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Abstract In this study, the influence of the Tibetan Plateau and the Rocky Mountains on ENSO variability is
investigated using a fully coupled climate model. Compared to that in the real world, the amplitude of ENSO variability
becomes larger after removing the Tibetan Plateau or the Rocky Mountains. The ENSO amplitude is considerably
stronger in a world without the Tibetan Plateau than that without the Rocky Mountains. The ENSO variability is closely

linked with the mean climate in the tropical Pacific. The removal of the Tibetan Plateau results in weakened trade winds,
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an eastward shift of the atmospheric convection center, a shallower mixed layer depth, and an El Nifo-like sea surface

temperature (SST) distribution. These mean climate changes result in enhanced wind-stress sensitivity, Ekman upwelling

sensitivity, and thermocline sensitivity, finally leading to a 60% increase in the ENSO amplitude. However, without the

Rocky Mountains, the tropical Pacific shows a more complicated trade wind change, with a slight eastward shift of the

atmospheric convection center, a deeper mixed layer depth, a flattened thermocline, and a La Nifa-like SST distribution.

These mean climate responses strengthen the wind stress and thermocline sensitivities, leading to a 10% increase in the
ENSO amplitude. This study suggests that the uplift of the Tibetan Plateau and the Rocky Mountains during the

geological period has played an important role in suppressing the ENSO variability.

Keywords Tibetan Plateau, Rocky Mountain, ENSO variability
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(e—h) NoRocky experiment
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Spatial patterns of regression coefficients between the surface wind stress anomalies and the Nifio-3 SSTA (y,, units: 10°Nm> °C71) in (a)

CTRL, (b) p,difference between the NoTibet and CTRL experiments, and (c) u,difference between the NoRocky and CTRL experiments. (d—f) the

same as (a—c), except for the regression coefficient between the anomalous upwelling velocity averaged at the thermocline depth and the surface wind

stress anomalies averaged over the Nifio-3 region ( 8, units: 10°ms ' N'm?)
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YV 1) Ekman S W% S 8RN BR )2 S o e, AT
i ENSO AZ K135, ENSO 25 3 % b JE f v o7 55 4
WARPFEE Y, s A REREIRER L E K
BEaitae g, BEUIMK.

5 Gigfnitie

SR AR G A o AT T R IR i 5
V&1L K JG ENSO MmN, S5SRE, B
Kl ik 5 ENSO A2 #3438 558, {H ENSO L ZAE G
T8 e o L TG V& 1L kS S RN 2, XL
HUREA AR F] o F2 BT 6k I 5 By KT S
LN ¥ 7N = e Y = W A BB ) o K 7 N e
El Nifio 8 iR 3 A, X i — B KR X b
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ORE, PRKXPHREGELE. BREELKES
T TR S S 1 B SR 30 HH 5 T 7 9 SR A —
FERIRRIE . TETCVEBE L KAE 52, G KP4
% La Nifia BP0, AR FHREGZZIR.
{HRTER AU RIS T, A KPR E AR
oo AP IE IR AR R TR T T R BRI
J5 ENSO R IGR M R K, 45 REKH: EBHRF
i e JEANGE SR LK S, B IR AR BT 51 R BRI
XTI O AR A LA SRR JE AR, a4 il XU 77
TR ()R /IN DA B R BR 2 e A P e P -5 00 H I A
R IR N, X 2 5 8 ENSO AR 20 5 1) 1 5 A
Fo AL, ERRT SRS RN, PR
TR A JZ A% I A6 AE v Ekeman Ji W RS I 18 B 4 55
Xt — 0 S8 ENSO BRI i, SR, TETCVE A
ks SN, BT #E RSP R A Z MK, Ekman
R AR I AT S i, IR ENSO AR 2 48 55 [
FELUAE T s R & N N e ASCRHIREAR SR
Ji R E BT T g J1id FR7E ENSO A8 2 AR 4k,
HEVER, JREERIA T E BRI E M, A
SCHRIE TR AT T NG IR K BIAS A

SIS A A AU S5 R B AE LR Bt (5500~
3500 J3 AT, k2 T s R I O 16 T R R
1, ENSO ¥ ¥ fig bt 30 A < i 55 5% ( Huber and
Caballero, 2003). A CWIGUE TIX—45 5%, BIfE
WA R R TS BN, ENSO JRIE 58, SR,
%3 L KRR 4500 5 B2 TR R T,
TE AU v 3 L Bk T 2 A ENSO #R 1 2 75 2
FL AT 2 G EmIa A il . (HACHISE R,
WL Bk BB A ENSO B3, R A
K P FARAL R IR B B, (H G 45 IR R A AT
T 48 WA B R R VR 2L 1 ik B2 ENSO
AR R AR AIHLA], 5 B BE AR 46 37 1 DLk ENSO
PRI AL TS AR o

AL EERAE— B R b 52 B0 R 1) PR
il PP E PR L 2 FEOERE B,
M 77 A2 BE 58 1) ENSO 22 28 (Meehl et al., 2001
A W AT 4518 . FH el R M da
F&T3 7T IJLE TP, X HE KA Co2 Mk
5 DL % it Hb oK 55 ) T AR AR AR AL AR K (Kiiirschner et
al., 2008), X #RLFLM ENSO 48K, sk, i
(RSO 25 25 520 ENSO 28 KRl . fi CESM
L) El Nifio 514 1 La Nifia 4 5 %5 R 7 1ii »
PR EE RABAR—FE . X —Z 50 A 50

KK (Levine etal., 2016), {5, (Zhang and Sun,
2014), PARKRAXH. WAMHEAER (Guilyardi
et al., 2009; Sun et al., 2016) %5 E £k P i 72 (1) FE 40L
MZH . HAhh, CESM AL G IR AR R0
DB A VY, 3X 2 3 BUE U PR R, AT 5 TR
ENSO HLHIAR Lt . 3 H, AScfA it
Jik 7146 % ENSO [/EH . A MR EH, X4 El
Niflo SFPF R AR, #hy RSP 2R 78 38 0 <0 0
S ik bk o, AT/ T IR £ B DL
HER I [ R, T R e A PR A R oy
#i  (Stefanick, 1982; Wolf and Smith, 1987; %k 4k %
MHZNE, 1996) . A& RWLKE, Wik
FBE 2 Uk 55, X K R oK S Bl AT S 8
ENSO SR 2074 . A3 5 7R i B AR AL (1) 5008 X
B, RER A R SR AR T VR 2 L kAR T B 1 R
) ENSO iR AR Ak, I 8 2 B S 2 A oy < 4k
1 ENSO ik —ES%E = L.
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