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Monitoring our
changing planet




(RFI) Workshop

13 -14 September 2018

Goal
To better quantify value of MW spectrum to
Numerical Weather Prediction and to bring NWP
experts and frequency managers together

Organisers
NWP: Stephen English (ECMWF)
Frequency Management: Rich Kelley (NOAA)
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Concerns for future of lower frequency channels of sounders and imagers

WRC-19 discussion on 24 and 50 GHz

AMSU-A, AMSU-B, MHS, ATMS, MWTS, MWHS,

MTVZA-GY, SSMIS, GMI, AMSR-2, SAPHIR...
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Bands being actively used or prepared for by NWP centres

Frequency GHz
1.4-1.427P

6.425-7.25

10.6-10.68p 10.68-10.7P
18.6-18.8p

23.6-24P 51.76 GHz on
ATMS

SR obliterated!

37 GHz

50.2-50.4P 52.6-54.25P 54.25-59.3p 59.3-59.5 60.40- AMSU-A (NOAA/EUMETSAT), ATMS (NOAA), SSMIS (DOD), MWTS-

61.15 63-63.5

86-92P

100-102P 109.5-111.8P 114.25-116P 116-122.25p

148.5-151.5P 155.5-158.5p 164-167P

174.8-182.0p 182.0-185.0P 185.0-190.0p 190.0-
191.8P

200-209P 226-231.5P

Instruments Application area

SMOS (ESA), SMAP (NASA), Aquarius (NASA) , CIMR (ESA) Soil moisture, salinity, thin sea ice
AMSR-2 (JAXA), CIMR (ESA) SST

AMSR-2 (JAXA), GMI (NASA), MWRI (CMA) , CIMR (ESA) Heavy Precipitation

AMSR-2 (JAXA), GMI (NASA), AMR (NOAA), MWRI (CMA) , CIMR

(ESAy, MWI (EUMETSAT)

-A (NOAA/EUMETSAT), ATMS (NOAA), SSMIS (DOD), GMI
R (NOAA), MTVZA-GY (Roscosmos), MWRI (CMA), Total column water vapour

Ocean near surface wind,

-A (NOAA/EUMETSAT), ATMS (NOAA), GMI (NASA), MTVZA-
oscosmos), MWS+| (EUMETSAT)

SSMIS (DOD), GMI (NASA), AMSR-2 (JAXA), MWRI (CMA), CIMR
(ESA)

Total column cloud liquid

Liquid water path and cloud detection
on GMI

2 (CMA), MTVZA-GY (Roscosmos), MWS (EUMETSAT) Temperature profile

AMSU-A (NOAA/EUMETSAT), ATMS (NOAA), SSMIS (DOD), MWHS-

2 (CMA), MTVZA-GY (Roscosmos), MWRI (CMA), MWS Precipitation
(EUMETSAT), AMSR-2 (JAXA)
MWHS-2 (CMA), TROPICS (NASA), MWI (EUMETSAT) Temperature profile, cloud

ATMS (NOAA), GMI (NASA), MHS (EUMETSAT), MWHS-2 (CMA),
MTVZA-GY (Roscosmos), SSMIS (DOD) , MWS+I (EUMETSAT)

AMSU-B (NOAA), MHS (EUMETSAT), ATMS (NOAA), SSMIS (DOD),
MWHS-2 (CMA), GMI (NASA), SAPHIR (CNES-ISRO), TROPICS Water vapour
(NASA), MTVZA-GY (Roscosmos), MWS+I (EUMETSAT)

TROPICS (NASA), MWS (EUMETSAT) Ice cloud

Precipitation, water vapour



Key areas benefiting from EESS bands via NWP application

T e S

Public sw flood & fire Hurricane & tornado Air quality
Warnings, public safety, protection of life and property >

Transport

Northern Hemisphere

Climate change Monitor Public health and famine Business and commerce  Defence



Key conclusions

* Microwave observations are critical to NWP

* NWP is critical to WMO Member State National Warning
. . . . ops 1-J]an-2018 to 31-Dec-2018
Systems and many socio-economic sectors (previous slide) GPSRO Sonde

Scatterometer Synop

 Passive microwave observations contribute around 40% .1+ profiter+othen®”
of the overall improvement of short-range forecast skill, plus
a further 10% from active microwave.

— 50-60 GHz and 176-190 GHz remain the two most critical
spectral bands (176-190 much more than 10y ago). Microwave WV

— 18.7, 23.8, 31.4, 37, 89, 166 essential for direct
measurements as well as indispensable in combination with
the bands listed above (50-60 GHz and 176-190 GHz)

Infrared WV

AMV

Infrared T

- 1.4,6.8, 10.7, 209, 229 important for emerging applications

« Many countries have detailed financial assessments of
the value of their weather and environment services

Microwave T Aircraft

— https://www.metoffice.gov.uk/about-us/what/pws/value UK
$2.0B per year, USA $11.4B per year

 Harder to quantify benefits in military sector in $ Figure from
Alan Geer, ECMWF


https://www.metoffice.gov.uk/about-us/what/pws/value

Current impact of various observing systems: Z 500 hPa

Z:NH

20° to 90°, 500hPa

Northern Hemisphere
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Forecast day

MW denial - Control

MW radiances are the

IR sounder denial — Control

leading satellite observing

GPSRO denial - Control
AMV denial - Control

system.

Conventional obs denial — Control
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Forecast day

(verified against
operational analyses,
both seasons combined)

Figure from
Niels Bormann, ECMWF



Example of current RFI shown by JMA (Japan) in C band (unprotected)

-135 -90 -45 0 45 90 135

0 10 20 30 40 50 60 [count]

M. Seki, presented by M
atellite phone) Kazumori at RFl workshop

RFI sources:
1. Globalstar
2. Ascension island( Ground-Satellite communication)

3. Japan, South-east Asia (ground-ground communication) 9



Examples of current RFI shown by JMA (Japan) in X band (protected)

Brightness Temperature (10.7GHz,V) Brightness Temperature (10.7GHz,V)
2016/02/04 (111A) Ascending 2016/11/10 (103A) Ascending

=100 -390 -80 =70 - 80 -30

-100 -90 -80 =70 -80 -30 -100 -90 -80 =70 -80 -30

Figure from
B . B . A.Shibata, JAXA
150 0 205 K] 150 0 205 K] Presented by M
Kazumori at RFI

workshop



Is WRC-19 the end of our worries?

° No

* e.g. in UK, “Spectrum: Mapping the Future”, London 10 September 2019, these
sentiments were expressed:

— “Maximise spectrum through sharing: use only where and when needed”
— “No more ‘this is my band’: sharing is the future”
— “De-regulation above 100 GHz because nobody knows how to use these frequencies”

— “Weather community are working with yesterday’s paradigm, they need to adapt”

JANY
-y ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 11



Conclusions

* NWP centres: MW observations provide 30-40% of all forecast error reduction from observations.
« MW exploitation is becoming ever more sophisticated: all-weather, all surfaces.

* The loss of MW would have a significant impact on NWP.

 If MW not available loss of IR, even temporarily, would have a catastrophic impact on NWP.

» The socio-economic impact of degraded NWP capability was summarized and is available in the Workshop report.

My opinion:

It is a concern that the direction of travel for spectrum regulation,
internationally and nationally in many countries, may not be
compatible with the needs of the meteorological community

&~ ECMWF
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