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1. OBSERVATIONAL ASPECTS OF
ENSO AND ITS EFFECTS

a. TOGA and the TAO/Triton Array
b. Climatology of the Tropical Pacific

SST
Winds
Precipitation

c. Defining Anomalies: The issue of non-
stationary climatology

d. ENSO Evolution
Can we define “El Nino?”
e. Is there a standard ENSO?
ENSO Variability

f. The role of higher frequency variability
MJO
High frequency noise

g. ENSO Effects on the Globe

500 mb fields
Temperature and Precipitation

h. ENSO and Decadal Variability



a. TOGA and the TAO/Triton Array

Before TOGA:
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Fig. 14. Log of the average number of S5T observations in cach two-degree squarc used in cach composite,



The Goals of TOGA (1985-1995)

1. To gain a description of the tropical oceans
and the global atmosphere as a time-dependent
system, in order to determine the extent to
which this system is predictable on time scales
of months to years, and to understand the
mechanisms and processes underlying that
predictability.

2. To study the feasibility of modeling the
coupled ocean-atmosphere system for the
purpose of predicting its variations on time
scales of months to years.

3. To provide scientific background for designing
an observing and data transmission system for
operational prediction if this capability is
demonstrated by the coupled ocean-atmosphere
system.
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b. Climatology of the Tropics

Mean:
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301 Tahiti and Darwin as ~“centers of action”,
mslp commelations between bwo locations
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Normal Conditions in Pacific-Summary:
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SLP Low High
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SST Climatology:
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Rainfall Climatology:
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Wind Climatology:
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Heat Flux into the Ocean Climatology
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Fig. 2, Climatological monthly mean anomalies, along the equator, of sea surface femperature
(contour interval: 0.25°C), zonal component of the surface wind (contour interval: 0,01 dyn
em*) and meridional component of the surface wind | contour interval: 0.025 dyn cm™). Dashed
contours indicale negative, easterly, and northerly anomalies, respectively,



c. Defining Anomalies

» Average Each Month: the Progression of
Monthly Quantities is the Climatology

» Implies that the Climatology Contains Both
Higher and Lower Frequencies

» The Annual Cycle is the First Harmonic of the
Climatology (in a Fourier Sense)

Amplitude ('C) and phase (month of maximum)
the annual cycle in SST
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(Ken Takahashi)

» An Anomaly is the Difference Between the
Actual Value and the Climatology



3 / REVIEWS OF GEOPHYSICS
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(La Nifta).

» But What if the Climatology is Non-Stationary?

» In order to correctly define anomalies, we
would have to have a model for the slowly
changing climatology--- this we don’t have.

Harrison and Larkin: EL NINO SURFACE ANOMALIE

rms SST Anomalies




d. ENSO

Normal Conditions
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ENSO Evolution:

Nino 1+2 (C)

Nino 3 (C)

Nino 4 (C)
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Southern Oscillation

St Anoms, St Anomes St Anoms.

St Anoms

301 Tahiti and Darwin as ~“centers of action”,
mslp commelations between bwo locations
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36, 3/ REVIEWS OF GEOPHYSICS Harrison and Larkin: EL NINO SURFACE ANOMALIES
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Warm Vs. Cold ENSO Evolution
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Fia. 1. Comparison of (left) warm and (right) cold event S5TA. Avomaliss are compostted from the 10 WEs and 9 CEs m 1904603 (zze
Table 1 and secton 2f). Cold event anomalies are mmltipliad by —1. Anomalies are contoured every 0.2°C. Only the 93% staristically
sigmificant anomalies are shaded MMaps are shown every 3 months and the phasze of each map is listed. Awxis marks are svery 107 of lar, 45°
of lon and the horizontal line is the eguator.
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e. Is there a standard ENSO?
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Q) Niiio 1+2 evolution — Comparison
for El Nifio episodes

1031-1952 16821085 {davhed) ERSST.v2 Nino 1+2 Anomalies (C)
19571950 1568-1968 {donhed) '

19531964 1091=1902 {daahad)
19531904 1994~1983 {dawhed)
1969~ 1988 1997-14%8 {donhed)

L

20042003

Recent Nifio 1+2 values,
derived from ERSST.v2,
lie near the bottom of the
distribution of historical | " W@ A aL @

[HI 06t 1 00 0003
El Nifio ePlSOdeS since Most recent Nifio 1+2 values (heavy black line)
1950. compared to values for 13 historical El Nifio
episodes. On the time axis year 0001 is the first year
of a warm episode.

» Does it make sense to define El Nino?



f. The role of higher frequency variability

SST Anomalles (5N— 55)

*Departures increased
substantially in the central
equatorial Pacific during
July.

* The warmth in the central
equatorial Pacific expanded
eastward during July-
October.

* The warmth 1n the
equatorial Pacific has

persisted during November
2004-January 2005.
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Low-level (850-hPa) Zonal (east-

west) Wind Anomalies
(5N-5S

2

U Anoms.
T Weaker-than-average

easterlies (orange/red
shading).

Stronger-than-average
easterlies (blue shading).

During early late August
and October the easterlies
weakened substantially
throughout the equatorial
Pacific.

Westerly anomalies, which
developed over the western
equatorial Pacific in early

January, persisted through
the end of the month.

Strong MJO during 2004
200-hPa Velocity Potential Anomalics
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Flgure 5. Time -longliude secton of OLR anomalles for the latiiude band $N-55.
Ancmalles are departures from the 1979-1995 base perlod means. In the Troples
positive (negative) anomalles are usmally assoclated with drier- (wetter-) than-
average conditdons.
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g. ENSO Effects on the Globe

WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY
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COLD EPISODE RELATIONSHIPS DECEMBER - FEBRUARY
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h. ENSO and Decadal Variability
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F1G. 3. The leading (normalized) PCs of 6-yr highpass- (HP) and lowpass- (LP) filtered SST
over the Pacific domain shown together with the associated regression patterns for global SST.
The interval between tick-marks on the vertical axis of the top panel corresponds to 1.0 standard
deviation, and the spacing between the curves 1s arbitrary. Contour interval 0.1 K per standard
deviation of the expansion coefficient time series. Negative contours are dashed; the zero
contour 1s thickened.
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FIG. 5. Normalized time series (fop to bottom): cold tongue (CT) and expansion coefficients
of the leading EOFs of the SST anomaly field over the tropical Pacific (TP) domain (20°5—
20°N, 160°E-80"W): the global (G) domain; the global domain excluping the TP (G — TP):
and the extratropical (NP) domain poleward of 20°. All time series have been smoothed with
a 3-month running-mean filter The interval between tick-marks on the vertical axis 15 1.0
standard deviation. The spacing between the curves is arbitrary. Correlation coefficients
between the time series are shown in Table Al i the appendix.




Vimont has reconstructed the “decadal” pattern
from only interannual elements.
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