What is Convective Paramet%rization 2

A technigue used in NWpP to predict the

collective effects of (many) convective clouds
that may exist within g single grid element
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Why do NWP models need tﬁ Worry
| about it?

e Direct Concern: To predict convective
precipitation

o Feedback to Larger Scales: Deep
convection "overturns” the atmosphere,
strongly affecting mesoscale and larger
scale dynamics:

Changes vertical stability
- redistributes and generates heat
- redistributes and removes moisture

surface heating and atmospheric

- Makes clouds, strongly affecting
radiation |



How Does the Feedback Occur In a
Model?

..At every model grid point, predictive
variables change each time step as g

Junction of a number of processes,
including convection...

lemperature

— = Prad + Pcony +Pcond/evap + Phdift + Pydisr

dt
+ Pstc

where

de _d6 N 0 0d0 96
d ot ox y dp

water vapor

dq,
dt

=+ Pcony + P cond/evap + Phdifr +‘P vdiff

+ Pssc



u (and v)-momentum

10
ad + = 9P fv = (Pconv) + Phdiff + E’vdiff + Pstc

dt pox

...When activated, a convective
parameterization computes the changes
in Temperature and Moisture (possibly
cloud water, momentum, etc.) that would
occur at each vertical level if convection
developed in the given grzd-poz t
environment... g

for example,

9_9 . Ocna —einiﬁa]. - P
Ot cony . leeny

where 1, is a convective time sc le
Wplcally 30 mins. to 1 hr.




How to Parameterize..J

- Relate unresolved effects (convection) to grid-scale
properties using statistical or empirical techniques

- What properties of convection do we neech to pfedict?
* convective triggering <Yf 5/ NoD
e convective intensity (how much rainfall%eating?)
« vertical distribution of heating

e vertical distribution of drying



When, Where, and How much...

e Triggering (always requires positive area ona
thermodynamic [e.g., Skew-T, Lag-P]
diagram) |

Different approaches; either

- Mass or moisture convergence threshold exceeded
at a grid point, or

- Positive destabilization rate, or

- Perturbed parcels can reach their level of free
convection

- CLOVD-LAYER MOISTURE 1S SWFFrcienT

e Convective Intensity (net heating)
either
- Proportional to mass or moisture convergén‘ce, or

- Sufficient to offset large-scale destdbilizatifn rate,
or - |

/ Sufficient to eliminate CAPE ( CONSTRANED BY
AVAILABLE MOISTURE)




e Vertical distribution of heating and diyiné

either

determined by nudging to empirical re%rence
profiles, or ‘

- estimated using a simple 1-d cloud model to satisy
the constraints on intensity



Schemes based on mass, moisture convergence
(e.g., Kuo-type schemes)

1.) Atmosphere is conditionally unstable;

2.) Horizontal moisture (or maybe mass) convr_rgence is

positive I

THEN:

3.) Converged moisture is assumed to go up in deep
convective clouds (rather than broadscale ascent)

4.) Convective heating is distributed vertically according to

the distribution of T' - T, where T' is the temperature
on the moist adiabat of most-unstable air

5.) Moisture is all condensed out (or a speciﬁ?d fraction is
condensed out.



Quasi-Equilibrium Schemes (i.e., Arakawa-#chubert)

® Large-Scale destabilization rat¢ ~ Convective StaFilization
Rate-

* Convective Stabilization is Achieved by an Ensemble of
Clouds .



Current EMC Operational Models all use
Different Approaches to Convective
Parameterization...

RUC II: Grell scheme*

Eta: Betts-Miller-Jan H#c &cheme
(Kain-Fritsc ser on an experimental

basis ) “f

MRF/AVN: Grell-Pan schem#

‘tI‘he Grell, Grell-Pan, ancf Kain-F ritsch schemes
are Mass-Flux schemes, t?eaning that they use
simple cloud models to simulate rearrangements of

mass in a vertical column.

|
*The Betts-Miller-Janjic s¢heme adjusts to "mean
post-convective proﬁles "based on widespread

observations. ‘L



Grell and Grell-Pan Schemes:
(basic operating principles)

1.) Initiation (on/off switch)

- Find highest e air in column below ~ 400 mb
level...does CAPE exist for this air?

- Is CAP too strong? How far does parcel have to
be lifted to reach LFC?
Is P(source) - P(LFC) less than 150 mb?

Is large-scale destabilization rate positive?
i.e., 1s d(CAPE)/dt > 0?

If yes to all 3, initiate convection..
2.) Characteristics of Convection

- use simple models of an updraft and downdraft to
simulate mass rearrangements by convection

- make updraft and downdraft mass fluxes strong
enough that their stabilizing effect
approximately balances rate of large-scale
destabilization:
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Grell and Grell-Pan Schemes:
(basic operating principles)
(cont.)

—~—

{d(CAPE)

} _[d(CAPE)
dt convection

dt :ll arge—scale

3.) Feeding back the effects of convection

- Introduce introduce tendency terms in the
prognostic equations for temperature and
moisture: L

oo

o _ Ofinal ~ Yinitial
ot

| T

conyv C

where O represents T or Qv



Kain-Fritsch Scheme...

basic operating principles are similar to Grell-
type schemes, except...

e Convective inhibition evaluated in terms
of negative area, not just pressure depth

 Large-scale destabilization not required,
only CAPE |

. Updréft and downdraft formulations
more sophisticated

instantaneous CAPE value rather than

* Convective intensity based o
d(CAPE)/dt
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Kain-Fritsch convective initiatioqi check

e Beginning at the surface, mix in model layers overhead until a
mixture 50-100 mb deep is found. This comprises a potential

updraft source layer. Find mean 0, gv of this layer.

o Lift a parcel with these characteristics to its LCL. At the
LCL, Compute a temperature perturbation, ATp b ed on grid-
point vertical velocity: |

> AT, = (wg —wc)ll3 + AT ,(RH)

where wg is the grid point vertical velocity (cm/s)
wc is a correction factor:

we = 2. * Z(LCL)/2 km

For Example:

w,—w, AT,

g e ——————

1cm/s >>> 10K
10 cm/s >>> 2.15K

In the Eta model, an additional perturbation,
ATP(RH), of magnitude ~ 0.5 K is given to account

for low RHs in the model

So...In a typical convective environment with
some larger-scale forcing , AT, ~ 1-2K



Kain-Fritsch convective initiati«*n check
(cont.) -

+Is (T,(LCL) +AT,) > T, 7722

> If no, move up one model level and repeaﬁ the process
above

e If yes, then compute a vertical velocity perturbanon Wo,
based on magnitude of AT,

ForAT = 1.5K, Wp=4 - 5m/s

* Release a parcel at the LCL with temperature givén by
T, (LCL) and vertical velocity given by Wp, begin solving
"parcel buoyancy equation" at sequential model levels overhead

* Determine cloud top as the highest model level at wh1ch
W, > 0.

* Is Z(top) - Z(LCL) > 3 km?
> If yes, initiate deep convection from this souitce layer
> If no, remember this layer as a possible source for

shallow convection, move up to next potential source layer
and repeat all above steps.

* If no potential source layer in lowest 300 mb can generate a
convective cloud, move on to the next grid point...



The stabilizing mechanisms #f the
Kain-Fritsch scheme

* Convective Updraft

> Removes high 6 air from lower troposphere, transports

it aloft. !
> Generates condensation M

e Convective Downdraft

> Draws mass from layer beginning at cloud base and
extending up 150 - 200 mb.

> Deposits low 6e air in subcloud layer

> Assumed to be saturated above cloud base, RH
decreasing at ~ 10%/km below cloud base. _

> Continues until it either 1.) reaches the surTace, or 2.)
becomes warmer than the environment.

> Mass flux = updraft mass flux at cloud base.

* Return flow, i.e., "compensating subside}nce"

> Compensates for any mass surplus or deficit created by
Updraft and Downdraft...Typically, the updraft creates a
mass surplus aloft and deficit below so that this return flow

1s downward



KF Scheme: How much precip is generated?

It depends...
> Updraft generates A‘ondensate
> Updraft dumps condensate into eiJvirohment

> Downdraft evaporatrs condensate at a rate

that depends on:

* RH of downdraft ‘source air
* Depth of downdraft

> Leftover condensate %gccumulates %t surface
as Precipitation |



KF scheme: How does it affect resolvec( flow?

are fed back to resolved-scale equations over a

> Heating, Drying, and precipitation tendencies
time period of 30 mins to 1 hour.



Betts-Miller scheme:
(basic operating principles)

30
- Checks for CAPE - highest . air in the lowest .!Oﬂ'nb

- makes a first guess at an "adjusted” temperature

profile based
on a moist adiabat '

- makes a corresponding first guess at a reference moisture
profile, based on an imposed subsaturation (~ relative humidity)

imposes enthalpy conservation:

top top
ILvdqv = JdeT
sfc sfc

This usually requires an adjustment ("sliding over" pn a skew-
T) of both temperature and moisture. '

Implications of this adjustment:

* Betts convection will be weak (or non-
existent) when column-mean relative humidity
is low even if CAPE is present, will increase in
intensity as column moistens.

- Nudges grid-scale T, qv to convectively adjusted
values over a specified time period (~ 1 hour)
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Equilibrium assumption

Convective precipitation acts
to move 3 Convectively unstable
atmosphere toward some
equilibrium state (such as a
Mmoist adiabatic lapse rate)

Different schemes define the

‘equilibrium state n different
ways

- Mo st adiabat

- modif cation of a mo st
adiabat

- results from a cloud Mmodel




Convective - equilibriu\m type
Betts-Miller scheme

the equilibrium profile is a
modified moist adiabat

C Lovd ToP mosT ADIABAT

BETTS - MICLER ,' |
EQuiLIBRIVM A,
TEMP \ |

AND MOISTuKE /"'\H
PROFILES

FAeeaN- LEVEL

N :
N N cldud Buse

moisture profile is
determined by saturation
point deficits [DSP's)



How the equilibrium (reference)
profile is computed.

Temperature

r AJIRBAT

FREE 2 (NG LEVEL
BETTS ~MiLige
TEM/ P LOAE
e

slope of proflle is 0.85 °% below the freezing
level IF

profile is connected toloriginal 6. at cloud top,
making it more stable than a morst adiabat above

_ freezing level M g

profiles based upon
observational evidence



Saturation point deficit (DSP) is
similar to dewpoint depression

it is the pressure change that a

parcel must undergo in adiabatic
expansion to reach saturation

For example

a parcel at 850 mb with a
temperature of 10°C and a RH of

60%
-+ 150 mb
/\‘ “L g50 mb

-T'A T

vould have a DSP of -100 mb




Moisture

T{/(c/ﬂ
R

critical DSP's are spﬁcified

cloud lsase 7’ 225 o-9%

freezing level -7g.5 Lo~ 1oL
-48.5

cloud 4@ gt ~ Ko

different sets are used over
land and sea

land sea
drier (larger) moister (smaller)
easier to more difficult
to produce to produce
precipitation precipitation

these are modified by "cloud-efficiency" as well
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771 ft +-235m

Sfc - 6 km Mean Wind: 118 /3 kt (1 m/s)
LFC - EL Mean Wind: 144 /7 kt - (3 m/s)
850 - 300 Mean Wind: 185 /8 kt (4 m/s)

Sfc - 2 km Shear: 2kt (1 m/s) 4.37
Sfc - 6 km Shear: 17kt (9 m/s) 42.64
*BRN Shear:' 4 m2/s2

Mean RH: 36 %
Mean LRH: 35 %

’rei;p Water: 1.40in
762 mb /7372 ft

Mean Q: 10.6 g/kg
Top| of Moist Layer:

19C / 7.2 C/km
32C/ 7.3Chkm’

700-500mb Lapse Rate:
850-500mb Lapse Rate:

Total Totals: 49 K-index: 28
SWEAT Index: 186 Max Temp: 102 F
ThetaE Diff: 49 ConvTemp: 102F
FRZ Levei: 16845 ft WBZ Level: 12901 ft

STORM STRUCTURE PARAMETERS

0-2 km SRW: 15 m/s EHI: (o]
4-6 km SRW: 4 m/s BRN: 31
6-10 km SRW: 2m/s






