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a influéncia de tendéncias de mais longo prazo

mudangas climdticas
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Temperature anomaly (deg.C)
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Spatial distribution of correlation of the 500 mb geopotential height
anomaly time series (Seasonal JFM) at all points on the Northern
hemisphere with the time series at a specified “base point” - North
Pacific. Red colors positive correlation, blue colors negative correlation.
Yellow arrow indicate meridional orientation of spatial structure existing

in the correlation pattern. Picture courtesy of Prashant Sardeshmukh,
CDC/OAR
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Diagramas de dispersdo para temperatura
eixo x: varidvel observada
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EL NINO-OSCILACAO SUL

VARIABILIDADE INTERANUAL



El Nino Southern Oscillation
El Nino La Nina

CE>




ENOS é um processo acoplado oceano-atmosfera causado pela requerida
redistribuicdo de calor e momento atmosférico no Pacifico Equatorial



deslocamento do padrdo de precipitagdo tropical e
conveccdo profunda, alterando a circulagéio atmosférica e
o clima em todo o globo

Os extremos do ENOS, chamados de El Nino e La Nina,
englobam um grande conjunto de condic¢oes climaticas
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Pacific Walker Circulation

MOIST AIR RISES, AND
BECOMES DRERASTT
FEEDS RAIN

DRY AIR RETURNS TO THE EAST, AND SINKS AS IT COOLS

®©University Corporation for Atmospheric Research



Global Walker Circulation
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Cycle Extremes
December - February El Nifio Conditions

3 : '

Cycle Extremes
v December - February La Nifia Conditions
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Estas células zonais existem devido ao grande gradiente leste-oeste da TSM e & estrutura térmica dos
Oceanos Pacifico e Atlantico tanto quanto pelo aquecimento das regides continentais

A maior regido com precipitagdo intensa ocorre sobre o Continente Maritimo 22222?

Tormentas e chuva forte sdo alimentados por intensa for¢ante solar, abundante evaporagdo
proveniente do aquecimento do Indico e Pacifico aquecidos, e das circulagdes de brisa que forcam a
convecgdo na escala de dias.



Movimento correspondente ocorre sobre o Pacifico Leste mais frio.

A grande célula de circulagdo sobre o Pacifico foi primeiramente descrita pelo
meteorologista Sir Gilbert Walker. Grandes regides convectivas também ocorrem com o
aquecimento da Africa e América do Sul tropicais, com movimento subsidente entre os
continentes

As células de circulagdio leste-oeste so chamadas comumente como “Circulagcdo de Walker”



Anomalia de TSM
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anomalia de TSM
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Qual é o estado atual do Pacifico?
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sea surface Temperature and Winds
140°E

Data as of vesterday
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LaJoie and Laing (2008)

El Nifio and Tropical Cyclone Activity in the Atlantic and East Pacific
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Surface Isobars
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=== Subtropical Depression
=== Category1-2 HH Extratropical Storm

Tropical Storm == Tropical Low
| === Tropical Depression Tropical Disturbance
| == Subtropical Storm ——=- Tropical Wave




IMAGEM SATELITE TEMPERATURA DE
BRILHO

Hurricane Wilma 1400 UTC 19 Oct 2005

Hurricane Rita, 21 Sep 2005
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Tropical Cyclones observed by Satellite Precipitation Radar, Cloud Radar, Microwave and IR Imagers
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Southern Oscillation Index and TAO / TRITON SST Anomaly Time Series
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MONITORAMENTO

Global Tropical Moored Buoy Array
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Pacific Decadal Oscillation

positive phase negative phase




Interagoes tropicais e extratropicais

estdo associadas a escala decadal



Pacific Decadal Oscillation

positive phase negative phase

Anomaligd
vento

1> modo CP monthly values for the PDO index: 1900-2003

normalqada ......................... T e A TSM"'Eq"="TSM’20N
50 anos

ol W Ral | B

O
_2 ..... .............................. .............................. ................

_4 i i i i |
1900 1920 1940 1960 1930 2000



anomalias atmosrericas num periodo de anos

E fortemente correlacionada com o ENOS

Ambos atingem a maior amplitude durante o inverno
boreal — HN (verdo no HS)



menos importante do que no Pacifico Norte e na América
do Norte

O padrdo da ODP é similar ao do PNA interanual



Pacific Decadal Oscillation

negative phase

positive phase

condicoes
Umidas no SW
dos EUA

condicoOes

[6] = secas
3 ] no SW dos EUA
: ] PDO é altamente
P AR I B correlacionada com grandes
/ alteracOes de cardumes e
N Istemas no Pacifi
As causas da PDO nao sao SLOSEElE ail O Faciico
conhecidas, orte

0 que limita sua previsibilidade;

contudo algumas simulacdes climaticas

tém produzido oscilacdes
\similares ada PDO



Animation of PDO SST

hitp://www.pmel.noaa.gov/vrml/overland/movies/pdosmall2.mpg
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durante a estacdo de inverno -

dezembro a margo

INAO = P ’AliaAcores — P "Baixalsléndia

anom presséo = P = PRESSAO tempo (i) - PRESSAOclim






NAO  NORTH ATLANTIC OSCILLATION

E um modo dominante de variabilidade climdtica de inverno
o ]

Atua desde a América do Norte até a Europa e parte do norte
da Asia
E uma oscilagéio de grande escala na atmsofera entre a alta

subtropical dos Acores e a baixa polar da Islandia

O indice que representa esta oscilagdo varia de ano para ano,
mas exibe uma tendéncia de ficar em uma mesma fase por
intervalos que duram muitos anos

NAO Index




FASE POSITIVA

INTENSA ALTA PRESSAO DOS ACORES
INTENSA BAIXA PRESSAO DA ISLANDIA

0 aumento da diferenca de pressido
resulta em ventos mais intensos cruzandc
o Atliintico em uma trajetoria mais de
norte

Isso resulta em invernos mais quentes e Umidos na Europa

E invernos mais frios e mais secos no norte do Canada e
Groelandia

O leste dos EUA experimenta condi¢goes suaves (temp) e Umidas no
inverno



FASE NEGATIVA

FRACA ALTA PRESSAO DOS ACORES
FRACA BAIXA PRESSAO DA ISLANDIA

O gradiente de pressao reduzido
resulta em poucas e fracas
tormentas de inverno que cruzam
o Atlantico Norte numa trajetoria
mais na direcao oeste-leste

Levam ar mais Umido para o Mediterraneo e ar mais frio para o norte da Europa

A costa leste dos EUA experimenta a entrada de massas de ar mais frio e tempo
com condi¢des para nevascas

A Groelandia, contudo, terd invernos com temperaturas menos frias



NAO SLP and Windstress Anomalles a0,
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Idem ao slide anterior

http: / /www.ldeo.columbia.edu/res/pi/NAO /
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IMPACTS i N
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FFects safaty of wll fgs l'
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In the late 16th century, the missionary Hans Epede
I\"‘ -, Saabye, after several years of travelling back and o L]
\L w
™. i ™ forth between Scandinavia and Greenland,
} ﬂ'ta_?i: *r=  recorded in his journal:
| . 1 ot . gy {
=~ “In Greenland, all winters are severe, yet - bl
NORMAY i s, they are not alike. The Danes have noticed &
ik b 8 thut when the winter in Denmark was A
hydroelectric reservairs | R severe, as we percetve if, the N\
provides petential for winter in Greenland in its
iy s ety - 3 ¢ 2 Thie Figars ghosas surfacs 3 manner was mild, \ -
O Sp——— and conversely.”
l ot will-docanpated As we now know, this east-west
I e .:::; y tgmperu_ne see-sow was due to LY Q
e A irdicx . ehanges in the north-south eontrast
i o t in sea level pressure over the North \
e o Atlantic Dcean, with low pressure in
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I grectarthos wel f altering sea surface temperature, air
W meris regions whish temperature and precipitotion. The \
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s dinamar- queses noticiaram que quando o inverno na Dinamarca era
severo, como nés o percebemos, o inverno na Groelandia era, de sua
maneira, mais ameno, e vice-versa.”’



Human Impacts

ENERGY
PRODUCTION
& CONSUMPTION

US HYDROPOWER PRODUCTION

In the United 3tates hpdropower supplies 12% of the notien's electricity. Hydropower praduces
more than 90,000 megawatts of electricity, which is enough ta meet the needs of 28.3 million
consumers. Hydropower accaunts for over 0% of all electricity thot comes from renewable
resgurees (such as salar, geathermal, wind and biomass,),

& primary gool of reserveir aperators of hydropower focilities is aptimizing flood protection vs.

energy generation, IF reservoir aperators under-
estimate flocd valume, the reservoir system
will be unable to Fully regulate flow. Az o
result, water must be spilled over into spillways.
Enviranmental damaoge due to flacding and
fimancial less due to decreazed generating
capacity result. The link between o positive
HAD and increased East Coast precipitation
suggests that reservair operatars in this regian
could gain from knewing mare about the AL,

ENERGY CONSUMPTION AND
PRODUCTION IN NORWAY

AND THE NAD

The demand for heating oil in Norway clearly
shaws human sensitivity ta chonges in the NAD.
Cooler winters and a generally negative NAD
prevoiled during the late 1970's resulting in a
greater demand For heating ail, Things changed
in the early 1%80's as the NAD index switched to

MECHEWAY

Annual Haating CHl Consumplion

.q..

._.__...ni_mn .__..__.._._E. ﬁ__.n__ﬂ_umu___!_

: J“_.-...—.-—:.I. -.-.-

o pesitive phase and Narway became wormer, resulting in decreased demand For heating ail.
These changes in demand vary by 10-15% of the average demand betwsen 1570 - 1555,

Harway is the world's sisth largest hydropower preducer, and the largest producer of hypdropawer in
Europe. Annual winter precipitation m Horway can be thought of as a surrogate for streamflow and
hence hydropawer generation. Between 1980 and 1993, a period of incrensingly pasitive NAD years,
precipitation was higher than narmal, resulting in increased waker inflow for pawser eneration.




HYDROLOGY & H

WATER RESOURCE
MANAGMENT

Freshwater constitutes enly ~2.5% of the tetal volume of water on earth, and two-thirds of it is
tropped in glacial ice. Only 0.77% of freshwater i held in places more accessible to humaons
such a5 aquifers, lakes, rivers, and the atmosphere, River runaff is the most accessible source
and accounts For much of the water used for irigation agriculture, industry, and hydropower
generation. Hew dom censtruction hos the potential to increose accessible runaff by ~10%
puer the next 30 years, however population is prajected te increase by more than 45% during
that penod. A a result humans will bezome increasingly sensitive to natural variations in
precipitation and river runoff,

Ferhaps the most sensitive of all regions is the

—Euphrates River Run Middle Enst, where usable Freshwater is already
4000 — _— scarce. With populatien increasing by 3.2% each
| == -MAD: 1340 1963 1863 [ year and irrigation proctices cansuming upwards
— | —— mean: 1835- 1472 ; ;
& | of B0% of available water supply, water is a ke
k] — +MACK 1945 1545 1083 . i ; E:.. 3
o wariable offecting regional public health and

political stability, Much of the current focus in Middle
Eastern water palicy hos been the environmental and
socig-ecenamic impocts assaciated with increased
damming alang the Tigris-Zuphrates River system.

Turkey, because it has the good fortune of being
situated at the headwaters of the Tigris-Euphrotes
River system, can literally turn off the supply of
water to its downstrearm neighbars and has
threatened ta do so an accaosion. For example, when
the Ataturk Dam was completed in 1990, Turkey
stopped the flow of the Euphrotes entirely for one
manth, leawing reg and Syrio in consideroble distress.
However natural climate variability, which has no
political olliances, can be ottributed ta variotions in Turkish precipitation and Euphrates River
runaff and is linked ta changes in the HAD, Even the recent trend in the NAD index can be seen in
historical precipitation data; with droughts ccourning in Turkey during the 1980s and the early
1990s ond wet cenditions genernlly accurring during the 19605 and the late 19705
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Atlantic Multidecadal Oscillation

Correlations of NH Summer Rainfall with the AMO Index

{AMO) Index (SST Anomaly,"C)
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do EUA e nordeste da América do Sul

E mais chuva cai no sul do Alaska, norte da Europa, oeste da
Africa e sudeste dos EUA

Secas persitentes no Meio-Oeste dos EUA, tal como a da
década de 30 — anos de Tempestades de Areia (Dust Bowl
Years), esteve associada a fase positiva da Oscilacdo
Multidecadal do Atlantico



de praticas de manejo do solo que o deixaram
susceptivel as forcas do vento.

O solo, despojado de umidade, era levantado pelo
vento em grandes nuvens de pé e areia tdo espessas
que escondiam o sol durante vdrios dias. Estes dias
eram referidos como "brisas negras” ou "vento
negro'.



Dallas, South Dakota 1936 Dust Bowl



http://upload.wikimedia.org/wikipedia/commons/d/d9/Dust_Storm_Texas_1935.jpg

tornam-se furacdes durante
a fase quente da OMA do

que durante a fase fria.

Mais tormentas tropicais
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1 08 06 04 02 0 02 04 06 08 1
Comrdation SST TDI and landprecipitation TDI
Correlation between the Atlantic cross ITCZ SST difference as defined by Servain (1991, J. Geophys. Res., 15137-15146),
and station rainfall. This figure is done for annual averages of both the index and the rainfall data from 47 years. The pattern
of the Atlantic SST is very similar to the NAO pattemn: i.e. during strong phases of the NAO, there are strong westerlies and
north-easterlies, colder SST, and thus the ITCZ is further south. When ITCZ is further south, the correlation with Tropical
Dipole Index (TDI ) is negative, less precipitation over the Sahel region and more precipitation along the coastline in the Gulf
of Guinea, more precipitation in the Nordeste Brazil as well (Y. Kushnir and G. Krahmann, 1998, personal communication
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ID=TSM’atn — TSMats

1 08 06 04 02 0 02 04
Cormrdlation SST TDI and landprecipitation TDI
Correlation between the Atlantic cross ITCZ SST difference as defined by Servain (1991, J. Geophys. Res., 15137-15146),
and station rainfall. This figure is done for annual averages of both the index and the rainfall data from 47 years. The pattern
of the Atlantic SST is very similar to the NAO pattern: i.e. during strong phases of the NAO, there are strong westerlies and
north-easterlies, colder SST, and thus the ITCZ is further south. When ITCZ is further south, the correlation with Tropical
Dipole Index (TDI ) is negative, less precipitation over the Sahel region and more precipitation along the coastline in the Gulf

ML/G4/991
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Dipolo de TSM do Atléntico (19%2%9)
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GRADIENTE MERIDIONAL DO ATLANTICO

Quando as aguas no Atlantico Sul
estao mais frias que o normal, o
Sistema de Alta Pressao do
Atlantico Sul e os ventos alisios de
sudeste se intensificam

Se neste mesmo periodo o Atlantico
Norte estiver mais quente que o
normal, o Sistema de Alta

Pressao do Atlantico Norte e os
ventos alisios de nordeste estarao
mais fracos

Este padrao favorece o desloca-
mento da ZCIT para posi¢coes mais
ao norte da linha do Equador e é
propicio a

ocorréncia de anos com chuva abaixo da média %W 6&W 4w 2w ¢ 2%
ou muito abaixo da média para o setor norte do Nordeste do Brasil.



GRADIENTE MERIDIONAL DO ATLANTICO TROPICAL

Quando as dguas no Atlantico Norte ID = TSM’arn — TSM ats
estdo mais frias que o normal, o TRy e Bt
Sistema de Alta Pressdo do Atlantico > g v
Norte e os ventos alisios de nordeste il
se intensificam. 20oN A" ¥

Se neste mesmo periodo o Atlantico
Sul estiver mais quente que o
normal, o Sistema de Alta 0

Pressao do Atlantico Sul e os ventos
alisios de sudeste estardo mais

fracos. 2088

Este padrdo favorece o desloca-
mento da ZCIT para posi¢oes mais
ao sul da

: ;gativa do dip(;Io
i ID<O

-

S30°W 60°'W AW 20°W 0 20%

linha do Equador e é propicio a ocorréncia de anos com chuva
acima da média ou muito acima da média para o setor norte do
Nordeste do Brasil.



Atlantic: MCA mode 1
SST, 10m Winds

.............. 4 -

metros

...............................

Vetores de vento foram plotados onde
o coeficiente de correlagdo excedeu
0.27 (ao nivel de significncia de

95%,)

Mesmo que o de cima, mas para
precipitagéio (mm/21 dias)

Areas sombreadas indicam nivel de
confianga superior a 95%

(Chiang e Vimont, 2004)





http://www.atmos.colostate.edu/ao/introduction.html

REOF (10.2%) shown as
regression map of 500mb height (m)
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Annual Global Monitoring  1-15M10/2008
SYNOP reports made at 00, 06, 12 and 18 UTC at RBSN stations
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Integrated Water Vapor
1700 UTC Dec 26 2011
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Annual averaged number of lightning flashes per km? from LIS and OTD sensors
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http://www.education.noaa.gov /cweather.himl

http: //www.schoolscience.co.uk/ vulcdo

http: / /resources.schoolscience.co.uk /ICI /11-14/materials/match1pg2.html



http://www.education.noaa.gov/cweather.html
http://www.schoolscience.co.uk/
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http://resources.schoolscience.co.uk/ICI/11-14/materials/match1pg2.html
http://resources.schoolscience.co.uk/ICI/11-14/materials/match1pg2.html

