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CAPE and Shear as useful predictors
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CAPE’s useful predictors for convection
parametrization?

Z

%VZ + ‘%" — LCAPE: LCAPE = f b(x,y,z) dz
zref

Montcrieff and Miller (1976) defined LCAPE as part of Bernoulli integral
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Conservation of enthalpy

<—>=— - L dp = LPr;
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Cp = (1 — qt)de +q,c; L=L(T)
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Normalised convective and stratiform
heating profiles
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The global circulation and its modes (waves)
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Analytical: solve shallow water equations
2 Z

U=Uy f3) €90 G f(o) = e F; 6(2) = e M Re(e™)

V=V(y) f(y) ekx=t) G(z); V(y) = Legendre polynomial
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Wavenumber frequency Diagrams of OLR
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Monitoring and real time prediction of waves

CLR anomalies averaged +- 10°
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Rossby & MJO 5.3.2015-16.3 2015
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Kelvin Rossby & MJO 5.3.2015-16.3 2015
Forecast base time 2015 03 09
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Normal mode projection and filtering
® First derived by Kasahara and Puri (1981), Tanaka (1985)

® Zagar et al. (2009,2011-2013) and Zagar et al. (2014,2015)
applied it to EC MWF system for IG and Rossby modes and made
available a general software

Principle is similar to the analytical solutions to shallow water
equations:

O Requires U V, Z and stability

O Solve for vertical structure equation on model levels, then solve horizontal wave
equation (Fourier (longitude) and Legendre (latitude) polynomials

O I6 and Rossby modes are eigen solutions

Nota: In contrast to the wavenumber-frequency filtering the projection is done for
each time step (output) separately, a time series can be recovered by concatenating,
the frequencies are 'hidden’ in the eigen solutions
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Normal mode projection and filtering

Analysis lev=114 2015030900 Zagar' et al. (Geosc. Mod. Dev. 2015)
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Kelvin waves: Precip, CIN, PBL entropy in
linear model, reanalysis and IFS long integrat.
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Kelvin waves: vertical structure

IGRA-NOAA-MONO
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Effective resolution (S. Malardel & N. Wedi)

“Resolved Kinetic Energy” Spectra (200 hPa, day 3)
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Scale dependent APE - KE analysis

and non-linear spectral transfer in IFS
following Augier and Lindborg (2013)

4 T T T
k P
35 - . i
W m-2 1P roduction/
3L S P 1 Flux
.l NN~ — C | Conversion
. - \\ A-)K

T =—all, /ol > T >

W/

ECMWEF 2015 Seminar Model Physics Slide 16

& ECMWF




opectra and transter with and without
parametrized deep convection
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The ‘mass flux’ flux approximation

w'¢"=0a(1-0)(w —&)(p° - @)

oK1 =>
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Resolution scaling
. PCAPE 1
T “ MN2?dz
zb

Resolution scaling of Mass Flux
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Cloud base mass flux global T1279
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DWD ICON with 13 to 3.25 km nesting
convective precip 17.6.2012+72h
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Example of (convective) precipitation forecast and resolution
Obs 9 Aug 2015 Oper Cy41rl TI1279 16 km
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Example of convective precipitation forecast and resolution
Obs 9 Aug 2015 Cy42r1 Tco1999 no deep

Cy42r1 TC01999 5 km scaled Mf
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Africa using NOAA FEWS rainfall estimate

Obs, 2015071?
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Africa using NOAA FEWS rainfall estimate

Obs, 2015071?
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Tropical t+12h wind errors against oper. analysis
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Recent improvements: diurnal cycle
Evolution of total heating profile -radiation

a Q1-Qrad (K/day) NEW
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Diurnal cycle: JJA more realistic since Nov 2013

A Europe

JJA 2011-2012

Q 5 12 1B 24
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Philippe Lopez
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Bechtold et al., 2014, J. Atmos. Sci.
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Diurnal cycle and 2T/2D error reduction:
MABS(Exp)-MABS(CTL) [K] own analysis
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Examples of recent improvements:

detrainment/microphys O-suite 401

GOES13IR10.8 20150402 3 UTC ECMWF 1 Fc 20150402 00 UTC+3h:
1OeW____100°W 80°W 110°W 100°W 90°W 80°W

il

E-suite 41r1

GOES13IR10.8 20150402 3 UTC ECMWF 67 Fc 20150402 00 UTC+3h:
110°W 100°W S0°W 80°W a0°W 80°W
a L 2 L —
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corresponding Aircraft statistics

O-suite 40r1 E-suite 41r1

Conventional, channel, (O-A), m/s, layer: 207.700 to 203.000 hPa, data from: 20150401 210100 fo 20150402 90000 Conventional, channel, (O-A), m/s, layer: 207.700 to 203.000 hPa, data from: 20150401 210100 to 20150402 90000

. . e O : X »
A A
N £ - N £
- S ' s {3
% \-'\‘ ‘\‘5 \\-
= - e .
mean: 0.482638 stdev: 3.51597 count: 10045 mean: 0.523427 stdev: 3.11739 count: 10045
T T T T T T

0.00 -6.67 -3.33 0.00 3.33 6.67 10000 -6.67 -3.33 0.00 3.33 6.67

Michael Rennie
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Sensitivity of cyclone depth to parcel perturbations
In convection: Cyclone Neoaquri
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far too deep cyclone forecast could be addressed with increasing parcel perturbation
in convection (blue curve) -also it is shown that it is a model (fc) problem and not due to
initial conditions
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Winter convection: Lake effect and advection

24-h total precipitation forecasts

1 Tuesday 18 kumnu 20‘3 oouTC H;th?l VTWogsosdav 19 %&mb" 201 wﬂ urc suﬂi{a connclkuupumn“

NEXRAD, 24h precipitationended on 19/11/14 00UTC

1 5 10 15 20 25 30 40 60 80

ECMWEF 2015 Seminar Model Physics
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and Richard
Forbes
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Wmter convectlon- sensmwty studles

19 November 2014 NEXRNJ 18 November 20141t+24 41r1 snow all
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Summary & Plans

® Convection-large scale feedback: ‘ok’, some lack in early nighttime
convection, organization and momentum transfer remains difficult

® \VVery high resolution: Could do 5 km today with big
enough computer!!! iIssues: mass flux scaling, ‘environmental

values’? — mass source in dynamics was not successful (but Kuell,
Gassmann Bott (2007) did), work by Gerard (2015), Park (2014), Arakawa
and Wu (2013)

® \licrophysics (ice phase + advection of snow) — but always veeery
tedious when changing heating profiles

® more efficient coupling of shallow convection, turbulent diffusion and
clouds (Irina S.+Maike A.+Richard F.), similar to Bretherton and Park
(2008) based on M Koehler, Ahlgrimm, Beljaars (2011)

® Continue improving monthly and seasonal forecast range (reduce syst.
errors, SPPT/SPPP — momentum forcing)

® non-linear convection close to linearised version In data assimilation

<> ECMWF



Europe TCo01999 sensitivity to scaling factor

Obs 9 Aug 2015 Cy42r1 Tco1999 no deep
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Africa TCo1999 sensitivity to scaling factor
Obs
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Diurnal cycle of convection and
daytime dry bias |

T+80 Standard daviation Dfﬁ:\recastrrrnr
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Sensitivity of cyclone depth to parcel perturbations
In convection: Cyclone Neoguri
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‘Kelvin’ waves: T anomaly for k=10 and
convective heating

Glenn Shutts (presented at Martin Miller symposium, Jan 2011)

At z~10 km, warm anomaly and convective heating are in
phase, leading to :

o the conversion of potential in kinetic energy = aw
o The generation of potential energy = N Q

time (hours)
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YOTC Momentum fluxes resolved &
parametrised
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Some statistical properties of convection: Pdfs
of instant. Rain rates

Pdi33rwater
from T799 Cy33r1 4} | model
during [ T Ty=8"0 e T
1 IR A
\ = = =SSMI
exponential

a0 100 150 200
Precip i(mmiday)

SSMI is from 1D-Var
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What happens to T,q dynamics balance when switch off deep

Conv + strat
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Normal mode projection and filtering
Analysis lev=75 2015030900
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And since? JJA in HRES Ti1279 16 km ?
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