.

=

J ean-tlme Series as
Indow 0 scales of
variability in the sea

—

— _:-'--_—..'I.\_'E—

= 'Twothlngs never to do with a time series: start one, end one

Francisco Chavez
Senior Scientist
Monterey Bay Aquarium Research Institute




Monterey Bay Aquarium
search Institute (MBARI)

d Packard
(www mbar| org)

f'ion of MBARI Is to achieve and maintain a position as
S world center for advanced research and education
Focean science and technology, and to do so through the

5 Velopment of better instruments, systems and methods for

j:‘.—'—* —— sclentific research in the deep waters of the ocean.

= David Packard, November 1995

Executive Directors: R.T. Barber 1987-91
P.G. Brewer 1991-96
G.R. Heath 1996-1997
M. McNutt 1997-2009
Chris Scholin 2009-




Global mean SST (ERSST)
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.‘él climate variability during the
yentieth century from SST

BPrimary production over the past 20 years
}_..”“fﬁfom SeaWiFS, BATS, Cariaco, La Coruna
(Spain), HOT, MB and Peru

e Looking to the past to learn something
about future changes in climate

¢ Some thoughts about the future
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nterey Bay Lime Series

se 1989 combines ship, mooring, AUV,
€ tellite and modeling

_ iesulted in over 150 publications

= Generates new ideas and process studies

F— _-m-—".ll-,;:— -

‘_""J Frowdes a natural laboratory for
~ technology development

¢ Studies biological responses to climate
variability and global change




! A — Dynamic topography
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10 m7s B — Mean winds




C — Mean nutricline depth

30°E 90 °E 30 °W

D — Mean primary production (VGPM)
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ne histor'?mn‘terey Bay measurements at Station H3/M1

Monterey Bay Surface Temperature ("C)

Skosberg Hopkins CalCOFI

Temperature (°C)
=
X
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Anomalies

Temperature C

An Introduction to Anomalies
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Diatom domination that transitions to pico-dominated offshore
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Locations where the full photosynthetic plankton community. was
merated and sized by flow cytometry and microscopy

120°E 180°W 120°W 60°W

All stations collapsed into a single latitudinal profile
and the same done with SeaWiFS chlorophyll




PP = 0.66125 *'PAR / (PAR+4.1) * Z,, * B, * p * DL
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~50 Petagrams
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. Drawdown of CO, driven by seasonal cycle
ight, temperature and productivity

420 AN

[P

- NAC‘%,M
_-:h g_ 380 ’\\ W \/\w/\/:\/
e -
9 380
= -

|
(I

"
Wik

3 MW s

i\

| \I .ll. I .I_l
] l"l"ll 1:|.| i

- v — Spring (MAM)
— Summer (JJA)

320 A —Fall (SON)
— Winter (DJF)

20 30 40 50

Distance from Coast (km)

Offshore exactly opposite due to warming

10

0



El Viejo La Vieja

-
-

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 20012002 2003 2004 2005 2006

LA Ternperature, Dm .
4
«——F| Nino—» ’
| | | i
B.Water cé|umr; strat u:atién,O—ﬁOm I I
5F T T 1 B
C.Nitrate,ﬁOm )
= .
=3
= T T T T T 5
~D. Chlorophyll, 0m : : : : i : : : ; y
P A P
E Dihoﬂag;ellatés : : : : : : - ‘
g The Ageof = | T
© Dinoflagellates? 1
£ : ; : 1 ;
& : : |
(=2}
g _

i
1989 1990 1991 1992 1993 1994 19951996 1997 1998 1999 2000 20012002 2003 2004 2005 2006

_ N

Monterey Bay Time Series

Dinoflagellates

hallow

T‘r?ermodine .

El Nifios during 92-93 and 97-98
Transition from EIl Viejo to La \_/_g_qa
The age of dinoflagellates?

0.05
Lt
E
0 g
-0.05
2
15
T @
05 E
f=)]
0 £
‘05 800
= |
700
600
E 500
2
§ 400
[=%
300
200

Daily Average Sea Surface pCOo

—— MO pCO2
—— M1 pCO2
Air pCO2

Jun-04 Dec-04 Jun-05 Dec-05 Jun-06 Dec-C



L \We see this €O, drawdown pattern in
alling shadows: ~

/1 a o
[ !-lﬂ PDle

uthern California Bight, Baja

Dinoflagellates solution to CO, problem!




‘E“
aleocene

noflagellates were prominent globally
-,.:;"" g coastal margins 55 million years ago
yhen there was a rapid carbon release

F— _-m-—".ll-,;:— -

=L

to the atmosphere and oceans, rivaling
_"-' = ?che present anthropogenic release of CO,,
and the world was significantly warmer




The Length of the Record is Important

w
o

2e+14
s Monterey Bay
- (lobal

i8]
o
1

F 1et14

=
o
1

0.104

L
o
1

- le+14
0.051

R
o
L

0.00

Monterey Bay Integrated Chlorophyll (mg/m2)
o
o
Global Integrated CChlorophyll (mg)

&
<]
{

-Ze+14

1998 2000 2002 2004 2006

Chlerephyll anomaly (Tg)

Year

|
(=] =
— [=]
o [}
L L

I
!
I
=

- c 15 -
=
- £ 10
O —
E —_
L 5 =
g g _
[&] =]
E g
z E)
£ £
Q o
= =10 =] ]
@ =
o o
% -15 .

1]
[=]

20 i i i i i i i i i i i i i i i i
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 20035
Year

o
)

d

d

d

d

d



Greening correlated with cooling and increase of nutrients at depth

Temperature at 60m (C)
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What is responsible for greening of California coastal waters?

Chlseophyll (mg m-3)
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_—
bal data sets

.:;srface temperature (S§T5 ->100y
_:_'surface height ~ 18 y
#8Sea surface chlorophyll ~ 12y

1 A




.E“
of variability

5t century — ENSO, AMO, PDO, NPGO,
‘Nifo Modoki
ast 400-500 years — Medieval Warm

= :I‘IOd Little Ice Age, the present

—I-.'
e
il
-‘_
_-—-

“ THE Ice ages — not treated here

@ Global warming — which of the above is
the most likely analog?




operties, like sea level,
hyll, sea level pressure
_lde), PAR or sunlight,
V) " -,_currents (last not shown)
“also display ENSO as their
dominant mode.

The principal component time
series are identical and
correlated with the

Multivariate ENSO Index (MEI)
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The fiI‘St fOUI‘ g‘IObaI mOdeS Of SST Variabi”ty (Messie and Chavez, sub)

Pacific Decadal Oscillation.

minus MEI a) SST mode 1 PO ¢) SST mode 3
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ot C'E‘ﬁttlry in the Pacific

__'—_ = ENSO (high interannual and some

i —

1ke but not the same as PDO
o = M1 + M3

BM4 associated with the North Pacific Gyre

— —--—-‘_ :H"' .
i —

if-BSClllatlon and El Nino Modoki (one and
the same; Modoki is Japanese for like but
not the same) — increasing in amplitude,

negative recently, recent El Nino events
more western than eastern.




Pacific multidecadal variability and regime
- ifts,.same pattern as recent cooling” ..

Sardine demise 76 warm regime Recent cooling

Mode 1 decadal (21.2%)
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L The recent shift in the mid 1990s “bigger” than others
M1 (ENSO), M3 (PDO) and M4 (NPGO, Modoki)

phase (negative) =coincidence?
b) Linear trend SST anomalies (Nov 1981 to Mar 2009)

“Clyr

DOE 90°E 150°E  150°W  90°W




It Is a familiar story

El Nino Child La Nina
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a 60m nitrate anomalies - Monterey Bay
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A- Global mean SST

20.5 trend 1910-2009: 0.0069 “Clyr
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B- 1st EOF SST time series
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Bidigare et al. (2009) The 1997-98 regime shift at HOT
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A large Humboldt squid caught offshore from Sitka in October 2004 is among
numerous sightings of a species seen for the first time in waters of the Far North
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_/'n Situ oceanographlc data off Peru shows that
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Fish Scale Record from a core off Peru
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al warm period
e same pattern as
but Little Ice

=Age does not
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Driven by a southward migration of the
dpical Convergence zone (ITCZ) during the
Little Ice Age
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Opposite happening today as the world warms




Ocean warmer during El Nino and El Viejo
El Nifios of 82-83, 97-98
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Same thing during El Viejo

i.e. warmer coastal upwelling and warmer world




_
veloping Paradox?

rvations from the modern record show that
er ntire globe warms during El Nino and El Viejo
‘In coastal upwelling systems temperature
DES up and biological productivity goes

&down. The opposite seems to happen during the
=1 ittle Ice Age when the coastal uB elling system
:: —off Peru warmed, ventilated and became less

- productive. We must be looking at very different

mechanisms ..
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abilitv has s J and measurable impact on
| ocean ecosystems

ecosystems adapt to large natural climate
anges — what are their limits?

thropogenic global change (i.e. ocean acidification,
~ fis mg exists without a doubt but climate change harder
| plnpomt
= r_t!}'l'here will be "two faces to global warming- -driven
climate change” just like there are “two faces to climate

variations like El Nino (and El Viejo)”

® There will be man¥ surprises. Change may not follow
current patterns of climate variability

® Qur science (observing/modeling) and management
needs to be adaptive; management needs to include
variability and change




My future that is = retirement

Controlled, Agile and Novel Observing Network (CANON)




The biolegical pump: a complex process in an

- ever-changing and moving ocean

Follow a molecule
of CO, from here
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CANON
Dream

To here on a scale of
of hours to weeks ,
and eventually to years aafloor

A dream that today has very much a semblance of reality



010+ development of a system
an follow a process'in 4-D

'With HABS Using toxin as tracer
vile and fixed platforms
'Umentation and “samplers” for water,
ar |cles rates

= -'_-r—'-
e

JNbveI analytical methods

¢ Software to intelligently sample and control /n
s/tu assets

® Decision Support System (DSS) to integrate
information, planning and analysis tools
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How do_gs CANON fit into the big picture?

Rapid focused response

egularly spaced

Observations

-}

Basic Ecosystem Rules

Model

Predictions of
climate change

Managing our Physical
behavior oceans modification

Adaptation No action Mitigation
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