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Introduction

e Passive microwave observations of the Earth have been available
since the 1960’s, with long-term data availability since the 1970’s.

* They provide all-weather observations which relate to geophysical
properties of the surface and atmosphere.

* Frequencies from ca.10-50 GHz provide the ‘core’ channels for Earth
observation, complemented by other frequencies.

This talk will cover:

* Background to mid-frequency passive microwave observations
 Examples of geophysical retrievals

e Retrieving precipitation, including channel selection
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Mid-frequency Passive Microwave channels and uses

: : Low frequency passive microwave channels used for soil moisture,
I10.6 S bHmeELy snow/ice and over ocean liquid precipitation (e.g. AMSR-2, GMI)

Scatterometer Numerous narrow-band channels used for scatteromters (e.g. SCAT,
Active Altimeter Rapidscat) and altimeters (e.g. OSCAT, Poseiden), together with
Precip. Radar precipitation radars (PR, DPR, Rainradar).

13.256-13.8
GHz

18.0/18.7 GHz Passive Window Low-mid passive microwave channels used for for soil moisture, snow/ice
19.35 GHz and over ocean liquid precipitation (e.g. AMSR-2, GMI)
L d0)iCar : Water vapour channel used in conjunction with other passive microwave
22.235 GHz Passive Water vapour : : : .
73.8 GHz channels for geophysical retrievals and correction of altimeter data.

: : Mid passive microwave channels used for snow/ice and ocean/land
S Passive A precipitation retrievals (e.g. AMSU-A, MWS¢, ATMS)
34.0 GHz Passive Window Mid passive microwave channel used in support of altimeter

measurements (e.g. AMR)

35.5 GHz : Altimeter . e
35 75 GHz Active e Altimeter and Ka-band precipitation radar (e.g. KaRIN, DPR)

Mid passive microwave channels used for snow/ice and ocean/land
36.5-37.0 GHz  Passive Window precipitation retrievals (e.g. AMSR-2, GMI) and in support of Altimeter
measurements (e.g. MWR).

42.0/48.0 GHz Passive Window Passive microwave channels for geophysical retrievals (e.g. MTVZA-GY)



Sensor categories

Satellite-based sensors utilising passive microwave frequencies for Earth
Observation:

* Imaging instruments: radiometers using primarily window channels to
observe (primarily) the Earth surface, with a wide swath with mapping
capabilities, typically conically-scanning;

e Sounding instruments: radiometers focusing upon the atmospheric
absorption bands (e.g. WV, O,) for observing atmospheric parameters with a
wide swath, typically cross-track scanning;

* Active instruments: primarily nadir-viewing or narrow-swath altimeters or
scatterometers for surface parameters, but also precipitation/cloud radars to
provide vertical information;

e Single beam instruments: radiometers used in support of the altimeters and
scatterometers.
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Ocean Products

|~ Ocean wind speed
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Snow cover extent and characteristics

coverage ~daily

operational products (US & int’l)

PMW essential for snow depth & snow water equivalent
products (seasonal snow on land):

e only truly global technique (although poor over mountainous &
forested areas); existing + planned PMW satellites provide global

* Initially developed in 1980s, still routinely used for civil & military

* dry snow scatters: more SWE - more volume scattering = colder TBs
(extinction of TB from underlying soil); wet snow emits: no longer a
function of SWE, TB approaches 273K blackbody

* Freqgs £ 10 GHz tend to not be sensitive enough to volume scattering for
global typical SWE amounts (<60cm, or ~ 1.8m depth)

* Freqs > 37 GHz saturates for SWE > 50 cm, too sensitive to surface
scattering (not a function of SWE), and atmospheric conditions

e Optimum fregs for most snow conditions: 18 & 37 GHz; TB difference
reduces dependence on other factors such as grain size; 10 GHz can
assist with deep snow; 89 GHz is used to mask out very thin snow
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Snow cover products

AMSR-2 based retrievals
Model-based sequential daily multi-channel
approach — each channel responds differently
to the characteristics of snow on the surface
e AMSR2 Tbs (10, 18, 22, 36, 89 GHz)
e Static ancillary data
e Land Ocean Ice Mask (MODIS LC)
e Forest transmissivity map (Li et al., 2018)
e DEM Global — mountains (UNEP definition)
e Water fraction (global water bodies) "

e DMRT-ML (QCA-CP) radiative transfer model
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Monitoring sea ice extent

Arctic Daily Sea lce Extent (millions of ki

July 2000 4

1

\

— 2020
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Arctic Daily Sea lce Extent (millions of km?)

15-Sep-2020 B o2 o davigtons
2 v g ) y ce Oct MNov Dee Jan
Sea Ice Concentration (%) o “ TR e = v
B : . NASA Earth Observatory images by Joshua Stevens, using data from the National Snow
0 25 50 75 100 and Ice Data Center. Story by Kathryn Hansen, and includes reporting by Kate Ramsayer.

https://earthobservatory.nasa.gov/images/147306/arctic-sea-ice-reaches-second-lowest-extent
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https://earthobservatory.nasa.gov/about/joshua-stevens
https://nsidc.org/
https://earthobservatory.nasa.gov/about/kathryn-hansen

Precipitation retrievals

 Why is precipitation important? It is vital to understanding the Earth
System and for societal benefits: we depend upon fresh water.

o Why use satellites (and why not use models)? Satellites provide global
coverage (rain gauges essentially land-only), and models do not, so far,
capture the subtleties of precipitation (e.g. diurnal cycle).

e Why not use visible/infrared from geostationary? GEO observations
provide frequent and regular observations, these are of the cloud tops,
not of the precipitation falling from the clouds.

 Why use the passive microwave? PMW observations respond more
directly to the hydrometeors within the atmosphere, allowing more direct
measurements of surface precipitation to be made.
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Addressing user requirements

GEO Task US-09-01a: Precipitation Data Characteristics and User Types
e Spatial resolutions from 5-cm to 1000-km (median ¢.0.63 to 5-km)
e Temporal resolutions from 1-min to 30-days (median c.15-min to 1-hour)
e Latency from 1-min to 60-days (median c.1-min to 30-mins)

Crucially — large range of requirements for a large range of users — whose
requirements are not necessary the same across user domains.

User requirements (GEO 2020, Fig 2) Required temporal <— Increasing Difficulty of Coverage
_———
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Understanding Precipitation

Fundamental to any type of measurement is an

understanding of the properties and
characteristics of what is being measured.

Precipitation — both rain and snow:

Correlation coefficient

is highly variable in time and space;
has intensities heavily skewed towards zero;
has characteristics that vary by location.

1.0

—a—1 km
—e—5 km

—e—15 km

——25 km

Increasing spatial resolution
necessitates increased
temporal sampling
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01 Scale and time are interdependent

2 3 4 6 8 12 16 24 32 48 72 96 144 288 #samples/day
12h 8h 6h 4h 3h 2h 1.5h 1h 45m 30m 20m 15m 10m Sm interval

Instantaneous precipitation
is heavily skewed towards zero

Accumulation is
more normally
distributed




Data source

Visible

niR
Infrared

TIR

6 GHz

Microwave
(passive)

200 GHz

Basis
Albedo

Microphysics

Temperature

Emission

Scattering

- Backscatter
- Backscatter

Gauges

Direct
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Satellite precipitation estimation

Basic retrieval Multi-spectral

Multi-source

Multi-source

Motion vectors
U ]

Meeting of the Committee on Radio Frequencies, 15-16 October 2020

Cloud ID
Vis/IR Motion
Liquid/ice (e.g. MPE) vectors
Cloud top
temps
increasing Tb = MERGED
increasing RR (e.g. TMPA)
PMW
Frequency Physical MORPHED
Difference Retrieval (e.g. IMERG)
(e.g. GPROF)
Scattering
Index
L1B - CORRA %’//
_
_
%
PPIs Gridded %
%
%
. . %
Individual Gridded Bias correction %
%
|

Retrieval precipitation from
satellite observations is
complex:

Very variable over time and
space — good sampling is
essential;

Range of precipitation
properties and characteristics
is large (cloud, rainfall,
snowfall, hail).

Requires a multi-spectral,
multi-satellite, multi-sensor
approach
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Temporal sampling of precipitation

Satellite:surface correlations correlations decline markedly
peak at time of observation away from time of observation

AMSR2 ! DPR GMI SSMIS MHS ATMS GPI

Correlation (against surface radar)
3 o - o L ) o o o o -]

)
P

Time (UTC) on 24 July 2015

IR-only retrievals never Sufficient temporal sampling required to
match those of the PMW . g sgs . . .
capture the variability of precipitation
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Satellite Precipitation Heritage

1580 1590 2000 2010 2020 2030 2040 2050

Missions with

FOB 55M/1

* First imaging meteorological satellite — 5ol
F10 ssm/1 [N unlimited data
TIROS-1 (1960) N access

F13 S5M/1
_ _ L sl
» Relatively long history of precipitation- s sy

capable missions with

M17 AMS-B

SMMR (1978), SSMI (1987) F1o soms|

MN18 MHS
MOA MHS
F17 S5MIS

« Only two precipitation-specific missions,

F18 S5MIS

TRMM (1997-2015) and GPM (2014-) /S

AMSR2

The precipitation science community has R —
become very adept at adopting and utilizing ropcs R
. . . EarthCARE WPss2ATMS [ |
a range of satellite observations to provide Les sa 51 Mwife: e
the necessary (temporal and spatial) o E2iT =)
products to meet user requirements. Erssohowws BT
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GPM constellatlon 2015-present
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GPM currently has about 12 precipitation-capable satellites, comprised of passive
microwave imagers and sounders as well as a precipitation radar;

Baseline sampling goal is 3-hourly 90% of the time, but has degraded over last 5 years;
Combined with geostationary IR data allows 30-min, 10-km products to be generated.



Measuring Global Precipitation

Exploiting multi-satellite, multi-sensor retrievals

p

Consistent retrieval
scheme across all sensors

Products at 30-min/10-km or better

mmd* 0001020510152 3 4 6 8 1216 24
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Passive Microwave sensor characteristics
I T 7 2 S

DMSP-F16, GCOMW1 TRMM NOAA18,19, Megha-
F17, F18, F19 MetOp-A, B Tropiques
Conical Conical Conical Conical Cross-track Cross-track Cross-track
- 6.925/7.3VH - - - - -
- 10.65VH 10.65VH 10.65VH - - -
19.35VH 18.70VH 18.70VH 18.70VH - - -
" 22.235V 23.80VH 23.80VH 23.80V - - 23.8
% 37.0VH 36.5VH 36.5VH 36.5VH - - 31.4
9 50.3-63.3VH : : : : : 50-3-57.3
g 91.65VH 89.0VH 89.0VH 89.0VH 89V - 87-91
= 150H - - 165.6VH 157V - 164-167
183.31H - - 183.31V(2) 183.31H (2) 183.31H(6) 183.31(5)
- - - 190.31V - -
Sampling 12.79 km XT 4.65 km XT 4.74 km XT 5.13 km XT 16.87 km XT 6.73 km XT 16.06 km XT
resolution 12.59 km AT 4.28 km AT 13.10km AT 13.19 km AT 17.62 km AT 9.86 km AT 17.74 km AT
50 x 40 km 19x11 km 26 x 21 km 16 x 10 km 15.88 x 15.88 km 10 x 10 km 16 x 16 km

Retrieval

resolution
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Low frequency GMI channels — generally emission

low emissivity oceans

high emissivity land

Scattering from

radio frequency i
snow/ice

/ interference A gy

Scattering from
atmospheric
ice

emission from
water droplets

10.65 GHz 18.7 GHz 36.5 GHz
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High frequency GMI channels — generally scattering

scattering from

urface snow cove scattering from

atmospheric ice

scattering from
.atmospheric ice

emissions from
water droplets

V89 GHz V166.5 GHz V183.3113 GHz
ddard
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Low frequency scattering — GMI 20140603-5S205848 Nebraska

183V
166V
%)
o e § 89V
Baseball-sized «9|-
hail reported % 37V
nearby Q.
18V
10V
Observation frequency

and spatial resolution
are key in identifying
Intense scattering
events.
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denial experiment
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Correlation

Channel combination performance: Correlation
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e Channel combinations
of GMI observations

e GMI:DPR database

* Closest observation:
database entry

e Validation against UK
radar network

10ver ocean the 18+37+89 combination is nearly as good as all channels (10-183 GHz)
’Over land the addition of the 23 GHz channel improves the 18+37+89 combination.




Brightness Temperature Data Records

Satellite data records for the passive microwave now span over 40
years. Satellite observations are now:

e delivered in very near real time (e.g. GPM, within 30 minutes of
observation), for near real time retrieval of geophysical parameters
for applications including emergency planning;

* processed for high-quality research-grade data for long-term ‘climate-
scale’ retrievals for monitoring and assessing changes in the Earth
System;

* provide an accuracy to within a few 1/,,'s K— necessary to meet the
exacting requirements of climate-scale applications and studies.

Long term stability is crucial
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Brightness Temperature Climate Data Records

.o 37GHz monthly mean Tbs 30N-30S 180W-180E

AMSR-2 (different EIA) ——SMMR V37

o T | V37
AMSR2 V37
o G V37
o 08 V37
10 V37
11 V37
. . . F13 V37
Vertical polarization Flava

15 V37

240

230

s F 16 V37
220 — 17 V37

_ F18 V37
SMMR-era F19 V37
210 ——) e SMVIMIR H37

s TV | H37

AMSR2 H37
s V]| H37
200 e (8 H37
g s % —F10 H37
’ W = W Y MM&**‘@H%_M R o N «\w\.\%-s“ﬁ“q-w“ F11 H37
WA 4 ' vy F13 H37
. . . F14 H37
Horizontal polarization ——F15H37
=F16 H37
180 w— 17 H37
) ) - - q - i Y F18 H37
F19 H37

e

190 - A f ;gﬁf_&-:'ﬁ.‘-& hy&"" %f‘}‘};': 4,7%

Brightness Temperature (K)

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Long term records very good: differences arise from orbits drifting across time of day,
differences in Earth Incidence Angles (EIA) and slight differences in frequencies. (SMMR did
not have any robust calibration).
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Passive Microwave Radio Frequency Interference

RFI has been a problem at the lower frequency channels of 6.9 and 10.65 GHz and is an
increasing problem at 18.7 GHz: some are improving, some not. Both AMSR-2 and GMI are

observing fewer Tbs>325K on a global scale.

AMSR-2 and GMI Number of FOVs with Tb>325K
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Addressing interference is crucial when dealing with climate-scale records.
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Contributions by the 23. 8 GHz channel to preupltatlon

NOAA NPP ATMS sensor July 2015 § §
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Instantaneous precipitation retrievals Monthly precipitation totals
with/without the 23.8 GHz channel. with/without the 23.8 GHz channel.
(NOAA NPP ATMS, July 2015). (NOAA NPP ATMS, July 2015).

Differences are often subtle: excluding the 23.8 GHz on ATMS
(for example) would be equivalent to an increase in noise
resulting from a loss of about 37.5% of the number of

T T TR s 5 observations. In the context of the GPM constellation, this

i prwp,tat,on retrievals excluding the 23.8 GHz channel, - Would equate to a loss of more than 4 (out of 11) satellites.
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Conclusions

Many geophysical variables can be retrieved from PMW observations:
e Sea ice extent, concentration and age; surface snow extent and type;
e Sea surface temperature, wind speed and direction;

e Precipitation, liquid water, clouds, water vapour;

e Soil moisture, vegetation, surface temperature.

Crucially,

e Retrieval schemes utilise all available channels — but rely heavily upon the
‘core’ mid-range frequencies;

 Multi-frequency observations are needed to provide robust retrievals;

e For climate-scale records accuracy is paramount, both in the original
brightness temperature climate data record and in the retrieved products.
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