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Abstract The slowdown in the global mean surface temperature (GMST) warming over the past decade or so, referred
to as the global warming “hiatus”, has attracted wide attention and also cast public doubt on global warming. Great efforts
have been made to verify the global warming hiatus, as well as its causes and influences. This paper reviews and
summarizes results of recent researches on the global warming hiatus. It is generally accepted that the GMST warming
tendency is slowing down recently. So far, proposed reasons to explain the hiatus include: the prolonged solar minimum,
the increase in anthropogenic and natural aerosol emissions, and changes in ocean heat storage/re-distribution. Particularly,
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the increased ocean heat storage below 700 m has been identified during the global warming hiatus. Most of the models

participating the Coupled Model Intercomparison Project Phase 5 failed to capture the global warming hiatus and

therefore overestimated the observed trend in GMST. One general consensus is that natural climate variability instead of

the external forcing caused the recent global warming hiatus. It is argued that the global warming hiatus would likely stop

within several years or several decades, depending on the transition of the Pacific Decadal Oscillation. If the radiative

forcing of the greenhouse gases continues to intensify, an apparent increase in GMST would be expected in future. We

suggest that future research related to the global warming hiatus should focus on: (1) more accurate estimation of the

GMST and the ocean heat content; (2) better understanding of the transition of decadal and multi-decadal (Pacific and

Atlantic) oscillations; (3) uptake of energy stored in deep oceans and its impact on regional climate.

Keywords Global warming, Hiatus, Heat storage in ocean, Decadal oscillation
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Fig. 1 (a) Time series of annual mean surface temperature anomalies over global land and ocean surfaces (1850-2012) compared to climatology of
1961-1990 based on three different datasets (The upper panel presents annual mean temperature anomalies; the lower panel depicts decadal mean anomalies
and uncertainty estimation) (Stocker et al., 2014). (b) Global annual mean surface temperature anomalies compared to the mean value for the period of
1961-1990 (from ‘State of the Climate in 2012’ by WMO). (c¢) Annual mean surface temperature anomalies over China (from ‘China Climate Change
Monitoring Bulletin in 2014’ by National Climate Center)
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Fig.2 Observed slowdown in global mean surface temperature increase. The upper panel shows temporal evolution of annual mean surface temperature anomalies
(relative to the mean value of 1961 to 1990) averaged over entire global surface (black, from HadCRUT4), and over global land (red, from CRUTEM4) and ocean
(blue, from HadSST3) surfaces. The middle two panels present ocean heat content (from surface to 800 m depth) anomalies (compared to the mean value over the
period of 1951 to 2006) and globally averaged annual sea level observed by tide gauges. The lower panel shows the nine-year running trends in surface warming and
upper-layer ocean heat storage. The grey shaded areas highlight the recent slowdown in global warming. The onset of the slowdown is denoted by dark grey area and

its continuation is indicated by light grey area. As shown in the figure, the upper-layer ocean heat storage increased during the onset period, but changed little during

the continuation period. Vertical lines indicate the times when major volcanic eruptions took place. (from Met Office 2013b)

3.2 EEFEARRSURSRTRRE

RV U A AR o i 3 6767 A 0 42 BRAR IR
ZEEF) R KTk (41, Dong and Zhou, 2014; Dong
etal., 2014; Maheretal., 2014; Yaoetal., 2016).
K 3 8o, MNT PDO WA, AR
TEAH WA Cln 1960 AL, TifE PDO IE
REARIATE], A3k 3 3R T B AR R =y (ln 1980~
1990 “ERAA)D. HHEF (Tollefson, 2014) FHH
76 PDO G AHA], AP S0 HH 2B Ty Je
IR TE A, Pl B 2R B A (1) VA 7K A St W 1) 7
R, PSR HIGS Tl SR 358y,
[ FECRELE . M, £ PDO Ay IEALAH AN,
IV 2R BRI rh g I o R R U i s, KO

FEARIE SN IR = SRR N, v S B ERARIE
i Can Begg 70 AEAORI AR A . %2 PDO
GUNARSEN, 7E 2000~2014 4EIN], e it
Wiz, IF BIL/RJE i HA RS . &4 hr e ik
MBI, BERRASRAERNR, M. 52
T AR R, (RS LS N AR 2 N RS
e, A B PRI LU BN W] R N A 4 BRI
Mg, BRI, AMO il 50 BRFEARRR
S A A AL B 2 FH 5= ( Semenov et al., 2010;
Drinkwater et al., 2014), J5 5224 IE 1) 520
(Otterd etal., 2010), KZHWIFIN AN AMO &
— PSR RS 1) H AR AZ Z (Drinkwater et al., 2014),
It H AMO XJAE BR300 B 2 AR RR AR 28 HAT il



N W 40 3%

1148 Chinese Journal of Atmospheric Sciences Vol. 40
9 1.0 L2
2
g0 s
=] o
=1 =]
S 00 ro 3
E g
5 —0.5- F—1
g
& —1.0- I

T T T T T
1900 1910 1920 1930 1940 1950

T T T T T T
1960 1970 1980 1990 2000 2010

3 AP (R AXT 1961~1990 4D AACHFASRRIF BRI AR R R IHFA. ABRePL B £ ok B 9 E <
%:J7) HadCRUT 4 %t#}. PDO I [i) 7412k B A BRI S T I L

Fig. 3 Time series of global annual mean surface temperature anomalies (black line, compared to the average over 1961-1990) and the Pacific Decadal

Oscillation index (PDO, gray line). The global mean surface temperature anomalies are from Met Office Hadley HadCRUT 4. The PDO index is obtained from

Joint Institute for the Study of the Atmosphere and Ocean of University of Washington
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B, FIHEHR A Ra soEf % 5 ENSO
ARIINFIBARE, kA3 2 CMIPS R T
BRI R R R SN & LT e a8 R
ik, TR Can 10~15 45D 1H KA
A, R FIA T B LRk R IS %
B — 300, 13X AR BREE ARRANBE A NI 1
HN A% B R, E CMIPS AR Hh oA A SR A2
CREARPR 30 1 A I [r) RUBE | S0 28 G0 38 m iy i S
SRIA W) B RS T , sE AR RS
[B) PR AR AR R B AR R g RS i . e, SR
TR, RENEEBRATRIKE, XERCh A
TR B = ARG K I RE 32 S AE 4k -
Ths PN ] Rk 5igdsl, PDO K
SR AEN A . KBITE SN S Fr MG, JKliigk
AETR . KT, 2R EIR A A R D IS A I
Fostl. XEWHE KRR 0] e & 2Bkt — DR .

5 ARERSETBREHME LA

AT RETE

He T CMIPS BECBUEE R, BIAE R e R 51
flivh, 2= HAUR BRI K W5 A2, it
JUAFE AR A 92 2 ToVE I X — %) (Met Office,
2013a). HHT, W5 ARSI R a g . 4
BRI S AT IR EAE 2014 FIA R D) s fge il H
Hh AR LK 1) 397.2 ppm, LE 2013 4R8N 1.9
ppm (Blunden and Arndt, 2015). % XA4kalHE
JBORE 2> 3 Bt — a8 IE, I SEUR R G AR
T R AR AR . AR AR R I NI A28 2
RN AR R SR, WIRTTIE, R R G AT
AR FE] 5 S AR ATARAL M I B 27 . WL AR
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AR E AR T AEVE P EURRE AL, BRI
FEFEURBE NG . XK U SRR B AR I S
A BES IS F 2020 4F . (HLEBE IR 2 HEE SR 1)
BB PEAEAR R IR 5 AT AR AT, A BRAZRE N
T REME S (Roberts et al., 2015).

SR DL A 3 AR A i O A 8
N2, R HhER R G IR 2 AR AR (40 )
TR, ASERAR B AR AT T M de e AR
244~ CMIPS S i AR & Tl 45 SR W, 312020
A, AEEERAAR TR 0.25°C (10 a) ', i
70 £0.05°C, 1E 20 A2 |11 900 4F, LT
AR, ARAT D153 0.10°C (102) o BIETE
L E SRS SR (RCP4.5, FRismia s
4.5Wm ), Ak 40 4R KA K ik (Smith
etal., 2015),

HIXHF 1850~1900 4F, 76 KZHHEMIE =T
(RCP2.6 155t 4N, 21 2 R A BRE i AR
AfREREIE 1.5°C. ARWRHG 4k L2k A by 2 FF AR R AR
R, I HAEAG XI5k B SRR -
Tt fEHRIZEAERE L, K40 i dth X 3 (6 B i e
HOB L, WA FE D . PR RE AR
B IR, 8RB IRt 2 R A VA A
76 21 A, AERKIGIR AR [ AN —, T
Y Hb X 22 ) 00 2 4 2 ) R P K 2 Sy 4 4 K

(Stocker et al., 2014),

16 21 BRI R 8 AR e . i NIfE
T4 B0, JFRemi . 7E 21 HAlpiE
A ER Y M B BT, AR UK o e 4K S 4
AN AR, AEPEERIFR R T R D . R ERUK) AR
P — Db 21 AR KRR |
Tho fET RCP A5 50T, BTG AR I LA K UK 1A
UK DK AUR I, W1 b TR AR v] ek i
1971~2010 45 [A] ML I 2 18 2 o AR ekl il 1
J5 Bt R0 ) DR A Bl PR 8 RS Wi B AT
IR RE o U0 Bk PR — 5 WROBCRS o i i v 1R R
th, FEmEEEEY) (Stocker etal., 2014),

IS, SR P A AR ATh 4 2 S ) Ui AR AR ) 3=
TR —, 21 LT REHR L 2~3 RSRPUI 2L
SR

6 WLE5RE

JRUE G TR T UL (Y M A3 LA TR Y B
i IS, (A ERIELE RIS 3 2 i =X
IRFF ST E 222 G T REAEAN A KIRE R AT
PR . WS eakmtas:, i ede 9l &
155k F AU 20 24T T BB A

(1) X “Aemtase” 5 S sE

ML SR 7, A BRI HEA T 10 e e

F1 IHEHAEREERA LA R E SRR b

Table 1 Comparison of global warming rates in recent decades based on different studies

ik R THELIN B AN %/°C (10a)! Fmg
Knight et al. (2009) HadCRUTS 1979~2005 4F: 0.18 TR R 2
1999~2008 4F: 0.07£0.07
Fyfe etal. (2013) HadCRUT4 19972013 4 0.16+0.02 TN I a2
0.07+0.08
IPCC  (2013) 1951~2012 4F 0.12(0.08~0.14) A [iE) B 1) [ ST 45 358 10 3 % A7
1995~2009 4F: 0.13(0.02~0.24) fEZ 5, 1997/1998 4F &4 )
HadCRUT4 1996~2010 4F 0.14(0.03~0.24) IRJETEAE, X I 2 i A4 5
1997~2011 4¢ 0.07(=0.02~0.18) A
1998~2012 4F 0.05(~0.05~0.15)
IPCC (2013) HadCRUT4 1951~2012 4 0.106+0.027 AN [F) 2Rk T A ) 348 1 3 2 A7
NCDC MLOST 1951~2012 4 0.118+0.021 xS
GISS 1951~2012 4F 0.12440.020
HadCRUT4 1998~2012 4F 0.04240.093
NCDC MLOST 1998~2012 4F 0.03740.085
GISS 1998~2012 4F 0.069+0.082
SR 1998~2012 £ 0.05[-0.05~+0.15]
Cowtan and Way HadCRUT4 0.046+£0.063 SRR X Ak B, Tt
(2014) Kriging M X 1997~2012 4F 0.108+0.073 W R A B A K
Hybrid UM X 0.119+0.076
Karl etal. (2015) T 1E[ ISTI A1 ERSST 2000~2014 4F 0.116 ANSERFIY I 27
1998~2014 4F 0.106
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A 9 IRHILLE 2000 4F2 )5, HT 2014 4EF1 2015
SEREQN I . X, SRR
51k AECPRIAIRAE 1998 453 281 1 4
Wi o IXAETS 1998~2013 FEASRE & HAHE IS ,
PRI 1999~2013 FARMGEFAJR S . L JLT
AR B — B B A R A L
BAE NN, VS RERARRE 7 2 L4 (30
) BLERES, R U PR TEAL 423k A
A B AR

ok 2 3K 3 TR P52 A P L A B 35 AR I s 4 3K
FRELARmE . RUAIL T 3R Tk, A RE SN
TR Can AR AN YD) I S Sk 2k 4
SO B BRI B, AT AN BRAER SO AR
74k, (Cowtan and Way, 2014). T aBRE I E
(YA - BRI 52 A 48 22 U BT 4eAR, - bk mT
T B0 BRAR TR Al BB AR A — 8 A E
Karl etal. (2015) il i7 1M R an £, kil
72000 511 15 AR TH] () R BRAR BRI 4 4 b EAl
Ja B, X W KT IPCC ARS [R5 454,
H ST TN R BT U (R AR B A 5% AN AE

fHJE, FRATEES], Karletal. (2015) % 2000
2GR R A AL T 2014 4F, fif IPCC
AR5 FHUS Bk R3] 2012 4F . T BRER R
1E 2014 “EIA 3 [ s fe i fl, Karl et al. (2015) 1)
4 Bk = T IPCC L5 . Rk,
ERARRZ A AL 2000 2 J5 [ -F LA P Aff 202 i
%, AHA IR R AT DR A G A #

(2) AERIE R IfALH

FERE AR WE, BRI ILSIEA R T ek R
AL LAk, EER)E (700 KELR) 1
RSN, XL AW 5% ] 1] P ) B,
FIAN s I SAFAE AN 5 P I ELAT ORI s Bt
B, X RIRMGEGEAR g R B, X4
BRUK N Rl A4 55 B WROSe 4 8 9 B A ik B34 A — iR
76, IR R, mE AR OK) AL R AT AR
I (Paolo et al., 2015). MiZzAiA, Jmitxh
FEOBT DI 8 ] 1T BB 2318 1E AR BRI 1K 23 ic Le A,
R AR R ) AR, X — AR

S SRR (0 AT B, BRI e 21
50 ZAE LRI T HER R G 90% 2 (WA, (HAE15 4R
W), WS B I Pl IR A AR AN E 1 o PRI,
AR I 5 DL ACAN A i T VR AL R e — A

(3) HFPEARR e B B A o 1

T 1) A AR s AR A0 0T A B i 2 % 1) A% B Jin 3k
RREALBOCEAE R, H AT AN B RS B S i
ERBRES (PDO, AMO 45) FR AR it i)
AN 5E AT FE LA AR L e ) JU R, DRI A BRAR R
G2 10 45 AN a] R Al A AR R KA . %
2014/2015/2016 £ Ju/RJe it FAF 52, ALK
IR T PIAE RS THE, PDO H #i Al fg b T M
GO AR ) IENL AR A 0, (R AN BERfIA PDO A
MO TEAAR . A G JLAEAE AT A R gk 2
THi, H4 PDO ¥fa@fEIEALAH, ol mkds 4
BRARE IEAE FF A I . Forh A1 2 DG i) i
ARAF I B MRV 5 R AR IR (R,
SRIE Y SRR G 5 RELEE
WEC S AE R P B IS B8 B A5 LU RIS ) JUE s il
T L 11 A0 g 228 R [ 3 3% 2 1) B 25 R AE DA B
S s IR [P ER JE I AT Be 15 IR Bl A Bk R i
FERAEAR PR AR AL o

PIR BB IE LR 5| R T i 2 A e VE ) 5Bk
W], AH T AERR L AT AR T 7 5 = A I 2 H
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