FN\E: BFRSE-SHEER

Jintai Lin A E 3R

Dept. of Atmospheric & Oceanic Sciences, School of Physics

linjt@pku.edu.cn
http://www.pku-atmos-acm.org/

R R B arir R ImR .
ezt Y

PEKING UNIVER%_ITY




IARIIR SRR G R REEWSI %0

MRSERARGARERE (KR+t5R) BEEINX MRARIRRZEEWNZR (FEdLE) 2%

B4 Wim? 350 T T 1 ¥ ¥ ] Y ¥ 1
SRS

¥ 'l LJ ¥ ‘ L
Absorbed Solar

300
250 "'""' ---------- -
200 ./ T TN T
150
100

Irradiance (W/m2)

Net
Radiation

BERT 90 60 30 0 30 60 90
Latitude

HBEsRAARE (T=) FH



S E RS CEN ST Ve e

o e e = I R R ) B 1 (E R 7 B B e~
CETILHETE!



BFRADRE

Shzzl Slrizigs Seliliy

i 1T B () R 5 (V3 SR
nrzisiigz] sillniiy Wi




WERAFRE (HaEMRERE)

1002 oozl G008
jny= "‘IUUJ | [DOE S [0 28 D20 B 2B S
I OO MSIPETICI I CATTETETS = —

e
e e e =



FHREL BTFRARGKEBEESAKZE, kgm?)

Temperature (°C)

BKEESR

20 ——

o
(Oa]

—
o
T T

Salinity (g kg™7)

M= EHIXFR

depth/m

0

1000 -

2000 -

KRR, BE. BFENEERZ

density/kg m—>
1026 1028

temperature/*C

0 5 1!]15213253(] 34 35 36 37 38

4000 -

50001

salinity

g (€) bt

1024

Q: tEEXS, #EFEORERENM?




BFR LB FREN

BRmE HERERE

Sea Surface Temperature Chlorophyll Concentration
*C (mg/m?)
A

-2 35 0.0 c.15 20
July 2002 July 2002




60° < -

L ey fyashio

M. Pacific

30°

California

=, LA 0 B s A w7 Bne . \‘-_ : o
~LI F E 3 PI -‘j : \ y Kuroshio

& PACIFIC _
\“*1 | OCEAN SOUTH oo ——

-+

- MNorth Equatorial _— }

0° Equatorial g
— Counter

44— South Equatorial

W.AUSTraliaf |

20° Peru E‘“’”" Benguela | E Australia
Mmﬂuﬂhlque S L
n - -
He h‘tﬁdl"a 3
sputh Pacific South pilant _/

60° . Antarctic G|rcumpnlar _ Antarctic Circumpolar -

: —» Robinson Projection

R —-
Warm Current Cold Current




EF ST BN E R E

iy K=

SCALE SIZE
1,000s years Milankovitch T Long waves in the
westeriies
100 years Thermo-
Wind- h‘allne . C;:?at:eal 5000 km \
. circulation ¥ ]
v
10 years driven l o
circulation Macroscale- = = = = = - - - -> High- and low-
pressure areas
Q) ) Weather fronts
w©  1-7years El Nifio O i em :
O
n Mesoscale LukTicanse
(D WkS — months ” l Tropical storms
= eddies
= Land/sea breeze g’
~ 12-24 hrs Tides Thunderstorms Piindeion | Lo
Chinook wind
Mesoscale 20 km Vé“d&'i‘;‘v".i? y a Ana wind
Internal
waves
0.1 sec — 1 min Leep-waten " arnal kabulert
- e — 1 ! en
: surface waves Tsurjamis e o
0.1sec T— Capi”ary Microscale 2m P~
0.01 sec —+Bubbles
} 1 t T L Seconds | Minutes Hours L Days
I to 1€ to > to > to 1
mm cm 1-100m 0.1-100km 100-1,000km 5,000 km 10,000 km minutes hours days a week or more
500-5,000 km

Length Scale

Lynne Talley et al. Descriptive physical oceanography: An Introduction (6t edition)



B FPAABE Eddy

P RERIE (~AHEMRTESHE)

A

K [ms]

50 47 44 :1 -39 -36 -33 -3.0

w
<

latitude

& - -
-73° -72° —71° —~70° —-69°
longitude

10



AN A o

REFR: 2R NERR, ERSEHR
BSBEFMRZIR

JE/RETEMEE T &5l

R FENPRFERD

KEFSFENIRRES

m BRI RAFEN L T ARE A

11




RV F 5

R

5%5}2}?. The Gulf Stream Current

. jc”‘ﬂﬂ'ﬁﬁﬁ?ﬁ‘:/ﬂﬁﬁuﬁt BEEREN (D) BRNBKIESR, X,
(IRZ)) FHo

- FEMREFRE: LXFANER (Gulf Stream) , b XIEFHIEM
(Kuroshio)  FAMRERBLGER (Antarctic circumpolar current, ACC) .

Q: ACCHIE ERINEE (BfmAER) ER2iskEE?

12



weS

RV F R E A R

Y SUENE (Ekman Spiral)

45°

e

:'—:"_'&;—‘._———————

Surface water

A

l

|

l

|
€
o
=

|

|

I

|

.

=

- RN AHEREFE L, HaE
KBRREFRED, ERIK
JTRERT, FREFKEZEEE
A JEEEK BEFAS X =
2045 IR A .

- BEEBKRENMR, B37H

B A E A WEE -

- B5h, BATEEANNEN, B

71(5:2\'_51]]‘21%55%)}&55 )

» —RRKI, REFRRET

100-300% -

13




R F R E A R

¥ 8z (Ekman Transport) ¥ w8 FE (Ekman Pumping)

cyclonic wind . anticyclonic wind # Ekman
t transport

Pacific Ocean

Prevailing
summer

— - A = — e 2 PORS i T surface surface convergence
e e em———r. - : | divergence
______ - | sea SUrface ’ /‘1 (\
——————— X_/
B4f = — === =~ 2 : upwelling ) C downwelling
e [ e St g - ‘ ¢ Wdine

- ¥RSRESHESIEY, 5IEESKNERER.
- BENREWE. SIEEEFIR. FERFHHIEXREEKLH. XEib
XWEEFHRIEE. FFETSERIMEX.

14



BEl#H XA 7 Subtropical Ocean Gyre
ﬂﬁm ﬂﬂﬁﬂiﬁﬁ

= T ®
s q’u L//://j 4 \

: ..‘ “
. ".‘\J_ D A\ .

™
5 ¥ ~

2 1 o ap
P ad® A
_ (.\'onh 9
3 ‘\,‘

y
\) .
\'\‘ 2. ¥ Atlantic SRR
SN f"
- .

o —es ]

= S I =
T s T Th T T T T e e ) e
N 3N (q”:‘i‘m\ﬁ\\ ~ - W’)&/(A ‘CL/L—_—_
1 1 1

180 120W 60W 0
— 20 m s™1

PSSR RN E RIS K ERERHZE S ETRE

W, | op , s
i plelsepiiadoi bt TV D S S PN T

-
\\IF

15




Bl KSR R FRIE

PESEE R ARG KR REENH ZE D EIRE
A 7R IR RNk [ B EhH B P Rk b iE -

Northern Hemisphere

Southern Hemisphere

B L emmmr—1rine, Eximmmn.

| ESRR | RARR

SR ~ 10 km day? ~ km day*!
T < 100 km ~ 1000 km
SREE ~2 km ~ 500 m

QiR RBEUFENEERAA?

E'l'.d:n.ii . n%’“ﬂ’%ﬁﬁﬁ‘i, /ﬁ/}ll.
REFREwWYE, FRAARREFRIAF
REE. MAMAFRREMESHKERNIZ
HE, MUIEAARARER. EF,

Stommel (1948),¢



MR X R SRR A 77

Séa Surface Temp (°C)




BIAERERR~E “8F ERYRT MO SR

BERERNE

3 e 2 40IE FN3L 5 2 RS2

MR RRE B EFIRRE

18



SEMXNERR: ERFERR

FRNGEMESS (EeRE) ZHRIHSEYIIKILFETE

NET PRECIPITATION i EASTERLIES = WESTERLIES
(FRESHWATER GAIN)

\\ i » HEAT

GAIN -
KATABATIC N = PoLYiivA o ii o ?Hm
WIND i -ﬁ;;‘ o RO s LOSS

HEAT

e ¥, 2
LOSS ?v £ e, L\BQ‘Q\,':,; ;'f EDDIES
1 S o “ 30" .>* CARBON
ICE SHELF ICE FORMATION ~ —* o RBON ., "1 QQ\?',:'" Lot
i # RELEASES .S N Q\o?‘\ .., BIOLOGICAL&
> - '. ,.’ e .4"....' SOLUBILITY
= ottt e PUMPS
P ¢
L] . S
. g
L4 .
=

DENSEWATER ~—

PRODUCTION € SR -KMAN LAYER

~ DEEP MIXED
— LAYERS

INTERMEDIATE

'\, WATERS

:\\\EEEP WATERS

C ANTARCTIC
BOTTOM WAT{ER
—_—

MIXING OVER
ROUGH TOPOGRAPHY

i, R ’a:cl-__\_f,ﬂ

ARG, BMAARNER. ERFAR, A— I HREERMNEAERRFR. ERSERRE
AEKFNERBEIFRGRHE. XSREAEKREERERM, SHAFEEREEXKE.

B SEREEE RSN REGIT RSB AN AR/ (B4 /RESE, Sv) , TRH
L RETKRAE S FA01356F.

19



BSBAEMRARIR

Ir3

- BEREREFE L, AwFEXLFRENER
KR EREAKEFE, FBEAKEFTF
BBk EH, FMLUEEREBIR. B8k
FEAE R FFERNERIER T KT8

HREBE .

- AEFAXKEFTHRERS, S5LEH; &

"""2kj(3|2,_'-]|'5_~q§|] nERK, ZE8TFN; =&
AR, BEREN, HRGKEHR.

s EFEMARSZENBEAANRNEDE, B
RIMEIKRFEEE.

Wwalker circulation

45
Trade winds blowing westwe!

{0
/ S Warm surface water piing up

20



FRERS SiaFEdl

"-

- EEEMNKEFLERE (LHENEGAR), LAEIESFEEEFNSKEREEHEH, FENEH

SHERXMERHKERTE.

- BR, SFEEDREN2-31A, FXEES, FEMHENTTEFERSKEAERIIFRAMES

FRAK, NMTEHaXEMEBRPRERT, HWARX—IMRBACREIENSR (ElNifo) .
EAMEFIEER, ElNifoR5B7Z (boy child) IER, AHEX—IIRIRAZFIREFZ (Christ child) .

- XMBMEORSKESFERETHEERERRARE—NAREAR, ZE, WKkEL, BRRE

WEIER. .




ENSO: JE/RIEIG. RLEWB. FAF&ERN

UL ,__.—.5"’.-‘_-":{/ Convective Lo,
Normal = 7. P
SR

120°E 80°W

> BiR2-79%, XHEKTRNIRESIEERE FEMBEEFL L, FENEHBIEER. X
MEEMNEXEFEEENBKERINRIRAIC /R EIEEF(E Nifo).

> SElINifoEHHEEERARREREIGERNIBERSKEEFEPERKEF PIPMEKTFR
REBKE R . XTHIMRIFAHEHE 4 (La Nifa) .

> TEEINifofAl8), A X FF LENZESBRBENRZ MAKXEF EZFHNTZSHRBEEBATHERE.
Frl, AR RS TEASERBEENR MAXEFHNELTASEREBEENS. XMEAAKEF
BT HSESR/LENRZETHXHIR TR AR 5 &SN (Southern Oscillation).

> ABERE/RRBEMEGF—REFRAENSO. 2 2




—ANBLAYEl NifofE (20154F) BUBIE S BB RE

Sea Surface Temperature Sea Surface Temperature Anomaly

Sea Surface Temperature (°c)
E 2015-01-01

8 16 24 32




AN EBE NinoEETEHSERE

Sea Surface Height Anomaly (cm)
‘ B
-18 0

ooooseEEEELES
‘gooeeseesSSELE S

Apr

Jun Jul Aug



ENSOS /i M1 E =77

Eﬁfﬁ{ﬁ October 2014 JE/J/_{}E%EE October 2015

- -~

pr - < P P

A Z% 3,

Chlorophyll (n-!-g C ?or%% yll/m* water)
e
0.01 0.15 20.0 25



[/ 58 _ERYEI NifioFlLa NifiaZ 14

2-THE RS AR -
3.0- ul
[
O 254
&
__ = 204
o =
Eg 1.5~
I N l
zé g 0542 M M. KB __ l ......................................................................... ll ........................................
Z 2 00
S 205
csosN---W Rl s ol e N . et eel 1y
o g >l ! ‘
08-1.0 v ]' ' "Three" " ' '
(¢0)
5_1.5 La Nina

events in a row form a tr|p|e dlp

_ZOI"" L TR I
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 ZOOO 2005 2010 2015 2020

El Nifo and La Nifa are declared for ONI indices above 0.5 or below -0.5, respectively

2023: MIGRT ZENEH, ATXKEFTaELLXREERESE.

What El Nifno Will do to Earth in 2024 https://www.youtube.com/watch?v=mggRIS8OWzbE&t=1s 2



ENSORY Tk 22N

JE/RIEHE

12-25 o 12-28.

o«

"'4';-!5\4 & Warm

C@ m‘m‘
Wet l ' .

o ¢
8 *U Dry & Warm

Warm

6-8H .
1983, 1998\ 2015HITRIMABK?  weg
Or s'Warm

®
We

. <




RON
10N
EQ
10S 1

205}

30S

120F 150F

180 150W 120W oW

SST Anomalies

SININO 4

APR  MAY JUN JUL AUG SEP OCT NOV

231NINO 3.4

DEC  JAN
2022 2023

APR  MAY JUN JUL AUG SEP OCT NOV

251NINO 3

APR  MAY JUN JUL AUG SEP OCT  NOV

35]NINO 142

P O = N
—“~bouv—sNnLw

=) O
O

DEC  JAN
2022 2023

APR  MAY JUN JUL AUG  SEF

2023-2024 El Nino

2EFHSBRETSHE G0

B

BF: EOEFEREHNEN (7)) MEF: EPH[EESEEIHEKX (7))

2023FMF ~ 5
.
!
1
by, )
S - 'q
1 1
Kt j(
<
v ° /\_.
.\ 4 4,
3 L
. » .
RS
= | ~
7 (7R
¥ s '
L ERSRP L oy S =
/8 ‘ : WS 65 (2019) 17868 . . . () FRE
e 2023/10/11 0022z Sentinel-3B SLSTR BANDOS EEBIR:1:20 000 000

PESREFE (2023/12/03)
“EREESEHERT! XNMNEX, EEG=MXT”



It
A
=
&
8

Eastern Pacific E| Nifio
Southern Oscillation

ASRIEBHXSENSOR L KiG B N
E5EemETERRTHL
=2

mEEEENSEE
nEH

WEHDUK ([EF) F

dT

i o

0

-

Ha|
_
E
L J

S e T,
¥ ¥ fll—l'lii

=
E
N

*

|

T

(EFR) £

2 S R S

BlAENERRRE
EiETHSHF

F X m
i

W OE# W Hi BT

i =T A
C
SN B &

[
H0]
G

b Bl 40 X BN

L
G E X4
. SERHIIRATEE RIS

29



KIEFFERPREYS Pacific Decadal Oscillation, PDO

mmEEMﬁmzéﬁﬁ

M oo

PDOEH R ILRFE
¥ (2onNpLdE) X
WA FEREE
BEE (SSTA, BR
EEBRILISST)
EOFE—E S ER
-2 T T T T T T T ﬁ'\?ﬁ%ﬁ"—y‘]o

1900 1920 1940 1960 1980 2000 2020
Time (year)

PDO Index

30



KAFEZFERBRETS Atlantic Multidecadal Oscillation, AMO

Sea Surface Temperature (SST) Anomaly: Ocean Colors on Globe
Atlantic Multidecadal Oscillation (AMO) Index: Chart at Bottom

AMO: JbEXPE*
BREEE/LTE
BB R E _EAYIEiS

AMO Index (Smooth)

AMO Region
Timeline1900-2005 -

Temperature Anomaly (°C)

'00 05

Jan 1900




T BRI SRR ©

S HEY)

I

Changes in assessed historical surface temperature changes since AR5

ARS headline

1 1
O {1
1 1
| ! Updates AR5 to AR6
[ e L Data product updates
I—:.—i : Linear reg. to difference

1 Period around 1750 .

|———=@—— Additional years

e L S
GMST to GSAT

(b)

Anomaly from 1850-1900 mean (°C)

1.0 1

0.8 1

0.6 1

0.4 1

0.2 1

0.0

L 1
0.5
Surface temperature anomaly

PN
r\"‘"\'v F\/’»\ ]

1.0 1.5

AR5 ——
ARG

Hiatus

| '.jw‘.”.J | 0 2 é

224 \/ [ \/ AR5-ARG 3

..... - - T}

0.6 L 00 &

<

_ LA v 8

-0.8 4 - OV b v ST o -0.2 5

. ks

-1.0 T T T T T T T T ﬁ
1850 1870 1890 1910 1930 1950 1970 1990 2010

IPCC, 2021

1998-2012%

Hiatus 58 REBX?

FHiatus)®

X

> MMEEIRE . KiF

RE?

> BARZE KD ?

>
>

FREIRRENL?

AFEMR (FRERX
FFEREEKRL) ?

32




ATEIRNIRR T XA 7 R IE2100-3005KB7FR E .

« BKEBEZHESREMNEMW, REXSEEIRE
ER, KSSFEEENRED, BKBSEETRE
([T B0 P8 e P

+ REBKEBGREMNERRTRE, CHEHRE. BE
WS, REEE, MWiEkEE.

- RERKBETERES, BAXX, BERS. SSERE
€, &KL, BKEER,

- HAGREMEERESNEKEEGEERN, BER
ERFEE (GRETAENE)) , SKEEZRHTX,
FETNEDR, EERKamEMdbX, HFit— EFH,
ﬁ&ﬁAmﬂMOﬁ—ﬁmmmTﬁﬁﬂﬂﬁﬂﬁﬂﬁ
EIERRY, FrLAFRAIRERERT .

¢ MmﬁEEQWE\$$REWﬁ$ﬁm

33




KAFERRE M : AMOC
! ool S

THERMOCLINE

S E N
—» volume transport —»  mixing-driven upwelling => deep-water formation
—» wind-driven upwelling  ~~~~) internal waves ~~p heat fluxes

® wind <) diapycnal mixing ~~p freshwater fluxes

— — profile of Drake passage Q0 seaice

Labrador Sea ;E,H_ﬂ;;ﬁ ukﬁﬁﬁ%% Hﬂ }E y *Ei‘éﬁ

=== Surface flow ® Wind-driven upwelling L

=== Deep flow » Mixing-driven upwelling G Greenland Sea N=E % 7 N R

=== Bottom flow Salinity > 36 %o W  Weddell Sea Imw.ﬂ;;ﬁankﬁl-*gé rﬂﬂ% ;ﬁE
< Deep Water Formation Salinity < 34 %o R Ross Sea (Aﬂantic Meridional Overtu rning

Circulation, AMOC) .

=k R E/KE MURYER S T B A R X BFEE),
HEMBR=5HHETN. XLEREGKAILKAEFEERE
HEEENZES, EEXEMGHEERSENEEHXEE.

34



MRERERIPRAIE o o

Strengthened Walker circulation

90° N
: !- == -
60N ’}:H—\A — =
[ ; 24 ’___,-’
oy AL & = /

30°N A 2
- ) .
mf o

OO / ‘ -

3 -~
— Intensified trade winds
.t

///JA/

. (]
et :ﬁéyw /
—=—"8

Ef -
s N e e ——
A
.

)

— ighy L
oy, —

-/

- >
-

‘( —
60°S / 7
>
90° S ==

T -—

80°E 140°E -
Sea ice extent 160" W 100°W 40° W

AMOC-on — — — .

Surface wind anomaly
AMOC-off

Walker circulation anomaly  ysarical motion anomaly
1 T Sea-level pressure anomaly Precipitation anomaly SST anomaly

CED o oy @@y e

—_
Reduced oceanic heat transport  Rossby-wave train path

—_ >

HiZFRMSE, EPIREFLREGILS . WERBRA, Fimss
ASHEMCERBEHEENTS, URER—RIISHRS EH.

Q: RAftat

REAREFB AN ERERIFHAMOCE S ? XPMHERUNIALE 2

WHERE WILL YOuU BET

BB

FROM THE CIRECTOR OF MOESEMDENSE OAY

THE DAY AFTER TOMORROW

I N P A

\ AT TS oﬁu N THEATENS

-

2.08?

35



mE AT S5 S SR I < Tipping Point

Greenland ice sheet . @ \"\—\\
Ice loss accelerating / . ] >
/ Arctic sea ice \
/ Reduction in area
/

//
// Permafrost
Boreal forest / Thawing

Fires and pests

/
|l 4
changing @ Atlantic circulation
In slowdown since 1950s
Amazon rainforest / \
Frequent droughts i \
\\\ Coral reefs
O \ Large-scale die-offs

@ Tipping points o 4 :
|
/ %

- (Connectivity

RAISING THE ALARM S

/
Evidence that tipping points / \\ Wilkes Basin,
are under way has mounted / N East Antarctica

in the past decade. Domino // i Ice loss accelerating

effects have also been
y

proposed.

36




1-1.25FRIRY “Fil&KR” B

~ E boling: Younger
RY Allerad
Y Dryas
s : - LGM ¢
25 E .
] = Pleistocene 8.2 cold event Holocene
£ 0
L5 Ve

: Hcinmqt-'vom L "

l

ro SS 0%
o a—

15 t 10 : Age (kya) 0
BP

- K#J10000- 1zooo£-ﬁu, AMOCZESR T ES, SHAtRRFMMhHEiEXEES, BFES
BFEJLAE. AAXXTAEHENEGNEX “FriliK” LaEZ LI,
BrEL, #RA “Flil&K” FH.

“FTiiZAK” (Younger Dryas) B—HMikitEASETEKINEY, BEEK
MibXAIER, EREFMEXEZEELST.

37



AE{EN ddl = 202445 527H 13:00

1. XREBHWEHIE, UMV DR —XERKEEIRERFT

T T
Up =—2=, Vg = ——=
£ pseaf g pseaf

YIN Jit = (Tx: Ty) = CDpairlvairlvair
Cp =2%X1073, pgir = 1kgm™3, pgeq = 1020 kg m™3
10mEELRX V- = (u,v), f = 20sing, ¢ = latitude, 1=7.292x1075s™1

Fg XTI (AL EE35E) BEEM, u=0v=-10m s ¥ mEEIPER TIBFETE 7100 kmay
K. XRBERNRETE, FHEXRENESHNI R ERKLARRE.

2. T A NEFR? AMLEEZERMXEFR? BIRMAFELHRIE.
3. t A ERIAR? EKERET, ERMIRAIEEAE? MRIEFEHNRIRIER?

38



