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A importancia das nuvens
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Microfisica de Nuvens

« Mudancas de fase da substancia agua
 As possivels mudancas sao:

Vapor —— Liquido

S E—

Liguido —— Solido

G

Vapor —— Solido

D




Formacdo das Nuvens
A parcela de ar sobe e resfria até a saturagdo no NCL,
Nucleos de Condensacdo de Nuvens, NCN sdo ativados,

A pressdo de saturagdo do vapor decresce com a continua ascensdo e
resfriamento - a parcela comega a ficar supersaturada,

Um maior ndmero de NCN sdo ativados em regioes de umidade
relativa mais altas.

Nucleos de Condensagdo de Nuvens

Particulas suspensas no ar que ddo suporte para o crescimento das
gotas de nuvens ou gelo

solo, areiq, poeira, sal, poeira vulcdnica, particulas emitidas a partir de
fdbricas, aeroséis naturais
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Processos de Precipitagdo

Condensacao
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Nuvens Quentes - Processos de Crescimento
das Gotas de Nuvem

Condensacdo - Difusdo
Colisdo e coalescéncia

Derretimento do gelo



Crescimento das Gotas

Cloud Droplet Growth by Condensation
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Crescimento das Gotas

Comparisons between e of a Droplet and its Environment

the environment and the air surrounding the droplet
are assumed to be saturated
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The droplet shrinks by
evaporation

Vapor é transportado
da regidao de maior
para a regido de
menor pressao de
saturacao



Crescimento das Gotas

Interaction of Droplets with different eq
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Classificagdo das Gotas

Conventional borderline
between cloud drops and

raindrops
r =100
V=70 .
Large clbud drop
r=s 503
- 'n=10
V=27

Ty/pncal condensaﬂon nuCleus
r=0.1|
n={0% -
V =0.000I
Typical cloud drop =~ Key: |
or=10. - {r-radius in microns
n=[0% - n-number per liter |
v=l o - V-terminal velocity {
in centimeters
per second
—"_Typical raindrop r=1000, n=1, V=650 T

F1G. 5.1. Comparative sizes, concentrations, and terminal fall velocities of some of the
particles involved in cloud and precipitation processes. (From McDonald, 1958.)



Crescimento por colisdo e Coalescencia

Consiste em dos passos:

Colisdo inicia quando a gota atinge o raio de 18 microns
Eficiéncia da colisdo aumenta com o aumento do tamanho da gota
Nem todas as colis6es resultam em coalescéncia

A coalescencia é afetada pela turbuléncia, presenga de
contaminantes na superficie, campo elétrico e cargas

Spectro de tamanho de gotas favorece mais colisoes
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Fig. 6.20 Calculated values of the collision efficiency, E, for
collector drops of radius r; with droplets of radius r,. [Adapted
from H. R. Pruppacher and J. D. Klett, Microphysics of Clouds and
Precipitation, Kluwer Academic Pub., 1997, Fig. 14-6, p. 584,

Copyright 1997, with kind permission of Springer Science and
Business Media. Based on J. Atmos. Sci. 30, 112 (1973).]



Fatores que afetam a Eficiéncia
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Nearly Homogeneous Droplet Distribution Wide Spectrum of Cloud Droplets
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Fig. 12 Fevw colisions - slow development of rain Figt. 13 Many colisions - rapid developmesnt of rain



Quebra das Gotas e

Gotas em queda cobrem
um volume cohico

Gotas sdo instaveis logo
apés a coalescéncia

Experimentos em
tUneis de vento: 4.5 mm

Quebra das gotas
resulta em um spectro
de tamanho de gotas e
limita o tamanho
mdximo da gota

Multiplicagdo

Falling
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Nuvens Frias - Nucleacdo do Gelo

Gelo se forma sobre os nicleos de condensagdo do gelo "Ice Nuclei
(IN)H

IN possuem a habilidade de atuar como uma superficie para os
cristais de gelo iniciar o crescimento a partir da dgua nas fases
liquida e vapor.

IN sdo ativados em fungdo da temperatura

IN e temperatura de ativagdo
Todeto de Prata: -4°C

Poeira: -9°C

Cinza Vulcanica: -13°C



‘Nucleagdo por contato

‘Nucleagdo Homogenia

‘Nuvens Quentes (temperatura do fopo maior que -10°C) raramente
possuem gelo
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Crescimento dos Cristais de Gelo

Crescimento por deposigdo: Vapor de dgua condensa sobre as particulas de
IN e congelam

Crescimento por contato: IN inicia um cristal de gelo assim que entra em
contato com uma gota de dgua supergelada.

Crescimento por congelamento: congelamento das gotas de dgua supergelada

Acresgdo de gotas de nuvens : particula na fase de gelo atinge um famanho
suficiente para iniciar a queda e coleta gotas supergeladas,

Agregagdo: particulas de gelo de unem para formar um floco de neve



Interaction of Cloud Droplets and Ice Crystals
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Growth by Deposition

ice
crystal

WWater
Wapar
rmolecule

A pressdo de saturagdo sobre a superficie do gelo é menor que a da dgua liquida, portanto,
em um mesmo ambiente, o vapor “prefere” se mover em diregdo da superficie do gelo ao invés
da gota liquida
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Fig. 3.9 Variations with temperature of the saturation (i.e.,
equilibrium) vapor pressure e; over a plane surface of pure
water (red line, scale at left) and the difference between e,
and the saturation vapor pressure over a plane surface of ice
esi (blue line, scale at right).



Crescimento por deposicdo

Porcdo média e alta da nuven



Growth Collision with Cloud Droplets and
other lce Crystals
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graupel, needles of snow, and finely dendritic or powder snows




Multiplicagdo das Particulas de gelo

- Mecanismo Seeder-Feeder:

-Uma nuvem com cristais de gelo (seeder) em uma dada temperatura (ex. -
14C) move sobre o topo de uma nuvem mais baixa com gotas supergeladas
(ex. -6C) e precipita gelo nesta nuvem (feeder)

-Divisdo durante o processo de “riming”:

-As particulas de gelo coletam gotas supergeladas (via accretion), e o
liquido inicia o congelamento. Em temperaturas préximas a -5C as gotas
supergeladas iniciam o congelamento a partir da superficie para o centro
da gota. A expansdo devido ao congelamento do liquido interno quebra a
casca formada na superficie da gota. Essa divisdo produz mais IN para
coletar gotas supergeladas



A Importancia da Parametrizacdo das Nuvens

*Presenga das nuvens altera o
balango radiativo

*Ajuste da umidade e da
temperatura em pontos
convectivamente estdveis.

*Produgdo de precipitagdo para
o modelo hidrologico

*Identificagdo dos tipos de
precipitagado.
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Esquemas de Parametrizagdo de Microfisica

» Dois tipos

Detailed (bin) bulk

Size distribution
assumed to follow
functional form

Size distribution
discretized into

T bin:
Il-_,

Diameter (D) Diameter (D)

Single moment = razdo de mistura

= razao de mistura, distribuicao de tamanho,

Multi moment .
refletividade, etc.



Zhao cloud microphysics
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Ferrier Microphysics
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RAUT:
RACW:
REVP:
CND:
IDEP:
|IACW:
IACWR:
|ACR:
ICND:
IEVP:
IMLT:

Principais processos microfisicos

Cloud water autoconversion to rain (T>0)

Cloud water collection (accretion) by rain (T >0)

Rain evaporation (T <0)

Condensation (>0) or evaporation (<0) of cloud water
Deposition (>0) or sublimation (<0) of ice crystals

Cloud water collection (riming) by precipitation ice (T>0)
Shedding of accreted cloud water to form rain (T >0)
Freezing of rain onto large ice at supercooled temp (T >0)
Condensation (>0) onto wet, melting ice

Evaporation (<0) from wet, melting ice

Melting ice (T >0)

B. Ferrier, 2005



Conversoes

Water Vapor

(Qv) Snow (Qs) [Rain (Qr) Cloud (Qc) Ice (Qi)
condensation sublimation accretion accretion initiation
autoconversion
evaporation accretion autoconversion [(into rain) sublimation
autoconversion
ice initiation (fromice) evaporation condensation deposition

deposition (onto
ice crystals)

freezing (from
rain)

freezing (to snow)

freezing (to ice)

melting (to cloud)

melting (to rain)

melting (from
snow)

melting (fromice)

freezing cloud

accretion

autoconversion




FEATURE

Prognostic
variables

Condensation
algorithm

Precip fluxes
and storage

Precip type

Mixed-phase
conditions

Zhao & Carr (1997)
[Modified version in GFS]

Water vapor, cloud condensate
(water or ice)

Sundgvist et al. (1989)

Top-down integration of precip, no
storage, & instantaneous fallout.

Rain, freezing rain, snow

No coexistence of supercooled
cloud water & ice, simple melting
eqgn.

Ferrier et al. (2002)
[In Eta]

Water vapor, total condensate (cloud
water, rain, cloud ice,
snow/graupel/sleet)

Asai (1965)
[used in high res models]

Precip partitioned between storage in
grid box & fall out through bottom of
box

Rain, freezing rain,
snow/graupel/sleet (variable rime
density for precip ice)

Mixed-phase at >-10C, includes

riming, more sophisticated
melting/freezing

B. Ferrier, 2005



Deriving hydrometeors species from total
condensate

» Water vapor (q,), total condensate (q,) advected in model

» Cloud water (q,,), rain (q,), cloud ice (q,), precip ice (“snow”, q,)
calculated in microphysics

» Local, saved arrays store fraction of condensate in form of ice (F,),
fraction of liquid in form of rain (F,). Assumed fixed with time in column
between microphysics calls. NotethatO<F,,F. <1.

» =0, +9,+q+0d,, Qe=0+d, = F=0q/q, F=q/(,+q)

Internal to microphysics Rest of model

B. Ferrier



Outras Caracteristicas do Esquema de Microfisica

Ferrier

Discrimination between cloud ice and “snow”

— Assume-50 mmsize cloud-ice, no fall speeds

— No claud ice if T>0°C (melting) = only “snow”

— N, =0.2:N; (N=# snow, N;= # cloud ice crystal)

— N, =0.1-N; if above ice saturation & -8°C< T < -3°C

Variable rime density = assumes accreted liquid water fills air holes of

ice lattice without changing volume
Total Growth

o H ” _
— “Rime Factor” (3D array) = RF = Depositional Growth

Efficient look-up tables store solutions for:

— Various particle moments (ventilation, accretion, mass,

precipitation rate) at 1 mm resolution

— Composite diameter - fall speed relationships
— Increase in fall speed of rimed ice (Bohm, 1989)

B. Ferrier



(color fill = 24h precip in mm,
contours of sfc pressure in mb)

Reduced High Bias in Upper-Level Cloudiness

127 3 May ‘01 10-km Eta Central High Res Window Runs

24-48h Total Precip 12Z 5/5/01 (Zhao) 24-48h Total Precip 12Z 5/5/01 (“Ferrier”)
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Reduced high bias in light precipitation (areas 1, 2) & improved
orographic precipitation (area 3)

(0-60 h forecasts of accumulated precipitation
in inches valid 12Z 28 Oct 2001)

T o (iR 0.25 0.6 0.75 1 1.8 a el 4

22-km Eta Zhao 12-km Eta Ferrier

microphysics microphysics



Reduced High Bias in Upper-Level Cloudiness
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