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Estructura

e Motivacion (que NO sabemos)
* El proyecto AFEX (mal nombre!)
 Precipitacion orografica en Nahuelbuta
e Condiciones medias
e Variabilidad intra tormenta
e Linealidad
e Microfisica
* El campo de temperatura sobre Nahuelbuta.



Un ejemplo de texto de un sistema frontal.
Donde esta lloviendo?




GFS 0.25 — Initial time: 00Z 16 June 2017 — Valid: 12Z 16 June 2017

PNM + V500. Donde esta lloviendo?




127 16 June 2017

00Z 16 June 2017 - Valid
Prec6h + V900 + Terrain

GFS 0.25 — Initial time
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Las cosas se complican en presencia de |la orografia

(a) MODIS Terra VIS, 17 June 2017 (b) Storm accumulation (15-18 June 2017)
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Impacto de la topografia en |la evolucién y estructura
frontal. Simulaciones WRF (Mark Falvey), Junio 2002
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Impacto de la topografia en la evolucion frontal:
e Fractura frontal (océano-continente) y desaceleracion

* Precipitacion prefrontal en cordillera (?)

* Incremento de la precipitacion sobre la cordillera (Intensidad,
duracion o ambos?)

26May1800¢TC E-W: 3-hr precip at 33°S N-S: 3-hr precip at Chilean coast
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Impacto agregado de la topografia en la evolucion frontal:

Incremento de la precipitacion sobre la cordillera
(Intensidad, duracion o ambos?)
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Impacto agregado de la topografia en la evolucion frontal:

Incremento de la precipitacion sobre la cordillera

(Intensidad, duracion o ambos?) Vileand Garreaud 2015
Daily Precipitation Data
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Pregunta pendiente (y muy relevante)
Que controla el GOP en entre/intra tormentas?
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Hasta el 2011 sabiamos:

e Acumulacion anual se incrementa con la altura

* Incremento orografico mas o menos uniforme con latitud!
e Numero de dias con precipitacion no varia con altura

e Acumulacién diaria/regional depende del flujo zonal

Para entender en detalle los efectos de la perturbacion
orografica en la distribucion de la precipitacion (GOP(t))
necesitamos al menos:

e Una densa red de instrumentos en altura

* Mediciones de lluvia y nieve N Complicado....

e Resolucién horaria o menor vamos a la costa

e Un buen modelo Y,



Proyecto Fondecyt 1110169

Efectos de la topografia en la precipitacion de Chile central
René Garreaud, Mark Falvey, Aldo Montecinos
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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

oh

w(x,z,)=U— — I— w(x.,z)ap—"‘dz ~ Uo—h
ox % oz

X

e Weak Stability, —>
No Blocking 5

o= —m—m—m—m—mmmm— w(x,zn)ilf@ _)J;—w(x,z)%dzm?
Ox 5 Oz

———_ Strong Stability,
» — Blocking

Richard Rotunno



Deberian existir diferencias importantes en la modificacion orografica
producida por Cantillana (subtropical) y Nahuelbuta (Latitudes medias)
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Precipitacionmedia annual
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Meso-red de termo-pluviométros en la cordillera de Nahuelbuta

14 HOBO RG-3M, 10 min Ta & 0.2 mm
01 Estacion Vaisala (Ta, HR, V, R)

02 Junio — 26 Sep. 2011 — 2013
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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.

WRF simulated precipitation [mm]
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WRF-simulated ratios

Orographic modification ratios
For each of the 27 events....

I |
: 3hr Rupatope | B5%

- —

|
|
|
3hr :'R':I:H‘T\-“]HI :
|
I ' I &
a| l ° N
I | o o e
| | 9 I
' | e d .I
I | | &
25| | d e !
. : : -“/ |
° ® |
t l l l‘/; :
- | + . °
| e |
¥ // [ ]
| P(ETA+A3P
e o | Event R,ope | PIETA+ASP)
[ e /‘” | ) : P(MEO+CUR)
r | |
15- yd ¢ | :
‘e o 4 : : : £ TES
e o o, | . — 0
IWf—————g —————— . o NS e —: ———————
o q | I
- | I
| o0 /."/ ° : :
05/ ®e 09 . | i MeoCUR
| e ° P(TES+EOM) i '
: A ® Epent R AL ' :
I Riceriae P(MEO+CUR) |
o' I
| I S S S [N T T T N [ S S T (S S T T i ™ S S T [ T T | S
0 05 1 15 2 25 3 35

Observed ratios



A typical frontal passage over Nahuelbuta (WRF1km)
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Composite frontal passage over Nahuelbuta

(a) Meridional wind speed [m/s]
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Conclusions I: Multi-storm statistics (28 frontal cases)

Prefrontal Frontal Postfrontal Annual
Parameter stage stage stage mean
Duration (hr) 175 3 106
Foothill accumulation (%) 45+9 2819 2749
Foothill rain rate (mm/hr) 12+07 4 7+1 05+04
Mnt. rain rate (mm/hr) 2 2+0.8 6.9+1.2 1.6+05
Leeside rain rate (mm/hr) 05+0.3 3 6+0.7 0.3+0.3
Upslope enhancement 5104 1.4£0.5 5.5£0.9 1.9
Lee side suppression 0.3x0.2 0805 0.5£0.3 0.7

e Metrics of upslope enhancement and lee-side suppression
vary widely within the storms (and also between storms)

 Annual mean values can be deceptive




Modelo basico de precipitacion sobre una pendiente
(Raw upslope model, e.g., Smith 1979)
Tasa de condensacién: Dewjsat _ , SPwsat
Dt dz
Si los hidrometeoros caen al suelo de manera instantanea R ( ’:g ) = fomw(z)wdz
meseg dz
Caso simple: w(z) = al(z) R= afow U(z)%dz
dh 7 00
Supongamos U(z)=constantey a = o (pendiente del terreno) R=a l(][,(o,,‘,/sat[0 T
= 1km, 2L-100km(x=% U=10ms™
Lo cual se reduce a R= Ug—:rmt(z = 0)pgire(z=0) [=16075= 11}(— \Paire = 112 kg/m’
A
| } B L . kg mm
= 1? gm veg hr

N\
N\

N

Intensidad de precipitacion
N

Demasiada precipitacion!....Demasiado simple!
Faltan dos efectos importantes: Dinamica del flujo sobre la montafa y microfisica




HEIGHT (km)

Ondas de gravedad generadas por topografia

Caso de una montana aislada. Notar ascenso corriente arriba de la montana

Montafa angosta (b) (@) Montafa ancha

(a)

‘1.5 0 1.5 -10 0 10 20 +150 0 150
X (km) X (km) X (km)
V4 . ~a ~ g
penetracion Zpenetracic’m ~ N

En caso de un ambiente saturado se debe sustituir N(~0.01st) por N, ,.; (~0.005s%)



U Microphysics

< - >
Ticrophysics ~ ~ 10008
Tnow = LTU
Si U=10m/s y L=100km 7,4, =10.000seg
Si U=10m/s y L=10km 7, . =1.000seg

Richard Rotunno


Moderador
Notas de la presentación
For L too small, it is hard to notice the orographihc enhancement, since rain may fall downstream
of a particular hill.


[
o

—_
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15 June 2004 SMITH AND BARSTAD 1377

A Linear Theory of Orographic Precipitation

RONALD B. SMITH AND IDAR BARSTAD
Department of Geology and Geophysics, Yale University, New Haven, Connecticut
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LT model over actual topography u
forced by NW flow
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Simulated 2011 winter (May-Sep) Precipitation [mm]

(a) WRF (Full physics)
-37 =

-38

73.2 73 -73.2 -73 -72.8 -72.6 -72.4
T T T T T T
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 4000 4500

(*) Linear Theory Model by Smith and Barstad (2004)
T.=1,=1000s,P_,=0
30 min of calculation in domestic PC



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, Montecinos
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Precipitacion Orografica depende de:

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

Microfisica (train < tadv =L/U)

Ice initiated, Seeder-Feeder Mechanism

<&——— 60km > <& 40 km

v



Elevation (m above msl)

Accum. Precip {(mm)

Diameter (mm)

.Y aqui viene una sorpresa
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...y aqui viene una sorpresa!
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Transition from ice-initiated to warm rain controlled by synoptic evolution

July 8, 2015 - 0300 UTC July 8, 2015 - 1500 UTC
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Ice initiated, Seeder-Feeder Mechanism
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lce-initiated Rain

35 —3.0
b)

. 30¢ 2.5

E

E 35} -

o 0=

o £

£ 20} =

= 155

%15- 5

2 1.0

Ej0}

o

< ¢l 105

I5M ARA S5JC CRL TBO ETA A3FP CAR GCAD'D

600 — . Ice—lrl'unatedIRaln 30

b)

=
1%l
Flavatinn (lrm)

Accumulated Precip (mm)
=
L=

ARA CRL TBO ETA CAR GCA

=
=]

Uﬁl.-'arml Rair‘ln

=3}
=

L
=]

-4
=]

B2
=]

Accumulated Precip {mm)
Lad
o]

=
=]

=

600

Accumulated Precip (mm)
S
[}

B Unclassified Rain c)
| |B== CRLID'd Warm Rain

=
(%]
Elevation (km)

I5M ARA 5JC CRL TBO ETA A3P CAR GCAD'D

I neatinn

Wla rm Rali n

3.0

B Unclassified Rain
3 CHL ID'd Warm Rain

c)

g M
o u

=
[ ¥4
Elevation (km)

TBO ETA CAR
Location

Massman et al. 2017



AFEX WRF simulation
High-distance cross-section (NW-SE) of q,.., and gs,.,e
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Podemos emplear WRF para estudiar esto? Si!
Poster/Tesis(MMC) Cinthya Bravo, DMC
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Podemos emplear WRF para estudiar esto? Si!
Poster/Tesis(MMC) Cinthya Bravo, DMC
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Campo de temperatura sobre Nahuelbuta: T(z)

25

186 188

190

192

194 196

198

Temperature (°C)

I R-infall

TNO-731m
ETA-750m
CAN-760 m
EBA-763 m H

o
Rainfall (mm)

10 ] - 0
183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199
Julian dav. 2011
1500 - i 1500
\ Rainy events Dry events
ow ® \ o
\
\ .
1250 " 1250 ""._-?
@ \\o o £ ®
g \
@ L ]
L A
1000 OC%J{\ 1000 - P ® \ @
—_ ’ - \ A
ﬁ \\CI’ / EE)I\.?.:r \ Y ®
< @ e f’ e \\ ]
E P \ : _: A EeA
750 ? ¢ hd 750 @ 5! N e 0y
5 ‘%%\\ \EBA ETA 1R AR ETA
T > A d
o e
S00F 253 S00-
\
\
\
@ @\ (0] [ ]
20p \ 250+ 56 AM 24 PM
@ & @ ]
[5) d-\ Q o
\
0 1 1 1 1 \ 1 1 1 I 1 L 1 1 1
2 0 2 4 ] 8 10 12 14 18 9 ° 2 8 8 0 12 14 18 18

Air temperature [°C]

Air temperature [°C]

Gonzalez & Garreaud 2017



MODIS Land Surface Temperature
2xdia, 250 m, 2001-hoy

Air Temperature AFEX Network (°C)

Compuesto LST pada dias despejados 2011
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Simulacion WRF 3km caso 21 Agosto 2011
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Simulacion WRF 3km caso 21 Agosto 2011

u{b)Air temperature difference (°C) (august 20, 02:30 LT - august 19, 18:00 LT)
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Conclusiones Il

eDurante el dia es razonable emplear un gradiente
adiabatico para determinar T(z)

*En presencia de precipitacion (o al menos nubosidad) es
razonable emplear el gradiente adiabatico saturado

eDurante noches despejadas, el campo de temperatura
superficial es complejo y modulado por |la accion del
viento tanto en superficie como por la formacion de
ondas de montana en altura.



http://dgf.uchile.cl/rene/Nahuelbuta/
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Precipitacion Acumulada Mayo-Junio 2012 [mm]
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