Extratropical Air-Sea Interaction — Decadal Variability

1. Observations in the North Pacific
2. Role of stochastic forcing
Red spectrum
Basic effect of air-sea thermal feedback
Reemergence
Nonlocal response to stochastic forcing
3. Extratropical ocean to atmosphere feedback
4. Mechansim of decadal variability
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FIGURE 1: (top) Ancmaloos climats conditions associated with the watm phases of the
Pacific Decadal Cscillation (PDO), and i bottom | MNew smbei-WMaich avelmge values of the
PDOindex. Valuss shown ate °C for sea smiface t=mpetatore (SST), millibats for sea level
pressurs (SLP) and divection and inte=nsity of sutface wind stiess. The longsst wind vectors
tepresent 2 pseudostress of 10 mt/s2. Actual anomaly valoes for a given year at a given
location ate obtained by mnltiply the climate anomal v by the amociated index value, Adapted
and updated fiom Mantua =t al. (1997)

Mantua and Hare, JO, 2002
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Fic. 4. Wintertime Northern Hemisphere 500-mb heights
regressed upon the PDO index for the period of record 1951-90.
Contour interval is 5 m, positive (negative) contours are solid

(dashed). Mantuaet al. 1997



(a) Nov—Mar surface air temperature
regressed on the PDO index (°C): 1900-1992
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(b} Dec—Feb precipitation correlations
with the PDO index (x100): 1900-1992
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FiG. 3. Maps of PDO regression and correlation coefficients: (a) November-March
surface air temperature regressed upon the PDO index shown in Fig. 1; contour interval
is 0.2°C. (b) Correlation coefficients (x 100} between December—February precipitation
and the PDO index shown in Fig. 1; contour interval is 10. Positive (negative) contours

are solid (dashed). Mantua et al. 1997
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Figute 2: 3-vear tunning average plots of tiee-1i ng based PDO reconstructions of Gedalot and

Simith (2001) and Biondi =t al (2001), along with Kaplan =t al.’s 12000) COADS 55T index

tor 18541992 and Mantua =t al.’s (1997 S5T-based PD0 index. Each time series has besn
notmalized with vespect to the available period of tecord., and they are plotted with an offset
ot clanty.

Mantua and Hare, JO, 2002
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Fic. 5. Selected regional climate time series with PDO signatures. Dotted vertical

lines are drawn to mark the PDO polarity reversal times in 1925, 1947, and 1977.
Bars are shaded as in Fig. 1, with the shading convention reversed for the BC/

Washington streamflow index. M antua et al 1 9 97
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Figure 1. Time series of anomalies exhibiting coherent inter-
decadal climate changes (thin solid curve), with temporal aver-
ages of the anomalies for the periods 1870-1889, 1890-1924,
1925-1947, 1948-1976 and 1977-1990 (thick dashed lines). (a)
Spring (Mar.-May) air-temperature anomalies in western North
America averaged over 130°W-105°W, 30°N-55°N. The air-
temperature anomaly is calculated relative to 1930-50 at each
station, and then the anomalies are averaged spatially. (b) Spring
SST anomalies in the eastern North Pacific averaged over
140°W-110°W, 30°N-55°N. The average is calculated when
available grid points are more than 20% of total grid points in
thé spring of respective years. (¢) Winter-spring (Dec.—May)
SLP anomalies in the central North Pacific averaged over
160°E~140°W, 30°N-65°N. (d) Spring-summer (Mar.-Aug.)
SST anomalies at Enoshima, Japan. (¢) Annual mean SST
anomelies in the Indian Ocean-maritime continent region aver-
aged over 40°E-160°E, 15°S-15°N. All differences in the tem-
poral average between successive periods are significant at the
95% confidence level in each time series.

Minobe 1997
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0.5 Degrme Grid Hovembei-Apn il Precipitation
cotl elated with HMoviembet -Aptil PDO indew: 1950-98
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Figore 3: Cottelations between Movember- A piil mean precipitation (top) and tempetatote

Ibottom] and the Movember- April mean POO index. Precipitation and temperatove data are
the 0.5 Degies mid climatologically aided intzipolation [CAL) fields produced at the
Univeisity of Delawate by Cort Willmett and collabotators (available via the intetnet at htip://
(also s=e Willmott and Robeson 1995). Megative cotrslation costficients ave shaded in blues,

positive cotizlation coctficients ate shaded in t=ds and yellows.
Mantua and Hare, JO, 2002
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Figure 4. A graphical depiction of the “Inverse Production Regimes” of Have et al. (1999,
The bats tepresent loadings fiom a principal component analysis (PCA) of 30 salmen time
setizs fou the peried 1925-1997. Regional definitions atz as follows: 1 — Western Alaska, 2 —
Central Alaska, 3 — Sontheast Alaska, 4 — British Columbia, 5 — Washington, & — Ovegon, 7 -
Califotnia. Thiee climate indices weie included in the PCA: Pacific Decadal Oscillation
(PDO), Aleotian Low Pressute Index |AL) and the El Mific-Southern Oscil lation (ENS0).
The longest bat, Central Alaska pink salmen, replesents a cottelation cosfliciznt with a valus
ot 0.855, and vepresents the cotvzlation between that tims seties and the illustiated tampotal
componsnt (scote) fiom the PCA.

Mantua and Hare, JO, 2002



SLP & HPF Anomaly

a) El Nino b) La Nina
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Fig. 1. Mean sea level pressure (SLP) anomalies for the a) El Nifio and b) La Nina JFM compos-
ites expressed in millibars (contours). Middle plates (c and d) present the same information for
El Nijio and La Nina subcomposites stratified by the high NPO phase, while the lower plates

(e and f) represent the low NPO sub-composites. The zero line is thickened. Thin contours are
drawn at 0.5mb intervals. Negative contours are dashed and positive contours are solid. Corre-
sponding mean heavy precipitation frequency (HPF) anomalies are expressed in color as quan-
tiles of the local 61-year climatologies at the 168 stations employed in this study. The heavy
dashed line is the 0.5" HPF quantile (median).

Gershunov and Barnett 1999



PDO anomalies

Table1 Surmraty of Pacific and North Ameticanclirnate anomalies associated with extrerne phases of the

PDO

Climate anomalies

Ocean surface temperatures in the northeastern and tropical
Pacific

Ooctober— Marsh norhwestern North Arercan air
termperatures

October-Marsh Southeastermn US gir temperatures

Octobet - Marsh southemn US Northern Mexico precipitation

Octobet — Marsh Morthwestern Marth Armetica and Great Lakes
p hec ipi tatio n

Motthwestern North Amercan s pring time snow pack and
water year [October—Septermnber| stream flow

wWarrn phase PDO

A bove average
A hdve Jveragqe
Helow average
Above average
Helow average

Helow average

Cool phase PDO

Helow average
Below avetage
Above average
Baelow average
Above average

Above average

M odulates ENSO tel econnections
affects biology

Mantua 2002



Stochastic Forcing
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Fig. 17. SST anomaly spectrum at weathership I (59°N, 19°W) for
the perniod 1949-1964, with 95% confidence interval. The smooth
curve was estimated from relation (24) using sensible and latent heat
flux forcing only, and 4 = (4.5 month) ™! {after Frankignoul and Hass-

elmann, 1977].
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FIG. 3 Spectrurh of the time variations of the surface temperature at a grid"
point at 47°N in the model.
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Fig. 6. Spectra of latent and sensible heat flux at Oceal
Weather Ship India for the period 1949-1964 (afte
Frost, 1975).
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Fig. 17. SST anomaly spectrum at weathership I (59°N, 19°W) for
the perniod 1949-1964, with 95% confidence interval. The smooth
curve was estimated from relation (24) using sensible and latent heat
flux forcing only, and 4 = (4.5 month) ™! {after Frankignoul and Hass-

elmann, 1977].
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Ocean-Atmosphere Thermal Coupling



Barsugli and Battisti (JAS, 1998) model

NET SHORTWAVE LONGWAVE SURFACE DYNAMICS
FLUXES
A
4 4
R, (1-g,)0,T, £,0,T, F
-
Y
| ATMOSPHERE

- 4

RD GBTn E{:GBT:A “A"(Tr} - T';]

Y

AAAA_MM_A
OCEAN

'-:"ruatTﬂ - _}‘-S:I(TS o Tﬂ) o }"ﬂTﬂ + B

TﬂaﬁTﬂ = _}'isa[:Ts = Tﬂ} — Aol



Power

2.5

Coupl

ed

Temperature Spectra

Freguency (cycles/day)

Barsugli and Battisti JAS 1998



Power

1.5

0.5

] T 2 o ————r]

“ Fluxes into
T / v [ Atmosphere
- QT
“
. _
-
kh

M Surface Flux Spectra
Q1

Fluxes in;o
Diagnostic Ocean

Frequency (cycles/day)

Barsugli and Battisti JAS 1998



Temperature Spectra
15 — I

10

Power

Frequency (cycles/day)

Surface Flux Spectra
10000 — ——
b)

5000

Power

107 107° 10°7° 107"

Frequency (cycles/day)
Barsugli and Battisti JAS 1998



a)

CTRL

b)

ML-CTRL

N
(@]
@))
i

Q
ks
a0




ML to CTRL ratio of integrated NH variance
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Basic effect of atmosphere-ocean thermal coupling:

» Increases variance in both media, while patterns are largely unchanged

» decrease energy flux between them

» prescribing SST does not yield the proper simulation of low frequency
variance in the atmosphere (will yield the atmospheric mode | east
damped by the damping at the surface)



Processes contributing to increased persistence
of SST.
Reemergence

dl’ —AT' + F —eAT

dt h
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Nonlocal Response to Stochastic Forcing



Stochastic forcing of ocean pressure or advected temperature
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Stochastically forced spatial resonance
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Fig. 20. (Top) Observed correlation between the dominant em-
pirical orthogonal function of SST and sea level pressure anomalies
over the North Pacific as estimated by Davis [1976]. (Bottom) Theo-
retical correlation for v = (8.5 day)™!, A =(6 month)™! without
smoothing (dashed line} and as estimated from monthly averaged

data (continuous line). Frankignoul 1985



