ST RIS : T FGOALS-g3 HIEEHIHT 5T
j(l]—;]:;%“ E]/Ii? 1,2 ‘}I_;‘;J; 1,2 /,{F_a;]- 1 éﬁ_ﬂﬂ&ﬂﬁ 1,2

1A R 2 g KA BRI S Bl R U2 R ER I A 7 22 BB AR UL [ 5 R se 36 . (LASG), b

100029

2 I EBRRERE R HBR ST B RE 2B, dERT 100049

FE P HbIX R4 PO AR RO R I R IR [, £ 200hPa =% /=4
SRR ME , ZIGAEFRN “ B ZHOR 7 o FAGHT ORI TBOR 2 SRR 1
BRFIEZ —, RIS A RE R H B R b AT RSS4.0 T A £ Al
ERAS.1 5kl RSN T FGOALS-g3 Bt iR AR AL 5l /& #H 4 it
JETBOR A RE 77, Fd i B IR A 0 (FGOALS-g3 5 FGOALS-g2) HJELAR
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Abstract:  Moist adiabatic processes in the tropics amplify the surface warming,
producing a warming peak at about 200hPa, known as the “tropical tropospheric
amplification”. As one of the most remarkable feature of climate change, tropical
tropospheric amplification is an important metric in evaluating the model
performances. In this study, based on the RSS4.0 satellite data and the ERAS.1
reanalysis data, we systematically assess the ability of Version 3 of the Flexible
Global Ocean-Atmosphere-Land System model (FGOALS-g3) in simulating the
temperature change, especially the tropical tropospheric amplification, and reveal an
improved simulation skills of the latest version FGOALS-g3 compared with its
previous version FGOALS-g2. By comparing the results of the historical simulation

of FGOALS-g3 with the simulation from its atmosphere component the Grid-Point

2



Atmospheric Model of LASG-IAP (GAMIL3), the role of air-sea coupling is studied.
The results show that FGOALS-g3 can reasonably reproduce the observed significant
global tropospheric warming, but with a stronger trend which is related to the internal
variability of the climate system and the differences in historical external forcing used
by the two generations of climate system models. FGOALS-g3 has also performed
well in simulating the observed vertical profile of the mean tropical warming and the
spatial distribution of the tropical tropospheric amplification, while has a positive bias
in simulated magnitude of the tropical tropospheric amplification, resulting from
stronger temperature change in the lower troposphere. Compared with FGOALS-g2,
the improvement in FGOALS-g3 is mainly manifested as an increased response to
volcanic aerosol forcing, a more reasonable spatial pattern of the amplified tropical
troposphere and the vertical profile of mean temperature trend. Although GAMIL3
simulation fails to present the influence of external forcing changes on the
tropospheric warming trend due to a lack of air-sea coupling process, leading to the
biases in the long-term trend simulation, it reasonably captures the interannual

variability since it is driven by the observed sea-surface temperature.

Keywords: Tropospheric warming, Long term trend, Tropical tropospheric

amplification, FGOALS-g



1. 5l

o}

RAHER A% R G0 B R 45, B A RS IRE 1 B EZR 1 K AR
e, TR E RS E S E R (Steiner etal., 20200 o 1EH AT
() E XA, XHIRE AN TR g B b AR AR A a3 2 BB S T R E

(Lindzen 2002; Santer etal., 2017a) . iI 20 52K, SfEFEA—HETHH
B R GRSV 2 KR B 19 7 S AR Ak, A5 O AN [R] v B ORI AR A
TS AL RE 7 2 S A U i ST R 1 DGV ¥ ) & (Santer et al., 2005, 20085
Fuetal, 2011; Po-Chedley and Fu, 2012) .

s D B ORL 5 7R B A BRCF S MR TR L B 1880 AE LR B s, W IEZ) 0N
0.85°C, HidsgH sz Bt tHIEIT 30 4F (Santer etal., 2017b) o H&T- R4
I FR A BEAE IR 18, Hry 1 X IR 26 A AR S TEOR R MG RR 8 2, #£4) 200hPa
S JE AR IR, XM R “ By eHRJEOR 7 (Stone and Carlson,
1979) o #HEXIUZE BORE 21 2R BERFEZ — . KRS RS I
RS RO BEE R, AEAR KRR SE |32 BBy i 2 T 52 b o2 45 224k
HIEE . BRI, R ORI R XS F R AR AR PA S S U B 3 A i
SR o RETS B BB R 2 ORI R 5 2 PR Al AR sURADL A BE ) B 4R bR
PR READLATOL I 25 2R 1) 22 57 e LA, e ok B SR 38 1) i (Fu et al., 20115
Po-Chedley and Fu, 2012; Santer et al., 2017b) &

EERABEE ST, 2B GR35 75 Py L DO o s 2 R I I 2
KTAKJZE (Steiner etal., 2020) . WFFERY, KREZHURARGHA S 7 ULE
FTBOREZE, B 22 G s B FAGHT R e 12 1 T 3 2 L S8 T
SR, X ZEAE SR =N EE Tk« E B AR S AR EE BRI (Coupled Model
Intercomparison Project, CMIP3/5) I8 40 45 5 135 47 7E (Santer et al., 2005, 2008,
2017b; Po-Chedley and Fu, 2012) . %40, #Fxf 1979 45 DK 5 it 2 B iR
B, Fufs (2011) i HEL CMIP3 R G D SRR 6 15 T2 LI B}
SER, IR S AR UL R B TR 55 5 TN, DA IR 5 SR T URLAL Y Ay
R LT R R RS E A SN A R . BT CMIPS MG 8
SRR I AL B MO AR B e (BRI “AMIP” BEfRES) W15 B 2R H 4518

(Po-Chedley and Fu, 2012) .



i UL AR, S I 2 S R RS 1D AR A Rl TR R %
(Solomon et al., 2011; Santeretal., 2017a) ; 2) FEALURIRN I it IhF 2 5 Ha 24
AR (Tuel, 2019) 5 3) AUERARFGAEAL R (Santeretal., 2019) ; 4) %[d]
TE EALE R BN TR SR E 520 (Santer et al., 2017b) o #ilin, #aE A
i 3 S SR Hh i 5 KA R BT P AR M R 0 PN A R 5
A5, EA5 AR R BRI R R R A I R S, T S B A A 4
RGN EE AR sy FAAEZ . MR, R IR DR 3 1 SR R U
AR, R AR AL 6 75 18] AT S22 o, IR RS S0 2R Gt P9 A 250t T AR
FRLI 2 5] 72 572 R R T e 7N

TR M AEE FE AL 1978 R A M AR SURE M 1A (Mears and
Wentz, 2017). 18IS 40 BRI ET S i 49 B B SR 4 1 AR T-4% S a5 D Bkt
ST 1) A BROGT UL B P AT IR IIAAE 4, Eh 122 00 R H R A A Bk s () 7 5 2R e A A )T
AR AL, BT CRE N E RS TR S TSR S 1 A
(Johanson and Fu, 2006; Santer et al., 2008; Po-Chedley et al., 2015; Mears and
Wentz, 2016; Steiner etal., 2020). #AT0, T & TR BEZ S — A5 4b
P ARSI, 2w RO TR i A SR A BOR F N T A A,
W55 T ML iR 2 Rk ek e TSR T A3 (BRI {E (Santer etal., 2005, 2017b). 7
Tl ERPIEER T IE S RS R TR S, ok, PEBRIIMEE KR
IR E R RS R T W R8T (Mears and Wentz, 2016; Zouetal., 2018) .

B L2 W BRE LAY, 7 5 I RS 1 B2 BT DR 78 K IR B AR A I
BB o 2 RO U R AN B AR A AR B, 120 M Wk A0 AR

WA=, R RARERTH K, FE220EA R 3R,
AN “ESEIM” (Kalnay etal., 1996) o B, 08k g Fars K
SRS, RIS SR < I .

FGOALS-g 72 H [E B} 2% Bt KA BRIE 78 B KSR A1 BRI 44 7 2 BB A
WE K sk s (LASG/IAP) KIERI SR R, XS T CMIP3,
CMIP5 LK i3EAT H ¥ CMIP6, 412 82 FH 4% S5 AR F A 5 AR AL RO 5 ()
REZ, 2014, 20200 . HA, S0 CMIPS [ Ay FGOALS-g2, %Il CMIP6
(5B A 9 FGOALS-g3. M FGOALS-g2 % FGOALS-g3, % M\ K70 &
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FIEEVE 0 B A B3 2 243k (Li et al., 2020b) . #R1M0, H T M ANE 2 FGOALS-g3
RETS & PR F LA BROC R BE 1R A 55 DL R #ey S 2 TR I &R

ARSCHET W by EoR i PR TR, DL FGOALS-g i IHRUAS I 52
BRI IE AT AR A AMIP 3056 (GAMIL3) FOREISE B, 00 A (1% DL b bl
FIaE: (1) FGOALS-g3 fie 5 o BRI 42 3R OK AU BE () AR A #a 3 AN Ay o i 2
BORILR? FAFAEmZE, WM 2 7= A R & A4 2 (2) FGOALS-g #ihit
RIEIARAERE R B AT ? BT, FERIEWLH? (3 G
AR (RUERGATRAEZR) KAl S5 T 5 2

2. H. BRAAE
2.1 HEAMEA

FGOALS-g /2 1 LASG/IAP KBNS & xR, 5 TR .
i T AR DK DU /M . AR SO BT B B AN A 43 73 & FGOALS-g2 #ll FGOALS-g3,
ZENIMZE R R, BRI 1 iR (Lietal.,, 2020a). 2 fEHEVF
i, FGOALS-g3 MR R /089 LICOM3, HHXtT LICOM2 Kyt - 24,
FERA T : — BN JTHESE B JFR IR 28 26 FEAR m ME 22 5O s P 4 2 132 it T A
PRIHFRF T =A% 5, AR T AER s 5 R — R AT R R e MR A R
BT IR A UL IR A L2 (Linetal., 2016, 2020). FGOALS-g3
fIF I 43 5 CAS-LSM (Xie et al., 2020), #EUK43 A Los Alamos sea ice model
Version 4.0. FGOALS-g3 KA NCAR JF K If] CPL7 #47#& . A K FGOALS-g3
FELT FGOALS-g2 #E APt 1 PRAM A AR A A BE VAL 7 L Li 55 (2020a)

A% A 3 A5 B0 S FGOALS-g3 (1 5 S A5 058 36 A0 # ik k< X
GAMIL3 ] AMIP iREe 25 . Hr, %M CMIP6 FRiERE, B S B Ee Al
HI P seahamil CEFRR = U RIS IRENRES I, Al 1850-2015 4F (1)
Py s, 45 TE WIA6 37 JE WA RSB RS G SO U LB A T 1979-2015
BRI el AR UK AR T 2% AT, R0 GAMIL3, R AMIP 46 (i
RELZ, 2019). ALLE FGOALS-g # & HEABIHRA M Z 7, ARSCBEH T
FGOALS-g2 JJ7 BB I #ds . ik S I 1 R — MEG UL, WHFnS
BN 1979-2015 4



#F1 GAMIL2 1 GAMIL3 [ X E =R

Table 1 The main difference between GAMIL2 and GAMIL3

GAMIL2 GAMIL3

K e 128 x 60 180 x 80

USRWIES PRI % (TSPAS) - B IEJS IR TSPAS, RIEMR X /KITSF

fe

477 — 45y 4S5y

PN/ TRZIE R 1peS T A

SR TIPS K-BRZk 77 % TKE /5 %

BRI E P GURIT R 2 A2 e FE “RESEIRT (EBIS) K&

A R R SERTELSHHAMBRZ =/ MACV2-SP, $RHEA SR a1
Pr#E i JHRRH 2 T O 2 R AR R A2 A

HhoRIE CMIP5 #E# CMIP6 4

H1F FGOALS-g2 7 st Al Bl 1k F 2005 4F 12 H, T g 28 ik PR A2 1
5t RCP8.5 (Representative Concentration Pathways, RCP) KK iftii 46 & LA
SRS 1) 2% LEAEAE RS IR I AT BEAUL, 9T HUB,  ASOK FGOALS-g2
0 g SR AR DL 156 2o A RCP8.5 B dla AT HH%, 432 1850-2015 4F (1 I SRS %K
5. NITEVHE, LUR 45 FGOALS-g2, FGOALS-g3 il GAMIL3 k& /R
AR B AL [ sk AU T 0 A R A

2.2 W KB s el
RS FH 3 R8I0 RN T B R

(1) MSU/AMSU T EIRZBRE. 1978 FER LK, 36 [ E S0 E
s (NOAA) HIBRHN 1B FF a6 A8 FH il KR (Microwave Sounding Unit,
MSU) F1F+25 i e i KA R (Advanced Microwave Sounding Unit, AMSU)
S5 T WIS 58 5 384T & (Mears and Wentz, 2017; Zou etal., 2018) .
MSU/AMSU i i 7 A [R s S T AT W &, 45 2 A [6] /& 2 = B0 R S S
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25 AL AT BIAN ] 5 = B OB S o A STAE 1) 72 36 B IR 4 JE T 1Y
IR R G/~ F] (Remote Sensing Systems) $&HE[] MSU/AMSU T2 %k v4.0
WA (U 4iPR RSS4.00 o iz8dlEEIR L /0 BIZ IR BTk, 78 o5 N [ BN
1979 24, KV HERA 2.5° %2.5° (Mears and Wentz, 2016) - ASCH I
ZENTFRZMRERE (TLS) « MZHEZEE (TMT) AU K05

(TLT) o HAUE o FUEAE N B CUED 23504 17km (75hPa) | Skm (540hPa)
A1 2km (795hPa) , 5-FiERE XE i E A0 i Z AR E 1 S vy AR
M. (Steiner et al., 2020) .

(2) WM A A R A TR A 0y (European Centre for Medium-Range Weather
Forecasts, ECMRWF) #r—AXH 7 #r %k} ERAS (Hersbach et al., 2020). F#|
AR & B AU IR . RIS HERE AT AN UK 78 o I [A) B
NI9T9EESL KPP 1° x1°, TR T B LA 37 )2 A EH HI ERAS.
AUREFEITIE T 5 ERAS EHETE 2000-2006 4 IR 22, P2 A6 2 b
IS NPT EE (Simmons et al., 2020)

BT AR GRHOE SR B, A Beg— R 1979-2015 4.
2.3
231 AR EEEETE R

NIER AL R S P REERIAT IO, ASCHER T RSS FF A R Hi A &
BRI, o A U B A ERAS. 1 BT SO S o A ik L TR (Santer
etal., 2017b)o 1ZTVETERFADE L A% AT A A QRN 23 B Bictls 1o il 3 2 1) )=
HOAY H R HOIEAT AR o A IR T R AR PR ISRAY (it v
UKD PARGEE R R TR E (TLS. TMT 8¢ TLT). %7V A BRI E
BRSO RE NS SR AL T R 1K) i AR B, LA e A DX MR B2 PR 3 T ORI
MR (Santer etal., 2017a).

2.3.2 TMT iTIEN B

BRI R S ) TMT 284k 3452 2T 2R Z BFER P 22 52 (Fu
and Johanson, 2004, 2005; Johanson and Fu, 2006) . “Fifi)ZMEXT TMT [k

Ay s i a] DL [F HF R 2B (Fuetal.,, 2004) o 1% 773 B 0] 5 18 X0 0 A0
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ARG E5 3] TI8UF (Fu and Johanson, 2004; Gillett et al., 2004) .
2% Fu 1 Johanson (2005) , ASCRHAX—ITIEHRE, BT

TMT =, TMT + (1= ,,)TLS (1
Hrp 5, % E S Santer 25 (2017a), TEFTELELIN 1.1,
2.3.3 HREKIIETE

NS EISIRAR S BE E E R B e 25 5, R 1979-2015 4E (1) ERAS.1
PR HTEAE, BT 1000hPa T B 80%AHXEE 73 FIAE Wi 5614, THE A3
AT AN, i ZE BT 45 2R 2 B A PR ME (Santer et al., 2005; Steiner et
al., 20200, FrHARWT:

_—= = (2)

Hrh =0286, N, R, RERER, @RI, v
Hatt.

N

2.3.4 W& MBBIHE T

ANTE] G A s B £ 328 X 2 0] i 22 AR AL R S R Al SR P AR SR, Dy T I INER
X oM i B A, AL S Santer 25 (2011, 2017) $#2H B KES L-
AT I, EEL=10 A1 L=20 DI BOgEAT 200 o IXFR 50 R] DL R
B2 ROBE AR R RUBE “ M ” 6 TR B 3B 2, AT R HA R E AR A AE AR AR
B B 8] FRUBE b ¥ BE ARRFALE

PLL=10 AHl, FAFIHEE—A 10 FLMEEAKREN 1979 4 1 H & 1988
F12 A, ERIEAGZRREE 1N, BE—IRITENECN 2006 41 HE
2015 12 H.

2.3.5 BEMBEFE

A AE I AEZ 40 Thei-Sen & #fd 111 (Ohlson and Kim., 2015) 1152k
B, tEB M EEHRIAEH 7 IES % Mann-Kendall (MK) 56 77745

AT K i) A3 18] A 5% A 80 I Ta) AR 50 28 H055 A0 50 0 A 2 4 T 1 00 A
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Student ¢ #55%, H HE AREARBIR 2.
3. ZRoHh

AR SO SR XS AN R e b BT 2 P A AR A, 38 R 5 WL R
BT I LEBOR VA AR RE . BEJS, 0 X2 s 2 5 1 R IR R S m] U5 2 %
AR 3, CREE T R TG GRFE) , RO XK R S i = T
M KHIELR X TIZIG, ASCIEE 4 N RFR AR IR AL BE I 70 B A T
AR 45 R FEMR, AR 2 IR R 01 U137 ) 22 B AH O A 80 TR AR 3 Gy
(19RO NN IEINE S QN v TVAN 12!l NP b/ W 1Y 9 RN AR IR
WSS BRAR R L T i Y BT A

3.1 E£REETHER

Or -r-— 7777
RSS4.0 FGOALS-g2
2.0 FGOALS-g3
1.0
0.0
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B1 2RFWEREEFFE (A ): () FREKRE (TLS). (0 MimETEE (TMT)
(o) MREMKE (TLD

Figure 1 The global mean temperature anomalies series (unit: ): (a)Temperature of Lower
Stratosphere, (b) Temperature of Mid- to upper Troposphere, (¢) Temperature of Lower

Troposphere

15T 1979-2015 SEA[H S FE)JZ (TLS. TMT A1 TLT) 4¥k-F-34 15 FE
I TSRS Ol W PR 2R 2 FEBH (B 1), FEHRAIEE TN
TR RAAHFEIE R, K CORETHE WA —E TR (Aquilaetal., 2016;
Maycock et al., 2018). P/ ZCZ M FFIREHAEMKRRAE, 77hl5 1982 4 El
Chichon AT 1991 4 Pinatubo K IR 1K sEIGIEE SH <. KILEA LR K
B R R FE IR N IRE s R WO AT A AN K R 5 BT R B IR
(Robock, 2000).

FGOALS-g3 M GAMIL3 3 f¢ I HUEIRE KA R B H DL KRR
SR MRS, EEEAL T Bl Chichon K LR R & )i )2 BERE, [RII fh
T Pinatubo K LRI , 5 R SRS ASE 2 13 2 LU AU IR B BERbGS T I
KRR SR EE AT ANE HER (Rieger et al., 2020). FGOALS-g2 BT K% &k
LS55 (Zhou and Song, 2014), #CEHIFRZKE K RABIEIR(E S,
FGOALS-g3 % FGOALS-g2 31 7 Xt FFiit /2 K LA IE I o s 1 1) )9

Bl 1b 1 ¢ 4370108 1979-2015 42 8k°F35 TMT M TLT BE~F 541 EMH,
Xz CETME) A8 1979-2015 fE ) = ZR L B — B 8E B2 R AIE

e R AR M (R 2), MMM —BERIDTFRZRZ R . X
RS . BART S, TR BORLRI 2 AT BORHE 2 RO 2 o 2 SR 0 B 43 3
0.17°C/10a. 0.12°C/10a, X}t /=A% JE HGUR & 2270 1) 4 0.20°C/10a. 0.14°C/10a.
FGOALS-g2 1 FGOALS-g3 ¥ v] FLELALIN A (¥ 09002 2 2 R 5%, (H35 m il
TR R A, RS SR RGN AR AT G T AR A I S AR
56 5 U0 (1 P AR AL AR ARABL,  JUASE DL PR X Vit 2 1 i B 5 O B Sy

(Po-Chedley et al., 2021). 7% FGOALS-g3 % FGOALS-g2 & J tH 5 5 [ 145
A, X 5 AL P AR F A A AN [ DL BRSNS 17 s ARADL A e e A A 2
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A K. GAMIL3 1) AMIP 056 H 52 [fg SEAOLIN RS AKX N, He AR A R AL A 50

I3, SRR 2 SR R 5 2RI 4 R A — 2

#£2 5 EHIE 1979-2015 44 BT TLS. TMT Ml TLT ZetE#a%h (Rafir.
Ha ST L 99% ) B A5 KT

/10a), FTf

Table 2 Linear trend of global average TLS, TMT and TLT from 1979 to 2015 (unit: ~ /10a),
all the linear trends are significant at the 99% confidence level
RSS4.0 ERAS.1 GAMIL3 FGOALS-g3 FGOALS-g2
TLS -0.19 -0.30 -0.21 -0.19 -0.15
TMT 0.17 0.12 0.18 0.25 0.22
TLT 0.20 0.14 0.18 0.26 0.21
(a) TLS 10-yeartrend (b) TLS 20-yeartrend
20T T T T T T 0. T T T T T T
80 19‘80 19‘35 19‘90 19‘95 20‘00 2(;05 0.80 19‘80 19‘85 19‘90 19‘95 20‘00 20‘05
15 (c)I T™MT 10-ye;artrend : : : 060 (d)I T™MT 20»yei1r1rend : : : :
107560 To65 To0 To65 3000 5005 02 7560 To65 660 To55 7000 5005
(e) TLT 10-yeartrend (f) TLT 20-yeartrend
15T T T T T T 0. T T T T T T
1.0f
05f
0.0
0.00}
-0.5F
10 19‘80 19‘55 19‘90 19‘95 2(;00 2(;05 0.20 19‘80 19‘85 19‘90 19‘95 20‘00 20‘05

A 2

AERCPRIRIR 10 45 CEFD F20 45 CHED 3% (Bl

/10a): (a, b) F

MEEZ (e, D MRZEFEZEA e, D MRZRZ . BARSR I IEIT ]
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Figure 2 10 years (left) and 20 years (right) sliding trend of global mean temperature
(unit:  /10a): (a, b) lower stratosphere, (c, d) mid- to upper troposphere and (e, f) lower

troposphere. The abscissa is the starting time

ANTE] 43 BT BT B )34 B 2 6o FBE AR A A PO Ay B A 5 ), DRl IS 2 12 i 5k
For AT B H M, 255 Santer 25 (2011, 2017) W77k, B 2 B TR
MU AN 5] v P SRR BE R Sh R a3 . FE LI, PR B2 IREE 1 10 4R
Shjash F B R T PR ERJZ X Bl Chichon Al Pinatubo K L8 & e 3 (P
2a), HAg KR L BLLE El Chichon K Ll 4 i BRI /I I 18 B8 I 391 485 7R 5
Pinatubo K LU J 18 il 1) DK e 38 B B 30 22 11, 5 KB UL #43( HE BLAE. Pinatubo 2k
L 38 5 0 PR AR E R IR B 2 J5 . FGOALS-g3 (45 3 5y —8, 1
FGOALS-g2 B T~ A A0 £ kLl A0 15 S 8 0 ASE e g 5 00 ¢ SR 228 B A K
GAMIL3 5 FGOALS-g3 45 R AHir, ¥aee & 2 IMMERAE . B 2b P2
2R T 20 4 Bl 4 ) 32 2 e B f) S A UL 7E S 2 5 A3 M R B U A
FIAEABR AR

TEMLI TR, 6Hit 2 R R R A BN — 3 (B 2¢-D). 4T
ZNETACHL 10 4RI, I R I DU SE R ARAE (B 2, )0 WSS 2K
L R S RO, P PR AR N i S ik P 4 BR AR R S (R 512 10 o W %5481 32 JE R
Wi-F 75 (ENSO) SF4EPRAR R Ao, BUELE Al & (Santer et al.,
2014). fEFNMHEEAE (FGOALS-g2 Ml FGOALS-g3) 45, XU L5 F55
R R B 5o GAMIL3 145 RGN — 5, XS5 AN, J5 B2 52 S4B
AR R . KT 20 SEIE DRSS, FGOALS-g3 R4 11 I S 1E 1990s % 5
TWIME, FERHT 23 7R s omid R4t W% (Lietal,, 2020b)
PAR Sk R G5 N A % (Po-Chedley et al., 2021) IR

Kl 3a-f 45 H 1 RSS4.0 TLEE . ERAS.1 B4 HT Al GAMIL3 b R AR il 5
SO 2 T 5 JE BRI GR35 1 A BR 2 () 20 AT o =80 s s IR
JEUR P (125 18] 3 AR RO — B8, R S KA XA T ek sk 46, LK
PR AP X o 8 B Al B0 IALZ s EAMICE 2 BT B IR 1 %5, RSS4.0
TR BRI 45 F 4 B0~ 0.15°C/10a AT 0.19°C/10a, ERAS.1 F 43 #7 $ 4 45 5

0.12°C/10a #1 0.13°C/10a, GAMIL3 #4554 0.18°C/10a. Ht, GAMIL3 5
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RSS4.0 T B H 45 B —30, T ERAS.1 F40 W8 B4 7 1 4 BR-F 1 1 15 a3
FERT N o =540 2 B BRI 2 s 2 R Ui S A2 T P AR A 35 1 % ] 43 A
MRN8, [RWEZS MR, RSS4.0. ERAS.1 1 GAMIL3 45 543 5
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Figure 3 Trends of temperature variation in the mid- to upper troposphere (left) and lower
troposphere (right) during 1979-2015 (unit:  /10a): (a, b) RSS4.0, (c, d) ERAS.1, (e, f) GAMILS3,
(g, h) FGOALS-g2 and (i, j) FGOALS-g3. The dotted area indicates the values that are significant

at the 95% confidence level
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linear trends are significant at the 99% confidence level. (b) Same as (a) but standard deviation
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Figure 8 (a) Ratio of the average temperature trend of each layer in the tropical region
(20°N-20°S) to the temperature trend of 1000hPa during 1979-2015 (unit: 1). The black line is the
theoretical value calculated according to the pseudo-adiabatic process. (b) The same as figure (a),

but the temperature trend (unit:  /10a). (c) Same as figure (a) but for the ratio of interannual

variability (unit: 1)
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