Causes of Climate Variability

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

-Anthropogenic origin

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



Extratropical Disturbances



Rossby-wave Propagation

Global Teleconnections in the 250-mb Streamfunction Field

during the Northern Hemisphere Winter
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FIG. 7. Same as in Figs. 5a,b but for base point (25°N, 25°E).
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FIG. 14. Schematic plot of seven waveguides deduced from lag-correlation maps
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Tropical Disturbances



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

3  Outgoing Longwave Radiation (OLR) from

OLR variance in all planetary to
synoptic scales

, @) Var. of Planetary to Synoptic scales (Southern Summer) Interval = 150 (W m'2)2
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From Wheeler, M., and G. N. Kiladis,
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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Easterly waves and Tropical Depression (TD) -type disturbances

TD best tracks

from Jun Yoshimura at MRI/JMA
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Roundy, P. and William M. Frank, 2004: A

Climatology of Waves in the Equatorial Region.
J.Atmos.Sci., 61, 2105-2132.

e. 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

Fic, 9, (a) Time-longitude section of the OLR anomalies for the MJO-fillered hand for the same 6-month sample period as
Fig. 8, averaged for the latitudes from 10°S to 2,5°N, The zero contour has been omitted. Light shading for positive anomalies
and dark shading and dashed contours for negative anomalies. (b) Same as in panel a except for the Kelvin wave-filterad

Twwe-dmly OLR from the NOAA polar-orhiimg sotclhies, 11FS 1o 2 55N, 1992-1991 band. (c) The # = | ER wave-flterad band. {d) The MRG wave-filtered hand.
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From Madden and Julian (1972)
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From Knutson and Weickmann (1987)

250 hPa streamfunction and OLR composites at phases of MJO

Northern winter Northern summer




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

Decomposition of OLR anomalies

Fic, 9, (a) Time-longitude section of the OLR anomalies for the MJO-fillered hand for the same 6-month sample period as
Fig. 8, averaged for the latitudes from 10°S to 2,5°N, The zero contour has been omitted. Light shading for positive anomalies
and dark shading and dashed contours for negative anomalies. (b) Same as in panel a except for the Kelvin wave-filterad

Twwe-dmly OLR from the NOAA polar-orhiimg sotclhies, 11FS 1o 2 55N, 1992-1991 band. (c) The # = | ER wave-flterad band. {d) The MRG wave-filtered hand.
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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)
Eostward Moving n=-1  Kelvin Mode e i B
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LATITUDE
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Some simple solutions for heat-induced tropical circulation

Quarterly Journal of the Royal Meteorological Society
Volume 106, Issue 449, July 1980, Pages: 447-462, A. E. Gill

Symmetric Heating Anomaly Asymmetric Heating Anomaly added
about the equator about the equator

N Lower-layer wind (arrows) and vertical velocity (contours) Lower-layer wind (arrows) and vertical velocity (contours)

] 7 SR F A 5 |
---------- 2SS Diiiiiiia.
CTToTTIIiii ob - iz - HEERHEEE S 5§

5 ['Eo - -

5 \_ ,':D;?::::D
( e Sai=t R e o
E <23 g —T
i / 4 ' % Lower-layer pressure anomaly !
- - NS i —
Vertical-
longitudinal

circulation



Seasonal to Interannual Variability
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http://www.jamstec.go.jp/jamstec/TRITON/real_time/php/top.php http //WWW pme| ‘noaa .gov/ta O/I ndex.shtmi

TRITON Web
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ENSO Mechanism
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ENSO 1997/98 NOAA/PMEL
Five Day Mean Zonal Wind, SST, and 20°C Isotherm Depth 2°S to 2°N Average
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Rainfall anomalies during November 1997-April 1998

Naa Vruachacs, CA
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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 & PSIB50reg with Ninc3.4 Dec-Jon-Feb
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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 Niiio 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 Nifio event is produced when the o
easterly winds weaken; sometimes, in the west, westerlies prevail. This condition is categorized by 024
warmer than normal sea surface temperatures (SSTs) in the east of the ocean, and is associated with Y . . . .
alterations in the thermocline and in the atmospheric circulation that make the east wetter and the 120°E S Lo 5w 12w wrw
west drier. b, An El Niflo Modoki event is an anomalous condition of a distinctly different kind. Figure 1| Devistions of mean SST for the two characteristics of El Nifio
The warmest S§Ts occur in the central Pacific, flanked by colder waters to the east and west, and are from the 1854-2006 climatology. a, The EP-El Nifio; b, the CP-El Nifo.
associated with distinct patterns of atmospheric convection. ¢, d, The opposite (La Nifa) phases of the The contour interval is 0.2 *C and shading denotes a statistical confidence at
El Nifto and ElI Nifto Modoki respectively. Yeh ef al.” argue that the increasing frequency of the Modoki 95% confidence level based on a Student’s t-test. ¢, The zonal structure for
condition is due to anthropogenic warming, and that these events in the central Pacific will occur the composite EP-El Nino (thin line) and CP-El Nino (thick line) averaged

more frequently if global warming increases. over2°Nto 275,



Anomalous winter climate conditions in the Pacific rim during recent El Nifio Modoki
and El Nifo events
Hengyi Weng, Swadhin K. Behera and Toshio Yamagata
(Climate Dynamics, 32, 663-674, 2009)
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Unraveling the Mystery of Indian

Monsoon Failure During

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

Relation between NINO3 SSTA and Indian Monsoon Rain: 1871-2002
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Fig. 2. (A Composite SST difference pattern between severe drought
(shaded) and drought-free El Nifio years. Composite SST anomaly pattems
of drought-free years are shown as contours. (B) Composite difference
pattern between severe drought and drought-free years of velocity potential
(contours) and rainfall (shaded). (C) PDF of all4ndia summer monsoon

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). SST 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, alt-India summer
[June to September (JJAS)]
monsoon rainfall and
summer NINO3 anomaly
index. Severe drought and
drought-free years during
El Nifo everts (standard-
ized NINO3 anomalies >
1) are shown in red and
green, respectively.
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Unraveling the Mystery of Indian
Monsoon Failure During El Nino

K. Krishna Kumar,* Balaji Rajagopalan,®® Martin Hoerling,** Gary Bates,* Mark Cane®
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Fig. 4. (A) Contours are of the -2 SD experiment () and are analogous
the amplitude and structure of the composite B Nifo SST for drought-free
years in Fig. 2A. Shadings are of the difference between the =2 SD SST
forcings of experiments 61 and (ii)) and are analogows » the observed SST
structure that disaiminates severe drought from drought-free El Nifio years.
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(ontour) differences between experiments () and (iid). (O The PDF of the

0.002 4

0 1 |

550 700 850 1000 1150
Raintall (mm)

indian morscon rainfall cmmesponding ©© fop the contol or unforced,

experiment ) green curve; and (middle and botiom) the forced experiments

() red aurve, (W) blue curve, and (iv) dashed line with -1 SD (middle) and

+2 SD (bottom) imposed SST anomalies. For forced experiment (i), only the

median value (dashed line) & shown. For the forced experiments, each PDF is

estimated from 30 ersembles. The model rairfall has been averaged over the

indian monsoon region of 8° to 30°N, 70° © 90°E.




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 HUANG.# AND TAKEAKI SAMPE*
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Fig. 1. Correlation of tropical Indian Ocean (40-100°E, 20°5-20°N) SST (solid) with the Nino3.4
(170°W-120°W, 5°5-5°N) SST index for Nov(0)-Dec(0)-Jan(1l). Numerals in parentheses
denote years relative to El Nmmo: 0 for its developing and 1 for decay year. The dashed curve
is the Nmno3 4 SST auto-correlation as a function of lag. The black tnangle denotes Dec(0),

the peak phase of ENSO.
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FIG. 13. Seasonality of major modes of Indo-western Pacific climate variability. Vertical
arrows indicate causality, and the block arrow emphasizes the TIO capacitor effect, the major
finding of the present study.

FIG. 6. JJA(1) correlation with the NDJ(0) Nino-3.4 SST 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).



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

N. H. Saji*, B. N. GoswamiT, P. N. Vinayachandran* & T. Yamagata*i

Normalized anomaly
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Time (years)

Figure 1 Dipole mode and El Nifio events since 1958. Plotted in blue, the dipole mode
index (DMI) exhibits a pattem of evolution distinctly different from that of the EI Nifio, which
is represented by the Nino3 sea surface temperature (SST) anomalies (black line). On the
other hand, equatorial zonal wind anomalies U, (plotted in red) coevolves with the DML. All
the three time series have been normalized 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 t-test. 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, respectively.

Figure 4 Rainfall shifts northwest of the OTCZ during dipole mode events. The map
correlates 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).
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Possible impacts of Indian Ocean Dipole mode
events on global climate

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



D1: The North Atlantic Oscillation

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

150w 150E

NAQO normalised index

1830 1850 1900 1950 1990
Year

NAO index based on the difference of
normalized SLP between Portugal and
Iceland from 1864 to 1995.

Observed Dec-Mar change in SLP
associated with a 1 standard deviation
in the NAO index (after Hurrell 1995).



The two phases of the NAO CLIVAR AV/D1/99-1,99-2

High phase: westerlies in the North Atlantic =~ Low phase: westerlies in 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



Impacts of the NAO

(High-Low) NAO
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Upper panel: Above: Precipitation anomalies associated with the NAO;
E-Pis plotted, computed as a residual of the atmospheric moisture budg-
et using ECMWF global analyses, for high NAO index minus low index
winters (see Hurrell, 1995, Science, 269, 676-679).

Lower panel: Right: 1981-94 average precipitation anomalies ex-
pressed as departures from 1951-80 mean, from station data in Eischeid

et al. (1991) data set (courtesy of J. Hurrell) LB/D1/99-4

Impacts of the NAO
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Observed Dec-March surface temperature anom-
alies associated with a high NAO index; the period
1981-1995, when the NAO was high, relative to
the period 1951-1980, when the NAO was low (af-
ter Hurrell, 1996). The temperature data consists
of land surface temperature blended with SST
data (Jones and Briffa, 1992, The Holocene, 2,
174-188).
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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
to Feb, 1998)

SST(FORECAST) 1997.12-1998.2

init:1997.07.31

SST Anomaly

Precipitation
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Surface Air
Temperature
Anomaly

SST(COBE) 1997.12-1998.2

Model Prediction
from Initials

On 31 Jul. 1997
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Forecast




ROC skill scores
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from the initials of
Jan 31.
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ROC skill scores
for upper tercile
of
surface air
temperature over
land prediction in
Jun-Aug from the
initials of Jan 31.
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Decadal Climate Variability



G4: African Climate Variability
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GCM Simulation of the Sahelian Rainfall

Sahel rainfall anomaly
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:: The dramatic drying trend in the
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1980s is initially forced by SST
(b) but amplified by soil moisture
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D4: Pacific and Indian Ocean Decadal Variability
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North Pacific region at selected depths from 1970
to 1992 (Deser et al., 1996, JC).
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Area-averaged SLP over the region 30N-50N,
160E-140W shows a decadal time scale
variability (Trenberth and Hurrell, 1994, CD).



Possible Mechanisms of the North Pacific Decadal Variability
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D3: The Atlantic Thermohaline Circulation
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SAT Change after a collapse of the THC

Annual mean surface air temperature change over the years 50-100 " ,
after a collapse of the THC in HadCM3. Vellinga et al., 2002 CC
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Atlantic Thermohaline Circulation Changes
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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 simulations 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 simulated natural variability to over 50% relative to the 1960 to 1990 mean;
and none of the models projects an abrupt transition to an off state of the MOC. Adapted from Schmittner et al. (2005) with additions.



Climate Change Prediction
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Projected Change of DJF and JJA Precipitation

multi-model A1B DJF multi-mode
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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}
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Figure 10.18. Changes in extremes based on multi-model simulations from nine global coupled climate models, adapted from Tebaldi et al. (2006). (a) Globally averaged changes in
Pprecipitation 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 AIB scenario. (c) Globally averaged changes in dry days
(defined as the annual maximum number of consecutive dry days). (d) Changes in spatial patterns of simulated dry days between two 20-year means (2080-2099 minus 1980-1999) for
the A1B scenario. Solid lines in (a) and (c) are the 10-year smoothed multi-model ensemble means; the envelope 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

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 ~F
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_ _ c1 c2 L 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),
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Figure 1. Global distribution of tropical cvclones for (a) observations. (b) the present-dav simulation usina the old model. and (c) usina the new model.
Tropical cyclone tracks

45°N

30°N

15°N

09

15°S

30°S

45°S

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. Diagnostic analysis shows that those
disturbances are often related to atmospheric intrinsic waves and phenomena.

However, atmospheric environment is maintained by other elements sustaining
the climate system. Sometimes, unusual and steady convective activity is
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 local
Earth’s ground temperature.

The distribution of ground temperature is influential to vertical and horizontal
atmospheric and oceanic stabilities, the amount of water vapor and the speed of
water cycle. Then, those can affect atmospheric and oceanic flows, the features
of storms and convections and eventually our daily lives.

Therefore, we need to continue careful watches and diagnostics for global and
local climate systems, as well as its future projection.



