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Warm Conveyor Belts

Characteristics of warm conveyor belts (WCBs) (Schéfler et al 2011):
« Elongated cloud bands with spiral and hook features;

* Intense latent heating;

« Surface precipitation;

« Association and interaction with cold conveyor belt.

cold conveyor belt

dry intrusion

warm conveyor belt

Reproduced by kind permission of EUMETRAIN http://www.eumetrain.org
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* Schéfler, A. & Dornbrack, A. & Wernli, H. & Kiemle, C. & Rahm, S. (2011). Airborne lidar observations in the inflow region of a warm conveyor belt. QJRMS. 137. 1257-1272. 10.1002/q;.827.



Workshop goals: observations

Numerical weather prediction assimilates a wealth of observations

What are the key observations which currently constrain WCBs?

How well do they could constrain the relevant scales and parameters?

Do WCBs strengthen the case for additional observations in future?

Can we learn from intensive campaigns like NAWDEX and AR?
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Numerical weather prediction assimilates a wealth of observations

120
Number of satellite data products operationally monitored at ECMWF 3 X Metop
100 (Weather and Composition configurations)
40B / day -> ECMWF
80 -

- 0.8B/day ->IFS
« 0.06B / day -> Assimilation

‘0 Data thinning takes the
global view, but may not
20 pe doing the right thing

Jforsharpnarrowfeatures i i ll I I I I I I I I I I I I 10 &
o ™ like ARs and WCBs.

199 004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
H POES Suomi-NPP JPSS H Metop Metop-SG HFY3 CHAMP = GRACE
H COSMIC COsMIC-2 H CNOFS H SAC-C B TERRASAR-X B TANDEM-X H DMSP E TRMM
Windsat m GCOM-W/C GPM 1 Megha Tropiques B AQUA = AURA TERRA m ERS-1/2
B QuikSCAT B Oceansat RapidSCAT m HY2 B ENVISAT = JASON M Saral/Altika Cryosat
B Meteosat B GOES B Himawari W FY2+4 COomS1 INSAT-3D B SMOS SMAP
EarthCARE = ADM Aeolus M GOSAT Sentinel 3 i Sentinel 5p m 0CO-2

V aa
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 5



What are the key observations which currently constrain WCBs?

Before answering, recall its not always local obs that matter for medium range prediction
e.g. Storm Sandy forecast study from McNally, Bonavita and Thepaut, 2019 ECMWF TM696
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Change in Analysis without polar satellite data Change in day-5 forecast without polar Satellite data

Non-local observations are critical for forecasts beyond 1-2 days ahead

Thanks to Tony McNally
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What are the key observations which currently constrain WCBs?

ops 1l-Jan-2018 to 31-Dec-2018
GPSRO Sonde

Scatterometer Synop

Buo
Pilot+Profiler+Other
Infrared WV

AMV

Microwave WV

Infrared T

Microwave T Aircraft

Global picture (pre-Aequs)*
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For local impact in WCBs, what is likely to
be different?

Observations providing low level water
vapour information in cloudy areas? 5/

Observations providing dynamical
information?

Thanks to Alan
Geer for this figure



« This implies plentiful observations, at least
for this case.

* But how well do they meet requirements?
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ECMWF data coverage (all observations) - MICROWAVE HUMIDITY SOUNDERS
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Total number of obs = 384800
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ECMWF data coverage (all observations) - IASI
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ECMWF data coverage (all observations) - RADIOSONDE
22/01/2020 00
Total number of obs = 1146
@Lond 503) @iiah (513

——=

;Wn
1

How well do they could constrain the relevant scales and parameters?

ECMWF data coverage (all observations) - MICROWAVE HUMIDITY IMAGERS

22/01/2020 00
Total number of obs = 192032
e pusear st  DHSP-18 (40684) A CORIOUS 25263 AnR2 (1223)

ECMWF data coverage (all observations) - GEOSTATIONARY RADIANCES

22/01/2020 00
Total number of obs = 1359844
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ECMWF data coverage (all observations) - AIRCRAFT
22/01/2020 00
Total number of obs = 289909

® (18503 WIGOS (271106)
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Do WCBs strengthen the case for additional observations in future?

 Current observations:
— Microwave: coarse resolution, needs sophisticated “all-sky radiance” approach (Alan Geer talk);
— Infrared: cloud problem, and currently poor temporal resolution (but MTG-IRS, FY-4A-GIIRS ....);
— Radio occultation: horizontal resolution issue, but genuinely all-weather (plus new ideas, see later);

— In situ (e.g. dropsondes) — ok in field campaigns, but expensive as an operational system.

« Can we enhance IR and VIS impact through all-sky assimilation ?

* Only active sensing (Radar, Lidar, new GNSS concept) can provide higher vertical resolution:

— Studies e.g. Schéfler et al. 2011 show value of lidar wind and humidity to study WCBs

— Successful demonstration of wind lidar, cloud radar, cloud lidar assimilation at ECMWF
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New observations: Aeolus Thanks to Mike Rennie

(Rennie and Isaksen, cloud + precip workshop, ECMWEF, Feb 2020) for these figures

» Aeolus has been operating for over 1.5 years
« Used operationally at ECMWF since January 2020
« Significant positive impact: several papers talk of value of wind lidar for WCBs ( + Schéfler talk yesterday)

* Mie winds (error ~ 3.5 m/s) provide wind information in cloudy areas
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Cloud and precipitation sensitive satellite observations: now and near future
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Slide adapted from A Geer



New observations: EarthCARE (Janiskova and Fielding cloud + precip workshop, ECMWEF, Feb 2020)

Experiments assimilating
Cloudsat radar reflectivity
(94 GHz) and CALIPSO lidar
backscatter (532 nm).

Positive impact on headline
NWP scores (research only).

lllingworth talk to follow.

CloudSat )
radar

First guess
(FG)

Analysis
(AN)

Situation: 20070731 21:00 UTC — 20070801 09:00 UTC Thanks to Marta Janiskova and
Mark Fielding for these figures



Future Observations: EPS-SG: Ice Cloud Imager - ICI Thanks to IceCloud
proposal (Buehler et

| al.) for these figures
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Future Observations: Small MW satellite constellations, e.g. TROPICS

TROPICS CubeSat Overview

1U Payload

< Rotating microwave radiometer
Scanner assembly

83 mm aperture

Noise-diode / sky calibration
Ultra-compact W/ F / G radiometer
W band 92 GHz

Fband 7 ch (114-119 GHz)

G band 4 ch (1831, 3, 7), 204 GHz

3U CubeSat
(10cm x 10cm x 36¢m)

-

Deployed r] ,‘9/

[

2U Bus: BCT XB-1
S-band radio

ADCS: sun sensor(s), star-camera,
reaction wheels, torque rods

ZESCTS8

Articulating 5-panel
solar array

Thanks to Bill Blackwell
(MIT) for this slide



GNSS Phase
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HEAVY RAIN PROFILES?
GRADIENTS IN REFRAGAMITY

DEPOLARIZAJION EFFECTS
BENDING

e ————

H-linear polarization
V-linear polarization

e ——

Right-Hand Clrcular Polarization

‘NEW’ GNSS-PRO PRODUCTS:

VERTICAL PROFILES OF THERMODYNAMIC VARIABLES (typically temperature,
pressure, water vapor)

+ VERTICAL PROFILES OF INTENSE RAIN

The Radio Occultation and
Heavy Precipitation aboard
PAZ experiment
(ROHP-PAZ)

https://paz.ice.csic.es
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Demonstrating sensitivity to
rain and frozen hydrometeors.

Thanks to Estel Cardellach (ICE,
CSIC, IEEC) for this slide


https://paz.ice.csic.es/

Summary

What do we have?
* Wind and dynamics: Aeolus; from radiances: all-sky feature tracking, AMVs; in situ (when available);

- Humidity; all-sky MW for large scale total moisture in cloudy areas, IR from Geo (MTG-IRS, FY4-GIIRS)
for moisture flux but only in cloud-free conditions or need big step forward in all-sky IR;

« Keep in mind non-local observations are critical to medium range forecasting of events.

Gaps?

« We lack vertical resolution esp. below cloud top: Radar and lidar e.g. EarthCARE may help, and also
polarimetric GNSS?;

* Wind lidar follow-on is important, Aeolus won't last long.

Field Campaigns?
« WIGOS good for DA, but insufficient for process studies, so obvious role there;

 For operational DA, campaigns should aim to teach us how to use the existing WIGOS better.
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