS B 1 BT SRR, RS0
IR G IF([21]. IPCC (2014) [2]9PAl R & FRHRBRIN 1 N ZRIE 0 A5 AR A4 1R 520 a2 fok 25 0 ]
fFl. 1951 4% 2010 H[a], MMEEZAERRL) 0.6°C, NAHAMR = SATTRAATRETE 0.5CZE 1.3°C2[A],
HAp Tk R I 2 KA COy IRET R, HARREFHITTBR T BEIE-0.1CA 0.1 C2 A, AJIEZ(R =Sk
HEBO FT g (extremely likely) /& 1951 LR ABRARRE M E BT, 5 “ NZIEINAH ST G (very likely)2&
ABRARRR SRR 7 AL, S FLRVEAS RS 2B I T NN R AR RR I 3 S AE .

NSRRI, 32 BRI U T AT PR SO KA ) R R Gl AR AT )
[L4FNCARE TR E . T KERHRAE, S35 CO, 1>, MR iR & AR BESS I, Bf
ABRARRE . 5 N IIESA 0 B A PR AT R A AR, AR TR R IR E AR IR T AR RE .
KA HIRESAR(CO, CHy A1 N,OV BT s i34 2], KA CO,. CH, M NLO HIIRE IR 80 Ji4E
DA 8 i AE 23 908 391 mg/m®+ 1.803 mg/m’ A1 0.324 mg/m’ [22], M+ TAAKL FT KT 23 5 7H 8 T 40%-
150%F11 20% (14 4()). 2011 4, K5+ CO, WJFIGK T ZIH H T4 A RRIR BB Al LR AR 1k, AN
CO, RTHAFBURY) 5450 ACMiRk . Horb, A BRIRBAFEFIZKIE A = HE CO, &2 3650 AZMiHR(E 4(b)),
T HUF AR EHERL CO, A 1800 AZMERR(A] 4(b)), HEHEILIR T 1550 12Miksk, 7R HFIR I CO, A 2400
2R, SERSH CO, WM 1750 £ 278 mg/m® ETFFF] 2011 4F 391 mg/m®, F4 1500 {2 M4k fifi 1
R RGN 1970~2010 4 A NHEEBURITE 2= SR S B 2O IS, 2000~2010 £ A CAJRIE = S AARHEK
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L 2.2% MR, E T 1970~2000 4F A3 IIE R (1.3%) (K 4(c)). 2010 F A NPEHE = SAAHERUE £
N 49 +4.5 Gt COy-eq/yr, HALABREHMR A THIEARKH) CO, 7 65% (& 4(c))-
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Figure 4. Changes in greenhouse gas concentrations (a), Global anthropogenic CO, emissions (Gt CO,/yr) (b), Trends of
anthropogenic greenhouse gas emissions from 1970 to 2010 (c¢) (Drawn according to IPCC ARS5)

4. REFRESH(CH,; N0 F CO)RET K (a), £ERARIRE CO, FHEMZE (Gt COy/yr) (b), 1970~2010 AR
RRESEHZ ETLEESE (o) (IRYE IPCC ARS £25!)

3. £IKTRRIEHIE
3.1. EKTRRFF IR

HEN 21 At LR, KA R SRR RPN, HAERRR MR G IREEY, RO {5
T "I G . (Nature) K5 45 % 4 ERASBRAS MBI 78 VFi% A 2014 45+ KR 22 ZF 2 —Morello ef al., 2014) [23].
SBRARIE AT DR IHEHR S L UEE . R SR T A & M A O E PR ATV RS, X E R NS,
FARALAE BRI SE R o TR BT BT =5 IR TFR T — KA, FECHFEEE
AR AR R RO B ORI E 5K SRR RS UH (R 2).

E R HAARHF ST IO TR SRR (5 R T VE 7 X A BRARE “As=3 7 (V3 R T 080T
KPP R R PE T EEAEH, R ZIEA KL MR R R Z K o &, (HRAR
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Table 2. Summary of national projects on global warming hiatus during 2016-2018

722.2016~2018 X F LK TEEF BN RN EEERREIBLE

T A SR FRAE AL JE B ] (4F)
IRl ¢ L R R R T AFRAE “AF RHR G H R 2016
B R I AR RS RS AR RS R Bl B R B A B P 2016
IRl 5 E AU AR T A SERIELAN P AR A A A BRI o i R A AR AL R 2016
EESERARES = S o 1 0 R AR A ) EVIPN S 2016
EENSRIEES = UL R AE A PRAZ IR 3 o 041 S| SR R B TR L 2017
R AERARRE i 5 I o BRI AR AORFAE S I S s
EENSRIEES = o 1B 1 A 5 2% B SR R W 2016
L5 AR 5 IR R GE P 1 IR AR R 2 2019

PR AT TR

IR 523 1 A7 AE VE 2 AN E PR LR [24 ] X i ACTHRIUH “ A BRARR 153 ISR IR S LT 7T
PR T EERACHE A KON ARAE, e RERARIR I RN, KRR RS R R A E B LR
PR RALEE, JFRTT 7 A ERARNE 457 BLG AT TP (25]. B X E it A Tt R L E R
FUZAAM S AR R FEIAR R FUG 7 BiR 1A R e BRAL RS B P AL — PO S 4
ERAZMR A5 2t T4 A R, 53— FIA 2 BARAE R AR (261, EIX BARRI AR @I H “ iR 5
0T P TR ARAC TN VAZN 1 IR E A A2 ER AT XCURAAL I TSR, W DR TR X E
St T ORI TR BEAT (BB, B 3 B G5B UM LA P T R AU AR A L R R (27 B X
RO T RITIL - A8 5 BT P P8R8 A A BRAR IR A5 v (K04 P 7 o 36 Al 4 TR AR IR 45 i FX) A/ A1 Py A
T T HRITTL, IR R G AMBORIE MR UL, e ERASR A 1 2 BRI S KLk U
JEVAB TR ARIREE R . NS R GE A R IR, AR TR 3 A 852 1 B2 BT KT T
B FE R AT R KT SR8 A L RAH L ) #A R P20 B R RS2 [28 ] 9 I0TIE 5 F SR} 2 i 4 4 BRAR IR A5
HIFJ P 2 AR S AR AIE K HOnS Ja U1 S W ORI A “HBER AU R ST 9 38 SRS R A BRARRR %
T AOARXT DTRR A7t 73 Tl o G BRAR IR A5 46 R R M 1 AR SR 7

3.2. EBRTRETFRRALE

IPCC (2014) [2]58 Tk Pl i i ) H T B AR BEE A5 22 Gt XA BR AR A R e 2 L LR A P 3 U A
%, (B BRI (1) S F I AR R A SR ARG E B T 2 —, AT ZRA L (World Meteorological
Organization, WMO) KA (A gt 2015 42 TR P SEWC % bR i) — 4R [2], HAE—LeHh[X
MBI F R IEEZ IR, JCH R AR KRG om 4 & UK . 3R R R B BT 3
SRR RECRAS, SUKEPRAL 2o “RBRARRE 7 MBTEE[7].  “BBRARRRIFET” 5K CO IR
LI —BE, IR AAIMEE AR R R OEAF L 7 SRRSOy “RZTILE, i
(1) ] P AIE 9 2 3 OV

A IRAR IR A5 52 A Bl 5 A AR L [FAE FH BRI . SR RGEAMER BRI R A, KRPBHTESD. Kl
BRI NRIES ARSI % S L CFIUE KR R A 3R B A5 i 1) F R 3 WA R4S
WA RRE, RERIGUR IR £ 22 KPP, RPEVE. BRI R RV AR AR A 5 hH B #v F  TiL Y 56
Wi o AR —FFEF(2019) [28]45818 1 4 BRAS RS OB FEHERE , MAI R i 10 M1 P 528 22 YA A B2 BB 1 A TR AR
WA = AL, 48 T AN ERRE FF AR A BRAR B AT A 3R 1, O AR AR R A5 3 1Y) B 4 v oz iz /)
TAMERFA TR AREEF2015) [26] B [ U RA K EERAZRRAZ R EYLS], f5H 7 BAZRU
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S AR AT R E AL, ANKIEB AN 2 R EIEE] 700 KEL TR . Schmidt 5529145
H KL S SRR BH 5| e S R0 5 AR 78 26 1) O R JE 1 I G A 1) 28 0 T BB A Jek Bl A4 BR AR IR A5 T 1)
JEER . B AR5 o] REA RS D 20%,  F AR AR 26 0] REAT R 1 A BRAR IR A5 Y G R 3R, iR
AN 2 B IR E BT IS [30]. Lean A Rind (2009) [3 17504 3 4= R A 5 1524 U [A] 1) F9UR FH 22 70 28 12k [
VAT7 VRN AR AR 2R N TG B B S EAT RIS, FEH ENSO. KLk KFHE S L A iE 3
TR FH, 2002~2008 55255 1K BATE B A6 15 N S35 30 7= 28 AR R 2 i %, [FIR$a A ik 1L
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