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Avances en Precipitacion
Orografica

Revisitando el Gradiente de Precipitacion Orografica (GOP) a lo largo de los

Andes (Falvey and Garreaud 2007; Viale and Garreaud 2015)

Tormentas de verano en los Andes subtropicales (Garreaud and Rutllant
1997; Viale and Garreaud 2014; Garreaud and Viale 2015)

Precipitacion en Nahuelbuta y el experimento AFEX: Una prueba para
modelos lineales (Garreaud, Falvey and Montecinos 2016)

Regimenes de precipitacion en Nahuelbuta y el expermiento CCOPE
(Masman, Minder and Garreaud 2017; Tesis de Cinthya Bravo)

Control orografico de la precipitacion en Patagonia (Garreaud et al. 2013;
Garreaud and Nicora 2014; actual investigacion con Sergio Gonzalez).
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Enhancement rate is more or less uniform (~2) across a wide range
of latitudes, despite changes in synoptic forcing and Andes height!

Upstream enhancement...more rainy days or more intense storms?

Viale and Garreaud 2015



Daily Precipitation Data
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Frequency of rainy days doesn’t change much between upstream
and upslope sectors.

BUT...At subdaily scales, both higher intensity and longer rainy
periods explain upslope enhancement.

Viale and Garreaud 2015



CALIPSO data
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Pregunta pendiente (y muy relevante)

Que controla el GOP en entre/intra tormentas?
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Anomalia [%]

Anomalia de precipitacion Enero-Agosto 2016

Estaciones entre 33-34°S
(% relativo a climatologia 1970-2010)
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Pregunta pendiente...
Que controla el GOP en entre/intra tormentas?

Estuctura y evolucion de la tormenta
Estabilidad del flujo (Fr=U/Nh))
Estabilidad termodinamica (conveccion?)
Contenido de humedad (IWV)

Microfisica (train < tadv =L/U)



Bloqueo orografico

El numero de Froude determina flujo sobre/flujo alrededor de la montafa

Fr=U/(Nh); Fr<1 flujo alrededor; Fr>1 flujo sobre
Si N=0.01, U=10, h=1 km es el limite

En caso saturado se emplea N_<N lo cual favorece ascenso sobre la montafia

Dynamics:Stable Flow
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Blocking in Areas of Complex Topography, and Its Influence on Rainfall Distribution

FI’Z U 2 MiM1 HUGHES, ALEX HALL, AND ROBERT G. FOVELL
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Vectors show sfc wind speed and direction,
normalized by open-ocean speed.

Composite maps of normalized precipitation rate for
rainy hours binned by Fr2.
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Postales del
Remocion en masa ;'V Y Yverano 2013




Rio Maipo en el Manzano

Promedios diarios de caudal, turbiedad,
y precipitaciones (2010-11)
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Anomalia de Caudal [m3/s]






equency at Afternoon
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nonrainy days obtained from MODIS data on board (left) Terra and (right) Agua, which pass over western South
America at noon and afternoon hours, respectively. In each panel, the white line corresponds to the Argentina—Chile
border (representative of the crest line), the black lines correspond to the topography height of 1000 and 3000 m, and

the blue circles represent the mountain weather station locations.
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Latitude South

Freq Lightning per Summer
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200 R. GARREAUD y ). RUTLLANT (1997)

Fig. 9: Representacién polar del viento en 500 hPa (Quintero) durante los dias con precipitacion estival. La linea segmentada
corresponde a la magnitud climatolégica en cada direccion.



Mean fields at 500hPa Normalized Anomalies at 500hPa
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Trough Weak West ([TWW) Wind - Cases
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How Linear is Orographic Precipitation?
Insights from Nahuelbulta Mountains in Southern Chile

René D. Garreaud, Mark Falvey, Aldo Montecinos

Departamento de Geofisica
Universidad de Chile-Universidad de Concepcidon




Jerstresm

Orographic Precipitation

Upstream precipitation enhancement/downstream rain
shadow is a very consistent meteorological pattern
produced by seemingly simple atmospheric physics.

The quantitative distribution of precipitation over mountainous terrain is,
however, a significant challenge in meteorology, especially as one considers
shorter time scales (e.g., daily or hourly accumulations). On the other hand,
precipitation distribution is a critical input for water resource and risk
management over complex terrain.

Several methods have been used to obtain the precipitation distribution over
mountains:

e Geo-statistical methods (e.g., PRISM) (need lot of obs.)

e Linear precipitation models (need to tune a few parameters, fast to run)

\ Widely used to force other models...but is it realistic?



Results from AFEX: Andean frontal Experiment

15 raingauges. 2011-2013. Estimated annual mean precipitation [mm]
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WRF (1 km) continuous run during winter 2011 (May-Sep) forced by GFS

Several weeks of computation in high performace computer...and a lot of pain.
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WRF-simulated ratios

Orographic modification ratios
For each of the 27 events....
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Multi storm statistics (28 frontal cases)

Prefrontal Frontal Postfrontal
Parameter stage stage stage
Duration (hr) 1715 3 106
Foothill accumulation (%) 4519 2829 279
Foothill rain rate (mm/hr) 12+0.7 4 7+1 05+04
Mnt. rain rate (mm/hr) 2 2+0.8 6.0+1 2 16+0.5
Leeside rain rate (mm/hr) 0.5+0.3 3 6+0.7 0.3+0.3
Upslope enhancement 2.1+x04 1.4+0.5 2.0+x09
Lee side suppression 0.3+02 08+05 0.5£0.3




Simulated 2011 winter (May-Sep) Precipitation [mm]

(a) WRF (Full physics)
-37 =
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(*) Linear Theory Model by Smith and Barstad (2004)
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Full WRF

Oro. WRF

LT Model

How similar are WRF and LT precipitation pattern at individual events?

Full event (36 hr) Prefrontal (20’) Frontal (20’) Postfrontal (20’)

Orographic WRF: Full topo — No topo
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Conclusions

v'"WRF model does a good job in simulating the seasonal mean and event
rainfall accumulation. WRF itself partially linear.

v’ Linear model does capture the seasonal rainfall distribution of
precipitation over the Nahuelbuta mountains, although it overestimate
accumulation in the windward side and produce a too strong rain shadow
effect.

x Over/under estimations in the LT model can be reduced by tuning their
parameters and filtering out many periods of light precipitation that the
model produce before actual rainfall began.

% LT model can’t resolve intense, short-lived (less than an hour) rainfall
episodes that are associated with non-linear effects during frontal passage.
This episodes are highly variable in time and space, so they smooth when
considering daily or longer periods.



The Chilean Coastal Orographic Precipitation
Experiment Pilot Project (CCOPE-2015)

Minder, Massman; Geerts, Fults, Sneider; Kingsmill, Valenzuela; Garreaud, Falvey
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Que controla el GOP en entre/intra tormentas?

Estabilidad del flujo (Fr=U/Nh))
Estabilidad termodinamica (conveccion?)
Contenido de humedad (IWV)

Microfisica (train < tadv =L/U)

Ice initiated, Seeder-Feeder Mechanism
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Sounding at 0229 UTC from CPG
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Transition from ice-initiated to warm rain controlled by synoptic evolution

RAMSDIS—CIRA/RAMM

Massman et al. 2016



Ice initiated, Seeder-Feeder Mechanism
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Preguntas pendientes

En que régimen (WR/Ice) es mayor el GOP?
(Obs + Simulaciones numéricas: Tesis Cinthya Bravo)

Que parametrizacion de WRF captura estos regimenes?
Deteccion satelital?

Evidencia de conveccion durante WR?
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High-distance cross-section along the
NW-SE direction of q,,;, and G.o,en

Ice initiated rain period

10 hour average

Snapshot

Warm rain period
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|IOP 3, July 7, 8 2015
WRF 1 km
Accumulated rainfall (mm)

Ice initiated rainfall period (12 hr) Warm rainfall period (24 hr)
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Patagonia 101: Precipitation

Mean Annual Rainfall (everybody guess) Height (max, 90%)
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Garreaud and Nicora 2014



One (typical) storm simulation (WRF)

Hourly results during a 3 day period. Resolved precipitation (colors),
Convective rainfall (contours) and topography

Salient features: Rainfall enhancement over the Andes windward slope, Rain
shadow, Convective rainfall along the coast
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Control topografico
(relevante para el clima del pasado muy remoto)

48 hr Accumulated Precip - Control Simulation
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Control topografico
(relevante para el clima del pasado muy remoto)

48 hr Accumulated Precip — No Topo Simulation
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Control topografico

(relevante para el clima del pasado muy remoto)

48 hr Accumulated Diff Precip (CTR-Ntopo)
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Rain No Convective (mm)
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Topography Mutiplication Factor v/s Mean |Rain No Convective

200

150

O Ocean
x Coast
—A— |ce Field

i
I
I
|
|
b

 Downslope

A

O~ Argentina

<>

O

~"

0.5 1
Topography Mutiplication Factor

Gonzalez and Garreaud 20177



Rain Cumulus (mm)

Topography Mutiplication Factor v/s Mean hain Cumulus
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Distribucion Espacial

Patrén de densidad similar entre afios (pese a cambio de ED)

Lightning density, 0.1x0.1 lat-lon boxes Number of lightning-days, 0.2x0.2 lat-lon boxes

Garreaud and Nicora 2014




Frecuencia de dias con LI<0.5...similar a CAPE>0
Datos CFSR. Notar maximo de cond. Inestables sobre Patagonia Oeste...

Garreaud and Nicora 2014



El maximo de ocurrencia de cond. Inestables sobre
Patagonia podria estar asociado a mayor TSM en esta region
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Observed SST

SST Experiments

Modified SST Difference
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Warm anomaly increases rainfall (up to 70%) ~ Gonzales and Garreaud 20172




Avances en Precipitacion
Orografica

Muchas preguntas pendientes

Necesitamos mas mediciones...muy bien pensadas

Necesitamos simulaciones para probar hipotesis
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