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Rainfall (mm/season)
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Wavelet analysis of monthly rainfall
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Wavelet analysis of daily rainfall

Concepcidn

.. It ! '* .‘

1975 1980 1985 1990 1995 2000

years






Normal Conditions

@éc?ﬂ Conveciive
[__.""‘ ChoiNallon

f;;}

o

Equatar

Tharmociina

120°E SO™W

http://www.pmel.noaa.gov/tao/elnino/el-nino-story.html



El Nino-Southern Oscillation (ENSO) cycle
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El Nino-Southern Oscillation (ENSO) cycle
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Antarctic Oscillation (AAO)
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Fig. 1 a The temporal evolution of a skill score (Potts et al. 1996)
averaged over eastern Australia for the rainfall prediction scheme
(Zhang and Casey 1992; Casey 1998) from 1900 to 1997. using
a jack-knife (Wilks 1995}, cross validation procedure. The scheme
was applied every month during this period to “predict” (hindcast)
rainfall anomalies for the following three month block. b The tem-
poral evolution of four indices of observed. coherent patterns of
sea-surface temperature (SST) variability from wvarious sources
(Folland et al. 1998; Zhang et al. 1997. Mehta 1998) and one of
night-time marine air temperature (Folland et al. 1998, labelled
NMAT). The longest two time series (Folland et al. 1998) represent
annual totals of seasonal records and are derived from EOF ana-
lyses of near-global data sets. The second shortest (based on a time-
series calculated by Zhang et al. 1997, grey line and circles) was
filtered using a low pass spectral filter with an 13 y cut-off (see Power
et al. 1998a for further details on the filtering process), after combin-
ing monthly data into annual totals. It is derived from monthly SST
data for the North Pacitic. The shortest time series is based on an
EOF analysis of annual SST data for the North Pacific (Mehta
1998). It has been multiplied by 15 to facilitate comparison. For the
purposes of this study the amplitude is essentially arbitrary. The
correlation coefficients between the indices depicted vary between
0.8 and 0.95. Further details given in the text.

Interdecadal Pacific Oscillation (IPO, PDO, ENSO-like)
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Fig. 2 The SST signature of the [PO during its warm tropical
Pacific phase (i.e. when the [PO Index is positive). This particular
plot is based on an analysis of near-global SS8T data for 1911-1995
by Folland et al. (1998). Only the Pacific is shown here. It represents
the third unrotated EOF of low frequency SST variability. A 13 ¥
cut-off was used. [t accounts for approximately 13% of the low
frequency variability and 3% of the total variability (Folland et al.’s
1988 equivalent figure for the interannual El Nifio mode is 16% of
the total variability). The first EOF in the same analysis represents
global warming, while the second represents out-ol-phase temper-
ature fluctuations between the Northern and Southern Hemi-
spheres.
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Power et al. (1999)



ENSO-like
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Correlation analysis SST/ SAT
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Regression analysis
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a) Wet year frequency
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Annual rainfall in Antofagasta (23° 26’S)
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FIG. 9. Totales anuales de precipitacion en Antofagasta durante el siglo XX, en relacion a la ocurrencia de anos El Nino y variaciones
interdecadales asi como tendencias globales de la temperatura del aire y de la superficie del mar. Los eventos ENOS de
intensidad moderada se senalan mediante puntos negros, mientras que los eventos ENOS fuertes a muy fuertes se indican con
punto negro y letra ‘F’ (segun Quinn (1993), y revisado segun Trenberth (1997) para los eventos posteriores a 1950. Se indican,
ademas, los afnos en que ocurrieron aluviones o inundaciones en la ciudad (flechas negras) (1904-1913 y 1919-1967: datos
estacion Portezuelo. 1914-1918: carencia de informacion. 1968-1998: datos de la estacion de la Universidad Catolica del Norte).
PDO: Pacific Interdecadal Oscillation Index.

Vargas et al. (1999)



PC1 of annual rainfall along Chile (30°-40°S), 45%
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ENSO-rainfall stability Correlation analysis
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Coastal alongshore thermocline, SST, SLH, meridional wind
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GLoBAL TEMPERATURE TRENDS
Surface Troposphere

T -

-0.;5 -o.gs -o.gs -0.45 au.gs -o.és 015 0,050 005 015 025 035 045 055

OC per decade

0.6 T T X T X T E T E T - T

Difference (°C) from 1961 - 1990

-0.8

1860 1880 1900 1920 1940 1960 1980 2000

Period Rate

®*  Annual mean vears 9C per decade
. 25  0.177+0.052

=== Smoothed series 50 0.128+0.026
[ 5-95% decadal error bars w100 0.074+0.018

150 0.045+0.,012

14.6

14.4

14.2

14.0

13.8

13.6

13.4

13.2

(o) sainesadwa) ueaw
|eqo|6 [emoe pajewns3

1979-2005

IPCC (2007)



Temperature anomaly (°C)

Temperature anomaly (°C)
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Surface temperature
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1979-2006 Surface air temperature
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Annual rainfall
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Annual rainfall

EOF1 (1964-2006)

{.] I‘)@E P o 3558
/J * % 360s
{ ® o/ 90 |
/ao * 50 136.5S
B
: g0 " [3708
e °
{
/ 7’0_ 137.5S
[ ]
N e ' 38.0S
740W 730W 720W 71.0W

escala arbitraria

35°-38°S

CP1, 85% varianza explicada

_5 ; ; ; ;
1960 1970 1980 1990 2000 2010

anos

Montecinos (2011), SOC-28



2007-1997, CULTIVATED AREA
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2007-1997, CULTIVATED AREA
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(a) Baseline conditions: SLP, winds and meridional speed (SONDJF)
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Conclusions

- Strong observed interannual-to-interdecadal variability,
superimposed to a weak (?) long-term trend.

- The negative SST trend during the last 30 years is not
simulated by models.

- The most consistent observed long-term trends and
projections are related to the increase of sea level pressure
along mid-latidudes (AAO positive phase and/or La Nifia-like
condition): negative rainfall trend and positive alongshore
winds in central Chile.

- The mid-tropospheric temperature positive trend would
impact water availability.



