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Outline

e Climate background

e Interannual (year-to-year) variability

e Observed trends (last decades)

e Climate projection during the 21st century




Tropical Tropopause (15 km)
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General circulation in an aqua-planet
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General circulation in an aqua-planet
Perpetual Equinox

- Jet stream (westerly flow)
aloft (10-12 km): long term mean.
Boundary between subtropical

Midlatitude precipitation and extratropical air masses

maximum and westerly belt



Idealized (zonally symetric) circulation disturbed by continents
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Zonal (east-west) mean flow over the Andes

Brown area: Terrain mean height
Dashed line: 500 hPa, half of the atmosphere below!
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Precipitation and upper level winds
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Precipitacion en latitudes medias

Las perturbaciones de latitudes medias (ver clase anterior) también transportan
calor hacia latitudes altas, continuando el proceso de transferencia de calor que
realiza la atmosfera.

500 hPa




EBUS: Subtropical anticyclones,
equatorward flow and cold SST
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Persistent Stratocumulus cloud deck over the SEP
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Persistent Stratocumulus cloud deck over the SEP
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Subsidence over SEP distorted by land heating/cooling
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Figure 2: Esquema del perfil vertical de temperatura que tipicamente se observa en la zona central
de Chile (en torno a los 33°S) sobre la base de los valores medios obtenidos por Rutllant (1994).
La linea gruesa representa el perfil sobre la costa. Las lineas delgadas representan el perfil sobre
la cuenca de Santiago (nivel del suelo a 600 msnm) a distintas horas del dia. El perfil sobre la
cuenca coincide con el observado en la costa sobre el tope de la inversion térmica de subsidencia.
También se indica el rango de variacion tipica (+1o) de la temperatura minima en Santiago y la
temperatura del tope de la inversion.

Garreaud & Rutllant 2005



Andes mountains disrupt mid-level westerly flow

(a) Meridional wind at 27°S
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Fig. 4. Pressure-longitude cross section of the meridonal wind at
27° S during austral spring (SON). Contour mterval is 2m/s, the
zero line is omitted and negative values in dashed lines. The brown
area represents the Andes profile at this latitude. To the west of the
Andes there is a southerly low-level jet (signalled by an S) just off
the coast and a northerly jet (signalled by N1) close to the Andean
slope. To the east of the Andes there is evidence of the northerly
low-level jet (signalled by N2). Data source: PRECIS sunulation of
the present day climate.

Garreaud 2009

(b) Wind vectors over Santiago
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Figure 4: Diagrama altura-tiempo de los promedio de invierno del viento horizontal (flechas),
componente zonal del viento (sombreado) y altura de la capa de mezcla sobre Santiago (linea
segmentada gruesa). Los promedios del viento fueron construidos en base a los registros horarios
medidos por el perfilador radio-acustico de la Platina (33.5°S, 70.6°W, 620 msmn, suroriente de la
ciudad de Santiago) de los meses Mayo a Septiembre del afio 1998 y 1999. La magnitud del viento
es proporcional al largo de la flecha y su direccion esta dada por la orientacion de la flecha en
forma usual, como se ejemplifica al margen. El sombreado indica la magnitud de la componente
zonal segin la escala bajo el diagrama. La linea sdlida indica la altura en la cual la componente
meridional del viento cambia de sur a norte. La altura de la capa de mezcla corresponde al

promedio para los meses de invierno obtenida por Ulriksen (1980) sobre la base de mediciones con
globos radiosonda.



Andean slope also produces cross-mountain circulations

Rutllant et al. 2003
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Figure 9. Schematic diagrams of the zonal mass flux (thick arrows) and zonal flow (thin arrows) across
the arid northem coast of Chile: (a) austral summer afternoon conditions and (b) austral winter early
morning conditions. The dashed rectangle in Figure 9a represents the cross section depicted in Figure 8.



South America monsoonal regime and Altiplano rainfall

Mean annual cycle
Colors: OLR (proxy of precipitation)
Streamlines: 200 hPa (~12 km) wind
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South America monsoonal regime and Altiplano rainfall

VIS and IR2 GOES images
during an active summer afternoon



Summer Altiplano rainfall: Intraseasonal variability
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Summer Altiplano rainfall: Intraseasonal variability

(a)
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Interannual variability of wind and moisture at 30°S-70°W

a. Precipitable water (g/m2)
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Interannual variability ~ changes in large-scale circulation

1. Introduction

The climate dynamics literature abounds with patterns
of variability: some labeled as teleconnection patterns.
oscillations. clusters, seesaws, or modes; many others
known only by mode number. The documentation of
structures in sea level pressure (SLP) and upper-tro-
pospheric geopotential height fields has proceeded
largely independently, each yielding its own set of pat-
terns.

The different analysis techniques used in climate dy-
namics research also yield different patterns, and even
the same technique can yield quite different results, de-
pending upon whether it is applied to a total field or to
the zonally symmetric or asymmetric components of
that field. The patterns that have emerged in various
studies have also been conditioned by the spatial domain
of the analysis, the manner in which seasonality is treat-
ed, and the time interval over which the data are av-
eraged before the analysis is performed.

Quadreli and Wallace, J. Climate, 2002



Leadings modes of interannual (and longer)

of atmospheric variability: ENSO - PDO(?) - AAO
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Fig. 5. Time series (1920-2000) of monthly mean Multivariate ENSO Index (MEI), PDO Index and AAO Index. All indexes were smoothed using a 5-month running mean filter. Original
indices obtained from Climate Diagnostic Center (NOAA).



Leadings modes of interannual (and longer)
of atmospheric variability: ENSO - PDO(?) - AAO
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Annual mean Precip/SAT regressed upon

index of large-scale modes (50 years of data)
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Interannual variability - Major ENSO impacts
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Variabilidad interanual de la precipitacion

de invierno en Chile central

Who knows?
Antarctic Oscillation?
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ENSO-related variability explains about 1/3 of the central Chile rainfall

variability. Not quite enough for seasonal prediction...look for other forcing



a. <OLR,OLRA> and <({u,v}I200,O0LRA>
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Summer Altiplano rainfall: Interannual variability

Correlation between DJF precipitation and U200 (17S-70W)
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Observed trends (last 3 decades): Air temperature
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Ocean cooling — land warming along north-central Chile.

Pattern reverses farther south
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Height (m)

Depth (m)

Cooling MBL / warming lower free troposphere

— increased lower tropospheric stability .... Sc?
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Observed trends: Precipitation 1970-2000
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CO, emissions (Gt C / yr)

Future Climate Scenarios

GHG (CO2,...) emissions projections + GCMs
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Multimodel average of difference in
zonal mean air temperature between A2 and BL

Pressure

1000

Lu et al. 2007

Warming of the tropical upper troposphere »Increased static stability at

subtropics and midlatitudes » polerward expansion of the Hadley cell



Multimodel average SLP difference between

A2 (2070-2100) and BL (1970-2000)
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Strengthening of the poleward flank of subtropical anticyclones and poleward

shift of the midlatitude storm track is very consistent among GCMs
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Multimodel precipitation and surface

temperature Changes (A2-BL)
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Figure 11.15. Temperature and precipitation changes over Central and South America from the MMD-A1B simulations. Top row: Annual mean, DJF and JuA temperaiure PCC 2007: WG1-AR4 (2007)
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Multimodel mean diff. A2-BL
in 200 hPa wind, summer
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Ditterences A2(2100-2070) — BL(1960-1990)

Obtained with a regional climate model (PRECIS) forced by HadCM3 / A2
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Height [m ASL]
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Precipitation Changes over the Altiplano: ;?
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Precipitation Changes over the Altiplano: Drier and warmer
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Material Adicional....



Atmospheric circulation is governed by fluid
dynamics equation + ideal gas thermodynamics

dV+ fk“xv:_lvp_FRJrg Momentum eqn.
dt Jo,
(jt e V)T - SPO) - QRAD + QConv + an: Energy eqn.
0w
VV+-—=0 Mass eqn.
op
o(9z) — _RT Idea gas law
op P
gﬁ:—C+E
t Water substance

eqgns.



Global Models (GCM)

Az

= - ——

Alat ~ A'lon ~ 1° - 3° Az ~ 1 Kkm At ~ minutes-hours
Top of atmosphere: 15-50 km



Precipitation

Surface Air Temperature

Seasonal correlation between Precip/SAT and
Multivariate ENSO Index (50 years of data)
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