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Climate Variability and Marine Ecosystems:
The Role of Forcings and Feedbacks

* Ocean observing platforms
* Modes of climate variabllity, I.e., physical climate

 |nteraction between such modes and marine
ecosystems

— El Nino-Southern Oscillation
— Pacific Decadal Oscillation
— North Atlantic Oscillation




In a forcing sense, climate
variability can influence:

Circulation

Temperature

Stratification and Mixing
Water mass characteristics
Mesoscale activity
Extreme events
Basin-wide synchrony




CLIVAR (Climate Variability and Predictability)

CLIVAR is an
interdisciplinary

research effort within the
World

Climate Research
Programme

(WCRP) focusing on the
variability and predictability
of

the slowly varying
components

of the climate system.

CLIVAR investigates the
physical and dynamical
processes in the climate
system that occur on
seasonal,

interannual, decadal and
centennial time-scales.




Advances in our knowledge of the
coupled climate system require that we:

Describe and understand the physical processes responsible for
climate variability and predictability on seasonal, interannual, decadal,
and centennial time-scales, through the collection and analysis of
observations and the development and application of models of the
coupled climate system, in cooperation with other relevant climate-
research and observing programmes.

Extend the record of climate variability over the time-scales of interest
through the assembly of quality-controlled paleoclimatic and
instrumental data sets.

Extend the range and accuracy of seasonal to interannual climate
prediction through the development of global coupled predictive
models.

Understand and predict the response of the climate system to
increases of radiatively active gases and aerosols and to compare
these predictions to the observed climate record in order to detect the
anthropogenic modification of the natural climate signal.



Status of the Ships-of-Opportunity Program
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STATUS OF GLOBAL DRIFTER ARRAY

3 J o :. - *
-
- - "f' ook - A ":' BN T
:.: . i » ":.. & k LN kL
-
e : ) - " A & - ul"‘.:... o & [
Ol e WA Nl . : R A Y ;
5.. oy - 5 (] .l. Ll . " A » v
» ey *a * 2 - * x5
- i = e F3 o ag . ! Al L
s e » " 5 [} . - J - ’-
- rF ® ® L - L L
" o‘h: .i..i,. . .* H ‘o : -o " s .'n: 3:‘5 "‘. o
- -
4 L] !.;:. e ] - »
. - .l.b ™ : A . i " - ... f. - "
1 4 | RPN A Far iy 2
e '- Y e R ? e - ® 5 -
L -
: 'y % - . - 4 & L L]
i * " . . £ » L & -"'.." B
» » x e et * * e P LI »
& "": rs - ap *
. L] = a Y . e
- L] o L] . r L & 6 > .. FLEE AN
* - } » - *
. 4 - * " - o = . "s-
.. - - 3 * L
»
:.." -
-
# of buoys= 779

e S5T ONLY
e SST/SLP
e SST/SLP/WIND

{M. Pazos)

GLOBAL DRIFTER PROGRAM




Status of GPS/DORIS implementation at Tide Gauge Stations
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Status of Ocean Reference Stations

®  Observatory funded
# Observatory planned

G Air-sea flux funded
D Air-sea flux planned
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19% complete ! ‘
" OCEAN

Present NOAA contributions ‘- : : : OBSERVATONES‘
INITIATIV

Major sdvances in our understis g of the oceans are currently limited by our

ability to make sustnined observations over lange arcas. wous, long-lerm
measurements of physical, chemical, geological, and biolog riables in the
oceans and the seafloor below are required to understand trends and cyclic changes
and o caplure i even(s such as major carthguakes snd harmful slgal blooms,
Enhanced capabilities for muking sustained measurements of the ocean will open
up new research opportunities and kead to improved defection and forecasting of
envirenmental changes and their cffects on biodiversity, coastal ccosystems, and
These advimces will provide the tools for improved munagement of ocean

s such as fisheries, and better-informed decisions on the of the coastal

mane for necreation, develapment, and commerce. The National Science Foundation’s

Ocean Observatories Initiative {(001) will capitalive an
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Argo Network

© Australia (18) @ European Union (T4} @® Japan (BT) Russian Federation (3)
@ Canada (58) France (19) @ Korea [Rep. of) (28) #®  United Kingdom (46)
@ China (16) @ Germany (34) @ Now Zoaland (3) ® United States (218)
© Denmark (8) @ India (10) @ Norway (3)

(Courtesy: D. Roemmich, SIO)



Status of the Tropical Moored Buoy Network
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(Global all-weather SST from AMSR

Sea Surface Temperature, 11-13 June 2002
AMSR Reynolds Analysis

60N * L  ————
50N s ;
> | -3 i&.\ﬂ

40N ’ -
4 ¢

3on R SN

t'l

., -
B85W TSW 65W 55w 45W 35W BSW 75W 65W 55w 45W 35W

20N ™=

o =
15 20 25
°C




10-year record of sea surface topography
from satellite altimeters

Annual Averages of SSH from 10 Years of TOPEX/POSEIDON Data
(Courtesy of L.-L. Fu)
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El Nifo
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ENSO Teleconnections

Northern Hemisphere Winter

»

80° 100° 120° 140° 160° 180° 160°W 140° 120° 100°

Northern Hemisphere Summer

80° 100° 120° 140° 160° 180° 160°W 140° 120° 100° 80° 60° 40° 20°
NOAA/PMEL/TAO

Schematic of temperature and precipitation anomalies generally associ-
ated with the warm phase of ENSO during the northern winter and sum-
mer seasons. To a good approximation, relationships with the cold phase
of ENSO are simply reversed in sign. [After Halpert and Ropelewski
(1992, J. Climate, 5, 577-593) and supplemented by Aceituno (1988,
Mon. Wea. Rev., 116,505-525)] (courtesy of NOAA/PMEL).

LB/G1/99-2




Normal Conditions

Equator

Thermocliine
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El Niio Conditions
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The ENSO Observing System

i he TOGA verod tobl parehin TOGA in Situ Ocean Observing System

one of the main cornerstones for suc- Pacific Basin
cessful predicton of ENSO events. | :
Without a continuous collection (in
space and time) of different meteorolog-
ical and oceanographic data using the
capabilities of research vessels, ships of
opportunity, surface and satellite obser-
vations and the evolving knowledge and
technology of climate modelling suc-
cessful forecasts of ENSO events would
not be possible. Compared to the bene-
fit of the society the cost for the mainte-
nance of the observing system and the
modelling resources are neglectable.
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Photos: above and right: maintenance of the TAO array {courtesy
NOAA/PMEL), upper right: “classical” sea surface temperatlure mea-

surements (bucket) (courtesy G. Meehl) AVIG1/99-6




ENSO 1997/98

Five Day Mean Zonal Wind, SST, and 20°C Isotherm Depth 2°8 to 2°N Average

Zonal Wind Anomalies {m s7!) SST Anomalies (°C) 20°C Isotherm Depth Anomealies (m)
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Time / longitude sections of anomalies in the surface zonal winds {in m s‘1), SST (in °C) and 20°C isotherm depth (in m)
for the past 24 months. Analysis is based on 5-day averages between 2°N-2°S of moored time series from the TAO ar-
ray. Anomalies are relative to monthly climatologies cubic spline fitted to 5-day intervals (COADS winds, Reynolds SST,
CTD/XBT 20°C depths). Positive winds are westerly. Squares on the abscissas indicate longitudes where data where
available at the start of the time series (top) and at the end of the time series (bottom). The TAO array is presently sup-
perted by the US (NOAA Office of Global Programs), Japan (JAMSTEC), Taiwan (NSC), Korea (STA) and France
(ORSTOM). Further information is available from Dr. M.J. McPhaden (NOAA/PMEL) (courtesy of NOAA/PMEL).
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Sea Surface Temperature
Dec 1997 minus Dec 1998
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TOPEX/Poseidon Sea Level
Dec 1997 minus Dec 1998
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El Nino minus La Nina Composites
of Global Normalized Precipitation Anomalies

e

f”r----- - o
g (7

-1.2 -0.9 -0.6 -0.3 0.0 0.3 0.6 0.9 1.2

Global Precipitation Climatology Project (GPCP) 1979-99
) NASA Goddard Space Flight Center



El Nifo 1997/98
Seasonal Predictions

— Observed S5T
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Source: ECMWF



Comparison with previous El Nifios

Current Conditions vs. Past El Nifios
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TAO/TRITON Observations
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TAO/TRITON Observations

TAO/TRITON 5-Day Temperature (°C)
End Date: March 4 2003 2°S to 2°N Average

Depth (m)

Depth (m)

140°E 180° 140°W 100°W
0 rE—

Anomalies

32
28
24
20
16
12

* Thermocline slopes
down to west because
trade winds are near
normal intensity.

" Residual warm
anomalies persist in
the upper 100 m of
the central Pacific.

= Cold thermocline
temperature anomalies
across much of the basin
signal the imminent
demise of the event.



March 2001-February 2003
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FORECAST Nino3 SST ANOMALIES
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e Observations indicated the development of

warm El Niio conditions in the tropical Pacific
during 2002-2003.

e This warming was preconditioned by heat content
build up near the equator and modulated by MJO-
related intraseasonal atmospheric forcing.

e Both SST and heat content anomalies indicated an
event of “moderate” strength.

e Reflected Rossby waves at the western boundary
appeared to contribute to the demise of the event.

e The El Nifio had its demise during boreal spring.



Monsoon - ENSO Connections
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The three components of the monsoon system are tied to the heated land
(both desert and pluvial areas), the tropical warm pools and the cold win-
ter ocean and land areas. All of these conspire to produce the strongest
heating gradients on the planet. There are three major circulations asso-
ciated with the boreal and austral summer monsoons. These are the
transverse and lateral components, and the Walker Circulation. Together
these form a simplified but integrated view of the Monsoon ENSO atmos-
pheric circulations in the Indo-Pacific Region. CLIVAR will endeavour to
improve our understanding of this complex system and strive to improve
on the predictions of the seasonal to interannual variability of the climate
system across the whole region. (P. Webster, PAOS, 1997).
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The Asian - Australian
Monsoon System

The variability of the Asian - Australian Monsoon with its droughts
and floods effect about 60% of the world population, global
economies. Upper and left: drought in SE Asia (courtesy of G.
Meehl). Right: monsoon flooding (® Photodisc), lower: TOGA IPO.

LB/G2/99-2



Modelling the Asian-Australian Monsoon

Indian Region Box: (70°E - 90°E: 10°N - 30°N) Western Pacific (120°E - 180°E: 10°N - 10°8)
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Comparison of AMIP normalized annual precipitation estimates of 8 models for (a) north India and
(b) for the western Pacific Ocean warm pool. Gray curve represent the ensemble mean (Webster,
1998, pers. communication).
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A Tropical-Extratropical
Interactions

Internal atmospheric
pmcesses
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Rainfall (mm/day)

2002 monsoon
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2002 Monsoon

« Seasonal total rainfall and anomaly patterns




Unusual monsoon 1n 2002
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Example
prediction
from the
IRI made
in May
2002.

The April
prediction
had
indicated
drought
conditions

2002 monsoon

IRl Multi—Model Probability Forecast for Precipitation
July—August—September 2002 made May 2002
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Advances 1n Asian-Australian Monsoon
Study

Encouraging results from a physics-based empirical method for predicting
intra-seasonal monsoon variability have recently been documented.
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Unusual monsoon 1n 2002

No major precursor forcing indicating a poor
monsoon

Strong evidence suggesting that the tropical 1SO
triggered enhanced convection in the Pacific, leading
to adverse circulation anomalies over India.

The association of monsoon with global circulation
features in 2002 is beyond the range of past
associations used to train the empirical models.

Need to find precursors for major anomalies in the
active months of July and August.

Need to monitor/predict the ISO over the Asia-
Pacific sector and to have better understanding of its
role in modulating Indian summer monsoon rainfall.



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 season (December-Febru-

ary). Green shading corresponds to precipitation (mm/month), black arrows to 925
hPa winds, thick blue arrows to maxima. in vertically integrated moisture transport,
and the blue hatched region to the Pantanal. The configuration of SST anomalies
corresponds to enhanced precipitation in the basin (C.R. Mechocso, 2000, E
Changes No. 18, 5—7) AV/G3/0102




SALLJEX UPPER-AIR NETWORK

Objective: To reduce the uncertainty in estimating the intensity and other
characteristics of the tropospheric flow over a large region currently without a dense

sounding network

SALLJEX radiosondes (red)
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SALLJEX DAILY PRECIPITATION NETWORK

This network not only includes the new raingauges installed by SALLJEX (red) but
also raingauges owned by local cooperatives and institutions (purple) that kindly

Example of
the SALLJEX
network in
Argentina




NOAA/P-3 Missions in SALLJEX

Around 120 hours were available for SALLJEX during the

period between 6 January and 15 February 2003.

SALLJEX Flight 2003/01/28

Mission over the
Altiplano & South
Pacific Ocean




East African Rainfall and
Indian Ocean SST’s
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simulated rainfall anomalies
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a) observed rainfall anomalies (mm/d) (after Ropelewski and Halpert, 1989, J.
Climate, 2, 268-284) during the period December 1997-January 1998. b) By the
atmosphere model ECHAM-3 (T42) simulated rainfall anomalies (mm/d) with Indian
Ocean SST anomalies prescribed. The model response shown is the mean over five
realizations. Shown are the anomalies (relative to a 30-year control run with
climatological SSTs) which exceed the 95% significance level according to a t-test.
{(from Latif et al., 1998, MPFPI report No. 276, Hamburg, 12pp).
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Variability of the Sahelian Rainfall
Anomalous Latitude of ITCZ at 17° W
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(Tourre and Lamb, 1997, pers. communication)

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,
personal communication). LB/G4/99-2




Decadal Variability of Sahel Rainfall

Sahel rainfall anomaly
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The dramatic drying trend in the Sahel from the 1950s to the 1980s is

initially forced by SS8T (b) but amplified by soil moisture (¢) and vege—- ki

tation

(d). Zeng et al., 1999, Science, 286, 1537-1540.
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Monsoon - SST Feedback over the Sahel Region

Changes Monsoon
in SST T circulation
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SST - Rainfall - Vegetation feedback affecting the monsoon rainfall over the g
West African monsoon region. From N. Zeng, pers. communication, rasult af~
ter Zeng et al., 1999, Science, 286, 1537-1540. = =




Mechanisms of Tropical Atlantic Variability

Warm S8T and
ow sea-level

press u?

weakened
northeast
tradewind

wind anomaly

Equator

Cold ssT.
high sea-leve

pressure

strengthened
southeast
tradewind

Different mechanisms explaining the variability of the tropical Atlantic SST and

some teleconnections (courtesy P. Chang)
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Atlantlc SST and Ralnfall
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Correlation 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 NAQ, 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 communicatio




Tropical Atlantic Climate Variability
An Atlantic Dipole ?

—31 : : : : : : : : : : :
1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986

(b)

The dominant joint patterns of sea surface temperature and surface wind
stress variability over the Atlantic for the period September 1963 to August
1987 and the associated time series. The time series show a dominant
signal at lower frequencies but as well, there are seasonal and interannual
fluctuations (Nobre and Shukla, 19986, J. Climate, 9, 2464-2479),
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Observed Interannual & Decadal Variability
in the Tropical Atlantic

Correlations of SSTA and surface wind stress with ATL3

=z
[Ta]
D
g
-}
b
e
o
—
5]
[fa]
T ' Fe 0 E & w ¥z 9
Z;’ T
E’- 4L O 4 & B £ 7
e B
2 A Kl\'@.{
S LA L LA :
= R i e [ K =
= =l i A I ¥
/’—P::::»ll\-‘
;—*\‘\\\in‘:‘—
0 ;II:Q\Q::E?,‘
(9] E e S
= o oam 5 LI R W S 4
fl 1 | I\Aé‘lfl‘fflt
40 W 20W 0
Longitude 1

Upper panel: correlation between the SST anomaly index ATL3 (the area-averaged
SSTA in the outlined region) and SST anomalies at all points in the tropical Atlantic
basin, based on the Servain et al. (1996, TOGA Atlantic pseudo-stress atlas, 1985-
1994, ORSTOM, Brest, 162pp) analyses for the period 1964-1988, according to
Zebiak (1993, J. Climate, 2010-2019).

Lower panel: correlation between ATL3 and the zonal and meridional pseudo-stress
anomalies (plotted in vector format) based on the same analyses and observation
period. (both figures: Zebiak, 1998, Bull. Meteor. Amer. Soc., 79, 2019-2031.
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PIRATA Array
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The North Atlantic Oscillation

(NAO Indax, SLP) Doac-Mar (mk)
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Upper panel: Observed Dec-March change in SLP associated with a 1 standard
deviation change in the NAO index {(after Hurrell, 1995, Science, 269, 676-679).

Lower Panel: Winter (December to March) index or the NAQ based on the differ-
ence of normalized pressure between Lisbon, Portugal and Stykkisholmur, lceland
from 1864 to 1995. The SLP anomalies at each station were normalized by division
of each seasonal pressure by the long-term mean (1864-1995) standard deviation.
The heavy solid line represents the meridional pressure gradient smoothed with a
low pass filter with seven weights {(1,3,5,6,5,3, and 1) to remove fluctuations with
periods less than 4 years (after Hurrell, 1295, Science, 269, 676-679, this version:
courtesy of T. Oshorn, CRU, UEA.
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NAO Positive Phase
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NAO Negative Phase
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The NAO - A coupled mode or
uncoupled mode?

An internal atmospheric mode without surface feedback cannot
explain the observed decadal variability of the NAO pattern.
There is growing observational and modelling evidence to sug-
gest that decadal variability over the northern ocean basins is
governed by the coupled ocean-atmosphere system, including
processes which might determine longer period fluctuations in
the NAO.

Different hypotheses to explain the NAO exist.

The NAO mode as descibed by Timmerman et al., 1998)

positive SST Anomaly § = = = .,
~
negative SST Anomaly

olward heat transpo

negative fresh water
strengthened convection flux anomaly
in sinking region Ekman transport into
Labrador Sea

positive salinity J
anomaly in

G intensified THC rt) L( weakend NAO )

Labrador Sea

A coupled mode of the NAO as simulated by Timmermann et al., 1998,

J. Climate, 11, 1906-1931). | BIABAS




NP Index (Dec-Mar) 1925-1998
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Decadal Mode Heat Content
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Summary

« Significant progress has been made in monitoring and predicting
natural climate variability on a global scale.

« The largest signal of the coupled climate system is the El
Nino/Southern Oscillation phenomenon. Forecast systems
based on coupled ocean-atmosphere models are capable of
predicting the onset of EI Nino events six months in advance.

« Adaptation and mitigation strategies have been put in place
around the world to take advantage of this new predictive
capability.



Summary

The long lead time of such climate forecasts rests with the
memory that is inherent to the ocean.

Observational evidence for other “modes” of the coupled climate
system include the monsoons, North Atlantic Oscillation,
Tropical Atlantic Variability, and the Pacific Decadal Oscillation.

A necessary prerequisite to any understanding of the
anthropogenic effect on climate requires that we be able to
distinguish between the natural variability of the coupled climate
system and that due to external forcing of global warming.

During the 1980’s a new era of science was initiated that
considered the two-way interaction between the ocean and the
atmosphere as a coupled system. During the 1990’s this was
extended to include land-atmosphere coupling. In the future, we
will see emphasis given to coupling between the physical
climate system and marine/terrestrial ecosystems



CLIVAR 2004

15t International CLIVAR Science Conference
June 21-25, 2004, Baltimore, USA

Understanding and Predicting Our Climate System

www.clivar2004.org

The international research program on Climate VARiability and predict-
ability (CLIVAR; www.clivar.org) under the auspices of the World Climate
Research Programme (WCRP), focuses on describing and understanding
variability and change of the physical climate system on time scales from
months to centuries and beyond. CLIVAR's goal is fo assess prediclability,
and develop information systems and practical prediction capabilities

The 1# International CLIVAR Science Conference will feature:
* Invited overviews prepared by expert teams
* Stimulating invited presentations and discussion forums

* Contributed poster presentations (with special emphasis
on young scientists’ participation)
Confributions are solicited on research topics that include, but are not

limited to;

* Advances in understanding elements of the climate system
Seasonal-to-interannual variability, especially ENSO, monsoon systems,
decadal (and longer) varicbility, and anthropogenic climate change

* Locking into the past
Analysis of paleoclimate records; reanalyses

* New approaches to climate prediction
Modeling, data assimilation, and validation

* Improvements to the observing system

¢ Climate applications
Who are our clients? What products and information do they need?

Organizing Committee
A commites of imternotional scisotis i organizing the conference. Leadees of thie
commities include:

* Lennan Bengtison {Max Flasck-lnstiut, Homtberg) = Organizing Commities Chair
* Antenio Busalacchi [Univ Marylomd] = CUVAR Scientihic Stering Groap Co-Chor
* Jurgen Willebeord (FM, Kiel} = QLIVAR Scientific Steering Group CorChair

© Do Lagler {US CLIVAR Offica) ~ Locol Crganizing Commities Chair



In a forcing sense, climate
variability can influence:

Circulation

Temperature

Stratification and Mixing
Water mass characteristics
Mesoscale activity
Extreme events
Basin-wide synchrony




In a forcing sense, climate
variability can influence:

Nutrient supply
New and export production pathways

Physiology (metabolic and reproductive
processes)

Age classes
Schooling patterns
Predator-prey interactions




Within this context,
what are the regional implications of “global change™?

Climate Climate Regional/ Extreme/
change variability mesoscale episodic

climate events
Impacts
Entrainment/mixing

Upwelling
Internal waves
Eddies

Ekman pumping

Storminess
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NP Index (Dec-Mar) 1925-1998
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Climate Variability in the Atlantic
Sector:
The Main Phenomena

 North Atlantic Oscillation
(Northern Annual Mode)

* Tropical Atlantic Climate
Variability

» Meridional Overturning
Circulation of the Ocean




Climate Variability in the Atlantic
Sector:
The North Atlantic Oscillation

Changes in the Subpolar to Subtropical
Atmospheric Pressure Difference lead to:

 Changes in strength and position
of the westerly winds
(storm tracks)

« Phase can be described

by a simple pressure based
index
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Fig.1 The anchovy catch of Peru and Ecuador
by calender year given in 1%E6 tons.
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