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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs A~
i ~ Clouds * I
T Atmosphere T}
P ///;"f{."'}"
;- /7 /
N, O, A Volcanic Activity ’/" ' 4
H,0, CO,, CH,, N,0, O, efc. - o
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
Ice Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind ad’ i y ' ce Sheet
Exchange Stress y :
Sea Ic IIIIII

Hydrosphere:
Ocean

il
. o

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes infon the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

Ice-Ocean Coupling P& W Hydrosphere:
‘ . Rivers & Lakes

Changes in the Ocean:
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Schematic view of the components of the climate system, their processes and interactions.
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Causes of Climate Variability

- Natural origin
external: land-sea distribution, orography
solar constant, orbital variations
volcano
Internal variability of the climate system
(e.g., alr-sea interaction,,,)

- Anthropogenic origin

emission of greenhouse gases, destruction of
ozone layer, land surface modification,,,




Various time scales of climate variability

 glacial and interglacial
= ocean thermohaline circulation
* decadal to interdecadal climate variability
= seasonal to interannual climate variability
El Nino/Southern Oscillation (ENSQO)
monsoon variability, TBO
modes of variability (NAO, PNA, WP patterns)
- days to intraseasonal variability

N.B. climate system is not in equilibrium



Tropical Disturbances



In Tropics, Heavy Precipitation -> Deep Cloud -> OLR

OLR variance in all planetary to
synoptic scales

. @) Var. of Planetary to Synoptic scales (Southern Summer) Interval = 150 (W m'z)2

T

- — 7

. _ g From Wheeler, M., and G. N. Kiladis,
0100 JST 18 NOV 2007 1999




Wheeler, M., and G. N. Kiladis, 1999: Convectively coupled equatorial
waves: Analysis of clouds in the wavenumber frequency

domain. J. Atmos. Sci., 56, 374—-399. Red
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Fig. 3. (a) The antisymmetric OLR power of Fig. la divided by the backeround power of Fig. 2. Contour interval is 0.1, and shading begins at a walue of 1.1 for which the speetral
signatures are statistically significantly above the background at the 95% level (hased on 300 dof). Superimposed are the dispersion curves of the even meridional mode-numbered equatorial
waves for the three equivalent depths of i = 12, 25, and 30 m. (b) Same as in panel a except for the symmetric component of OLR of Fig. 1b and the corresponding odd meridional mode-
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Easterly waves and Tropical Depression (TD) -type disturbances

TD best tracks Roundy, P. and William M. Frank, 2004: A

_ Climatology of Waves in the Equatorial Region.
from Jun Yoshimura at MRI/JMA J.Atmos.Sci., 61, 2105-2132.

{a} Obaervetion 1979—1568

g. TDtype band OLR variance, Northern Summer
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Kiladis, G.N., C. D.Thorncroft, and N. M. J. Hall,2006: Three-Dimensional Structure and Dynamics
of African Easterly Waves. Part |: Observations. J. Atmos. Sci., 63, 2212-2230.



Wheeler, M., and G. N. Kiladis, 1999

Decomposition of OLR anomalies

Fus % fa) Time-longitnde section of the OLR anomalies for the MIO-Alterad band for the same d-month smnple period as
Fig. 8, averaged for the latitudes from 1078 to 2,57, The #ero conlour has been omitted. Light shading for positive anomalies
and dark shading and dashed contours for negative anomalics. (h) Same as in panel & except for the Kelvin wave-filtersd
band. (e} The # = | ER wave-Glterad band. (dy The MROG wave-fillerad band.
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From Madden and Julian (1972) From Knutson and Weickmann (1987)

Madden-Julian Oscillation (MJO)
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Wheeler, M., and G. N. Kiladis, 1999

Decomposition of OLR anomalies

Fus % fa) Time-longitnde section of the OLR anomalies for the MIO-Alterad band for the same d-month smnple period as
Fig. 8, averaged for the latitudes from 1078 to 2,57, The #ero conlour has been omitted. Light shading for positive anomalies
and dark shading and dashed contours for negative anomalics. (h) Same as in panel & except for the Kelvin wave-filtersd
band. (e} The # = | ER wave-Glterad band. (dy The MROG wave-fillerad band.
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Wheeler, M., and G. N. Kiladis, 1999

Geographical distribution of Convectively coupled equatorial waves
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Matsuno, T., 1966: Quasi-geostrophic motions in the equatorial area. J. Meteor. Soc. Japan, 44, 25-43.

Equatorial Waves

Kelvin wave ER: Rossby wave (n=1)
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MRG : mixed Rossy-Gravity wave

Inertio-gravity wave (n=1)
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If awater mountain Is put at the equator

How does it evolve next?
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If awater mountain Is put at the equator

How does it evolve next?
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Ocean (If the pool 1s enclosed with walls)

How does it evolve next?
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Climate Variability



G1: ENSO and IOD : Seasonal Predictions

El Nino

from JIMA website
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http://www.jamstec.go.jp/jamstec/TRITON/real_time/php/top.php

TRITON Web

Inforation

Global Tropical Moored Buoy Array
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The TAD Story

McPhaden et al., 2009 (BAMS)
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ENSO 1997/98 NOAA/PMEL
Five Day Mean Zonal Wind, SST, and 209C Isotherm Depth 298 to 2°N Average
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Time-longitude sections of anomalies in the surface zonal winds (m/sec), SST (° C) and 20° Cisotherm
depth (m) for the 24 months. Analysis is based on 5-day averages between 2° N-2° S of moored time series
from the TAO array. Anomalies are relative to monthly climatologies cubic spline fitted to 5-day intervals
(COADS winds, Reynolds SST, CTD/XBT 20° C depths).



ENSO transition

=I"™ Seasonal SST (left) and anomaly
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Rainfall anomalies during November 1997-April 1998
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Accumulated rainfall departures during November 1997-April 1998. Precipitation amounts are obtained by
merging rain gauge observations and satellite-derived precipitation estimates. The satellite estimates are
generated by the outgoing longwave radiation precipitation technique (Xie and Arkin 1998), and are merged
with rain gauge data via a method adapted from Xie and Arkin (1996). Anomalies are departures from the
1979-95 base period means (from BAMS, 1999, 80, S1-48).




Correlation coefficient map
between Rainfall anomalies and Nino3.4 SST anomaly

GPCPcorr & P3l1850reqg with Minod.4 Sep—Oct—Nov i GPCPeorr & PSIBS0reg with Nino3. 4 Dec—Jon-Feb

.1"- e

- o -
s v

i ve———

n i ; o
M50 30E BOE 90 120E 150E 180 150W 1Z0W O0W BOW 30W 0 0 30FE BOE O0E 120F IS0E 1ED 1504 120W 90W GOW 30W
i GPCPcorr & PSIBS0reg with Minod. 4 Mar—Apr—May i GPCPcorr & PSIBS0reqg with Mino3. 4 Jun—Jul-Aug

g

wg : . - . — - - . .
0 30E BOE 90F 120€ 150 180 150W 120W OOW EOW JOW O

—eL o O



Correlation coefficient map

between 850hPa temperature anomalies and Nino3.4 SST anomaly
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Nature,2009 Nature,2009

The El Nifio with a difference El Nifo in a changing climate

Karumuri Ashok and Toshio Yamagata Sang-Wook Yeh', Jong-Seong Kug', Boris Dewitte’, Min-Ho Kwon®, Ben P. Kirtman® & Fei-Fei Jin®
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Figure 2 | Anomalous conditions in the tropical Pacific. a, An El Mifio event is produced when the
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by
warmer than normal sea surface temperatures (557Ts) in the east of the ocean, and is associated with

.4 : . 1 :
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 1ArE IS E 18 S W 127w oW
west drier. b, An El Nifio Modoki event is an anomalous condition of a distinctly different kind. Figure 1| Deviations of mean S5T for the two characteristics of £ Mido
The warmest 55Ts occur in the central Pacific, flanked by colder waters to the east and west, and are from the B54-2006 climatology. a, The EP-El Nifo; b, the CP-El Nifin,
associated with distinct patterns of atmospheric convection. ¢, d, The opposite (La Nifa) phases of the The contourinterval is 0.2 “C and shading denotes a statistical confidence at
El Nifvo and El Mifto Modoki respectively. Yeh ef al.” argue that the increasing frequency of the Modoki o059 confdences Tevel based an a Student's ftext. £, The oumnal strisctsne for
condition is due to anthropogenic warming, and that these events in the central Pacific will occur the composite EP-El Nito (thin line) and CP-E] Nifo (thick line) averaged

more frequenty if global warming increases. over 27N w 275,



A dipole mode in the Saji et al., Nature 1999
tropical Indian Ocean

N. H. Saji*, B. N. Goswamit, P. N. Vinayachandran* & T. Yamagata*}

44
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Figure 1 Dipole mode and El Nifio events since 1958. Plotted in blue, the dipole mode
index (ODMI) exhibits a pattem of evolution distinctly different from that of the EI Nifio, which
is represented by the Nino3 sea surface temperature (S5T) anomalies (black line). On the
other hand, equatorial zonal wind anomalies L, (plotted in red) coevolves with the DMI. Al
the three time series have been nommalized by their respective standard deviations. We
have removed variability with periods of 7 years or longer, based on harmonic analysis,
from all the data sets used in this analysis. In addition, we have smoothed the time series
using a 5-month running mean.

Figure 2 A composite dipole mode event. a—d, Evolution of composite SST and surface  analysed anomalies were estimated by the two-tailed Hest. Anomalies of SSTs and winds
wind anomalies from May—June (a) to Nov—Dec (d). The statistical significance of the exceeding 90% significance are indicated by shading and bold arrows, respeciively.

Figure 4 Rainfall shifts northwest of the OTCZ during dipole mode events. The map
comrelates the DMI and rainfall to illustrate these shifts. The areas within the white curve
exceed the 90% level of confidence for non-zero correlation (using a two-tailed Etest).




CLIMATE RESEARCH

Wol. 25: 151-160, 2003
o = Clim Res

Published December 5

Possible impacts of Indian Ocean Dipole mode

eventis on global climate

N. H. Saji"**, T. Yamagata'!?

IOD Composites ENSO Composites

b -

10N 1

EQ
1054 - 35, NS o\ NN

205 1

10N

EQ

10S 1

208 1

T T T T T T

0 15E 45E 0 30E
Fig. 1. Composite OND rain anomaly over Africa for (a) 19 IOD events, (b) 11
ENSO-independent IOD events, (c) 20 ENSO events and (d) 12 IOD-independent

ENSO events. The composite anomaly was normalized by the standard deviation
of rain during OND. Contours given at =1, +2, etc.
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Fig. 21. Partial correlation of land and sea-surface temperature on DMI independent of Nino3 during JIASO



Indian Ocean Capacitor Effect on Indo-Western Pacific Climate during the

Summer following El Nino

SHANG-PING XIE* " KAIMING HU.# JAN HAFNER.* HIROKI TOKINAGA.* YAN DU, #®

GANG HUA}JG.# AND TAKEAK] SArMpo*

NW Pacific anticy
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0.8 1 / F1G. 13. Seascnality of major modes of Indo-western Pacific climate variability. Vertical
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Fig. 1. Comelation of tropical Indian Ocean (40-100°E, 20°5-20°N) 55T (solid} with the Mino3.4
CI70PWE120°W, 3°5-5"N) SS5T mdex for Nowv(D)-Dec(()-Jan{l). Numerals i parentheses
denote years relative to El Nme: @ for its developing and 1 for deecay year. The dashed curve
15 the Nino3.4 55T auto-correlation as a fimetion of lag. The black mangle denotes Dec{0),

the peak phase of EN30.

arrows indicate causality, and the block arrow emphasizes the TIO capacitor effect, the major
finding of the present study.

Fra. 6. JIA(1) correlation with the NDJ{0) Nino-34 88T index: tropospheric (850-250 hPa) temper-
ature (contours), precipitation (white contours at intervals of 0.1; dark shade = 0.4; light < —0.4). and
surface wind velocity (vectors).
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SCIENCE - El Nifio/La Niiia & PDO
Latest El Nirfie/La Nifia Jason Data

LATEST IMAGES - 01/30/2010

Jason-2 Sea Level Residuals JAN 30 2010

40F 80FE 120F 160E 160N 120W

-180 -140 -100 -80 -20
Sea Surface Height Anomaly in Millimeters

These are the latest images from the OSTMAason-2 satellite. Jason-2 continues
providing the uninterrupted time-series that originated with TOPEX/Poseidon. Jason is
using radar altimetry to collect sea surface height data of all the world's oceans. These
images are processed to highlight the interannual signal of sea surface height. The
mean signal, seasonal signal, and the trend have been removed.

Image Archive (last 10 images}
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Current Seasonal Forecast is based on El Nino Predictability.
(An Example of Four-month-lead Seasonal Prediction)

Observation
(3-month
Average
from Dec, 1997
1o Feb, 1998)

SST Anomaly

Precipitation
Anomaly

Surface Air
Temperature
Anomaly

EOW
contour interval = 4

EOW
contour interval = 5

Model Prediction
from Initials
On 31 Jul. 1997

Four-
month

Lead
Forecast



ROC skill scores
for upper tercile of
precipitation
predictionin Mar-
May
from theinitials of
Jan 31.
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ROC skill scores
for upper tercile of
precipitation
predictionin Jun-
Aug
from theinitials of
Jan 31.
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Dynamical Seasonal Prediction _
Model Simulation of ENSO Effects

500 hPa height {meters) anomalies

ACC from ensemble mean JFM Z500 over
PNA region and absolute value of Nino-3

SST anomalies
1.0

0.5

o
O 0.0- .
<

ABS(NINO3 SSTA)

80 94 B4 9197 B2 B1 96 93 80 86 88 95 B5 B9 87 92 98 B3 )

Overdl, the model performanceis
better for larger signals.

Shuklaet al., 2000, BAMS



Surface air temperature over land predictions
over Japan
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DEVELOPMENT OF A EUROPEAN
MULTIMODEL ENSEMBLE SYSTEM
FOR SEASONAL-TO-INTERANNUAL

PREDICTION (DEMETER)

By T. N. PaLmer, A. ALessaNDRI, U. ANDERSEN, P. CANTELAUBE, M. Davey, P. DeLecLuse, M. DEQUE,
E. Diez, F. |. DosLas-Reves, H. FEDDERSEN, R. GRAHAM, S. GuALD|, |.-F. GUEREMY, R. HAGEDORN,
M. HosHen, N. KeenLysiDE, M. LATIF, A. LAzAR, E. MAisoNNAVE, V. MaRLETTO, A. P. MORSE,

B. OrrLA, P. ROGEL, J.-M. Terres, M. C. THOMSON
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Fic. |. Schematic representation of the ensemble gen-
eration and hindcast production strategy. Dashed lines
represent the three continuous runs of ocean analyses
forced by ERA-40 data, the control analysis without any
wind stress perturbations (gray) and two additional
analyses with positive/negative (green/red) daily wind
stress perturbations applied. In order to generate nine
different initial conditions for the coupled hindcasts,
four SST perturbations (represented by the ellipses) are
added (blue ellipse) and subtracted (yellow ellipse) to
the ocean analyses. Thus, there is one member with no
wind stress or SST perturbations applied and eight per-
turbed ensemble members. This procedure is per-
formed every 3 months at every start date of the
hindcasts.
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Palmer et al., BAMS,2004, P.853-872 DEMETER

European DEMETER Project

Impact of ensemble size: Precip JA

single model (9) a

Frecipitation, BHPSS over Tropics |

Model. DEMETER ECMWF_grande ECMWFE clil —
Start dates: May
Avg. over 2-4 months FC (JJA)
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Multi-model ensemble skill out-performs single

model ensemble with the same member size
RPSS: Rank Probability Skill Score (Wilks 1995) From ECMWF Web Page
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Malaria early warnings based on seasonal climate

forecasts from multi-model ensembles

M. C. Thomson', F. J. Doblas-Reyes?, S. J. Mason', R. Hagedorn?, S. J. Connor', T. Phindela?, A. P. Morse*
& T. N. Palmer”
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Figure 3 | Relationship between standardized log malaria annual incidence
and summer precipitation for Botswana. Standardized log malaria annual

a
mmday ') and y the standardized log malaria incidence index. The
horizontal and vertical dotted lines denote the quartiles of the standardized
log malaria incidence index, and precipitation, respectively.
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incidence (per 1,000 population) versus November—February CMAP
precipitation for the period 1982—2002 as obtained from fitting a
quadratic function to observations®. The quadratic function is

y= —89 + 5.9x — 0.8¢%, where x denotes precipitation (measured in
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Figure 2 | Composites of austral summer precipitation for central and
southern Africa as a function of the standardized malaria annual incidence
for Botswana. Mean precipitation anomalies for the five years with the
highest (a, ¢) and lowest (b, d) malaria annual incidence in Botswana for
November—February CMAP (a, b) and DEMETER (¢, d) ensemble-mean
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Figure 4 | Forecast probability distribution function of standardized log
malaria annual incidence for Botswana. The probability distribution
functions of predicted standardized log malaria annual incidence for the
years 1992 (anomalously low incidence, left) and 1993 (anomalously high
incidence, right) computed with the DEMETER multi-model ensemble
forecast system are depicted in red. The vertical dashed lines denote the
quartiles of the distribution of the standardized log malaria incidence index
and the vertical blue arrows indicate the values recorded by the Botswana
Ministry of Health.

precipitation. A different colour scale was used for the observed (CMAP)
and re-forecast (DEMETER) precipitation because of the unavoidable
reduction in amplitude of the predicted anomalies when averaging the 27

ensemble members.



WMO Long-Range Forecasts (LRF) Centres
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http://www.wmolc.org/
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THEREE-MONTH MEAN OUTGOING LONGWAVE RADIATION (OLE) ANOMALY (Jul.-Sep. 2013)
The base period for the oormal iz 1981-2010. Original data provided by NOAA.



G2: Variability of the Asian-Australian Monsoon System

TRMM + Other Sat Precip Sep 1998 (mm/day)

Composite monthly mean precipitation estimates obtained from TRMM data and other satellite precipitation
for February and September 1998. In February 1998 the anomalous high precipitation due to the warm
ENSO event 1997/98 can clearly be seen over the central and eastern equatorial Pacific. The September
image documents the rapid change to cold La Nina conditions with the absence of precipitation extending
almost over the entire equatorial Pacific (courtesy of NASA/TRMM).



Modeling the Asian-Australian Monsoon: AMIP models

Indian Region Box: (70°E - 80"E: 10°N - 30°M) Western Pacific (120°E - 1B0"E: 10°N - 10°5)
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£ |
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year year

Comparison of AMIP normalized annual precipitation estimates of 8 models for (left) north India and for
(right) thewestern Pacific Ocean warm pool. Gray curve represents the ensemble mean (Websetr 1998).
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ENSO-Monsoon relationship
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Lagged correlations between the Indian monsoon rainfall anomaly and the SST anomaly in the western
Pacific Ocean (0-8° N, 130° -150° E; solid curve) and the eastern Pacific Ocean (0-8° N, 170° -150° W;
dashed curve). Y(0) denotes the reference year, and Y(-1) and Y(+1) refer to the year before and after the
reference year. From Yasunari (1990, Meteor. Atmos. Phys., 44, 29-41).
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Unraveling the Mystery of Indian

Monsoon Failure During

K. Krishna Kumar," Balaji Rajagopalan,®™” Martin Hoerling,** Gary Bates," Mark Cane®

20N
18N
10N

e e
55{ =
e o v
155 '

%

Redajion between MIMNC3 S5TA and Indian Monscon Rain: 1871-2002

"
I
o
=

El Nino

Indian Mensoon Raintall Std. Anormaly
ra =}
| ]

Cc MIMO2J0AS Std. Anormaly
0.008
— MNon-ENSO0
= Drought
= Mo Drought
0004 -

:

130E 14DE 150 160E 170E 180 170W 160W 150W 140W 130V 120W 110W 100V SOW 8OW

0B 06 04 02 02 04 06

50N

a8

Probabllity Density
[=]

Lod
8
@

40N
30N
201
10M

0.004
0.002 1
0 -

500 650 800 950
Rainfall {mm)

150E 180

BDE BhE 120E 150W

Y e e Ty
Fig. 2. (A Composite 55T difference pattern between severe drought
{shaded) and drought-free EL Nifio years. Composite 55T anomaly pattems
of dmought-free years are shown as contours. (B) Composite difference
pattern between severe drought and drought-free years of velocity potential
{contours) and minfall (shaded). (C) PDF of alldndia summer monsoon

15 2

oW oW

BOW 30w

286 3

rainfall from severe-drought (red curve) and drought-free (blue curve) years
assodated with EL Nino occurrence and from the non-ENSO years (green
curve). 55T and velocity potential composite differences are based on 1950
to 2004, rainfall composites are based on 1979 to 2004, and PDFs are
based on 1873 to 2004,

Fig. 1. Plat of stan-
dardized, alkindia summer
[une to September ( [JAS)]
monsoon rainfall and
summer NINO3 anomaly
index. Severe drought and
droughtdfree years during
B Mino everts (standard-
ized NINO3 anomalies =
1) are shown in red and
green, respectively.



Unraveling the Mystery of Indian Science, 2006

Monsoon Failure During El Nino

C
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G3: Variability of the American Monsoon Systems
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South American Monsoon
Modulation by SST Anomalies
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Links between climate variability in
the Rio de la Plata basin (area
encircled by the red curve) and SST
anomalies for the southern warm
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North American (Mexican) and South
American Monsoon System
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G4: African Climate Variability
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Variability of the Sahelian Rainfall

Anomalous Latitude of ITCZ at 17° W
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see=ceee=e Sahelian Precipitation Lamb’s Index

Sahelian rainfall variability is closely linked to the latitudinal position of the Intertropical Convergence Zone
(ITCZ) and the meridional SST gradient in the tropical Atlantic. The latitude of the ITCZ depends upon both local
conditions and remote forcings. The North Atlantic Oscillation (NAO) also generates a component of climate
variability over the northern rim of the continent and over Western Africa (Tourre and Lamb 1997).



GCM Simulation of the Sahelian Rainfall

Sahel rainfall anom aly
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(b) but amplified by soil moisture
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D1: The North Atlantic Oscillation

(NAO Index, SLP) Dec-Mar (mb)

NAO normalised index

1830 1850 1900 1950 1980
Year

NAO index based on the difference of
normalized SL P between Portugal and
|celand from 1864 to 1995.

Observed Dec-Mar changein SLP
associated with a 1 standard deviation
Inthe NAO index (after Hurrell 1995).



Impacts of the NAO

(High-Low) NAO

Impacts of the NAO

Dec-Mar 1981

Bose Foriod 1B51-1980
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Observed Dec-March surface temperature anom-

i alies associated with a high NAO index; the period

i B s S e - f 1981-1995, when the NAO was high, relative to
= /ﬁ LI ( — the period 1951-1980, when the NAO was low (af-
Upper panel: Above: Precipitation anomalies associated with the NAO; ter HurrE"- 1996} The tEI'I'IpEI'EtUI'E data l:.I]ﬂSiStS
E-Pis plotted, computed as a residual of the atmospheric moisture budg- of land surface temperature blended with SST

et using ECMWTF global analyses, for high NAO index minus low index
winters (see Hurrell, 1995, Science, 269, 676-679). ??E 1(515;195 and Briffﬂ. 1992' The HDIDGEHE' 2'

Lower panel: Right: 1981-84 average precipitation anomalies ex-
pressed as departures from 1951-80 mean, from station data in Eischeid LB/D1/99-5
et al. (1991} data set {courtesy of J. Hurrell) LB/D1/99-4
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The two phases of the NAO CLIVARAVID1/99-1,99-2

High phase: westerliesin the North Atlantic L ow phase: westerliesin the North Atlantic
are enhanced, resulting in mild and wet are weakened, resulting in cold and dry
winter conditions over Northern Europe winter conditions over Northern Europe



Changes in the NAO due to Climate Change?

Observed and simulated (winter) North Atlantic Oscillation
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Winter NAO indices from observations (black) and from seven model simulations
forced with increased CO2 concentrations showing a shift towards positive NAO index.

Osborn (2002) CLIVAR Exchanges



D2: Tropical Atlantic Variability CLIVARAV/D2/99-7,99-8
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Correlation of FMAM NE Brazil Precipitation and SST, 1946-1985
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Northeast Brazil rainfall tends to be more
strongly correlated with Atlantic SST than
with Pacific SST.
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D3: The Atlantic Thermohaline Circulation
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Schematic diagram of the global ocean circulation pathways, the ‘conveyer’ belt
(after W. Broecker, modified by E. Maier-Reimer).
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Sudden Changes in the
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L eft: reconstruction of the 13C changes
across the Atlantic ocean for the modern
period (upper panel) and the Last Glacial
Maximum (LGM, lower panel); adapted
from Duplessy et al., 1988.

Right: contour of the mean annual
meridional overturning stream-function in
the Atlantic basin for the modern conditions
(upper panel) and the LGM (middle panel)
calculated by the ocean model (Fichefel et
a., 1994).

The lower panel shows the mean annual
meridional heat transport computed for the
present and the LGM boundary conditions.
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Atlantic MOC at 30°N (Sv)

Observations

Figure 10.15. Evolution of the Atlantic meridional overturning circulation (MOC) at 30° N in simulations with the suite of comprehensive coupled climate models (see Table 8.1
for model details) from 1850 to 2100 using 20th Century Climate in Coupled Models (20C3M) simulations for 1850 to 1999 and the SRES A1B emissions scenario for 1999 to
2100. Some of the models continue the integration to year 2200 with the forcing held constant at the values of year 2100. Observationally based estimates of late-20th century
MOC are shown as vertical bars on the left. Three simulations show a steady or rapid slow down of the MOC that is unrelated to the forcing; a few others have late-20th century
simulated values that are inconsistent with observational estimates. Of the model smulations consistent with the late-20th century observational estimates, no simulation shows
an increase in the MOC during the 21st century; reductions range from indistinguishable within the smulated natural variability to over 50% relative to the 1960 to 1990 mean;

From http://www.ipcc.ch

Atlantic Thermohaline Circulation Changes
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and none of the models projects an abrupt transition to an off state of the MOC. Adapted from Schmittner et al. (2005) with additions.
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SAT Change after a collapse of the THC
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Annual mean surface air temperature chatgelover the years 50-100 _
after a collapse of the THC in HadCM 3. Vellinga et al., 2002 CC



D4: Pacific and Indian Ocean Decadal Variability
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Possible Mechanisms of the North Pacific Decadal Variability
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D5: Southern Ocean Climate Variability

Water mass transformations
In the Southern Ocean close
the overturning circulations
by converting deep water
which upwells at high
latitude into lighter
Intermediate waters and
denser bottom waters.

The Antarctic Circumpolar
Current connects the ocean
basins, allowing a global
overturning circulation to
exist, and allowing
anomalies to propagate
between basins and

Suriace Layer Waler NADW fsorth Atlantic Deep Water
Subantarctic Mode Water UPIW  Upper Intermediate Water, 26.8 < o, -

saMw 27.2

RSW Rl Sea Water LOIW Lower intermediate Water, 27 2 <o, < 27.5 1 1
AABW Antarctic Bottom Water 1I0DW Indian Ocean Deep Waler I nﬂ uence the CI I mate
NPDW MNorth Pacific Deep Waler BIW Banda Intermediate Water downstream

ACCS Antarctic Circumpolar Current Systern NIIW  Northwest Indian Intermediate Water
CDOW  Circumpolar Deep Water

Schmitz (1996)



The Antarctic Circumpolar Wave
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Warming of the Southern Ocean CLIVAR AV/DS/0201,0203
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(a) Hydrographic temperature at 900 m prior to 1990. (b) ALACE floats

temperature at 900 m since 1990. (c) (b) minus (a).

1_

A S A . N { Nakd
2 4 o B } . L

o ﬁ,i, ‘N\Q% IJ.E—: . = {

G, e LN Gutlow Region i) # G
% e G 07- T
o -‘::.,, . A " Inmw Hegm.l‘ W, a-—n ] =
Wk as L | A 0.6 =4
R PR el : ! g o
0t Wl P I Y 4 9
L G &

e e oy o 05- .
. o 8w 30O 155 SR 0.4 - i i
03| 1%

UI I, J r
1970 1975 1980 1985 1990 1995 2000

Year
L ong-term warming of Weddell Sea Deep Water.




S

Al: Climate Change Prediction

Global mean surface air temperature
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MRI Earth System Model
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Temperature Anomaly [°C]

Simulation of Global Average Surface Air Temperature by MRI-CGCM2
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AR4 Global Mean Temperature Simulation
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Projected Change of DJF and JJA Precipitation

multi-model  A1B

@IPCC 2007: WG1-AR4

20 10 -5 o5 10 20

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999.
Values are multi-model averages based on the SRES A1B scenario for December to February (left) and June to
August (right). White areas are where less than 66% of the models agree in the sign of the change and stippled

areas are where more than 90% of the models agree in the sign of the change. {Figure 10.9}
From http://www.ipcc.ch
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Figure 10.18. Changes in extremes based on multi-model smulations from nine global coupled climate models, adapted from Tebaldi et al. (2006). (a) Globally averaged changes in
precipitation intensity (defined as the annual total precipitation divided by the number of wet days) for a low (SRES B1), middle (SRES A1B) and high (SRES A2) scenario. (b) Changes
in spatial patterns of simulated precipitation intensity between two 20-year means (2080-2099 minus 1980-1999) for the A1B scenario. (c) Globally averaged changes in dry days
(defined as the annual maximum number of consecutive dry days). (d) Changes in spatial patterns of smulated dry days between two 20-year means (2080-2099 minus 1980-1999) for
the A1B scenario. Solid linesin (a) and (c) are the 10-year smoothed multi-model ensemble means; the envel ope indicates the ensemble mean standard deviation. Stippling in (b) and (d)
denotes areas where at least five of the nine models concur in determining that the change is statistically significant. Extreme indices are calculated only over land following Frich et al.
(2002). Each model ’s time series was centred on its 1980 to 1999 average and normalised (rescaled) by its standard deviation computed (after de-trending) over the period 1960 to 2099.
The models were then aggregated into an ensemble average, both at the global and at the grid-box level. Thus, changes are given in units of standard deviations.
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Sea Level Change

. )

01 02

Figure 10.32. Local sea level change (m) due to ocean density and circulation change relative to the global average (i.e., positive values indicate greater local sea level
change than global) during the 21st century, calculated as the difference between averages for 2080 to 2099 and 1980 to 1999, as an ensemble mean over 16 AOGCMs
forced with the SRES A1B scenario. Stippling denotes regions where the magnitude of the multi-model ensemble mean divided by the multi-model standard deviation

exceeds 1.0.
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Future Change
in Tropical Cyclones

Innovative Program of Climate Change Projection for the 21 Century

Projection of the Change in Future Weather Extremes

Using Super-High-Resolution Atmospheric Models f2 ‘
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(a) Observations (1979-2003) (b) Old Model (1979-2003) (c) New Model (1979-2003) -
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—
_ _ c1 c3 | _ _ Figure 2. Tropical cyclone frequency of Category 5 storms for (a) observations {1979—2003), (b) present-day simulation by the new model (1979—2003),
0-17m's 17-33m/s 33-43m's 43-50 m's 50-59mis 59-T0 m/s 70 mis— {c) future simulation, and {d) future changes. Unit is number per 25 years.

Figure 1. Global distribution of tropical cuclones for (a) observations. (b the oresent-dav simulation using the old model. and (c) usina the new madel.
Tropical cyclone track:

Figure 3. Ensemble mean future changes in tropical cyclone frequency. Unit is number per 25 years. Cross marks indicate that more than 10 experiments out
of 12 experiments project the same sign.



SUMMARY

Unusual weather and climate are attributed to unusual atmospheric flows,
storms and convective disturbance.

However, atmospheric environment is maintained and influenced by other
elements playing roles to sustain the climate system.

Sometimes, unusual convective activity can be connected to long-term SST
anomalies related to ocean variability.

Radiative processes including longwave absorption by greenhouse gases and
shortwave reflection by snow, ice, clouds and aerosols determine the Earth’s
ground temperature.

The Earth’s ground temperature and ice-coverage are influential to vertical and
horizontal atmospheric oceanic stability, amount of water vapor and water cycle,
and can affect global atmospheric and oceanic flows, storms and convective
features and then our daily lives.

Therefore, we need to continue careful watches over global and local climate
systems.



