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* 2m temperature
* 10m wind, windgusts

» Cloud and precipitation
» Winter precipitation

» Visibility/fog

« Lightning
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Parameterized processes in the ECMWF model
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Near-surface temperature




ar-surface temperature

Influenced by:
* radiation
« cloud, aerosol, humidity
 stability - wind speed
« surface — surface type, lakes
e orography
« snow cover/depth
« soil characteristics, vegetation
« ground temperature profile, ground water profile

* New headline score ENS CRPS T2m>5deg
» Focus on T2m improvement
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and q interpolation to the 2m level
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ECMWF Use and interpretation of ECMWF products

qd, and 1. are determined by the
land surface scheme or by SST.

Main purpose of land surface
scheme is to provide correct area
averaged fluxes of heat and
moisture.

Land surface scheme considers
different sub-areas (tiles).
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nd surface model
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urface Snow

Snow analysis using SYNOP and satellite observations

Prognostic snow scheme (single layer scheme - multiple layers planned)
Parameters:

Snow depth (water equivalent), Sd => actual depth=Sd*(Rlig=1000)/Rsn
(below 10 cm snow depth, snow cover becomes fractional)

Snow density (typically factor 10 lower than water-> 1 mm precip~1 cm snow), Rsn
Snow temperature, Tsn
Snow albedo, Asn

Sunday 15 January 2017 0000 UTC ECMWF -0 VT:Sunday 15 January 2017 0000 UTC Wednesday 11 January 2017 0000 UTC ECMWF 496 VT:Sunday 15 January 2017 0000 UTC
Snow depth in cm (using varying snow density). Sea ice fraction in %.

Snow depth in cm (using varying snow density). Sea ice fraction in %.
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pact of water bodies (lakes/coastal areas)

LAKE COVER FRACTION
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Forecast of 2m temperature are improved
in proximity of lakes and coastal areas
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tmosphere-ocean coupling - impact on near-surface temperature
urricane IRMA (HRES SST):
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)W cloud cover: 36h forecast versus SYNOP observation
ud errors reducing over time for high pressure days over Europe during winter
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ow cloud cover: Too little in fog rising to stratocumulus example
Sounding Stuttgart 16 Nov, 2011
[oo little cloud cover leads to warm bias in central Europe.

Station 10739 (48.83 9.20) 111115 2300 Station 10739 (48.83 9.20) 111116 1100
ECMWF Forecast Stuttgart-Schnarrenberg 20111116 OUTC t+0 ECMWEF Forecast Stuttgart-Schnarrenberg 20111116 OUTC t+12

| JA— ——— v —

300

s0C

800
/|

800

1000
-28 24 -20 -18 -12 -8 -4 1] 4 8 12 18 -28 24 -20 -18 -12 -8 4 0 4 8 12 18
7 2

Obs  Analysis Obs FcT+12h
Fog rising developing into stratocumulus deck could not be properly represented

:CMWF Use and interpretation of ECMWF products O EC



MIN and TMAX bias

iurnal cycle underestimated

Summer 2017 Europe

, RUN=12, STEP=060, ME (K), expv=1 TMAX, RUN=12, STEP=060, ME (K), expv=1
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roposed headline score for ECMWF

requency of large (>5K) T2m errors — ENS day 5
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0 m wind

Ng Mg Nyf
\EW:. \EW:. \wa.

‘T /\/\ * Local wind depends strongly on local

woodland

grass

»

%

mountains exposure.

* ECMWEF model has roughness length
parametrisation to obtain realistic “area
averaged” surface drag.

* Resulting wind is low over land because
rough elements dominate.

40 m

ECMWF Use and interpretation of ECMWF products

Post-processing of wind at 10 m

Post-processed 10 m wind interpolates wind from 40 m
(neutral blending height) assuming roughness length fo
grassland.

Note: this exposure correction is only a partial correctiol
to account for local effects (which tend to be more
complex).
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Om Wind Gusts in the IFS

Gusts are computed by adding a turbulence component and a
convective component to the mean wind:

U _=U,+7.71U, f(z/ L) +0.6max(0,U, U, )

gus

deep convection

U,, is the 10m wind speed (interpolated down from 40m level),

U. is the friction velocity (obtained from the wind speed at the first model level)

L is a stability parameter.

The convective contribution is set proportional to the wind shear between model
levels corresponding to 850 hPa and 925 hPa when deep convection is active.

ECMWF Use and interpretation of ECMWF products
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Cloud, Convection and

Precipitation




nvective and stratiform precipitation and clouds

Convection
parametrization

~
I
Y
>
<
@
Q
Q
)
Q
£
S
<
(/0]

/ CONV. PRECIP.

Evaporation

“Large-scale”/stratiform
cloud/precipitation parametrization

Detrainment — convective anvils

LARGE-SCALE PRECIP.

Evaporation, melting, ...

Condensation

LARGE-SCALE PRECIP.

Convective surface
precip (CP)

Stratiform (large-scale) surface precipitation (LSP)
Cloud cover (TCC, HCC, MCC, LCC)

ECMWF Use and interpretation of ECMWF products

One grid box

© E(



S stratiform cloud scheme

Water
vapour
7 N
Condensation Deposition
Evaporation Sublimation
c 4 ANy
.g Freezing — Melting - Bergeron 72
5 Cloud * Cloud =
s . =
g water ice 5
w o
: \ Cloud 0 3
Autoconversion fraction Autoconversion
Collection Collection
Rain Freezing - Melting Snow

\/

Surface Precipitation

5 prognostic cloud variables + water vapour
* All advected with the wind

* [ce, snow and rain sediment

* Physically based parametrized processes
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loud overlap

_ model top
xample with: HCC=0.5
0 layers of h
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model surface

TCC=0.95

<€ >
One grid box

ECMWF Use and interpretation of ECMWF products

TCC = Total Cloud Cover

Model level clouds are integrated from surface
to top of the atmosphere with overlap
assumptions based on global
observations (degree of randomness
depends on distance between layers)

HCC = High-level Cloud Cover
Integrated from top to 450 hPa.

MCC = Medium-level Cloud Cover
Integrated from 450 to 800 hPa.

LCC = Low-level Cloud Cover
Integrated from 800 hPa to surface.

TCC <=LCC + MCC + HCC
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ud: 00Z Monday 27 January 2014
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ample 6 hour precipitation accumulation
recast for Wed 5 October 2016

Untitled - Tuesday 4 Oct 2016, 00 UTC VT Wednesday 5 Oct 2016, 12 UTC Step 36
© ECMWF 2016

Total precipitation per 6 hour

Precipitation Accumulation: Large-scale rain + convective rain + large-scale snow + convective snow
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@ample precipitation rate
recast for Wed 5 October 2016 127

Untitled - Tuesday 4 Oct 2016, 00 UTC VT Wednesday S Oct 2016, 12 UTC Step 36
© ECMWF 2016

Total precipitation rate

Precipitation Rate: Large-scale rain + convective rain + large-scale snow + convective snow
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ecipitation rate and type example: 12 UTC Wed 5 October

Untitled - Tuesday 4 Oct 2016, 00 UTC VT Wednesday S Oct 2016, 12 UTC Step 36
Untitled - Tuesday 4 Oct 2016, 00 UTC VT Wednesday S Oct 2016, 12 UTC Step 36 © ECMWE 2016
© ECMWF 2016

Total precipitation rate

Untitled - Tuesday 4 Oct 2016, 00 UTC VT Wednesday 5 Oct 2016, 12 UTC Step 36
© ECMWF 2016
o . . . . Untitled - Tuesday 4 Oct 2016, 00 UTC VT Wednesday S Oct 2016, 12 UTC Step 36
. - Y - N © ECMWF 2016

N o ‘v - - v < /' :;i 7
: >onvective Precipitatio
| m - | I n - m - m - Precipitation type for precipitation rate more than 0.1 mm - ,-:""‘" . - \\” . . = . = . . . . . . = -

Convective precipitation rate
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onvective Indices
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urnal cycle of convective precipitation:
yre realistic since Nov 2013

a Europe

b N. America
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» Diurnal cycle of convective precipitation improved in IFS |
2013 (blue to red)

* Peak precipitation can still be up to 3 hours too early

» Underestimates evening/night-time precipitation due to
lack of organisation

See ECMWF Newsletter No 136 Summer 2013
Bechtold et al., 2014, J. Atmos. Sci.
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recipitation type — a parameter from the IFS
rain / snow / wet snow / mix rain-snow / ice pellets / freezing rain
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ecipitation parameters (from Cy41r1, May 2015)

* Precipitation type (valid at a particular time) (ptype)

Height of (uppermost) freezing level (degO0l)
Accumulated freezing rain at the surface (fzra)
Graupel/Hail not available

Instantaneous precipitation rates (valid at a particular time)

« Convective rainfall rate, and snowfall rate (crr, csfr)

(mintpr3,maxtpr3, mintpr6,maxtpr6)

(=1) Rain T2m > 0°C, liquid mass more than 80%
(=7) Mixed rain/snow T2m > 0°C, liquid mass >20% and <80%
(=6) Wet snow T2m > 0°C, liquid mass less than 20%
(=5) Snow T2m < 0°C “dry” snow

(=3) Freezing rain T2m < 0°C supercooled rain from melted particles aloft

« Stratiform (large-scale) rainfall rate, and snowfall rate (Isrr, Issfr)

Maximum and minimum total precipitation rates in the last 3 hours/6 hours

ECMWF Use and interpretation of ECMWF products
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edicting high-impact freezing rain events

£ ECMWF Newsletter

Case Study: Slovenia/Croatia 02 Feb 2014

Freezing rain caused severe disruption and damage, tranports/power/forests...
IFS physics at the time (40r1) not able to predict

New physics in 41r1 allows prediction of freezing rain events

Evaluation in HRES/ENS shows potential for useful forecasts

Article in EC Newsletter Autumn 2014 (but note results below are with new rain
freezing physics)

; ; ; FREEZING RAIN --——--- > SLEET --—--- > WET SNOW - > SNOW -----—-- > RAIN --——--- > ICE PELLETS
@ rain A freezing rain 01 05 4 100 01 05 4 100 01 05 4 100 01 05 4 100 01 05 4 100 01 05 4 10
[E—— ] [} [ — N I B

<» snow and rain ice pellets @ snow

15°E

SYNOP Observations IFS HRES 40r1 IFS HRES 41r1

15°E
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>chematic cross-section (front with elevated warm layer)

->[CE PELLETS
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> SLEET o
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obability of freezing rain accumulation from the IFS ensemble
se Study: 02 Feb 2014

Prob (fzra > 1mm) Prob (fzra > 5mm)
Day 3
forecast
D rain
p snow
A freezing rain
snow and rain Day 5
ice pellets forecast
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nsemble probability of precipitation type time sequence

idapest, 00Z 31 Jan 2010

Base time: 20170131 0000 UTC o + 168 h

Probability of precip type (%) depending on mean precipitation rates (mm/) ENS forecast at 47.5°N 19.04°E Budapest (Hungary) 145 m
Total precipitation rate > 0.1 mm/h
Rain (mm/h)—— —————Sleal{ mm/ }-— ————Wetsnow { mm/h }————-—Snow (mm/h} lkcepellets (mm/h)-——-—Freezing rain (mm/h})
)%
)%
1% Tuesday 31 Jan 2017, 00 UTC VT Wednesday 1 Feb 2017, 00 UTC Step 24
°7] © ECMWF 2017
I (e
na ’ S . H
% . J AT
__
‘ S
)%
)%
)%
)%
)%
)OA_ 4 TN ))/4
Interval 5, thickness 2
_— Mean sea level pressure
)0/0_' Wed 1 1 . Rain . Freezing rain . Snow . Wet snow . Sleet . Ice pellets Precipitation type for precipitation rate more than 0.1 mm

Tue31
Jan Feb
2017

ECMWF Use and interpretation of ECMWF products
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sibility (Fog)

ailable operationally since May 2015)

ibility is calculated using an exponential scattering law and a visual range defined by a fixed liminal contra
0.02 based on extinction due to clean air, aerosol, cloud and precipitation near the surface (nominally 10m

Visibility = fn (clear air + aerosol + cloud liquid + cloud ice + rain + snow

Aerosol: seasonally varying based on 10 year CAMS aerosol climatology (since July 2017)

Fog: predicted near-surface cloud liquid water/ice
Precipitation: reduced visibility due to predicted near-surface falling rain and snow

lany limitations!

“Aerosol climatology” — will not represent reduced visibility with pollution events etc.
Visibility in fog is on the low side (often < 100m) - need to revisit the assumptions
Fog is highly spatially variable! - can’t capture local effects of orography and surface heterogeneity

Fog prediction dependent on fine balance of physical processes (radiation, turbulence, microphysics)
Use of probability of fog (vis < 1 km) from the ensemble potentially useful...

ECMWF Use and interpretation of ECMWF products
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ediction of severe weather: Visibility/Fog
se study: 24 Jan 2017, 3 day probability forecast from IFS ensemble

ENS T+78h VT:24/01/2017 06 UTC

Visibility OBS 24/01/2017 06 UTC Probability of fog (vis. < 1000 m)

0 100 1000 5000 10000 70000 5 10 20 30 40 50 60 70 80 90 100
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adiction of severe weather: Visibility/Fog
se study: 27 Oct 2015 - Fog in southern Sweden

Onset well predicted by HRES, but clears too early
ENS shows spread early on but also doesn’t capture the fog staying later in the day

1100000

HRES
Visibility HRES
R ::.l...l.--- st tESESEsaEEsEEn, g, !I
§000 - -
§500A -
.| Obs ",
= HRES
26 Oct 2015 27 Oct 2015

ENS

Visibility ENS

Obs

50000

20000} * ° .- ':--'.-.-.: T ! hd T ?-
éooo "
Obs '
= ENS
26 Oct 2015 27 Oct 2015

ECMWF Use and interpretation of ECMWF products
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Recent and upcoming

products from the IFS




ecent and upcoming products from the IFS

New parameters in IFS 43r1 (from Nov 2016)

« ceiling (m) — cloud base height (>50% cloud cover),

« convective cloud top height (m)

* height of 0 and 1°C wet bulb temperature (m)

« direct beam surface radiation (plane perpendicular to the Sun’s direction — accumulated

« wave energy flux magnitude and direction

New parameters in IFS 45r1 (early 2018):
 total lightning flash density (instantaneous and average)
 total precipitation rate (instantaneous)

 maximum CAPE in last 6 hours
 maximum CAPESHEAR in last 6 hours (CAPESHEAR = windshear(925-500hPa) x SQRT(CAPE)

:CMWF Use and interpretation of ECMWF products O E



lew parameters in IFS 43r1 (from Nov 2016)
eiling (for aviation)

Wednesday 09 November 2016 00 UTC ecmf t+12 VT :Wednesday 09 November 2016 12 UTC surface Ceiling
0 50 100 200 300 600 1000 1500 2000 2500 3000 6000 10000 22000

180'W 140'W 120w 100*'W

Ceiling (m)
= the height above the surface of the lowest I:
of cloud covering more than half the sky

= I
180°wW 140w 1220'w 100w 80w eow 4w 20w 0°E 20°E A0 B0'E 80°E 100°€ 120°€ 140°€ 160°€

Wednesday 09 November 2016 00 UTC ecmf t+12 VT:Wednesday 09 November 2016 12 UTC surface Cloud base height
0 50 100 200 300 600 1000 1500 2000 2500 3000 6000 10000 22000

160°W 140'W 120'wW 100'W 80'W 80w 0w 20'wW 0°E

Cloud base height (m)

-=CMWF
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lew parameters in IFS 43r1 (from Nov 2016)
eight of 0°C and 1°C wet bulb temperature

Height of 0°C wet-bulb temperature above surface
Example: 3 day forecast valid 00Z 2017-10-04

0 10 20 50 100 200 500 1000 2000 5000

[ l [ l m

Mxembourg ‘.\ “ennﬂamlslava

r ; \
Vaduz ' &
Bem Ljubljanai'l,‘ Zagreb

Budapest

\
g ! S/ ; M
s ,/ ¥ ;’ \“\ ‘| 0e e
‘ JAL o
{ \ S T 1
/., ‘Q /\ 4 . ‘c_‘ d‘,-? T lll
£ S - BN
' bl’ ¢ '@t—-._»
I - a2 @_-
_-_———"____ \ 'il“ék;*:;
e \ \ = == T
— - San ann_o \ T
— i
'_/ - e ——, v = o
v'f \
Monaco- "-._
g \, \ \
A .| L \
r e ~ \
N Ly N 0 - _ 'l _—
/ —.\_\; "_.-.l_v 3 il o S Q —\
AL S| . J |
N

ECMWF Use and interpretation of ECMWF products

.if multiple values in the profile, then it is the heig
of the second decreasing crossover from the surfa

n=1 n=0 n=1 n=2 n>2

0°C

\
8.

0°C level

N

Surface
(=model orography)

Blue lines show wet bulb temperature profiles, in different scenarios
n = number of levels at which Tw drops below zero when scanning upwards

Stored value = h, where h = height above model orography, or lake/sea (in metres)
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2w parameters in IFS 45r1 (early 2018): Total lightning flash density

Example of 15h ENS global forecasts (31 members) from 9 Aug 2015 at O0Z.
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Comparison of model with ATDnet (Met Office) lightning flashes

18h animation of 2-mn flash data starting from 18 July 2017 at 1200 UTC.
TCo01279 L137 model forecast +36h - +54h

, , Model Lightning Flashes, 2017071700 +36:00:00 -> +36:02:0t
ATDNET Lightning Flashes, 20170718 12:00:00 - 20170718 12:02:00 Valid: 20170718 12:00:00 -> 12:02:00
-8 -6 -4 -2 0 2 -8 -6 -4 2 0 2
- F) ———— F>

2 0 N -8 6 g 2 0 -

-4 2 e <
[T | T [ TN [ |

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
Time [hours] Forecast step [hours]
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ummary
ome issues for improvement

« T2m can still be difficult, particularly winter: stable boundary-layer, coupling
with surface (ground, lakes) and low-level clouds

 Still underestimation of convective night-time precip and some
overestimation of light precipitation (drizzle)

 Inland penetration of (convective) showers and convective organisation can
still be improved

* Melting of fresh snow on ground somewhat too slow

* Visibility in fog too low

:CMWF Use and interpretation of ECMWF products © E¢



mmary
e physics behind the products @ ECMWF

A bit of background for the physics behind weather parameters

Some of the difficult forecasting situations and systematic errors in the IFS

Emphasise use of ensemble products - most useful in medium-range

Feedback welcomel!!!

Thank you for listening! Questions? Feedback?
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