Orographic Precipitation II:

Effects of Phase Change on Orographic Flow
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Dynamics—->

w=w(H, L,U,Stability, Coriolis,3D Effects)

Pys = saturation vapor density
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E.f'fects of Water in .t'he Air 'o.n Buoyancy .
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P = density R

© "env” = environment
~ “par” = parcel




moist air is a mixture L = Py + Jo + £

gas law p=(psRy + L,R)T

/ definitions - | o = Rd (], = Py 0, = P T P
R, P P
Ny Eul A JUPEE

gas law PRy 1+q. = PRy

£ =density
subscript d = dry air
subscript v = water vapor
subscript | = liquid water



substitute T for 2

water vapor less

. dense than air

liquid water more -

- dense than air
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Air Parcel Behavior with Phase Change
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Latent Heat Release Reduces Stabllity



Dynamics:Stable Flow
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+ Weak Stability, No Blocking
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- Simplest Model-> Rainout = Condensation " .

: R(X) = j— W(X, z)%dz
0




Simple Model Overestimates R
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Introduce Time Lags

Conversion from Cloud droplets to

d Jo d Joa Jo Las Raindrops
dt T,

d Precipitation
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Smith and Barstaad (2004)
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Transfer Function

Transform of precipitation field

/ / * Terrain transform

R(k, 1) = —— Culon(kl)
[1-ImA J[1+ioz ][l+1o7 ]

SR / /a=Uk+VI

Airflow dynamics: Cloud physics: Cloud physics:
Uplift penetration conversion fallout

. Each bracket shifts and reduces precipitation



Triangle Ridge: Three models
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« With Weak Static Stability No Blocking—>

Linear Theory Applied to Oregon Climate
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Air Parcel Behavior with Phase Change
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~ | > Fundamental Nonlinearity

~ | Upward Displacement: |+« «
« | Parcel Remains

.| Saturated

| Downward Displacement:

Parcel May Desaturate
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Saturated
Conditions
Upstream,
Unsaturated
Conditions
Downstream/ |

(Foehn)Wind

Miglietta and Rotunno
(J. Atmos. Sci., 2005)
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Air Parcel Behavior with Phase Change
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Latent Heat Release can Produce Instability



Global Measure:

Convective CAPE = IBdZ

Available
Potential Energy

p(Zo)

IBdZ_R j( par_ env)dln P

p(z)

Emanuel (1994)






W_. =~/2xCAPE ~2-50m/s

OPys 4
0z

C(z,) = T—W(x, Z)

C(z,) =W, p.(z,) =2m/s x x.01Kg/m® =72 mm/h I
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Bad News:
Upslope Wind Moves Cells Downwind->
Rain Accumulation Small



Typical Rain Cell Life Cycle
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Good News: Cool Air Outflows May
Initiate New Cells Upstream -

Chu and Lin (2000)



Bad News: Cool Air Outflows May
Propagate Too Far Upstream

Chu and Lin (2000)



. Good News:Rain Accumulation Large
o If Wind Varies with Height such that
Cells are Stationary wrt Mountain—->




'Big Thompson
Flood
Colorado, 1976

Rainfall in Inches

Falling at a Rate

Exceeding 6 in/hr
(150 mm/hr)

Caracena et al. (1979)
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Summary

Dynamics of orographic air flow strongly coupled to |
latent heating

Stable Case: Latent heating renders flow less
stable making possible flow over tall mountains

condensing large amounts of water vapor.
Microphysics present major uncertainties, however.

Unstable Case: Convective cells may produce large
amounts of condensed water, but motion of cells
wrt to mountain makes detailed prediction difficult.
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