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Tropical Highlights - June 2010

Sea surface temperature (SST) anomalies continued to decrease across the equatorial Pacific Ocean
during June 2010 (Fig. T18). The latest monthly SST indices were -0.4°C and -0.2°C for the Nifio-3.4
and the Nifio-1+2 regions, respectively (Table T2, Fig. T5). Consistent with this evolution, the oceanic
thermocline (measured by the depth of the 20°C isotherm) was shallower than average across the central
and eastern equatorial Pacific (Figs. T15 and T16), with sub-surface temperatures reaching 1°C to 4°C
below average in the region (Fig. T17). The latest Oceanic Nifio Index (ONI) from the NOAA/CPC is
0.3 for AMJ 2010, which officially indicates the end of the El Nifio event. (http://www.cpc.noaa.gov/
products/analysis_monitoring/ensostuff/ensoyears.shtml)

Also during June, equatorial low-level easterly winds remained stronger than average over the western
and central Pacific (Table T1, Figs. T20). 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 atmospheric anomalies reflect developing La Nifia conditions.

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] - [INDQ]),
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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Sea Level Pressure (hPa)
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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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Sea—Surface Temperature (C)
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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
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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June 2010
Depth (m) of 20C Isotherm
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FIGURE T16. Mean (top) and anomalous (bottom) depth of the 20°C isotherm for JUN 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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June 2010: Depth—Longitude Section

Equatorial Ocean Temperatures (C)
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FIGURE T17. Equatorial depth-longitude section of ocean temperature (top) and ocean temperature anomalies (bottom)
for JUN 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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June 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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June 2010
Sea Level Pressure hPa

N3,
I

1008 1010 1012 1014 1016 1018 1020

Sea Level Pressure Anomaly (hPa)

__________

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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June 2010
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FIGURE T20. Mean (top) and anomalous (bottom) 850-hPa vector wind (CDAS/Reanaysis) for JUN 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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June 2010

200 hPa Wlnd (m/s)

SON

40N TR ES ] S 2 e T,
. /l’ N - Y
30N I~ ’-‘vic. ST %‘f”"“ *\’ e SN SN
20N -, 7’ ..—oauﬁ..\\ \\t““‘ .\\)‘z///'_...,..a.o el of “\)\.‘.‘
-1 A
1ON LR LR ‘v (G%‘,,,‘ R s eaanma & 2 A DI AR DS ‘in-.,-.-o-w'/'},o'\ss\
EQ *<-QT¢<7- / TretetT T ““"’\\““(///A// S ettt
105—"""’ <A M//w,%‘"“”“"'"""""""uul (Ll NI RRR g
205 I ~ NS SSNONNNN Fon 2 A
30S{
40S+ L A =S
Cat o A A A L 77 7 il r
50S ] . ~
0 90E 180 90w 10 0
185 30 45 60 75
SN 200—hPa Wlnd Anomaly (m/s)

fjl“ “w*yl

N\, .22 ‘

N \\\w’ A\

N"'// [ S dnindnd

90E

FIGURE T21. Mean (top) and anomalous (bottom) 200-hPa vector wind (CDAS/Reanalysis) for JUN 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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June 2010
200—hPa Streamfunction
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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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June 2010
200—hPa Divergence
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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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June 2010
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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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June 2010
Outgoing Longwave Radiation (W/m2)
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FIGURE T25. Mean (top) and anomalous (bottom) outgoing longwave radiation for JUN 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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June 2010
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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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June 2010
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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.

35



June 2010
Precipitable Water (kg/m2)
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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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June 2010

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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June 2010
Divergence and West—East Divergent Circulation

100 Mean
s -...»W’ALZJA
200 - M/’/’//",N:?‘/ . .. J =SSk ccstces
| SIE5 T II e O, . \“““"u#’"&\‘\ '\'\\'\'\'\'{\
300 4-en¥ VYT T S0y L A TR Y & G\ S\
T OM
4004 -+ tTg'n“""\\\\MTtu 11t
5004 .~ UARNEANEXE R R R 2R LY S
soo_ustr f’;@ IRRARNERA &
700 - u?TT‘T 1 Tttt M@Tth
800_ . PP v " o A Ao - -t ea NN ~ -
900 Q ’)2',",‘,\f}}}'ti}?lii’:?i\v\‘(\“ :.‘::%“M»}W:ﬁmzw e
80W 60W 40W 20E 4OE 60E 80E
100 Anomoly 5
U U Vi
‘\\\\\xs\\\\\.’\'\..,,\\\\ LI RN L .f’/aa//'a&,..»»....,-//
200 Hevzvss o us —at ru..,..\\x”rnur”
DL Y PR A1 1172217
300 _k\\\"TPTfff/ NETERPPPR ﬂTTT@)TTr 1
400-)!?TﬁTTT LR Hn\\..frhtn M,,.,,uvtrnrﬂﬂttt.,“.,\“ T EETTLLCRN]
500_“17‘? Tretts O n\“,un Atet P Psafprrsortttaansfa. .w\\,rﬂrnnnﬁﬁ
600'1?1 f/a/l,.““ugx.u..r R .,,[Q:,fro...ssssi\*
700 7‘7‘ 1”,-‘,““‘ - 1ttt r iz, 00 BN ey pemm ety
800_ ‘Zf.\ ARR[A N vaas N\ R et TR ) Sty ‘,xxuu\\\\@w \«
Q00 FH TR I e Y
80W 60w 40W 20W 0 20E 4OE 60E 80E
5

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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June 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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Zonal Wind and N—S Divergent Circulation
Eclstern Pacific (130W—180W): Mean
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Eastern Pacific (13OW—180W) Anomaly
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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 June 2010, 481 satellite-tracked surface drifting buoys, 69% with subsurface drogues attached for measuring
mixed layer currents, were reporting from the tropical Pacific. Dramatic 50 cm/s westward anomalies were measured by
many near-equatorial drifters at longitudes across the basin, intensifying the pattern seen over the last three months.
Warm anomalies of +0.5C to +1.5C were common south of 5S, while cold anomalies of -0.5C to -1.5C were measured
by numerous drifters north of 10N and west of 140W.
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Figure A1.1 Top: Movements of drifting buoys in the tropical Pacific Ocean during June 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

sol[eWoUy 00z aunp
S0l

X

NS

NgOL

8,0

0z

S48

g2

LA

=/ — - = NOL

_ _ , _ _ _ _
001 1,021 M, 0L M,09L M,08L 3,001 3,001

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

NS

42



(ogaN
/VVYON) In01D "7 pJeydly Wwolj 3|qe|eAe si uolewiogul Jayund *(ay1) soueld pue ‘(v1S) ueder ‘(VON) sa1els paun ay Aq panoddns Ajpussaid
s Aelre NOLIY1/OV.L 8yl "(wonoq) salias awil ayl Jo pus pue (do1) salias awil 8yl JO LIelS ayl 18 a|ge|leAr a1aM Blep aJaym apniibuo] ayedalpul
SessI9Sqe ay] Uo salenbs "AJ181Sam aJe SpUIM dAIISOd ‘Aelre NOLIY1/OV.L 8yl WOy eep sallas awil paloow jo sabieiane Aep-G uo paseq si SisAjeuy
'syluow g 1sed ay1 4oy (w) yrdap wiayiost Doz pue (D) ainjesadwial 99eLINS BaS ‘(;.S W) SPUIM [RUOZ 394INS JO SU0I198s apniibuol-swil €TV 34N9I4

00e 0s1 111 0§ 0 0g 4 0e g 0 g-

M001 Mo0PL 081 3.0FL  M.00L M0FL 081 3.0FL  M.00L Ma0FL 081 J.0FL

A P I 7= 0
a

W i |

v L

W oy L 0

| 9‘\ J_.l..fllllllm F 2

r a9 s

D ! " L

OSSN

0 -

S . 6
&

- S 0

r

r 0

. -

W & 4

-

W

4 o

ﬂ' ™

a 8

N 0

0

s 0

v ) Z

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

r == 0
W S

§ L
W 0
4 Z
iy

D —

N

o)

S 6
v 0
.

A 0
W I
v

W

4

ﬂ'

a- 8
N 0
° 0
v I

(w) yrdeq wiaylos| D,02 (D.) 1SS

@__5 puIm _m_SN
abelany N,z 01 S,¢ Ssaljowouy Yidaq wiaylos| 9,02 pue ‘1SS ‘puim |euoz Aeq anl4

44



‘saInjredap ‘ASojorewr[o moys Surpeys pue oul| payse( nisJ 2 Iop

aInjle} olempley o} anp wEm\mﬂE BIB( - sk -eNoH UI SUONE)S SUIAT0I woiy (wo' JYS1eY [9A9] BOS puUB
c6er-19¢€ AWOMV Xeq Jmm?:~©m AWOMV -ouoyd M>OM.NNOG@@~®¢GM.@ﬂ>ND rewry AUo“r_meV ohaﬁﬁo&&@« OON,ESMM%%WO m@%&moxwmmmﬂuwnv@\mm Mﬂaﬂ ‘W—MD%MM
Lor o o 01 b o Le T 7 [ ,JO_O,N, [ 1] 7 [ ,w,O_O,N, L 1] 7 T I
v1l- *% ok 0 I'l- ok [44
¢oI- *% *% ¥0- £ *% L1
L'T1- ok *% ¥0- L'T- o Cl ocL
Tl o sk o 00 ok L M.LL ‘SoZT) oejleD je H1S o5t
mﬁﬁl ** ** Nx.OI W.O ** N T - I - % T T - N - % I - I I -
oe[[e) peHeql] eIleq oe[[e)  BIE[E] eneyg NOr SR e T T L O
saljewiouy/ 082
Mol 8 ‘S.2 peyuaqi je HS
I I - I - % N T T - I - % I - I I - ONN
€001 ok ok vel LI ok LT
6'66 ok ok €91 VLI ok (44 T hem
101 *% *ok ¢9l1 VLl ok L1 | soz
€001 o ok €91 I'LT sk cl M08 ‘S.5'0 eljjed e HIS ez
OOOM % % @@ﬁ wwﬁ *x% N\ L TR EATIRI R R TR R L1
6001 ok ok ¢91 Vol ok (4
OE[[E)  PEMOQIT  ExEg oe[ED  ®IE[EL  ened NI
uﬂwﬂom [eA9T BaS OHSHN.HOQEO,H J]S ©Ba§ MLl ‘SoTL oe|jeJ je 1SS
“JUOAS BUIN BT 00T 9} SULINp o1om Asy) Se MO]
SB MOU OJB S[OAQ] BOS T [e1JU09 JJO ‘s)joom ¢ Ise] oy ul oSunjd saneSou A[paprosp e
UoYe) 9ABY S[OAS] BSOS S[IYM “SONJEA [EWLIOU PUNOIE JOAOY O} dNUIUOO ST SS O1JIoe ] Iseq
*awn[oA e1ep 108dWod pUE UOHN[OSSI AW} POOS [HIM SUONIPUOD [BISBOD M.18 ‘Sov BJElEL J€ 1SS 0e
08- 06- SuriojIuOW JO SUBSW SAT}OJIJ0 Uk sn 9AIS suolje)s [eon3lio je(spejuad) seSeione ce e b e b e e P e b e e
Kep-oA1y oy, 's1ouired 119y y)m Suofe syrodar Afyyuour 9say Jo uoneorqnd |- .
Sumunuod ‘9jo1 JuoweSeuLW €Jep & pawnsse TNOV-VVON o[Iym Ioye | ™ ; A | ¢z
10k -eroyy Aypiqisuodsar [euonerado [[ny 1940 0o} s1oued UBOLISWY YINOS - .
oYL ‘S661 0 5861 Wwoilj ‘weisoid YOO oy} Sulnp (UIUMop 9)I[[e)es BIA)
J owIN) [eal Ul [9A9] 89S pue | SS Sunoder suone)s [eiseod y10miou € paure) ~0¢
-urewl TINOV-VVON Jopendq pue nisd Ur suonmsul yjm uorneradooo uy M406 ‘S.G°0 edjjed je LSS ce

enjeg YHAd ‘Oe[[B) “BULIBJ\ B[ 9P UOIOBSIABN A BIJRISOIPTH 9P UOIO0AII(]
JOAvVNDF ‘[inbeAenn) ‘epeuiry €] 9p 091jeISOUBII() 0JMIISU]
VSN “6F1€€ T TWeIA ‘Ams)) 1030eqUadRY [0¢h “TNOV/VVON ‘PloYUH g piae(

suonelS§ SHODO J1JIded uIalsey WOl [9A97] Ba§ puUE QHSHN.HQQEO,H 90BlINgS Ba§

45



VSO ‘0782-9063¢ Td ‘99SSBUERIRL .%ﬁmpminb 9)e3}S BpLIO[] ‘S9Ipn}S UOI}OIpadd olroydsowr}y—ueaos( J0j I93Ua) ‘Yjruus

3] umeys pue ‘esseanog 'y dJden ‘ydroy %E@pmw Aq poonpouag U s spuim /Tuy /HANSAY /npe nsy-sdeoo mmm / /:d)yg

e 9}1IS qoMm JNo }ISIA mmmma ‘UOTJBULIOJUT 240W IO ", S, G SI [BAIoJUI INOJUOD O] "UBIW [00Z—-8LET

wo.y seanjsedop oae (wojljoq) sel[eWoOUY -, S N (2 SI sopnjrudew 101954 9} JO [BAJO}UI INOJUO) "B}EP O} WOI] PI}edrd
ST pP[oIJ punoJagdoeq ayj pue pajysiom %Sﬁmvﬁmmmvﬁ: aae ejep Aonq pue diys ‘prigd .,z e uo spuim Lonq pue diys wodaj

pozeue £[anoa(qo axe (doj) s10300A ssar}s—opnasd ‘0102 2uUnf :SATTVWONV ANV SHOLOFA SSHYLIS-0ANASd AOVAENS NSd
9TV 3dN9ld

o vy 10z-gu61 KBororewnry | SOE
> < V9 wvead
T~ AN NN
> > RSN 2-SIN 08 <
> > S73>3>>> 55
ENEN 7 3> N \%mON
<N a PR N v
v 4 A v 3 A VLY
R O 7/_ﬁ<vr
£ < A 7774 AA> T 7 R R
€<rFrATTAAAA > AN N moaﬁ
SrEAAATT727 AN
1777 A AN A A A
7 144997 A~
777777271777
>3777&2>5 5> @@
>>>>3>>3> 3> 3> > >
>>5> > 5> >>5>3 4 >335 3>
>335 5> 333V L3333 55 > > :
333> >3 >>>>Y L L L L L <cng> >y > 7,
bbb A5 5 493> X>>> 2> LL Ll <o y>>r 77> > ZO#‘
L L bkt A > > ANS CAa7 >N ¢ & €L <K<K T AAT T >
mAmmm»mbhquv»LLLLLLL >>7 711 LAA‘AAAAA44Ar<<\
CESTSTNSATAAGI S BIANVV VY =3 <bvieL S L« Cecs<c el LLLLby
= L LT SEESENANNMNADLTFT7 AANV VY TrA>Y VLo MV LLteet € £ L L Lk b o
7> > NESESTRAAAAANAT > >3 48NN >V L “Ais,x(\rrqArrrrrAA\AZON
> > SSTNAAAAAAT A7 >V & >34 L L¢ VBV vV cbbblb,y g9
> > CTAAAAAAANANAD 72N VYV > > > < ¢ =7 7 NVNNNVLLOLVNDS 5 4 44
7 P N N Y ANAAAT AANNANAAG L VVN VY VYN AAVWVVAA%F AT 7 >>334 18> 55 VLV >N Loy
\\_4vwvw..v/u.\fww\4w¢/wx AT > A A?is%;(LL(<<<Az<‘A4A#«ww7A z AAqijw«szsi%Lvr\\m
0T0g =2unfg AEOAHV Salfewrouy SsaJd}s—opnasd NSH ®>ﬂaowﬁ.@© QW) —[ea1—JBaN NO&

MO06 M0cT MOCT 087 d067

//\

NN

/. 3 //_ //v/p//Z//f// =
/////J///

rz &
Lt el LN DYSSIS
NN»Ammmﬂﬂiﬂa‘

L vz e

ﬁf/ﬂ

S0€

S0cC

NOT

NOe

o._:.vm. sunp (wWQT) SI0}I9A _vsﬁ wvziﬁ@mz ssoq)s—opnasd SJ 2A1102[qQ QW) —[ead—JaBaN

NO€

46



P e

:ytdsii

_\2 RS R AR ALY
\ﬁ:tﬁ?«ttzk
/e?f/ﬁﬁ/«:ef
\ «eriﬁeréﬁﬂk:

(RIANNSSSER
> \Yu‘ves wv 74 ﬁ //K/////xxrr;ekv;
Teia he> e -\ NRRERee
— v>€a3€;km \ /rz/////tzxxleﬁ
o [ \ Ve
I ] a7
O prerpevirry N )
S [ s
W e rf Ay v
Wl Y e &/ /,::;V.Q\Et %
> ‘{\éﬁm\\ N \ wrea Ty
2 ?%\\ VUl A \ ¥ \ e
m " :\ &\\&\ \&&\ \ \A /zzzxfa«vti:»
qur e e
24 < \\n. : R\ / PN T M
= A fE t\\ \/4 ///k‘ "
H &\ﬁ 1l ca R ///\\\//f?:
O (%7 \\!\\\ T: v . \/V.Jvriﬁ 4_
m |€\\»4§«r\\5\k\\ e rs \ e s
[T N o
el N
w 32?4(&»v \\ q \U/w K44L
(' NN Auv\.k_\ \\\ \\ ‘h ﬁsk //K¢ |
< |1 W \\\\\\\\K \ < o
RPN ety w
VM\ g 4{\\\\\\\\\\»\ \ \»é -
\‘(M«vﬁ\»\\\::kﬁ; P /:e/
EP \\s,:
ERST S

/ tt:&.\\ i
/?m/ Wi \ i JA‘
e

2 /Nr

AU /Jv: C\

= —

«

50 cm/s

e |

P

v

20N
10N
ON

NP
_,/ _///M‘_Wf

n n
o o
~ N

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

120E

JUNE 2010 ANOMALIES

YA |
<t‘ Lr:k%rziefi
ﬁtﬁ.-v,;: t,2<<<§<¢k»4<7>«¢wr.

3/2

Til¥ ::5?:?:215

e,v/v theegﬁ\\\&\s Pty avys 47
“? »Tﬁ\\ \\,\\\\ <eﬁvLLebVLyvk45

v»v KV\NGH/E 4— :«;»J VPGS a7

%7
N HyeTrasy g _
RIS AV\ \N‘ \_\\ \s..ft»v..vllquv,
7,

\a»tf@vv«f.}ix 'Sy

\

«> AAVAS (uraasaaT

ey nab g yr A \\ 44/

S

7% .\\ N ?Exx:?i
4;12«3&’#13.// ra1av>><7>\33>7$t
» 117 74 «11:7!>1vv¢\1
blav&.??ﬂ.az v ,N_‘Ar«ifi?viéb
7;4&‘2?3»15 ) \x!.vjt.?t.:eix.
kN tva»:»?ﬁJ grlhz?;ziéﬂ,
a 3;?@ jwﬁrd ,_ri»z.;ifervg:/
5 ‘ﬁ Nyay ?Jﬁd &rzl?qiltzt}
gl acn I el oo
w, \v?ﬁfi\,:t _ ﬁsﬂ W ety i?:d
1?»251»%» stt: W V\If{ <MX
Vrees Hth »Z«e&\\ﬁ_ 1 \ifZ ey
32«‘11 ;?3»:6&:: ‘N V<v>; «X.A.az
;I« Jta, 174«:: / s Y
Pr:vvxsv?l‘v:v:e: ‘§ W z\xvv,‘&W/
\SL:L:E: ixoqﬁ
A .( B 3417 v :
)\ I

\\x ysxkv}?:»s\ /
«rk\‘isﬁ», 4_
/x/ evt;b xv y ‘

50 cm/s

/ﬂ/s Ay ?i

20N
10N
ON
0S
208

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

120E

FIGURE ALl.7. Ocean Surface Current Analysis-Real-time (OSCAR) for JUN 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 JUN 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 Watch

Outlook

La Nifia conditions are likely to develop during July — August 2010.
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Discussion

During June 2010, sea surface temperature (SST) anomalies continued to decrease across the equa-
torial Pacific Ocean, with negative anomalies expanding across the central and eastern Pacific (Fig. T18).
While the rate of decrease slowed during June, all of the Nifio indices were cooler compared to the
previous month (Table T2). The subsurface heat content (average temperatures in the upper 300m of the
ocean) also remained below-average during the month. Subsurface temperature anomalies became in-
creasingly negative in the east-central equatorial Pacific and extended to the surface across the eastern half
of the basin (Fig. T17). Also during June, enhanced convection persisted over Indonesia, while the area
of suppressed convection strengthened and expanded westward over the western and central equatorial
Pacific (Fig. T25). Enhanced low-level easterly trade winds and anomalous upper-level westerly winds
prevailed over the western and central equatorial Pacific (Figs. T20, T21). Collectively, these oceanic
and atmospheric anomalies reflect developing La Nifia conditions.

The majority of models now predict La Nifia conditions (SST anomalies less than or equal to -0.5°C
in the Nifio-3.4 region) to develop during June-August and to continue through early 2011 (Figs. F1-
F13). Confidence in this outcome is reinforced by the recent performance of the NCEP Climate Forecast
System (CFS), the large reservoir of colder-than-average subsurface water, and signs of coupling with the
atmospheric circulation. Therefore, La Nifia conditions are likely to develop during July-August 2010.

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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Last update: Sat Jul 5 2010
Initial conditions: 22Jun2010-01Jul2010

Anomalies
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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: Sat Jul 3 2010
Initial conditions: 22Jun2010—-01Jul2010

Forecast Nino3 SST anomalies from CFS
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— Latest 8 forecst members ——— Forecast ensemble mean
—— Earliest 8 forecst members —— 0Olv2 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.
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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 JUN 2010 . Contour interval is 0.3C and negative
anomalies are indicated by dashed contours. Anomalies are calculated relative to the 1971-2000 climatology.
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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
the last three consecutive months (see Figure F8).
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LDEO FORECASTS OF NINO3

o =~ N N &
I
1

|
N —

SSTA (°C)
: O - N N

|
N —

O - N N

1

N —
I
1

JUN 2008 JUN 2009 JUN 2010 JUN 2011
TIME

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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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
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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 July)
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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 Forecasts of ENSO from Jun 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 — June 2010

1. Northern Hemisphere

The 500-hPa height anomaly pattern featured considerable zonal symmetry during June, with above-
average heights prevailing in both the middle latitudes and the polar region (Fig. E9). Regional anomalies
included above average heights across the southeastern quadrant of the United States, Greenland, much of
the Arctic Ocean, and across northern Europe and south-central Russia. Above average heights were also
evident over the subtropical North Pacific and North Atlantic Oceans. Conversely, negative height anoma-
lies prevailed over eastern Canada and central Siberia.

Over Eurasia, the circulation reflected a strong positive phase (+2.1) of the Polar/ Eurasia teleconnection
pattern. Over the North Atlantic, the circulation again projected onto the negative phase of the North
Atlantic Oscillation (NAO) (Table E1, Fig. E7). The negative NAO signal has been exceptionally persis-
tent since July 20009.

Over the subtropical Atlantic basin, the 200-hPa streamfunction pattern showed a pronounced inter-
hemispheric symmetry during June, with anticyclonic anomalies extending from the America’s to Africa in
both hemispheres (Fig. T22). This signal is consistent with an enhanced west African monsoon circulation
(Figs. T23, T24).

The main surface temperature signals during June included above average temperatures across the
southeastern quadrant of the U.S., south-central Russia, and Mongolia (Fig. E1). The main precipitation
signals included above-average totals in the northwestern and north-central U.S., portions of southern
Europe, and southeastern China, and below average totals in the mid-Atlantic region of the U.S., south-
central Russia, and Mongolia (Fig. E3).

a. North Pacific/ North America

Over the United States, the circulation during June featured a trough in the west and a ridge in the
southeast (Fig. E9). This pattern was associated with above average temperatures throughout the south-
eastern quadrant of the country, with departures in many locations exceeding the 90" percentile of occur-
rences (Fig. E1). It was also associated with enhanced storminess and above average precipitation in the
Pacific Northwest, northern Plains, upper Midwest, and Great Lakes regions (Figs. E3, E5, E6). Many
of these locations recorded more than double the normal June rainfall, with monthly totals in the upper 90"
percentile of occurrences. In contrast, the mid-Atlantic region experienced ongoing precipitation deficits
during June, following well below average precipitation during both April and May (Fig. E5).

b. North Atlantic

The 500-hPa circulation during June featured above average heights across the central North Atlantic,
and below average heights over the northwestern Atlantic (Fig. E9). This pattern projected onto the
negative phase of the NAO, which has persisted since July 2009 (Fig. E7).

Over the subtropical Atlantic, anticyclonic streamfunction anomalies at 200-hPa extended from the
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America’s to Africa in both hemispheres (Fig. T22). This pronounced inter-hemispheric symmetry to the
anomaly pattern was associated with an expanded area of upper-level easterly wind anomalies that ex-
tended 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 across the tropical Atlantic (Fig. T20). These
conditions lead to reduced vertical wind shear across the tropical Atlantic, and are typical of the ongoing
high activity era for Atlantic hurricanes that began in 1995. This combination of conditions is consistent with
an enhanced west African monsoon circulation (Figs. T23, T24), which was also present during June and
has been a prominent feature of the circulation since 1995.

c. Eurasia

The 500-hPa circulation during June featured a north-south dipole pattern of height anomalies, with
above average heights extending from northern Europe to Mongolia, and below average heights over
central Siberia (Fig. E9). This pattern reflected a strong positive phase (+2.1) of the Polar/ Eurasia
teleconnection pattern (Fig. E7). It was associated with exceptionally warm and dry conditions in south-
central Russia, northeastern China, and Mongolia. The most significant departures were observed in the
vicinity of the Black Sea and Caspian Sea, where temperatures (Fig. E1) were in the upper 90" percentile
of occurrences and precipitation was in the lowest 10" percentile of occurrences.

At 200-hPa cyclonic streamfunction anomalies during June extended from northern India to eastern
China, in association with a reduced strength and westward retraction of the normal summertime Asian
monsoon ridge (Fig. T22). These conditions contributed to above average precipitation in southeastern
China (Fig. E3). For China as a whole, precipitation has been above normal for the past three months
(Fig. E4).

2. Southern Hemisphere

The 500-hPa circulation during June featured a zonally symmetric pattern of height anomalies, with
above average heights in the middle latitudes and below average heights over Antarctica (Fig. E15). The
main precipitation anomalies were observed in eastern and southwestern Australia, where totals were
generally in the lowest 30" percentile of occurrences (Fig. E3). The main temperature signals reflected
warmer than average conditions in both central Argentina and portions of western Australia (Fig. E1).
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June 2010

Son 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 JUN 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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June 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 JUN 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 (%)
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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.
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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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June 2010

Sea—Level Pressure and Anomaly

FIGURE E8. Northern Hemisphere mean and anomalous sea level pressure (CDAS/Reanalysis) for JUN 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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June 2010
500—hPa Height and Anomaly

FIGURE E9. Northern Hemisphere mean and anomalous 500-hPa geopotential height (CDAS/Reanalysis) for JUN 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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June 2010
300—hPa Wind
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FIGURE E10. Northern Hemisphere mean (left) and anomalous (right) 300-hPa vector wind (CDAS/Reanalysis) for JUN
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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June 2010
500—hPa: Percentage of Anomaly Days
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FIGURE E11. Northern Hemisphere percentage of days during JUN 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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June 2010
500—hPa Height Anomalies: 40.0N
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FIGURE E12. Northern Hemisphere: Daily 500-hPa height anomalies for JUN 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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June 2010

500—hPa Heights (Contours)
High Frequency Std. Dev. (Shading)
P

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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June 2010

Sea—Level Pressure and Anomaly

FIGURE E14. Southern Hemisphere mean and anomalous sea level pressure(CDAS/Reanalysis) for JUN 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.

80



June 2010
500—hPa Height and Anomaly

FIGURE E15. Southern Hemisphere mean and anomalous 500-hPa geopotential height (CDAS/Reanalysis) for JUN 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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June 2010
300—hPa Wind
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FIGURE E16. Southern Hemisphere mean (left) and anomalous (right) 300-hPa vector wind (CDAS/Reanalysis) for JUN
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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June 2010
500—hPa: Percentage of Anomaly Days
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FIGURE E17. Southern Hemisphere percentage of days during JUN 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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June 2010
500—hPa Height Anomalies: 40.0S
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FIGURE E18. Southern Hemisphere: Daily 500-hPa height anomalies for JUN 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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June 2010
Height Anomalies
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FIGURE S1. Stratospheric height anomalies (m) at selected levels for JUN 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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temperature anomalies is 2°C. Anomalies are calculated from the 1979-95 base period monthly means. Winter

lies are indicated by dashed contours and light shading. Contour interval for height anomalies is 60 m and for
Hemisphere is shown.

(shaded). In both panels, positive values are indicated by solid contours and dark shading, while negative anoma-

0

FIGURE S2. Height-longitude sections during JUN 2010 for height anomalies (contour) and temperature anomalies



Temperature Anomaly (C)
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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°—

6

5°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



TEMPERATURE (C)

TEMPERATURE (C)
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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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Monthly Mean Ozone Anomalies (%)
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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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June PERCENT DIFF (2010 - AVG(79-86))

Northern Hemisphere
90E

180/

150

NOAA18 v8
SBUV/2 OZONE

Pt Difference

June 2010

ANALYSIS

NO DATA BEYOND 81

Southern Hemisphere
0w
60W

1801 - -

NOAA18 v8

SBUV/2 OZONE

Pct Difference

June 2010

ANALYSIS

NO DATA BEYOND 54

<-45 -45 -30 -20 -15 -10 -5 -2 2 5 10 15 20 30 45 >45

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 (Jun. 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 JUN 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.
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40 OZONE HOLE AREA

350—------

— 2009 — — 99-08 Mean 99-08 Range

Million Sq Km

August September October November December

40 | | SH VORTEX AREA ‘
35| SRR Ty e e o
R R Ny T2 it P L S B
R o albidbe o . T e
= ‘ - ‘ ‘ : ‘
B 20| R e SRR e R -
= ; (O ; ; ; : N
T s SR TN R B Lo .
= Y . . . . . A\
o g SRR . R A -
T . A A N
\
0 laaz? S
May June July August September October NovemberDecember

40 : : . SH PSC AREA |

Million Sq Km

May June July AugustSeptember October NovemberDecember

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)
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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 JUN 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 Jun 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 JUN 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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