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CYGNSS Key Features

* The NASA CYGNSS mission:
* provides near surface wind speed over the tropical ocean
* aims to measure surface winds in the inner core of tropical cyclones
« eight spacecraft, non-Sunsynchronous- high spatial/temporal sampling rate

* L-band- usefulness in heavy precipitation conditions
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CYGNSS Surface Heat Fluxes
Crespo et al., 2019 (Rem. Sens.)

* Publicly released Science/Climate data product consisted of an

estimate of Sensible and Latent heat flux
« Uses COARE 3.5 Bulk Algorithm
e Flux calculation utilizes L2 CYGNSS Wind Products
« Uses ERAS for thermodynamic variables
* Currently validated up to 25 m s-1
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- Limiting factors: transfer coefficients, sea salt spray, uncertainties in
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Scatterometer Wind Concept

« Satellite wind data from radar signals relate to wind
stress, not wind speeds

« Commonly known as Equivalent Neutral (EN) winds

« EN winds are a theoretical concept and hold validity
exclusively under neutral atmospheric conditions (see the
hext slideg

« Often used in bulk formulas to calculate sensible and latent
heat fluxes

« However, discrepancies occur due to stability-dependent
biases, leading to biased flux estimations
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Surface-layer Stability

Stability function COARE 3.6 theoretical curve
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Most data sample fall at
near-neutral conditions
and thus EN winds are
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Z1o measurement height, L is the Obukhov length, z, the surface roughness, u, the frictional velocity
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Wind Difference COARE
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*moisture also plays important role (not included in this example)
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Motivation..

« The calculation of surface turbulent stress (1) from wind speed requires
knowledge of the atmospheric stratification. In terms of a drag coefficient
(Cp), surface stress is defined as,

T = pCp10U10| Upo
« An outstanding benefit of equivalent neutral winds is their independence from

atmospheric stability considerations when determining surface stress. All

that's necessary is knowledge of air density and a neutral drag coefficient
(Bourassa et al, 2010).

T = pCo10enVYioen|Uioen|
« Stress can also be modeled in terms of the friction velocity (u*):
T = p ux|ux|,

where ux = CDIOENl/Z *UIOEN which is equivalen‘r to CD101/2 *UIO
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Turbulent Flux Calculation

The parameter ux can be used in the computation of sensible heat
(SHF) and latent heat (LHF) fluxes, represented as follows,

SHF = -pCpBx|ux|,
LHF = -pLvg=|ux]

where p is the air density, 6+ and g+ are scaling parameters analogous
to ux, Cp is the specific heat of air, and Lv is the latent heat of
vaporization

Enhancing the accuracy of modeled values of u* contributes to
refining the accuracy of modeled surface turbulent fluxes

NOTE: COARE Bulk algorithm assumes stability included winds as
input for the flux calculation



@ sy Tropical Buoy Data Example

u* Bias
— U*BuoyvNew = U*Buoy i
== U Byoy_old = UBuoy |
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SUbSCI"ipT NEW, ux = CDlOENl/Z *UIOEN
Reference data (subscript Buoy) use stability info, ux = Cp10l/2 *Uyg

« OLD (red curve) biases increase with increase in instability
« Biases are minimal at the stable-to-unstable transition
 Using the NEW (blue curve) ux closely mirrors the reference u*
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Tropical Buoy Data Example

LHF Bias SHF Bias
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In Flux SUbSCF‘ipT OLD, ux is CD101/2 *UIOEN
SUbSCI"ipT NEW, us = CDIOENUZ *UIOEN
Reference data (subscript Buoy) use stability info, ux = Cp10!/2 *Uyg

« LHF or SHF Buoy OLD (red curve) biases increase with increase in instability
 Biases are minimal at the stable-to-unstable transition
 Using the NEW (blue curve) ux closely mirrors the true Real Buoy Fluxes



CYGNSS Experiment

Sand040: assumes equivalent
neutral winds from CYGNSS;
uses COARE as is: (U*=cy,1/2*u,,),

Sand041: assumes equivalent
neutral winds from CYGNSS
with COARE corrections:

(U* - CDIOEN1/2 *U10en )
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Aggregated whole Tropical Buoy stations

LHF Bias SHF Bias
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In Flux Sﬂnd040, U is CD101/2 *UIOEN => default in COARE
sand041, u* = CDlOENl/Z *U1QEN => changes made in COARE
Reference data (subscript Buoy) use stability info, ux = Cp1ol/? *Uyg

« CYGNSS sand041 (blue curve) demonstrate a closer alignment (reduction of 10-20
Wm-2) with buoy-measured fluxes than CYGNSS sand040 (red curve)

« The biases tend to reach a minimum at the transition from stable to unstable
atmospheric stratification and towards stable conditions



Jet Propulsion Laboratory LHF

California Institute of Technology
RMSD= 3682 wu= 1804 0=3209

CYGN S S F D S 400- rmMsD= 39.47 u=2328 0=3187 - T )
G I RO CleDioligis ] p=079  N= 54989 weie i oo

sand040 sand041

Scatterplot =
Aggregated whole &1 o
Tropical Buoy i B

stations
0 100 200 300 400 0 100 200 300 400

(2018'2023) Buoy [W m™?]

SHF
sand040 sand041
Impdr'OOZTd STGTIST:jCOSA;g 60- G ASNT t%:ggg? 0273 " ; Bites St ;55:?5;52 :Ln=7,19
san over san Sewg B A
LHF SHF — 40 Ej| :
sand040 sand041 Jsand04o andoa1 § -
RMSD 39.47 36.82 9.53 9.07) & 20-
m 23.28| 1804/ 6.04| 552 2
o 31.87 32.09 7.38 7.19 g
r 0.79 0.79 0.58 0.58 0- ) Density
LI
u - mean difference (CYGNSS- buoy) €= £ . 50
o - standard deviation (CYGNSS — buoy) -20- - i ' . . | . . |
RMSD- root mean square difference -20 0 20 40 60 -20 0 20 40 60

p - Corr. Coeff. Buoy [W m™?]




N Jetpropusion Laboratory — "\VCN)SS LHF Difference
Hs(l.",lfl()él]_ - LHFsa,ndO/—lO

5.

35°N

2020

OO

35°S
35°N

OO

120°W 60°W

W m2
10

0 5

Most biases emerge in areas characterized by highly unstable
atmospheric conditions (see the next slide)

00




aemeaomes Atmospheric Stratification

-
F(_L - Ts*

2020

120°W

unstable G — — stable

60°W 0°




setpropusion Laboratory - CY GNSS SHF Difference

SHFsa'n.dOéll - SHEsandOélO

2020

OO

35°S
35°N

OO

35°S
00

0

Most biases emerge in areas characterized by highly
unstable atmospheric conditions



@ s s aancs  Comparison with buoys in
Indian Ocean (2018-2023)

LHF Bias (sand041 - sand040)

LHF Bias (CYGNSS - Buoy)
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QO 2o prvutsion Loty Preliminary Summary

Scatterometer retrieved EN winds represent theoretical wind
scenario in neutral atmospheric stratification

Proposed Bourassa & Hughes (2018) method suggests precise
surface flux estimation using buoy data in all weather conditions

CYGNSS show closer alignment between estimated fluxes and
buoy-measured fluxes

Differences between default and modified COARE setups are

notable (~15-25 W/m? LHF) in highly unstable atmospheric

conditions

« sand041 fluxes will be published PO.DAAC later this summer as
SDR v3.2

Thank you for your kind attention!
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Aggregated whole Tropical Buoy stations

LHF RMSD SHF RMSD
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In Flux Saﬂd040, U is CD101/2 *UIOEN => default in COARE
SCme41, us = CDlOENl/Z *U1QEN => changes made in COARE
Reference data (subscript Buoy) use stability info, ux = Cp1ol/? *Uyg

« CYGNSS sand041 (blue curve) demonstrate a closer alignment with buoy-measured
fluxes than CYGNSS sand040 (red curve)

« The RMSD tend to reach a minimum at the transition from stable to unstable
atmospheric stratification and towards stable conditions
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@ canem e o oo BUOY Air Sea parameters in Indian
Ocean

Buoy Windspeed Buoy ta-ts
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