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c@sﬁ'{f Outline s UCAR

A Introduction to UCAR/NCAR and the COSMIC Program
A Introduction to GNSS radio occultation (RO)

A RO tropical cyclone prediction

A Introduction to GNSR

A Soil moisture and flood inundation from GNSS




Coswiic UCAR and COSMIC Introduction s UCAR

A University Corporation for Atmospheric Research (UCAR
A A consortiunof 131North American universities

A Founded in 1960 to create, operate, and manage
National Center for Atmospheric Research (NCAR) on
behalf of National Science Foundation and the
universities

A ~1400 staff including ~800 scientists and engineers

A Science, computational and observational facilities, huge
data sets, higiend numerical models of the sun,
atmosphere, oceans, coupled climate system

A COSMIC Program

I Constellation Observing System for Meteorology,
lonosphere, and Climate

I ~30 scientists, engineers, programmers, IT, support staff

I Expertise in ground and space GNSS processing, radio
occultation, reflections, spacecraft integration/testing,
atmospheric, space weather, and climate science




Coswic Global Navigation Satellite System (GNSS) 3% UCAR

A Today, multiple GNSSs provide navigation signals globally
I GPS (USA), GLONASS (Russia), Galileo (EBmpel(China)
I There are additional regional navigation systems as well (e.g. IRNSS, QZSS)

A We currently process GPS, GLONASS, Gaddooudata
Galileo GLONASS BeiDou




C@Sﬁ{f Introduction to Radio Occultation (RO) 3¢ UCAR

A Radio occultation (RO) technique looks at bending of radio waves traversing an atmospheré

I First applied to planetary atmospheres by teams at JPL and Stanford University with Mariner I
spacecraftKliore et al., 196p

A COSMIC, NASA, NSF first demonstrated technique on Earth with GPS/MET mission in 199!
I Utilizing open Global Navigation Satellite System (GNSS) signals
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c@sﬁ? Scientific Uses of RO Data Products x‘ 3 UCAR

A We at h e r (A) Precipiﬁ::}e sv%:;mf L/a'mrr é:lvav‘\lg g%?rvc;t?:nnsd GPS-PWV
i Improve global weather analyses, particularly over data. . ==
sparse regions such as the oceans, tropics, and polar ’,,‘ ‘
reglons —:: (B)PWmemCOSMICRODté )
I Increase accuracy of numerical weather model forecasts g _‘M,.
i Improve understanding of tropical, midtitude and polar
weather systems and their interactions =
A Climate - R
I Monitor climate change and variability with ) . &
unprecedented accuraayd 2 2 NI RQa Yz2au | O Qd 7 o
LINBEOA&SY yR aidlofsS uKSNszYSL LJF OS
AntheS 5 : / :
I Evaluate global climate models arehnalyses 14 |
I Calibrate infrared and microwave sensors and retrieval R 7 A

algorithms
A lonosphere and space weather

I Observe global electron density distribution and total
electron content

I Monitoring of scintillation (e.g. equatorial plasma
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First Radio Occultation Profiles by Mission
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Coswic RO Missions Processed at UCAR % UCAR
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A Public repository atlata.cosmic.ucar.edu

i Simple https downloads, daily tar file by mission and file type

A Data descriptions, file formats at tHisk

Courtesy M. Perrotta, UCAR


https://data.cosmic.ucar.edu/
https://www.cosmic.ucar.edu/what-we-do/data-processing-center/data

Coswiic Near Reallime (NRT) Operations s UCAR

COSMIE2, KOMPSAD, Taiwan Analysis Center
P C.:I : BoM (Australia)
: Research Community
‘111\ Canada Met
\\ ' NOAA Space Weathef DWD (Germany
C Prediction Center
ECMWF
D .
Global CWA (Taiwan)
A Telecom
GNSS ground data A AP JCSDA
(NTRlP redime C NOAA NCEP
and f||e§) USAF
IGS orbit products 557WW JMA (Japan)
NOAA GFS
Forecast : Meteo France
UCAR/NCAR and NOAA Archiyves
— UKMO (UK)
Currently delivering ~12K neutral atm. and ~16K total -
electron content products daily in near ret@ine .




Coswiic FORMOSAT/COSMIE2

A US/Taiwan partnership (NOAA, USSF, NASA, NSF,
A Spacecraft constellation
i Launched June 25, 2019
I 6 satellites, orbit inclination 24 deg, altitude ~520 k
i Final orbit configuration reached in March 2021
A Payloads

i JPL/BRE GNSS payload is primary
A GPS and GLONASS tracking

I Secondary payloads are ion velocity meter (IVM), tri band RF
beacon, laser retro reflector

A All neutral atm. and ionosphere products routinely produced,
except IVM drifts

I 172 TB served to public in 2022
A Neutral atm FOC reached 9 month after launch o
Al OKASOSR aSOSNIf GFANRGAE Faorooosmeostiumn

I GLONASS radio occultation for neutral atm and ionosphere so -

I Demonstrated GPS & GLONASS absolute total electron con o
accuracy < 3 TECU

i Scintillation geolocation and adlear A |
I Under 30 min (median) product latency e % T

100 150 200 250

December 2021
L - ;I




Coswiic US Commercial RO Data Providers s UCAR

A GeoOptics A Planet IQ A Spire
I 3 6U satellites I 2 6U satellites I 60+ 3U satellites
i Cion (TGRS i PlanetlQdeveloped processed
heritage) GNSS GNSS receiver I Spire developed
receiver i 2 POD and 2 RO GNSS receiver
i Single POD and 2 antennas similar to I Single POD and 1

RO antennas C2 2 RO antennas

12



" Near Reallime Neutral Atm. Coverage (2028-28) 3¢ UCAR
COSMIC-2 NRT Occs All GNSS All FMs (2024-10-28)

UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH
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Coswic Geographic Coverage (All ROMEX Missions) 3¢ UCAR

A RO ModelindEXperimen{ROMEX) project is assessing impacts of RO data on NW
using all available data between Sé&ov. 2022

A On average, there are about 36,000 occultations per day available during this time
A Showing daily occultation locations (left) and daily count in 5xSatéign bins (right)

A In addition to NWP studies, these data should lead to many interesting scientific
studies

Occ Map (All Missions) (2022-09-01)




COSMIE GNSS Space Weather Products

74
AN

UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

A Space weathetal valteam has developed A
and validated a number of higher level
products for operational and science use _ _ _

College, NOAA/SWPC, UCAR, USSF, UTD SWARMB mission

A Table summarizes GNB&sed products

I Additional products from isitu lon
Velocity Meter not discussed here A

o Joaws [

Abs total electron content  Operational

Absolute TEC validated and released to ops'
sclence users sincily 2020 (GPS) and Jan. 2(
(GLONASS)

i C2 and SWARIE collocations based on sam
time, same transmitter, angle between
SWARMB and C2 less than 2 degrees

GLONASS TEC validated via comparison to
ResultsGPS TEC error ~2.5 TECU, GLO TEC

Electron density profiles Operational

Line of sight scintillation

amplitude and phase indices SAPHESIE] E
Scintillation geolocation Operational ~ Discussed 5
Scintillation bubble map Operational nextlr;Iides
Scintillation aHclear Operational

Limb-2-disk Future

% 20_

o o
PR [T S S S N T

3]
PR -

~2.6 TECI(requirement <= 3 TECU)

C2E1 E
KER L
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C2 GPS sTEC

Courtesy NPedatella I.ZakharenkovaUCAR 15



UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

Coswic COSMIE Scintillation Geolocation % UCAR

Year 2021 Year 2023

A Example geolocations over 1 day (left)
A Monthly geolocation density in 2021/2023
(right)
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Cosniic Summary 3 UCAR

A GNSS radio occultation is a mature technique making valuable
contributions to weather, space weather, and climate science and
operations

A COSMIC Data Analysis and Archive Cengdes available neutral
atmosphere and ionosphere products from more than a dozen
missions going back to GPS/Met

A COSMI mission has accomplished significant milestones since
tdzyOK Ay Hnanmd AYyOfdzZRAYy3I aSgSN

I High volume/coverage supe&efraction detection capability
I Absolute total electron (TEC) with < 3 TECU accuracy, GLONASS TE(
I Scintillation geolocation, plasma bubble andddar specification

A RO modeling experiment (ROMEX) is helping to establish impacts c
many RO observations on weather prediction using real data



https://www.cosmic.ucar.edu/what-we-do/data-processing-center
https://www.cosmic.ucar.edu/global-navigation-satellite-system-gnss-background/cosmic-2

c@sﬁ'{f Outline s UCAR

A RO tropical cyclone prediction
A Introduction to GNSR
A Soil moisture and flood inundation from GNBS

18



(oswic

»* UCAR

¥ CORPORATION FOR

Skill of Tropical Cyclogenesis
Prediction by Global Models: 2062014

10 5 3 2 15 1.3
S ® North Atlantif: Cyclor;es /,p rﬁed@;: 1 QOAA/'\I(EEE)GI\LOZGL”ForecaSt
q gL g ' N ystem odel:
© ’ . Probability of detection = 0.20
c° oo | False alarm = 0.55
S dia
B
g Q- 06 ECMWF and UKMO have similar
% 05. |os probability of detection, but has
2z less false alarm.
3 g i 04.
ki _ . .
09_ 03- |03 CMC: Canadian Meteorological Center
S - 0.2 GFS: NOAA/NCEP Global Forecast
01 System
S - UKMET: U.K. Meteorological Office

T T T T T T

0.0 0.2 0.4 0-'6 0.8 1.0 ECMWEF: European Center for Medium
Success Ratio Range Forecast

False alarm ratio =4 success ratio FromHalperinet al 2016



»* UCAR

Skill of Tropical Cyclogenesis
Prediction by Global Models: 2004014

10 5 3 2 15 13
— | ® North Atlantic Cyclones /"'P ,ﬁwt@;: 1 g;?:n{ngllig)el\l/ﬁ)%aélforecag
| ' "N A Probability of detection = 0.20
S S los False alarm = 0.55
E 0,
2w 5 ECMWF and UKMO have similar
a ° GFS v16 probability of detection, but has
g ’| 20182020 % |05 less false alarm.
= ér, i 4 -
g ie. (53 NCEP GFS v16 (2620):
g N Probability of detection = 0.25
S 0.2 False alarm = 0.4
0.1
o | Issues:
° T T T T T T A Lack of observations
0.0 0.2 0.4 0.6 0.8 1.0 A Data assimilation
Success Ratio A Physical parameterizations

False alarm = g success ratio FromHalperinet al 2016



Formed at 1800 UTC 16 August
2008 over Western Pacific Ocean.

Most of the global operational
models failed to predict the
formation of this tropical storm.

Perform3-Day data assimilation
with and without the use of GPS
RO data, starting at 1800 UTC 11
to 1800 UTC 14 August 2008.

We then compare the forecasts
with and without the use of radio
occultation observations from the

COSMIC mission. L 2R s ViRt
- U% w 0en7 |19
nn?q‘%\g 0515
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WRF Model Forecast After-@ay of Data ASS|m|Iat|on74r¥ UCAR

Starting at 1800 UTC 14 August 2008

No GPS RO Data With GPS RO Data
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C@SIM:i? Time-Height section of differences in water vapor (contour) and vertical —\ N UCAR
' motion (color) between experiments with and without GPS RO

assimilation
100 L I L L | L L | L L
Day 1 | Day2| Day3 [ ' | units:
Vertical motion:
150 — m/s
Water Vapor:
200 Kg/kg
o
g 250 —
@ 300 —
3
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O 400 -
o
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00 _\.% 500 mb vorticity
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Ny
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How did GPS RO data impact the genesis of 3¢ UCAR
TyphoonNuri (2008)?

A Day t Not much difference

A Day 2 GPS RO assimilation substantially increased
low-level moisture, steadily increasing convective
Instability

A Day 3 Outbreak of convection produced
I Largescale upward motion

I Mid-level potentialvorticity (enhanced by latent
heating)

I A robust midlevelvorticity center with high humidity

A Day 4 and beyondThe midlevelvorticity center
confined the area of convection, interacted with
convection and boundary layer processes to produce
surfacecyclogenesis



Cosic 3 UCAR

Summary of Sensitivity Experiments

A Without GPS RO assimilation
I Lower troposphere was too dry
I No convection, no strong mievel vorticity center with
high humidity
I No genesis
A With GPS RO assimilation, but no latent heating
I Lowlevel moisture was increased
I No largescale ascent, no milgevel vorticity generation
I No genesis
A With 16 GPS RO soundings near storm removed
I Results similar to no GPS RO assimilation
I No genesis
A With local observation operator
I Less moisture in the lower tropical troposphere
I Genesis delayed by 30 hour



Statistics for 10 Typhoons over the 3 UCAR

NW Pacific, 20082010

AMOUNTS OF
500

2008_KALMAEGI
2008_FUNGWONG
2008_NURI
2008_SINLAKU
2008_HAGUPIT
2008_JANGMI
2009 _MORAKOT
2009_PARMA
2010_FANAPI
2010_MEGI

PROBABILITY OF DETECTI

606
730
474
696
654
661
624
443
393

UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

2008/07/14 0000UTC -48h -42h -42h
2008/07/24 0600UTC -36h -36h -42h
2008/08/16 1800UTC X 30h Oh

2008/09/08 0000UTC X X 6h

2008/09/18 1800UTC 24h Oh -12h
2008/09/23 1200UTC 6h 6h -12h
2009/08/03 1800UTC -48h -24h -6h

2009/09/27 1200UTC -6h 6h -12h
2010/09/14 1200UTC X X 36h
2010/10/12 1800UTC 36h 60h 24h

Hit is counted when model
produced genesis withifi24h

of the observation.

40%

x: No genesis
- . Early formation
+: Late formation

70%
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c@?? Tropical Cyclone Environment Types AN UCAR

A Teng et al 2020 examined 531 tropical cyclone (TC) cases fronr20081
classifying them into 8 different cluster types

A Two dominant synoptiscale environments: Easterly TC (ETC: type 4, 7),
Monsoon TC (MTC: type 2, 5, and 6)

40N =

35N 1 V ’ oy
o of ﬁ‘ v asterly <

25N 1

20N 1

15N 1

10N 1

5N 1

90E 100E 110E 120E 130E 140E 150E 160E 170E 180 170W

(Teng et al. 2019)
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Composite Tropical Cyclone Structure
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. ) N7
ACoswiic Probability of Detection € UCAR

UNIVERSITY CO

4. Easterly
southwest of subtropical

yp 91 rate No RO With RO
20.0

0.0* 57.1*%
high

17.1 16.7+ 66.7*
22.9 87.5 87.5
22.9 37.5 62.5
2. Monsoon confluence 17.1 33.3 66.7
37.1 7.7* 61.5%
Monsoontype (2,5,6) 62.9 54.5 (2.7

Total 100 37.1* 68.6*

w AGSNRATY {ATYATFAOlI yOS£
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c@sﬁi Summary s UCAR

A The impact of GPS RO on the prediction of 22 tropical cyclones
(TCs) that form in monsoon environments and 13 TCs that form in
easterly environments over the period 202610 are assessed and
compared.

A Because of higher environmental moisture, the probability of
detection for tropical cyclone formation is higher for monsoon TCs
than easterly TCs, when GPS radio occultation data are not
assimilated.

A The assimilation of GPS RO data increases the probability of TC
formation detectionfrom 7.7% to 61.5% for easterly TC, and from
54.5% to 72.7% for monsoon TCs

30
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Coswic Impact of RO on Tropical Cyclogenesis »< UCAR

(a) 9 developing storms
> <
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(b) 23 nondeveloping storms
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Backgrounds are anomalies of Septembé&rctober 2019 minus

40-year climatology (1978 2019).
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Coswic COSMI€ RO Data Impact Study 3¢ UCAR
False
Observation Total | Hitrate | alarm
ratio
Developing Non-developing
4 11
Detected . 15
No RO (hits) (false alarms)
o] 0.44 0.73
Forecast 5 12
Non-detected : . 17
(misses) (correct negatives)
7 8
Detected . 15
With RO (hits) (false alarms)
! 078 | 053
Forecast ) 15
Non-detected : . 17
(misses) (correct negatives)
Total 9 23 32 0.34 0.20

Assimilation of COSMIC-2 RO increases the probability of detection by
34% and reduces false alarm by 20%



Apples and Oranges

Sz

QN

UCAR

UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

Model improvement in 10
years

COSMIE assimilation

Probability of detection: 0.05 Probability of detection: 0.34

Reduction of False Alarm: 0.15 Reduction of False Alarm: 0.20

34



c@sﬁi Summary s UCAR

A Typhoon Nuri (2008): RO assimilation recovers moisture from low to mid
levels, supports convective development, critical for tropical cyclogenesis

A Experiment on 10 cases over Western Pacific shows that the use of
nonlocal operator is important:
A Nonlocal Operator: POD increases from 0.3 to 0.7
A Local Operator: POD increases from 0.3 to 0.4

A Evaluation of 35 tropical cyclogenesis shows that the impact of RO
assimilation is sensitive to largeale environment:
A Easterly TC: POD increases from 0.08 to 0.62
A Monsoon TC: POD increase from 0.55 to 0.73

A Assimilation of COSMIZRO on 9 developing and 23 ndeaveloping
events in Septembe®ctober 2019 over Western North Pacific shows that
COSMI increases probability of detection by 0.34 and reduces false
alarm by 0.20.



c@?? Outline s UCAR

A Introduction to GNSR
A Soil moisture and flood inundation from GNBS

36



C@S’Mj]% GNSS Reflectometry (GNBS %% UCAR

LEO receivers

lllustration of CYGNSS satellites tracking
multiple Earth ocean and land reflections.
The transmitters are those of the GPS
constellation 20,000 km above the Earth.

Using GNSS transmissions as an illumination
source forbistatic radar

Features:
A Facilitate building constellations of Low Earth
Orbit (LEO) receivers
A A large volume of reflection data
A Short revisit time (hourg a few days)
A Footprint size: hng km
A L-band signals
A Relatively insensitive to dense vegetation
A All-weather, day & night operations

Applications:

Ocean: ocean surface wind, significant wave
height, sea ice extent, etc.

Land: soil moisture, surface water extent, above
ground biomass, etc.

37



UNIVERSITY CORPORATION F

C@ﬁ GNSSR Observables 3 UCAR

Direct signals Reflection signa “ros_s
A navigation corfelation Delay Doppler map (DDM)
A creating reflection of reflection signal power
signal model Signal mode
LEQX /
Smooth surface Rough surface
o
| = = 5
Reflected signal o o Q
ko ko 5
Q Q N
Q. (o} ©
o] o] =
a a 5
Z
1 5 9 13 17 1 5 9 13 17
Delay bin Delay bin

TheDDM peakis used to derive geophysical parameters, e.g.,
reflectivity and scattering coefficient.
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c@s’mjf GNSSR Satellite Missions %% UCAR

UNIVERSITY CORPORATION F

UK TDS-1 I —

CYGNSS

BuFeng-1 A &B

Spire Grazing-Angle GNSS-R
Spire Near-Nadir GNSS-R I

UK Do T- 1 I —

FSSCat I —

FY-3E I —

Muon Space MuSat D

Triton I

2015 2016 2017 2018 2019 2020 2021 2022 2023

A
Today

We focus orSpire NeaiNadir GNS® datato map soil moisture and inland water bodies under a
NOAA Commercial Data Program (CDP) pilot study.
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c@émji Spire NeaiNadir GNS®R Satellites and Data ~ #< UCAR

A 4 LEO receivers: FM110 (lmclination orbit) & FM 146, 147, and 172 (neslar orbit)
A L1 band signals from muBNSS, e.g., GPS, Galileo, Beidou

A DDMs andtalibrated reflectivity at 2 Hruring JagJul 2024. Alongrack sampling spacing is ~3 km.
A ~30% of the 36 km land grids is covered by qualitytrolled observations

30°N

e GPS 50% W b Ground tracks of reflection
0°L @ GAL20% - % N s o data over land and sea ice
@ BDS30% A ; A on Feb 1, 2024
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C@S’Mj]% GNSSR Reflectivity and Soil Moisture (SM) < UCAR

Reflectivity () refers to the ratio between the reflected signal power)
and the incidence signal powar §.

A simplified reflectivity model (w/o considering vegetation scattering):

F ®  p Qoint(@y 1 AT-9]Qac T O
> Vegetation scattering Fresnel reflectivity Roughness impact
and absorption

"YU: right/left-hand circular polarization
Q  wavenumber
» . surface roughness as root mean square height
— incidence angle
Tt . vegetation opacity
W f Q—ﬁ“ IH ¢ @O GE6Ea G H QI )Xo 61 Q
Reflectivity is essentially a function of SM.
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Coswiic GNSSR Reflectivity and Soil Moisture 3¢ UCAR

Reflectivity changes respond well to SM variations.

Differencein the mean of SMAP SM/Spire reflectivity at 36between April 15 and March 1631, 2024over

Australia
11°S — 0.20 11°S 10.0
SMA '0.15 l7.5
18°S 0.10 18°S 5.0
/// 005 & 25 =
S WKy b g ) )
25°S 000 & 25°S ¥ : Procert et} 00 «
X 3 N ! - i e 5
' i ) " = D
L 0.05 2 + ; by 25
32°S by -0.10 32°S ok P | o -5.0
'—0‘15 : J I—7.5
. L 39°S e -
3985E 119°E  126°E  133°E  140°E 147°E  i54°E 020 192°E 119°E  126°E 133°E  140°E  147°E 154 00

* SMAP: Soil Moisture Active Passive, a satellite mission to provadad.radiometrybased soil moisture at 9 & 36 km
every two/three days. The accuracy is ~0.04/cm3in regions with vegetation water content less than 5 kg/m

43



: . . . . Wbz
Coswiic Soil Moisture Inversion Algorithms »< UCAR

1. Empirical algorithm:
1. linear regression, change detection, time series
retrieval method, etc.
2. Relatively easy to implement
3. Dependent on external SM data to determine
parameters

2. Semiempirical inversion algorithm
1. Based on the forward model of reflectivity
2. Providing independent SM observations
3. Challenging to realize as it requires accurate
corrections for surface roughness and
vegetation

3. Machine learning & deep learning methods

A 36km grid

0.6

SMAP SM (m3/m?3)
o
w

O._q

Lon:-59.94
Lat: -27.74
Jang May 2024

Nearly
proportional

75 -150 -1256 -100 -75 -5.0
Fir (dB)

-2.5
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Coswiic Forward Model of Reflectivity s UCAR

Data Source

Parameters

Spire/CYGNSS produ*;

v

Signal incidence angle

v

Signal wavelength

Soil texture

SMAP ancillary produc e

A 4

A 4

Soil density

GMAO product

v

Soil temperature ——o‘ reflectivity

SMAP L3 SM product

Vegetation

Surface roughness

SM, vegetation, and surface roughness can
be inverted from reflectivity
measurements.
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SemiEmpirical Soil Moisture Inversion Process

3 UCAR

ERSITY CORPORATION FOR ATMOSPHI

Soil dielectric
SM
constanf
2 T
L
14°S o £
19°S fr”“J¢/ / \\\1
24°S § /
29°S S A/_,L—\ \(
- SR \VQKWJ/
39°S i
112°E 122°E 132°E 142°E 152°E
—— obs —— obs - veg - rough
10— —— Obs-veg —— sim I
0
"\
810 el T
4
s I |
| b
-20 | ) I’ h ‘i“.i
) i
it | | i il
=30
128 129 130 131 132

Lon (deg)

Fresnel reflectivity for a

smooth surface

Vegetation & surface
roughness impact

Reflectivity obs.
W QYD

R: 0.66 /
RMSD: 0.05 c?tcm3

10
o 0.5
2 7
S u 3
kel
= 0 | ' Q
o [5) 0.4
Z | 44 40 & .
-~ 11\ I ‘ |L » ! r H | l‘" ! I E
10 ! | kA R g ’
= (S~ |
203
36 g .
128 129 130 131 132 S
Lon (deg) =
wn .
0.6 ©0.2
Spire 04 @ B
05| SMAP ’ N Y
= ¢ b ) .;l ,w
g b .
5 o 0.1 ':& .
m -,
g 0.3 . 023 o
0.2 - 1
“ 01 0% 0.1
0.1 7
0.0
0978 129 130 131 132
Lon (deg)

0.2 0.3 0.4 0.5

SMAP SM (cm3/cm3)
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C@S,Mjl.? SemiEmpirical Soil Moisture Inversion Process 3% UCAR

Operationally, instead of processing data track by track, we generate gridded maps of reflectivity
observations and then use them to invert SM.

On any given day:

1. Quality control using quality flags, water masks, and snow cover data

2. Correcting for vegetation absorption, surface roughness, incidence angle impact

3. Gridding Spire reflectivity observations with a resolution of 36 km & calculating the mean for
each grid

4. Estimating soil dielectric constant and then soil moisture content

Averaged Spire & SMAP SM during@debat 36 km. Grids with both SMAP and Spire data are considered

SMAP

14°S

19°S

o

Vi :—' A -
24°5 |- (S8 -

\
29°S |-\

34°S

Lack of good quality data

39° : o A
112°€ 122°E 132°E 142°E TEFE > 112°€ 122°E 132°E 142°E 152°E
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Coswic Compare Spire and SMAP Data % UCAR

Comparing daily Spire and SMAP data

/
0.6
RMSD: 0.08 cffcm3 gl B
: 4 . .
05 i Averaged Spire & SMAP SM during@@ebat 36 km.
_ ' b N SMAP Spire
0.4 . - ‘ 0.6 0.6
m§ : m 14°S :: 14°S
£ - 3§ 05 _ 0.5
s i 3 9°5 £ 19°S
> 0.3 : o 1 0.45 * 0.4
z : g T €
= i 5 24°S 038 24°S 0.37%
0.2 : = S
e fag=%3 023
: :
0.1 1 34°S 01 34°S| | ) i
39° 5 ' — 0.0 39° 5 A 0.0
1?2°E 122°E 132°E 142°E 152°E 1§2°E 122°E 132°E 142°E 152°E

O'%.O 0.1 0.2 0.3 0.4 0.5 0.6 o
Spire SM (m3/m?3)

A Spire SM retrievals agree well with the SMAP data generally
A Spire SM overestimation occurs when SMAP SM is relatively high
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Coswic Compare Spire and SMAP Data % UCAR

Comparing daily Spire and SMAP data

/
0.6
RMSD: 0.08 cffcm3 gl B
; ’ . .
05 i Averaged Spire & SMAP SM during@@ebat 36 km.
_ ' f SMAP
0.4 0.6 0.6
m iy 14°S 14°S
S 3§ 0.5 0.5
= o o -
> 0.3 o 19°s 0.45 135 0.4
< g s g
= 5 24°S iy S 24 s 03%
0.2 : z S
e fag=%3 023
&
0.1 1 34°S 01 34°S| | ) i
- 39;§2°E 12£°E 132°E 142°E 152°E aa 39{?2°E 1222°E 132°E 12°E 152°E 00
O'?).O 0.1 0.2 0.3 0.4 0.5 0.6 o

Spire SM (m3/m?3)

A Spire SM retrievals agree well with the SMAP data generally
A Spire SM overestimation occurs when SMAP SM is relatively high
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Coswic Compare Spire and SMAP Data 3¢ UCAR

UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH
|

RMSD at grids with at least five daily SM samples. MODIS landcover types
T T 0.15 - Y = Barren
g . i 4 R
L Bt - /4 7-_ 14°5 = : Snow/lce
0.12 i Vg N
—~ 195 2 AT IR o - N — 19°S Built-up
S — )
=~ 0.09
mE 24°5 24°5 Wetland
“2 29°5 | e p '_!il,:: 17\ | 10.06 29°s---- Grassfcrop
o SR e e T 5 i Savannas
34°5 0.03 34°S Shrub
30325 122 132 1a2°e  152°¢ 000 Mot PT 122°F 132°E 142°E 152° rorest
Mean: 0.07 criicm? _ _ _
800 Large RMSD typically occurs over relatively dense vegetations
600
=
3
o
O 400
200
0

0.06 0.12
RMSD (m3/m?3)
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Coswiic Expected Accuracy Levels 3¢ UCAR

The accuracy of soil moisture retrievals uging ! t Qa | O0 A Although this table shows expected
(backscatteringyaries depending on landcover types accuracy levels for backscattering

based SM, it provides insights into the
anticipated accuracy of our forward

Bare soil and sparse vegetation:
A higher accuracy

A Estimated error: 0.06 cffcm?3 scattering results.
Moderate vegetation (grassland, savannas, shrublands): Our results have expected accuracy
A Moderate accuracy levels.

A 0.06¢ 0.08 cn¥icm?

A Radar signals become partially absorbed and scattered by the HE=1316 (s0)=1¢ RMSD
vegetation canopy (cmf/lcm?)

Dense vegetation (forest): Barren 0.06

A Low, with significant degradation Closed shrublands 0.06
A >0.08 crilcm3

A Radar signals are significantly absorbed and scattered by the tre Open shrublands 0.05

canopy Crops 0.07
Urban: Grasslands 0.09
A Poor Savannas 0.09

A Complex geometry, interference »



C@S’Mj]% Reflectivity for Soil Inundation Mapping s UCAR.

Conceptual diagrams of how soil and water surface affect reflectivity:

Rough water surface Calm water surface
A Vegetation A No vegetation effect
A Soil surface roughness A Water surface
A lower dielectric roughness
constant compared to A Higher dielectric
water constant

Higher reflectivity

. ——)
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Soll Inundation in East Africa %‘(‘— UCAR

Cosniic
East Africa has been experiencing more frequent and severe flooding in rece

0.0 0.5 10 Yoars
| ' .~ Reflectivity has been sorted to plot the higher ones on top of the lower ones.

@ (0)
0

GSWE SWF, 3 km
15— = 2000 15N o
Sl A Reflectivity maps
10488 1790 gomif - indicate the
1500 | maximum extent
- _ ~10 subject to soil
S . .
g 12505 _ inundation.
3 2 .
S 10007g &
g i A Large lakes not
750 .| P ]
o always have high
50 & reflectivity
"Sig -25 .
_ observations due to
N | . water waves.
-1 - : oql o WA AT Y B o - Tl A AN : _
5,25 30 35 " 255°E 30°E 35°E 25°E 30°E 35°E %0

Longitude (deq)
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Coswiic Soil Inundation in East Africa s UCAR

Monthly reflectivity observations

Sentinel2 optical images
Site 1

Site 2

Mar May Jun

Spire reflectivity observations are usable for delineating soil inundation evolution.
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