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Tropical Highlights - October 2010

Negative sea surface temperature (SST) anomalies continued to strengthen across the equatorial Pa-
cific Ocean during October 2010 (Fig. T18). The latest monthly Nifio indices were -1.6°C for the Nifio
3.4 region and -1.9°C for the Nifio 1+2 region (Table T2, Fig. T5). Consistent with this evolution, the
oceanic thermocline (measured by the depth of the 20°C isotherm) remained much shallower than average
across the central and eastern equatorial Pacific (Figs. T15 and T16), with sub-surface temperatures
reaching 1°C to 6°C below average in these regions (Fig. T17).

Also during October, equatorial low-level easterly trade winds and upper-level westerly winds re-
mained stronger than average over the western and central Pacific (Table T1, Figs. T20 and T21). This
wind pattern was associated with enhanced convection over Indonesia and suppressed convection across
the western and central equatorial Pacific (Figs. T25 and E3). Collectively, these oceanic and atmo-
spheric anomalies reflect the ongoing La Nifa.

For the latest status of the ENSO cycle see the ENSO Diagnostic Discussion at:
http:/AMwww.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/index.html
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Southern Oscillation Index (SOI)
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FIGURE T1. Five-month running mean of the Southern Oscillation Index (SOI) (top), sea-level pressure anomaly (hPa)
at Darwin and Tahiti (middle), and outgoing longwave radiation anomaly (OLR) averaged over the area 5N-5S,
160E-160W (bottom). Anomalies in the top and middle panels are departures from the 1951-1980 base period means
and are normalized by the mean annual standard deviation. Anomalies in the bottom panel are departures from the
1979-1995 base period means. Individual monthly values are indicated by “x”s in the top and bottom panels. The
x-axis labels are centered on July.




CDAS/Reanalysis—Based SOl and Equatorial SOI
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FIGURE T2. Three-month running mean of a CDAS/Reanalysis-derived (a) Southern Oscillation Index (RSOI), (b)
standardized pressure anomalies near Tahiti (solid) and Darwin (dashed), (c) an equatorial SOI ([EPAC] - [INDOYJ),
and (d) standardized equatorial pressure anomalies for (EPAC) (solid) and (INDO) (dashed). Anomalies are depar-
tures from the 1979-95 base period means and are normalized by the mean annual standard deviation. The equa-
torial SOI is calculated as the normalized difference between the standardized anomalies averaged between 5°N—
5°S, 80°W-130°W (EPAC) and 5°N-5°S, 90°E-140°E (INDO).
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FIGURE T3. Five-month running mean (solid lines) and individual monthly mean (dots) of the 200-hPa zonal wind
anomalies averaged over the area 5N-5S, 165W-110W (top), the 500-hPa virtual temperature anomalies averaged
over the latitude band 20N-20S (middle), and the equatorial zonally-averaged zonal wind anomalies at 30-hPa (red)

and 50-hPa (blue) (bottom). In the top panel, anomalies are normalized by the mean annual standard deviation.
Anomalies are departures from the 1979-1995 base period means. The x-axis labels are centered on January.
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FIGURE T4. Five-month running mean (solid line) and individual monthly mean (dots) of the standardized 850-hPa

zonal wind anomaly index in the latitude belt 5N-5S for 135E-180 (top), 175W-140W (middle) and 135W-120W
(bottom). Anomalies are departures from the 1979-1995 base period means and are normalized by the mean annual
standard deviation.The x-axis labels are centered on January. Positive (negative) values indicate easterly (west-
erly) anomalies.
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FIGURE T5. Nino region indices, calculated as the area-averaged sea surface temperature anomalies (C) for the speci-
fied region. The Nino 1+2 region (top) covers the extreme eastern equatorial Pacific between 0-10S, 90W-80W. The
Nino-3 region (2nd from top) spans the eastern equatorial Pacific between 5N-5S, 150W-90W. The Nino 3.4 region
3rd from top) spans the east-central equatorial Pacific between 5N-5S, 170W-120W. The Nino 4 region (bottom)
spans the date line and covers the area 5N-5S, 160E-150W. Anomalies are departures from the 1971-2000 base
period monthly means (Smith and Reynolds 1998, J. Climate, 11, 3320-3323). Monthly values of each index are
also displayed in Table 2.
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FIGURE T6. Time-longitude section of mean (top) and anomalous (bottom) sea level pressure (SLP) averaged between
5N-5S (CDAS/Reanalysis). Contour interval is 1.0 hPa (top) and 0.5 hPa (bottom). Dashed contours in bottom
panel indicate negative anomalies. Anomalies are departures from the 1979-1995 base period monthly means. The
data are smoothed temporally using a 3-month running average.
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850 hPa Zonal Wind (m/s)
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FIGURE T7. Time-longitude section of mean (top) and anomalous (bottom) 850-hPa zonal wind averaged between 5N-
5S (CDAS/Reanalysis). Contour interval is 2 ms*. Blue shading and dashed contours indicate easterlies (top) and
easterly anomalies (bottom). Anomalies are departures from the 1979-1995 base period monthly means. The data
are smoothed temporally using a 3-month running average.
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Outgoing Longwave Radiation (W/m2)
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FIGURE T8. Time-longitude section of mean (top) and anomalous (bottom) outgoing longwave radiation (OLR) aver-
aged between 5N-5S. Contour interval is 10 Wm2. Dashed contours in bottom panel indicate negative OLR
anomalies. Anomalies are departures from the 1979-1995 base period monthly means. The data are smoothed

temporally using a 3-month running average.
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FIGURE T9. Time-longitude section of monthly mean (top) and anomalous (bottom) sea surface temperature (SST)
averaged between 5N-5S. Contour interval is 1C (top) and 0.5C (bottom). Dashed contours in bottom panel
indicate negative anomalies. Anomalies are departures from the 1971-2000 base period means (Smith and Reynolds
1998, J. Climate, 11, 3320-3323).
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Sea Level Pressure Anomaly (hPa)
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FIGURE T10. Time-longitude section of anomalous sea level pressure (hPa) averaged between 5N-5S (CDAS/Reanaysis).
Contour interval is 1 hPa. Dashed contours indicate negative anomalies. Anomalies are departures from the 1979-
1995 base period pentad means. The data are smoothed temporally using a 3-point running average.
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Outgoing Longwave Radiation Anomaly (W/m2)
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FIGURE T11. Time-longitude section of anomalous outgoing longwave radiation averaged between 5N-5S. Contour
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interval is 15 Wm2. Dashed contours indicate negative anomalies. Anomalies are departures from the 1979-1995

base period pentad means. The data are smoothed temporally using a 3-point running average.
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FIGURE T12. Time-longitude section of anomalous 200-hPa velocity potential averaged between 5N-5S (CDAS/Re-
analysis). Contour interval is 3 x 10® m?s. Dashed contours indicate negative anomalies. Anomalies are departures
from the 1979-1995 base period pentad means. The data are smoothed temporally using a 3-point running average.
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850—hPa Zonal Wind Anomaly (m/s)
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FIGURE T13. Time-longitude section of anomalous 850-hPa zonal wind averaged between 5N-5S (CDAS/Reanalysis).
Contour interval is 2 ms. Dashed contours indicate negative anomalies. Anomalies are departures from the 1979-
1995 bhase period pentad means. The data are smoothed temporally by using a 3-point running average.
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Zonally—Averaged Zonal Wind Anomalies (Equatorial)
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FIGURE T14. Equatorial time-height section of anomalous zonally-averaged zonal wind (m s*) (CDAS/Reanalysis).
Contour interval is 10 ms™. Anomalies are departures from the 1979-1995 base period monthly means.
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FIGURE T15. Mean (top) and anomalous (bottom) depth of the 20C isotherm averaged between 5N-5S in the Pacific
Ocean. Data are derived from the NCEP’s global ocean data assimilation system which assimilates oceanic obser-
vations into an oceanic GCM (Behringer, D. W., and Y. Xue, 2004: Evaluation of the global ocean data assimilation
system at NCEP: The Pacific Ocean. AMS 84th Annual Meeting, Seattle, Washington, 11-15). The contour interval
is 10 m. Dashed contours in bottom panel indicate negative anomalies. Anomalies are departures from the 1982-

2004 base period means.
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October 2010
Depth (m) of 20C Isotherm
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FIGURE T16. Mean (top) and anomalous (bottom) depth of the 20°C isotherm for OCT 2010. Contour interval is 40 m (top)
and 10 m (bottom). Dashed contours in bottom panel indicate negative anomalies. Data are derived from the NCEP’s
global ocean data assimilation system version 2 which assimilates oceanic observations into an oceanic GCM (Xue,
Y. and Behringer, D.W., 2006: Operational global ocean data assimilation system at NCEP, to be submitted to
BAMS). Anomalies are departures from the 1982—-2004 base period means.
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October 2010: Depth—Longitude Section
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FIGURE T17. Equatorial depth-longitude section of ocean temperature (top) and ocean temperature anomalies (bottom)
for OCT 2010. Contour interval is 1°C. Dashed contours in bottom panel indicate negative anomalies. Data are
derived from the NCEP’s global ocean data assimilation system version 2 which assimilates oceanic observations
into an oceanic GCM (Xue, Y. and Behringer, D.W., 2006: Operational global ocean data assimilation system at
NCEP, to be submitted to BAMS). Anomalies are departures from the 1982—-2004 base period means.
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October 2010
Sea Surface Temperature
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FIGURE T18. Mean (top) and anomalous (bottom) sea surface temperature (SST). Anomalies are departures from the
1971-2000 base period monthly means (Smith and Reynolds 1998, J. Climate, 11, 3320-3323).
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October 2010
Sea Level Pressure hc
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FIGURE T19. Mean (top) and anomalous (bottom) sea level pressure (SLP) (CDAS/Reanalysis). In top panel, 1000 hPa
has been subtracted from contour labels, contour interval is 2 hPa, and values below 1000 hPa are indicated by
dashed contours. In bottom panel, anomaly contour interval is 1 hPa and negative anomalies are indicated by
dashed contours. Anomalies are departures from the 1979-1995 base period monthly means.
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October 2010
850—hPa Wind (m/s
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FIGURE T20. Mean (top) and anomalous (bottom) 850-hPa vector wind (CDAS/Reanaysis) for OCT 2010. Contour
interval for isotachs is 4 ms* (top) and 2 ms* (bottom). Anomalies are departures from the 1979-95 base period
monthly means.
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October 2010
SN 200— hPo Wlnd (m/)
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FIGURE T21. Mean (top) and anomalous (bottom) 200-hPa vector wind (CDAS/Reanalysis) for OCT 2010. Contour
interval for isotachs is 15 ms? (top) and 5 ms* (bottom). Anomalies are departures from 1979-95 base period
monthly means.
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October 2010
200—hPa Steomfunction
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FIGURE T22. Mean (top) and anomalous (bottom) 200-hPa streamfunction (CDAS/Reanalysis). Contour interval is 20
x 10° m?st (top) and 5 x 10° m?s* (bottom). Negative (positive) values are indicated by dashed (solid) lines. The
non-divergent component of the flow is directed along the contours with speed proportional to the gradient. Thus,
high (low) stream function corresponds to high (low) geopotential height in the Northern Hemisphere and to low
(high) geopotential height in the Southern Hemisphere. Anomalies are departures from the 1979-1995 base period
monthly means.
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October 2010

FIGURE T23. Mean (top) and anomalous (bottom) 200-hPa divergence (CDAS/Reanalysis). Divergence and anomalous
divergence are shaded blue. Convergence and anomalous convergence are shaded orange. Anomalies are depar-
tures from the 1979-1995 base period monthly means.
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October 2010
200 hPa Velocnty Potential and Dlvergent Wind Vector
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FIGURE T24. Mean (top) and anomalous (bottom) 200-hPa velocity potential (10°m?s) and divergent wind (CDAS/
Reanalysis). Anomalies are departures from the 1979-1995 base period monthly means.
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October 2010
Outgoing Longwave Radiation (W/m2
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FIGURE T25. Mean (top) and anomalous (bottom) outgoing longwave radiation for OCT 2010 (NOAA 18 AVHRR IR
window channel measurements by NESDIS/ORA). OLR contour interval is 20 Wm-? with values greater than 280
Wm-2indicated by dashed contours. Anomaly contour interval is 15 Wm with positive values indicated by dashed
contours and light shading. Anomalies are departures from the 1979-95 base period monthly means.
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October 2010
SSM/| Estimated Precipitation (mm)
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FIGURE T26. Estimated total (top) and anomalous (bottom) rainfall (mm) based on the Special Sensor Microwave/
Imager (SSM/S) precipitation index (Ferraro 1997, J. Geophys. Res., 102, 16715-16735). Anomalies are computed
from the SSM/1 1987-2006 base period monthly means. Anomalies have been smoothed for display purposes.
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October 2010
Cloud Liquid Water
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FIGURE T27. Mean (top) and anomalous (bottom) cloud liquid water (g m) based on the Special Sensor Microwave/
Imager (SSM/I) (Weng etal 1997: J. Climate, 10, 1086-1098). Anomalies are calculated from the 1987-2006 base
period means.
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October 2010
Precupltoble Woter (kg/m2)

FIGURE T28. Mean (top) and anomalous (bottom) vertically integrated water vapor or precipitable water (kg m?) based
on the Special Sensor Microwave/Imager (SSM/I) (Ferraro et. al, 1996: Bull. Amer. Meteor. Soc., 77, 891-905).
Anomalies are calculated from the 1987-2006 base period means.
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Divergence and East—West Divergent Circulation
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FIGURE T29. Pressure-longitude section (L00E-80W) of the mean (top) and anomalous (bottom) divergence (contour
interval is 1 x 10-°s™) and divergent circulation averaged between 5N-5S. The divergent circulation is represented
by vectors of combined pressure vertical velocity and the divergent component of the zonal wind. Red shading
and solid contours denote divergence (top) and anomalous divergence (bottom). Blue shading and dashed

contours denote convergence (top) and anomalous convergence (bottom). Anomalies are departures from the
1979-1995 base period monthly means.
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Divergence and West—East Divergent Circulation
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FIGURE T30. Pressure-longitude section (80W-100E) of the mean (top) and anomalous (bottom) divergence (contour
interval is 1 x 10 %) and divergent circulation averaged between 5N-5S. The divergent circulation is represented
by vectors of combined pressure vertical velocity and the divergent component of the zonal wind. Red shading
and solid contours denote divergence (top) and anomalous divergence (bottom). Blue shading and dashed
contours denote convergence (top) and anomalous convergence (bottom). Anomalies are departures from the
1979-1995 base period monthly means.
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October 2010

Zonal Wind and N—S Divergent Circulation
Western Pacific (120E—170E): Mean
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FIGURE T31. Pressure-latitude section of the mean (top) and anomalous (bottom) zonal wind (m s*) and divergent
circulation averaged over the west Pacific sector (120E-170E). The divergent circulation is represented by
vectors of combined pressure vertical velocity and the divergent component of the meridional wind. Red
shading and solid contours denote a westerly (top) or anomalous westerly (bottom) zonal wind. Blue shading
and dashed contours denote an easterly (top) or anomalous easterly (bottom) zonal wind. Anomalies are
departures from the 1979-1995 base period monthly means.
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October 2010

Zonal Wind and N—S Divergent Circulation
Eclstern Pacific (130W—180W): Mecln
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FIGURE T32. Pressure-latitude section of the mean (top) and anomalous (bottom) zonal wind (m s*) and divergent
circulation averaged over the central Pacific sector (L30W-180W). The divergent circulation is represented by
vectors of combined pressure vertical velocity and the divergent component of the meridional wind. Red shading
and solid contours denote a westerly (top) or anomalous westerly (bottom) zonal wind. Blue shading and dashed
contours denote an easterly (top) or anomalous easterly (bottom) zonal wind. Anomalies are departures from the
1979-1995 base period monthly means.
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Tropical Pacific Drifting Buoys R. Lumpkin/M. Pazos, AOML, Miami

During October 2010, 501 satellite-tracked surface drifting buoys, 72% with subsurface drogues
attached for measuring mixed layer currents, were reporting from the tropical Pacific. The westward
NEC and SEC were all stronger than normal in October, as they were in September, while the NECC
had returned to its normal October speeds. Strong equatorial anomalies persisted from previous
months, but were not well observed by the drifter array. Cold SST anomalies of -0.5 to -1.5C were
measured by most drifters east of the dateline from 20S to 10N, with very cold anomalies of -1.5 to -
3.0C common in the western edge of that range. In contrast, warm anomalies of +0.5 to +3.0C were
measured by drifters in the Kuroshio system with warm anomalies of +0.5 to +1.5C common in the
southwest tropical Pacific.
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Figure A1.1 Top: Movements of drifting buoys in the tropical Pacific Ocean during October 2010. The linear segments
of each trajectory represent a one week displacement. Trajectories of buoys which have lost their subsurface drogues are
gray; those with drogues are black.

Middle: Monthly mean currents calculated from all buoys 1993-2002 (gray), and currents measured by the drogued
buoys this month (black) smoothed by an optimal filter.

Bottom: Anomalies from the climatological monthly mean currents for this month.

41



"(D9AN/VVON) 01D 71 preydry wouy d|qe|leAe si uolyewojul Jayund (ayl) soueld pue ‘(v1S) veder ‘(vVON) sarels panun ays Aq pariod
-dns Apuasaid s1 Aedre NOLIYL/OVL aul (0002-T26T) ABojorewi|d 1SS spjoukay pue ABojorewI|d puim SAQVOD 8yl Wo.) Saljewoue AJyluow SMoys
Joued wonoq sueaw Ajyiuow smoys jaued doj ‘Aedre Burioow NOLIH1/OVL 8yl wol) (S1SS) ainjesadwia) 99eLINS BaS PUR SI0198/A PUIM "2 TV JHNSOI4
sal[ewouy 010z 19qoi0
g : m - m : ; : _ g0t

L S0

i I _ i _ I N,oL
M00L 1021 M,091 M08L 3,001 3,00

(s/w) spuip pue (9,) simeJadwa] a9eling eag uesy Alyluol NOLIHLOVL

42



(OgaN
/YVON) In0JD 7 pJeydly woly s|qe|teAe si uolyewloul Jayund (ayi) sdueld pue ‘(V.LS) ueder ‘'(vON) sa¥els panun aus Aq patioddns Apussaid
sI Aedle NOLIY1/0OV.L 8yl (wonoq) sauias awil sy 4o pus pue (do1) saisas awil syl JO LILls syl 1e a|qe|IeAR alam elep alaym apnibuoj a1ealpul
Sess19sge 8yl uo sasenbs “A|481SaM a.1e SPUIM 8AILISOd “Aelie NOL1H1/OV.L 8yl WOy erep salias awil paioow Jo sabelane Aep-G uo paseq si sisAjeuy
‘syluow g 1sed ayy 4oy (w) yadsp wisylost Doz pue (D) ainjeladwal 89eLIns ©as ‘(;-S W) SPUIM [eUOZ 39LINS JO SU0I12as apniibuol-awil €TV 34N9I4

002 0sL 00l 0§ 0 13 gz 0z g 0 g-

. T I R 2
M00L MoObL 081 3.0FL  M.00L MaObL 081 3.0PL  Mo00L MObL 081 3.0bL

O i

S &

v 0
r |
r
E o
v 2
W

4

-
d

N
o]

g 6
v 0
r

r 0
W 2
v
W

4

-
d

(w) yidaqg wisyyos| 9,02 (Do) 1SS (s/w) puip, euoz
abelary N.g 01 S, Yideg wiaylos| 9,0g pue ‘1SS ‘puim |euoz Aeq oAl

43



/YVON) 1N01D 7] pJeyary wouy ajgejieAe sl uoiewojul Jayun4 (ayl) aouei4 pue ‘(w1S) ueder ‘(v ON) S$e1e1s panun ayi Aq pauoddns Ajuasaud
S Aedre NOLIYL/OVL 3yl (wonoq) salias awil ayl Jo pus pue (doy) salias awill ayl JO 1Ie1S ayl e a|ge|ieAR alam eiep alaym apniibuo] a1ealpul
SesSI9Sge 8y} uo sasenbs "A4a1sam ate Spulm aAnIsod “(yidsp D0z 1aX/ald ‘LSS spjoukay ‘spuim SAQvOD) SieAlaiul Aep-G 01 panly aulds
21gn2 s1Bojorew! 9 AJyluow 01 aAIe|a) ale Saljewouy ‘Aelie NOLIYL/OV.L 8yl WOy e1ep Salias awil paioow Jo sabelane Aep-G uo paseq Si SISAjeuy
‘syjuow ¢z 1sed ayp Joy (w) yidep wisylost Doz pue (D) ainjesadwal 89e4Ins Bas ‘(1-S W) SPUIM [RUOZ 39LINS JO SUOI198S apnibuol-awll v TV 3H4NOI4

09 or 0e 0

S 0 §-

M.001L Ms0pL -08L F.00L  M.00L M.0pL -08L F.00L  M.00L M.0pL -08L 3.0L

)

p

=
L J

N O O

N O O

(w) yideq wisylos| D,02 (2. 1SS (s/w) puip [euoz
abelany N,z 01 S,¢ Ssaljowouy Yidaq wiaylos| 9,02 pue ‘1SS ‘puim |euoz Aeq anl4

44



oIN[IeJ SIEMPIEY 0} ANP SUISSIW BIE(T - 44 ‘samyredop ‘ASo[ojewII[o MOYS SUIPLYS pue SuI] PaYse(] NId, 10]
T6£P-19€ (S0€) Xed ‘[15ep-19¢ (SO€) :2uoyd ‘A0S eeOUD)POIUH PIAB( :[IEWH -enog ul mcowﬁm wﬁ_ﬁsso% mmmw awcsﬁ%ohmqmw w:%_o%_u\a_mm Em
(D6°1LSS) amyeraduwe) ooBLINS BIS JO SoSeIoAR ABP-0AT " [V TYNDII

0L0¢ 600¢ 800¢C
@.Oﬁl ** ** @.ﬁl v.Nl ** om T T T O N | ‘ ,;, I T N
¢'8- *% *% 1 (X% *k 4 gL
VL *% *% ¢l 8°C- *k 0¢ .
€6 *k *% €1 1¢- *k Sl MLL‘S 2T oejeo je HIS
S'L- k% k% Cl- % * 3% 0] L e e e e sgl
8- *% %% 11~ V- %% ¢ . i
g€z
Oe[[eD)  peHeql]  eljeq Oe[[eD) elele], eleyq LOO oz
solewouy M18'ST peyaqi je HIS
’ |- L Ll |- Ll % L Ll |- |- Ll % Ll L Ll Ll th
9°66 - - 8¢l 961 . 0€ ost
L'L6 o o oVl 8¢I o 94 | o1z
9'86 %k sk |4l 'Sl *k 0C M 06 ‘SG0 eljjed je HIS
. . . (114
c96 s s 6¢€l 8°G1 s Sl T R R |
1'86 o o oVl ¢¢Cl o 0l L.
S'L6 ok o [4a74! ¢¢Cl o S
—ce
Oe[[e)  peleql’T  elhjeq Oe[[ED BIE[E], eneyq LOO MLL'STL oejegje 1SS
yx4
HQWMOI ﬁ®>®q ‘Nom OIHSHNIHOQEOH O'%m Now |- L Ll |- Ll L Ll |- |- Ll % Ll L Ll Ll
"6007-800 Ul 9UO oY) Uey) Jusisiad pue asusjul olow | | oz
aq 01 sxeadde oposide p[oo SIY], suny 90UIS 9FIE] USSQq SABY OB[[B)) 18 SOI[EUIOUE [9AS] BSS O}
PUE syjuow ¢-7 18] 9y 1oJ Jojenbs o Tesu spmI[dwe s5Ie] JO USAq 9ABY SII[EWOUE | SS YL
IS PUB IOPENOH JO 15800 9y Suo[e 1s1s1ad 0] SNUIU0D SAI[EUIOUE [9AS] BSS PUB [ SS 9ABSON . —s¢
. : : . ) MIL8 'SV eleje] je | SS
awn[oA B1Ep 108dWIOd PUB UONN|OSAI SWI) POOT )M SUONIPUOD [BISEOD 0g
08- 06- WQCOHEOE JO sueoll 9A1109]JS Ue sn ®>ﬂw suorje}s [edno Hmﬁmﬁmuﬁvmv soSeIoAe Y Y L L1
Kep-aa1y oy ‘sromred 1oy Y Suofe suoder Afyjuow 8say) Jo uoneorqnd
SUMUNUOo “9[01 USWSTEUEW BIEP B POWINSSE TNOV-VVON S[Iym Io1fe o i | 2z
4 0l-  -aleyl Anpiqisuodser [puoneiado [y 1oA0 3oo0) s1ouped ugdLIOWY INOS | .
UL '$661 01 6861 Wwoyy ‘wersold yHQ] oY) SULIMp (UIUMOP S)I[[aJes BIA) ,
i OWIN) [BAI UI [9AS] BAS PUB [ SS Suniodal suone)s [g1se00 J10M18U © paule) o 4
-urewW TINOV-VVON JOpends pue nisd ur suonmunsur yim uoneradooou; | M 06 'S S0 esjed je 1SS 2

eljeg NYHAd ‘OB[[B) “BULIBJN B[ 9P UOIOBSIABN A BIJRISOIPTH 9P UOIOAII(]

JOAvVNDF ‘[nbeAenn) ‘epeuwiry €] 9p 091JLISOUBII() 0JMNISU]
VSN ‘6F1€€ T eI ‘Ams)) 10X0EqUaPRy [0¢h “TINOV/VVON ‘PleYuT g piae(

suonelS§ SHODH J1JIded ulalsey WOl [9A97] BaS puk OHDHNHOQEQ,H 90B1INS 3§

45



'YSO ‘0¥82-90€2E T4 ‘99SSEUERIILL .%ﬁmpminb 9)e3}S epLIO]] ‘SaIpN}S UOoI}oIpald orroydsouwr}y—ueoo( J0J I93Ud) ‘YWS

3] umeys pue ‘esseanog 'y dJe ‘ydioy %Empmw £q peonpouad U S spuim /Tuny/)ANSAd/npe-nsysdeoo mmm / /:dy)q

e 9}1IS oM .INo }ISIA mmmma ‘UOTJBWIOJUT 240U 104 “,_S,N GT SI [BAJI2}UI INOJUOD SYJ, "UBSW [00Z—8LET

woay seanjtedop ode (Wo0330q) solfewouy . S, (g SI sopnjruiewr 101954 5} JO [BAIS}UI INO0JUOC)) "BYEP 9} WIOI] Pojealo
SI P[2lJ pPUnoIdxoeq 9y} pue pajysrom %Szmvﬁwmmvﬁﬁ aae ejep Aonq pue diyg ‘prad ,g e uo spumm Lonq pue diys woaj

pazATeue A[9a1300[qo oae (doj) S10309A SS2I}S—OPNAsd "0T0Z 1290320 ‘SATTYWONY ANV SYOLOHA SSHYIS—0dNASd AOVAdNS NSd
106 MO0z T MOCT 081 qoct 9TV 3WNOI4
, I

ENEE N .
st F 45 s 1002-8261 :£3010yeWIT)
VA3 v rpa>> >
SPAANANTTAT >
FANRNBRPRNAAT >
ANRNNEENPRAAT 7 >3
- 3 ~NRDSN AQW “““
& < A MNENNNAT > 3
< v A AMNARA> >SS AN >
< > 79 A Aq>d VVVVNNNNY >
e N 3> 4 447753 ANV VIV SN
L w‘wvvw«wvvaLLLALA,(éél > >
v A 3335355 3>>5333 444NV VN ” 7 A
v u'vvvvvvvvvvvvv,\/\((L > 3|
v N3>33>>533333433 55455 é
b Ndsd s 53333334335 44 44> a1
A A A A B I e e I 7 7
4 e < LLV>AN 2> >4V a7 7
Lb cp<eeN 3 N VN B
Lcav<nrprbd &

LerrreAspdA

&% &

L<yrrv<s 4

€< <y 7 A< Ll / {
Ly > Lz v ¥ /

; 2% 'y g
z vV Ak &

<7171 7>
944 a4>V
L < s

W

w()]) SII[BWIOUY SSaI}S—opnasd NSJ w>$ow.50 oWIT}—TeaI—JeaN

Moct MOGT 087 d06GT

,eu«
I

3

oaom B Qoaoo (WQT) S103109)\ pUe 9pPNIIUFTRN SSOI}S—0PpNasd S 2A1102(q(Q swWI}—[ead—.IeaN

sS0€

1 50¢

SOT

ba

NOT

NOe

NO€

46



180

I ) Sy e
= vy Y \ FLY N
{ 2 W:\\f, . ! '
22 ARV DA A RN
o v\ tkrkerrkkekeez..kké:
;) aﬁ\\ ék a4 Ay
/7; h _\« WMWY WY
— LY ..bs rr/ e(////:kwrerkzvkkxx&»
Nl Tan §N s /ﬁek////%k/(ttzrbv?ﬁ
N :a IR ey
o 754 gy, v @ et MrA ///L/L/y/f/k///lvlvléi
T Ny 4 Susag>>4 4
p v etzzx \l ke //z/t&. v
M ¢<$77\ve4\\ v/w kM//KVKKKvxxaVY»VV
Ll érthi h /zrbk.fvvbvavx
i 4 [, S
m «(F‘\rr &\@k 3 ///Kbvxkavvvqt
gy Wi
mv. rvyx\&i& W « /zyxzvx»vlv;év
o [ v /4.5”,“;,;
m »s A\\\\\\‘— ,\e/ k/kkk SR X
-Jk§s> TN g
[ NN x s L
3 [
o Qi PRl
c Ny, zzﬂxw\ &s\! //P«s\;kﬁefizfy
MIit.h//w Ze //742«_?5..714
> »,,mﬁk: ") ,}.r/f,
n R ,E:. :; \\é.? v
o Mty ‘t.; 7 U
1T ;// N
<< Py, a7 //
MI ‘\\w sxi\&s P // /wzrfivi
ey ey :,/?, Sy
ha N 253(\\\ ikei \
tArv7;7<<¢t< J @
— »1@2!.1‘\\ %, =
Il \\\ £
Al LN ,;4 3
kx\\ Wi \ \ //»
e by,
1> v Gl ve
Y : Ny ,///f /_T; o7
&z _\&_\ f _4_\\_rl;_}
N = = n n
o o r) o o
N ~ ~ N

140W 120W 100W 80W

160W

140E 160E

120E

OCTOBER 2010 ANOMALIES

A,

W
e& 0\
W
;/ﬁF

AT
V7A.v¢?

L<>><<vev //A* e /

v

4&‘173«3\{«5@
.341(»7* v $7 \
:1»42 v 7@ R&/ﬁ\
> Aanat, &ixqv {\ \\

‘Zf‘?:vq! b ?‘ :S
ot 17 VAT,

W
SN 4,. fﬂ?«v‘./‘\/\b/w‘\\iq
AN v e e\
5 ,,,,,f;w 4
ST \\
. ‘3 e ‘I
oor ,»fw\ W
»?: 4,
ey,
va;/; " i ’

ﬁt ls

e ?33

1?§§§£

WM,

_ NI,

N
RITN x\\\ £

_ «wﬁ:a:: . é A
ST Toadttant, ew
\rf ??‘317\/ M
txttzzzi\ o
1 vaman IR AY

e K

/i iyt a/.f

/

=te<Myv

AvvrrAsatyya val

\i.v: zvvxx:r;.‘vié\,f k)»L

=R 1VV¥£L‘,€.>;»4¢A><

lx\np..w<v<<v14+..>A<vA<n
1e>>>;v e<<>v<.2v:_\_3<v
rv»vvrths«ZL‘IdL(q
q» \\\ VWV Ny A5 A4 4|
Tzzigé,
‘:\i\t& >I\_t77><<vv

\J\tv: «V7A11r<177<v»<
Kﬁeez A7 AN, W

g

ygsasirsetinens

=4

J:t:fﬁi??éi

~a YN )
»\f r//«kﬁ vy

&\&«; vrv»vv?}kﬂlrg
/ Wﬁ e;r‘}.»ss@viki
/Aé/tvii.»vi\»& a
Vrdi ot ﬁri? /
\k A 1.1 ey

VT S gy
4c

74/147 4 <y

&f.ke \‘ 3\4
PZXN

w‘ﬁ;/ﬁ 3/ e
4«2& N o vy
:7//\\ (XN ».I«EV/
\P:?s\_»

pant Mg
@
£
(&3
o
N (Tp]

\\a

160W

20N

10N
ON
1OS 1
ZOS

120W 100W 80W

140W

140E 160E 180

120E

FIGURE ALl.7. Ocean Surface Current Analysis-Real-time (OSCAR) for OCT 2010 (Bonjean and Lagerloef 2002, J. Phys.

Oceanogr., Vol. 32, No. 10, 2938-2954; Lagerloef et al. 1999, JGR-Oceans, 104, 23313-23326). (top) Total velocity.

Surface currents are calculated from satellite data including Jason sea level anomalies and NCEP winds. (bottom)
Velocity anomalies. The subtracted climatology was based on SSM/I and QuickScat winds and Topex/Poseidon

and Jason from 1993-2003. See also http://www.oscar.noaa.gov.
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FIGURE A1.8. Ocean Surface Current Analysis-Real-time (OSCAR) for OCT 2010 (Bonjean and Lagerloef 2002, J. Phys. Oceanogr., Vol. 32, No. 10, 2938-2954;

Lagerloef et al. 1999, JGR-Oceans, 104, 23313-23326). (top) Total velocity. Surface currents are calculated from satellite data including Jason sea level anomalies

and NCEP winds.

(bottom) Velocity anomalies. The subtracted climatology was based on SSM/I and QuickScat winds and Topex/Poseidon and Jason from

1993-2003. See also http://www.oscar.noaa.gov.



Forecast Forum

The canonical correlation analysis (CCA) forecast of SST in the central Pacific (Barnett et al. 1988,
Science, 241, 192196; Barnston and Ropelewski 1992, J. Climate, 5, 13161345), is shown in Figs. F1
and F2. This forecast is produced routinely by the Prediction Branch of the Climate Prediction Center.
The predictions from the National Centers for Environmental Prediction (NCEP) Coupled Forecast Sys-
tem Model (CFS03) are presented in Figs. F3 and F4a, F4b. Predictions from the Markov model (Xue,
etal. 2000: J. Climate, 13, 849871) are shown in Figs. F5 and F6. Predictions from the latest version
of the LDEO model (Chen et al. 2000: Geophys. Res. Let., 27, 25852587) are shown in Figs. F7 and
F8. Predictions using linear inverse modeling (Penland and Magorian 1993: J. Climate, 6, 10671076)
are shown in Figs. F9 and F10. Predictions from the Scripps / Max Planck Institute (MPI) hybrid coupled
model (Barnett et al. 1993: J. Climate, 6, 15451566) are shown in Fig. F11. Predictions from the
ENSOCLIPER statistical model (Knaff and Landsea 1997, Wea. Forecasting, 12, 633652) are shown
in Fig. F12. Nifio 3.4 predictions are summarized in Fig. F13, provided by the Forecasting and Predic-
tion Research Group of the IRI.

The CPC and the contributors to the Forecast Forum caution potential users of this predictive infor-
mation that they can expect only modest skill.

ENSO Alert System Status

La Nifia Advisory

Outlook

La Nifia is expected to last at least into the Northern Hemisphere spring 2011.
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Discussion

La Nifia continued during October 2010, as indicated by below-average sea surface temperatures
(SSTs) across most of the equatorial Pacific Ocean (Fig. T18). The Nifio SST index values were be-
tween—1.3°C and —1.9°C for the month (Table T2). The subsurface heat content (average temperatures
in the upper 300m of the ocean) changed little during October, and remained well below-average in
association with a shallower-than-average thermocline across the central and eastern Pacific (Fig. T17).
Convection remained enhanced over Indonesia and suppressed over the western and central equatorial
Pacific (Fig. T25). This pattern was linked to a continuation of enhanced low-level easterly trade winds
and anomalous upper-level westerly winds over the western and central equatorial Pacific (Figs. T20,
T21). Collectively, these oceanic and atmospheric anomalies reflect the ongoing La Nifia.

Consistent with nearly all ENSO forecast models (Figs. F1-F13), La Nifia is expected to last at least
into the Northern Hemisphere spring 2011. A large majority of models also predict La Nifia to become a
strong episode (defined by a 3-month average Nifio-3.4 index of —1.5°C or colder) by the November-
January season before gradually weakening. Afew of the models, including the NCEP Climate Forecast
System (CFS), suggest that La Nifia could persist into the Northern Hemisphere summer 2011. However,
no particular outcome is favored beyond the Northern Hemisphere spring due to large model disagree-
ment and lower model skill during the period.

Weekly updates of oceanic and atmospheric conditions are available on the Climate Prediction Cen-
ter homepage (El Nifio/La Nifia Current Conditions and Expert Discussions).
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FIGURE F1. Canonical correlation analysis (CCA) sea surface temperature (SST) anomaly prediction for the central
Pacific (5°'N to 5°S, 120°'W to 170°W (Barnston and Ropelewski, 1992, J. Climate, 5, 1316-1345). The three plots
on the left hand side are, from top to bottom, the 1-season, 2-season, and 3-season lead forecasts. The solid line in
each forecast represents the observed SST standardized anomaly through the latest month. The small squares at the
mid-points of the forecast bars represent the real-time CCA predictions based on the anomalies of quasi-global sea
level pressure and on the anomalies of tropical Pacific SST, depth of the 20°C isotherm and sea level height over the
prior four seasons. The vertical lines represent the one standard deviation error bars for the predictions based on
past performance. The three plots on the right side are skills, corresponding to the predicted and observed SST. The
skills are derived from cross-correlation tests from 1956 to present. These skills show a clear annual cycle and are
inversely proportional to the length of the error bars depicted in the forecast time series.
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FIGURE F2. Canonical Correlation Analysis (CCA) forecasts of sea-surface temperature anomalies for the Nino 3.4
region (5N-5S, 120W-170W) for the upcoming five consecutive 3-month periods. Forecasts are expressed as
standardized SST anomalies. The CCA predictions are based on anomaly patterns of SST, depth of the 20C
isotherm, sea level height, and sea level pressure. Small squares at the midpoints of the vertical forecast bars
represent the CCA predictions, and the bars show the one (thick) and two (thin) standard deviation errors. The
solid continuous line represents the observed standardized three-month mean SST anomaly in the Nino 3.4 region
up to the most recently available data.
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FIGURE F3. Predicted 3-month average sea surface temperature (left) and anomalies (right) from the NCEP Coupled
Forecast System Model (CFS03). The forecasts consist of 40 forecast members. Contour interval is 1°C, with
additional contours for 0.5°C and -0.5°C. Negative anomalies are indicated by dashed contours.
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Last update: Wed Nov 3 2010
Initial conditions: 230¢t2010-01Nov2010

Forecast Nino3 SST anomalies from CFS

JAN
2010 2011

JAN APR JUL

2010 2011
—  Latest 8 forecst members ——— Forecast ensemble mean
— Earliest 8 forecst members ——— OlIv2 observation

Other forecast members

FIGURE F4. Predicted and observed sea surface temperature (SST) anomalies for the Nino 3 (top) and Nino 3.4 (bottom)
regions from the NCEP Coupled Forecast System Model (CFS03). The forecasts consist of 40 forecast members.
The ensemble mean of all 40 forecast members is shown by the blue line, individual members are shown by thin
lines, and the observation is indicated by the black line. The Nino-3 region spans the eastern equatorial Pacific
between 5N-5S, 150W-90W. The Nno 3.4 region spans the east-central equatorial Pacific between 5N-5S, 170W-
120W.

54



20N

10Ny

g
-
-
E_ ,,,,,,,,,,,,,,,,
\
N

IOS 'Xx : - — : —-0.6

0.6 0.3 STl

‘ 0
208 j\\\\« X0.6x \M T~

140F 160E 180 160W  140W 120  100W 80W

Nov1i0—-Janl1

RON

10N 1

EQ 1

108 -

Febl1l-April

208 .
140E 160E

RON

10N 1

EQ 1

108 -

Mayl1—-Jull1l

20S : ; — : — |
140E 160E 180 160W  140W  120W  100W 80W

| | | [
-15-12-09-06-03 0.3 06 09 12 15 18 2.1

FIGURE F5. Predicted 3-month average sea surface temperature anomalies from the NCEP/CPC Markov model (Xue et
al. 2000, J. Climate, 13, 849-871). The forecast is initiated in OCT 2010 . Contour interval is 0.3C and negative
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LDEO FORECASTS OF SST AND WIND STRESS ANOMALIES
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FIGURE F7. Forecasts of the tropical Pacific Predicted SST (shading) and vector wind anomalies for the next 3 seasons
based on the LDEO model. Each forecast represents an ensemble average of 3 sets of predictions initialized during
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LDEO FORECASTS OF NINO3
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FIGURE F8. LDEO forecasts of SST anomalies for the Nino 3 region using wind stresses obtained from (top) QuikSCAT,
(middle) NCEP, and (bottom) Florida State Univ. (FSU), along with SSTs (obtained from NCEP), and sea surface
height data (obtained from TOPEX/POSEIDON) data. Each thin blue line represents a 12-month forecast, initialized
one month apart for the past 24 months. Observed SST anomalies are indicated by the thick red line. The Nino-3
region spans the eastern equatorial Pacific between 5N-5S, 150W-90W.
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Initialization: ASO 2010 Cint = O‘.3 Degrees C‘
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FIGURE F9. Forecast of tropical SST anomalies from the Linear Inverse Modeling technique of Penland and Magorian
(1993: J. Climate, 6, 1067-1076). The contour interval is 0.3C. Anomalies are calculated relative to the 1951-2000
climatology and are projected onto 20 leading EOFs.
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FIGURE F10. Predictions of SST anomalies in the Nino3.4 region (blue line) for leads of three months (top) to 12 months
(bottom), from the Linear Inverse Modeling technique of Penland and Magorian (1993: J. Climate, 6, 1067-1076).
Observed SST anomalies are indicated by the red line. Anomalies are calculated relative to the 1951-2000 climatol-
ogy and are projected onto 20 leading EOFs. The Nino 3.4 region spans the east-central equatorial Pacific between
5N-5S, 170W-120W.
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FIGURE F11. SST anomaly forecast for the equatorial Pacific from the Hybrid Coupled Model (HCM) developed by
the Scripps Institution of Oceanography and the Max-Plank Institut fuer Meteorlogie.
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Nino 4 (1 November)
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FIGURE F12. ENSO-CLIPER statistical model forecasts of three-month average sea surface temperature anomalies
(green lines, deg. C) in (top panel) the Nino 4 region (5N-5S, 160E-150W), (second panel) the Nino 3.4 region (5N-
5S, 170W-120W), (third panel) the Nino 3 region (5N-5S, 150W-90W), and (fourth panel) the Nino 1+2 region (0-
10S, 90W-80W) (Knaff and Landsea 1997, Wea. Forecasting, 12, 633-652). Bottom panel shows predictions of the
three-month standardized Southern Oscillation Index (SOI, green line). Horizontal bars on green line indicate the
adjusted root mean square error (RMSE). The Observed three-month average values are indicated by the thick
blue line. SST anomalies are departures from the 1971-2000 base period means, and the SOl is calculated from the

1951-1980 base period means.
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Model Predictions of ENSO from Oct 2010
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FIGURE F13. Time series of predicted sea surface temperature anomalies for the Nino 3.4 region (deg. C) from various
dynamical and statistical models for nine overlapping 3-month periods. The Nino 3.4 region spans the east-central
equatorial Pacific between 5N-5S, 170W-120W. Figure provided by the International Research Institute (IRI).
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Extratropical Highlights — October 2010

1. Northern Hemisphere

The 500-hPa circulation during October featured above-average heights over western North America,
Greenland, and across the western and central North Pacific Ocean, and below average heights over the
Gulf of Alaska, eastern Canada and southern Europe (Fig. E9). Over the subtropical Atlantic basin, the
200-hPa streamfunction pattern continued to show a pronounced inter-hemispheric symmetry, with anti-
cyclonic anomalies extending from the America’s to Africa in both hemispheres (Fig. T22). Conversely,
anomalous troughs prevailed across most of the sub-tropical western and central Pacific in both hemi-
spheres.

These signals are consistent with the combined influences of La Nifia and an enhanced west African
monsoon system (Figs. T23, T24), and with ongoing exceptionally warm SSTs across the tropical and
high latitudes of the North Atlantic (Fig. T18). This combination of factors contributed to a continuation of
exceptionally strong Atlantic hurricane activity.

The main surface temperature signals during October included warmer than average conditions across
Canada and the western United States, southern Greenland, central Russia, and portions of the Middle
East (Fig. E1). Below average temperatures were observed in eastern Europe. Monthly precipitation
totals (Fig. E3) were above-average in the northeastern U.S., California, the eastern Mediterranean Sea
region, tropical western Africa, and southern China (Fig. E3). Monthly precipitation was below average
over Mexico and across much of the southeastern and central United States (Fig. E6).

a. North America

The mean 500-hPa circulation during October featured an amplified wave pattern across North America,
with a strong ridge over western North America flanked by troughs over both the Gulf of Alaska and
eastern North America (Figs. E9). This pattern dictated the temperature (Fig. E1) and precipitation (Fig.
E3) anomaly patterns across the continent. It was associated with well above average temperatures over
much of western North America, with monthly departures in many regions exceeding the 90" percentile of
occurrences. It was also associated with increased storminess and above average precipitation in Califor-
niaand in the northeastern U.S., and with well below average precipitation across the southeastern and
central U.S. Some of the largest precipitation deficits were observed in Texas, Florida, and Missouri,
where monthly totals were generally less than 25% of normal (Fig. E6).

b. North Atlantic

Across the extratropical North Atlantic, the 500-hPa circulation featured an ongoing negative phase (-
0.9) of the North Atlantic Oscillation (NAO) (Fig. E7, Table E1). This phase is characterized by above
average heights over Greenland, and below average heights generally extending from eastern North America
to southern Europe. The negative NAO has prevailed in every month since June 2009, with the exception
of September 20009.
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Over the subtropical North Atlantic, anticyclonic streamfunction anomalies at 200-hPa extended from
the America’s to Africa in both hemispheres (Fig. T22). This pronounced inter-hemispheric symmetry was
associated with upper-level easterly wind anomalies that extended across tropical northern Africa and the
tropical North Atlantic (Fig. T21). It was also associated with an extensive area of low-level westerly
wind anomalies that extended across the eastern North Pacific and tropical North Atlantic (Fig. T20).

This combination of conditions is consistent with an enhanced west African monsoon circulation (Figs.
T23, T24) and has been a prominent feature of the tropics-wide circulation since 1995. During October,
the above conditions contributed to reduced vertical wind shear over the tropical North Atlantic, and to
exceptionally conducive wind patterns that extended westward from Africa. As aresult, five Atlantic
hurricanes developed during the month. Similar anomaly patterns have prevailed throughout the 2010
Atlantic hurricane season, which was extremely active during June-October with 19 named storms, of
which 12 became hurricanes and 5 became major hurricanes.

The above conditions are typical of the high activity era for Atlantic hurricanes that began in 1995.
They are also consistent with a continuation of exceptionally warm SSTs in the Atlantic basin, which have
also prevailed since 1995 in association with the warm phase of the Atlantic Multi-decadal Oscillation
(AMO). Since March 2010, record warm SSTs have persisted across the tropical North Atlantic.

2. Southern Hemisphere

The 500-hPa circulation during October reflected above average heights in the middle latitudes and
below average heights over the high latitudes of the eastern South Pacific (Fig. E15). In the subtropics, the
upper-level (200-hPa) streamfunction pattern reflected an anomalous trough across the western and cen-
tral South Pacific, and an anomalous ridge extending from the eastern South Pacific to southern Africa
(Fig. T22). Asimilar anomaly pattern was evident in the Northern Hemisphere. These conditions have
been present since June, and likely reflect the combined influences of La Nifia and an enhanced west
African monsoon system. Another characteristic of La Nifia seen during October was a marked westward
retraction and weakening South Pacific jet core, as indicated by easterly wind anomalies centered along
the jet axis near 30°S (Fig. T21).

The Antarctic ozone hole typically develops during August, reaches its peak aerial extent during Sep-
tember, and then slowly dissipates during October and November. During October, the size of the ozone
hole was near the 2000-2009 mean, covering more than 15 million square kilometers during most of the
month (Fig. S8).

The 2010 ozone hole did not form until late August, making this the latest formation date since 2000.
This delay of onset reflected a significant decrease in polar stratospheric clouds that occurred during July
and August in association with a sharp increase in polar stratospheric temperatures at both 10-hPa and 2-
hPa (Fig. S4). During September, the ozone hole covered 14 million square kilometers early in the month,
and expanded to 20 million square kilometers late in the month. The ozone hole spanned nearly 12.5
million square kilometers at the end of October.
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October 2010

oon Temperature Anomalies (C)
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FIGURE E1. Surface temperature anomalies (°C, top) and surface temperature expressed as percentiles of the normal
(Gaussian) distribution fit to the 1971-2000 base period data (bottom) for OCT 2010. Analysis is based on station
data over land and on SST data over the oceans (top). Anomalies for station data are departures from the 1971-
2000 base period means, while SST anomalies are departures from the 1971-2000 adjusted Ol climatology. (Smith
and Reynolds 1998, J. Climate, 11, 3320-3323). Regions with insufficient data for analysis in both figures are
indicated by shading in the top figure only.
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) Monthly Land Surface Temperature Departures (C)
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FIGURE E2. Monthly global (top), Northern Hemisphere (middle), and Southern Hemisphere (bottom) surface tem-

perature anomalies (land only, ‘C) from January 1990 - present, computed as departures from the 1971-2000 base
period means.
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October 2010
Precipitation Anomalies (mm)
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FIGURE E3. Anomalous precipitation (mm, top) and precipitation percentiles based on a Gamma distribution fit to the
1979-2000 base period data (bottom) for OCT 2010. Data are obtained from a merge of raingauge observations and
satellite-derived precipitation estimates (Janowiak and Xie 1999, J. Climate, 12, 3335-3342). Contours are drawn at
200, 100, 50, 25, -25, -50, -100, and -200 mm in top panel. Percentiles are not plotted in regions where mean monthly
precipitation is <Smm/month.
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Area Precipitation Totals (mm) and Percentiles (%)

RN v

Fop_ Pacifi

[2]

Ve

S\

AP UWUN —
od oo
R R R
1 1 L 1

=

50S . -
60S T T T T
0 60E 120E 180 0
Northern Europe Southern Europe
100 - 400
gg‘ - 300
Zile OV 5
404 200
20 - - 100
Oocrl DEC, FEB , ARR , JUN ,AUG,OCT OCT , DEC, FEB  ARR , JUN ,AUG, OCT OCT,DEC, FEB,ARR , JUN ,AUG, ocro
2009 2010 2009 2010 2009 2010
S Africa NE Brazil SE South America
100 400
801 - 300
Zile io' - 200
20 - - 100
OOCTIDI'icIrl'iBIAéRIJliNIAuc.OCT OCT . DEC, FiB | ARR 1 JUN , AUG, OCT o;TIDI'chrl'iaIAéRIJl)NIAt'JcIo«:TO
2009 2010 2009 2010 2009 2010
India SE Asia China
100 400
801 - 300
Zile 20' L 200
20 1 - 100
Oocri DEC, FEB | ARR , JUN ,AUG, OCT OCT,DEC, FEB,ARR , JUN,AUG, OCT OCT,DEC,FEB ,ARR , JUN ,AUG, ocro
2009 2010 2009 2010 2009 2010
Indonesia Tropical Pacific NE Australia
100 400
804 - 300
Zile io' - 200
20 - - 100
OOCTIDI'icIFEBIAéRIJliNIAt'JGIo;T OCT . DEC, FiB | ARR 1 JUN , AUG, OCT o;TIDI'chrl'iaIAéRIJl)NIAt'JcIo«:TO
2009 2010 2009 2010 2009 2010

Data updated through October 2010

FIGURE E4. Areal estimates of monthly mean precipitation amounts (mm, solid lines) and precipitation percentiles
(%, bars) for the most recent 13 months obtained from a merge of raingauge observations and satellite-derived
precipitation estimates (Janowiak and Xie 1999, J. Climate, 12, 3335-3342). The monthly precipitation climatol-
ogy (mm, dashed lines) is from the 1979-2000 base period monthly means. Monthly percentiles are not shown if

the monthly mean is less than 5 mm.

70



Area PreC|p|tct|on Totcls (mm) and Percentlles (7)

55N — r S
i;ﬁ,,glky - ‘ - i* —~—y
45N BN (—— ;
i |
40N N I TV e
35N 'SC |- 0
-
30N - SW
25N f Ty
! s J
20N L T T T T T - “‘I ‘ / T e T T
140W 130W 120W 110W 100W 90w 80W 70W 60W
Pacific Northwest (PNW) Southern California (SC) Inter—Mountain (IM)
100 250
80 -200
%ile 60 150
40 - 100
201 - 50
O eT DEC. FEB  AFR [ JUN | AUG, OCT OCT DEC.FEB AR | JUN,AUG! OCT OCT.DEC.FEB | ABR,JUN AUG, OCT
2009 2010 2009 2010 2009 2010
Southwest (SW) Great Plains (GP) Midwest (MW)
100 250
80 -200
%Zile 60 1 - 150
40 - 100
201 -50
OGT I DEC, FEB | ARR | JUN | AUG, OCT OCTDEC,FEB AR 1JUN\AUG, OCT OCT DG, TR AR 1 JUN,AUG, OCT
2009 2010 2009 2010 2009 2010
Gulf Coast (GC) Southeast (SE) Ohio Valley (OV)
100 250
80 - - 200
%ile 601 - 150
. - 100
201 -50
O ET DEC. FEB ATR [ JUN | AUG, OCT OCT DEC.FRB | ARR | JUNAUG OCT OCT.DEC.FEB | ARR,JUN AUG, OCT
2009 2010 2009 2010 2009 2010
Great Lakes (GL) Mid—Atlantic (MA) Northeast (NE)
100 250
- 200
- 150
- 100
-50
oV 771 77T 0
0cT, DEzco %EB TARR | JUN 1 AUG O 0

2009

CT OCT, DEC, FEB , ARR | JUN | AUG, OCT
2009 2010

2009

CT, DEC, FEB | ARR | JUN | AUG, OCT
2010

Data updated through October 2010

FIGURE E5. Areal estimates of monthly mean precipitation amounts (mm, solid lines) and precipitation percentiles
(%, bars) for the most recent 13 months obtained from a merge of raingauge observations and satellite-derived
precipitation estimates (Janowiak and Xie 1999, J. Climate, 12, 3335-3342). The monthly precipitation climatol-
ogy (mm, dashed lines) is from the 1979-2000 base period monthly means. Monthly percentiles are not shown if
the monthly mean is less than 5 mm.
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Monthly Teleconnection Indices
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FIGURE E7. standardized monthly Northern Hemisphere teleconnection indices. The teleconnection patterns

are calculated from a Rotated Principal Component Analysis (RPCA) applied to monthly standardized
500-hPa height anomalies during January 1950 — December 2000. To obtain these patterns, ten leading
un-rotated modes are first calculated for each calendar month by using the monthly height anomaly
fields for the three-month period centered on that month: [i.e., The July modes are calculated from the
June, July, and August standardized monthly anomalies]. A Varimax spatial rotation of the ten leading un-
rotated modes for each calendar month results in 120 rotated modes (12 months x 10 modes per month)
that yield ten primary teleconnection patterns.The teleconnection indices are calculated by first project-
ing the standardized monthly anomalies onto the teleconnection patterns corresponding to that month
(eight or nine teleconnection patterns are seen in each calendar month). The indices are then solved for
simultaneously using a Least-Squares approach. In this approach, the indices are the solution to the
Least-Squares system of equations which explains the maximum spatial structure of the observed height
anomaly field during the month. The indices are then standardized for each pattern and calendar month
independently. No index value exists when the teleconnection pattern does not appear as one of the ten
leading rotated EOF’s valid for that month.
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October 2010

Sea—Level Pressure and Anomaly

FIGURE E8. Northern Hemisphere mean and anomalous sea level pressure (CDAS/Reanalysis) for OCT 2010. Mean
values are denoted by solid contours drawn at an interval of 4 hPa. Anomaly contour interval is 2 hPa with values
less (greater) than -2 hPa (2 hPa) indicated by dark (light) shading. Anomalies are calculated as departures from the
1979-95 base period monthly means.
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October 2010
500—hPa Height and Anomaly

FIGURE E9. Northern Hemisphere mean and anomalous 500-hPa geopotential height (CDAS/Reanalysis) for OCT 2010.
Mean heights are denoted by solid contours drawn at an interval of 6 dam. Anomaly contour interval is 3 dam with
values less (greater) than -3 dam (3 dam) indicated by dark (light) shading. Anomalies are calculated as departures
from the 1979-95 base period monthly means.
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October 2010
300—hPa Wind
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FIGURE E10. Northern Hemisphere mean (left) and anomalous (right) 300-hPa vector wind (CDAS/Reanalysis) for OCT
2010. Mean (anomaly) isotach contour interval is 10 (5) ms?. Values greater than 30 ms™ (left) and 10 ms? (rights)
are shaded. Anomalies are departures from the 1979-95 base period monthly means.
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October 2010
500—hPa: Percentage of Anomaly Days
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FIGURE E11. Northern Hemisphere percentage of days during OCT 2010 in which 500-hPa height anomalies greater than
15 m (red) and less than -15 m (blue) were observed. Values greater than 70% are shaded and contour interval is 20%.
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October 2010
500—hPa Height Anomalies: 40.0N
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FIGURE E12. Northern Hemisphere: Daily 500-hPa height anomalies for OCT 2010 averaged over the 5° latitude band
centered on 40°N. Positive values are indicated by solid contours and dark shading. Negative values are indicated
by dashed coutours and light shading. Contour interval is 60 m. Anomalies are departures from the 1979-95 base
period daily means.
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October 2010

500—hPa Heights (Contours)
High Frequency Std. Dev. (Shading)
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FIGURE E13. Northern Hemisphere 500-hPa heights (thick contours, interval is 6 dam) overlaid with (Top) Standard
deviation of 10-day high-pass (HP) filtered height anomalies and (Bottom) Normalized anomalous variance of 10-
day HP filtered height anomalies. A Lanczos filter is used to calculate the HP filtered anomalies. Anomalies are
departures from the 1979-2000 daily means.
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October 2010

Sea—Level Pressure and Anomaly

FIGURE E14. Southern Hemisphere mean and anomalous sea level pressure(CDAS/Reanalysis) for OCT 2010. Mean
values are denoted by solid contours drawn at an interval of 4 hPa. Anomaly contour interval is 2 hPa with values
less (greater) than -2 hPa (2 hPa) indicated by dark (light) shading. Anomalies are calculated as departures from the
1979-95 base period monthly means.
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October 2010

500—hPa Height and Anomaly

FIGURE E15. Southern Hemisphere mean and anomalous 500-hPa geopotential height (CDAS/Reanalysis) for OCT 2010.
Mean heights are denoted by solid contours drawn at an interval of 6 dam. Anomaly contour interval is 3 dam with
values less (greater) than -3 dam (3 dam) indicated by dark (light) shading. Anomalies are calculated as departures
from the 1979-95 base period monthly means.
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October 2010
300—hPa Wind
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FIGURE E16. Southern Hemisphere mean (left) and anomalous (right) 300-hPa vector wind (CDAS/Reanalysis) for OCT
2010. Mean (anomaly) isotach contour interval is 10 (5) ms?. Values greater than 30 ms™ (left) and 10 ms* (rights)
are shaded. Anomalies are departures from the 1979-95 base period monthly means.
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October 2010
500—hPa: Percentage of Anomaly Days
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FIGURE E17. Southern Hemisphere percentage of days during OCT 2010 in which 500-hPa height anomalies greater than
15 m (red) and less than -15 m (blue) were observed. Values greater than 70% are shaded and contour interval is 20%.

83



October 2010
500—hPa Height Anomalies: 40.0S
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FIGURE E18. Southern Hemisphere: Daily 500-hPa height anomalies for OCT 2010 averaged over the 5° latitude band
centered on 40°S. Positive values are indicated by solid contours and dark shading. Negative values are indicated
by dashed coutours and light shading. Contour interval is 60 m. Anomalies are departures from the 1979-95 base
period daily means.
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October 2010
Height Anomalies

50—hPa
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FIGURE SL1. Stratospheric height anomalies (m) at selected levels for OCT 2010. Positive values are indicated by solid
contours and dark shading. Negative values are indicated by dashed contours and light shading. Contour interval
is 60 m. Anomalies are calculated from the 1979-95 base period means. Winter Hemisphere is shown.
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October 2010
Height Anomalies (Contoured): 60.0S
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FIGURE S2. Height-longitude sections during OCT 2010 for height anomalies (contour) and temperature anomalies
(shaded). In both panels, positive values are indicated by solid contours and dark shading, while negative anoma-
lies are indicated by dashed contours and light shading. Contour interval for height anomalies is 60 m and for
temperature anomalies is 2°C. Anomalies are calculated from the 1979-95 base period monthly means. Winter
Hemisphere is shown.
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S50hPa ASO Mean Temperature Anomalies
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FIGURE S3. Seasonal mean temperature anomalies at 50-hPa for the latitude bands 65°-90°N, 25°-65°N, 25°N-25°S, 25°—

65°S, 65°-90°S. The seasonal mean is comprised of the most recent three months. Zonal anomalies are taken from
the mean of the entire data set.

87



Zonal Mean Temperature for 2009 & 2010
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FIGURE S4. Daily mean temperatures at 10-hPa and 2-hPa (thick line) in the region 65°-90°N and 65°-90°S for the
past two years. Dashed line depicts the 1979-99 base period daily mean. Thin solid lines depict the daily extreme
maximum and minimum temperatures.
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Percent Ozone Anomaly Percent Ozone Anomaly Percent Ozone Anomaly Percent Ozone Anomaly
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FIGURE S5. Monthly ozone anomalies (percent) from the long term monthly means for five zones: 50N-30N (NH mid-
latitudes), 25N-10N (NH tropical surf zone), 10N-10S (Equatorial-QBO zone), 10S-25S (SH tropical surf zone), and
30S-50S (SH mid-latitudes). The long term monthly means are determined from the entire data set beginning in 1979.
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OCTOBER PERCENT DIFF (2010 - AVG(79-86))
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FIGURE S6. Northern (top) and Southern (bottom) Hemisphere total ozone anomaly (percent difference from monthly
mean for the period 1979-86). The region near the winter pole has no SBUV/2 data.
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Fz at 100 hPa (Oct. 2010)
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FIGURE S7. Daily vertical component of EP flux (which is proportional to the poleward transport of heat or upward
transport of potential energy by planetary wave) at 100 hPa averaged over (top) 30°N-90°N and (bottom) 30°S-90°S
for OCT 2010. The EP flux unit (kg m™ s2) has been scaled by multiplying a factor of the Brunt Vaisala frequency
divided by the Coriolis parameter and the radius of the earth. The letter 'M" indicates the current monthly mean value
and the letter 'C' indicates the climatological mean value. Additionally, the normalized departures from the monthly
climatological EP flux values are shown.

91
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FIGURE S8. Daily time series showing the size of the SH polar vortex (representing the area enclosed by the 32 PVU

contour on the 450K isentropic surface), and the areal coverage of temperatures < -78C on the 450K isentropic
surface.
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Daily Indices 500—hPa Height (dm) & Anomalies (m)
(Oct 1-15, 2010)

l"' THL-"“’1" ) in@% : \\f\/ \@ N
1 a0 ¥
G .
‘ =N \
TNy
~. »'* ke -

X

P4
528 o }

—

Bt o o i ,

2] o ~
:i NAO ’Q'*

4

3]

% ‘ud_“ih-‘?.
2T PNA

1AUG  16AUG  1SEP  16SEP  10CT  160CT

500—hPa Height (dm) & Anomalies (m) 500—hPa Height (dm) & Anomalies (m)
(Oct 16—31, 2010) (Oct 1—-31, 2010)

[
-150 -50 50 150

FIGURE A2.1. (a) Daily amplitudes of the Arctic Oscillation (AO) the North Atlantic Oscillation (NAO), and the Pacific-
North American (PNA) pattern. The pattern amplitudes for the AO, (NAO, PNA) are calculated by projecting the
daily 1000-hPa (500-hPa) height anomaly field onto the leading EOF obtained from standardized time- series of daily
1000-hPa (500-hPa) height for all months of the year. The base period is 1979-2000.

(b-d) Northern Hemisphere mean and anomalous 500-hPa geopotential height (CDAS/Reanalysis) for selected
periods during OCT 2010 are shown in the remaining 3 panels. Mean heights are denoted by solid contours drawn
atan interval of 8 dam. Dark (light) shading corresponds to anomalies greater than 50 m (less than -50 m). Anoma-
lies are calculated as departures from the 1979-95 base period daily means.
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SSMI/S Snow Cover for Oct 2010
anomaly based on departure from SSM/I 1987-2006 baseline
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FIGURE A2.2. SSM/I derived snow cover frequency (%) (left) and snow cover anomaly (%) (right) for the month
of OCT 2010 based on 1987 - 2006 base period for the Northern Hemisphere (top) and Southern Hemisphere
(bottom). Itis generated using the algorithm described by Ferraro et. al, 1996, Bull. Amer. Meteor. Soc., vol 77,

891-905.
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