CYGNSS il ¢ U7 W0 5 P 55 1 B ] 518 i H

WHE
HAERGTAR TRRF S XA
PR LT, AR B
Bk @R GHETRE A T H
F-RKAH TR AR 2R
# &8 % A7 4 71 3 %) (Global Tropical
Moored Array Programs) 4% € i% 4% K. %
Ao 0 B AR A IR IET
Cyclone Global Navigation Satellite System
(CYGNSS) #5 35°N~35°S % i% & K3
ML K Y. 25 R A B, CYGNSS i & @ K
%5 Fm A AL 21T /s A F
3439 5 A2 £ (RMSD) , & T 48 &R T L)
e B2 B FA WM R £, AR
7 5 A % 1) A i 1] b R R A T e 5] AL
AR A MR £, 5 b, CYGNSS i & @ K
AR R K 5 E ol AR — & R
LT CYCNSS £ AF 7 if H-R A sk & Ao
HER B AT @O L R ALK
S 4¢# A Madden-Julian Oscillation ( MJO)
Fodril R AEPEFE LIHAFHAE S B A
A, 5L T CYGNSS % & & K 3% # 4+
9 i 42 B R A
KA
CYGNSS; MLl 34 45 5 3 3 ; % /£ 5L
J;MJO; % F AR

hE 4 %S P414.4
XHERPRER A

s B EE 2018-04-10
TEATIE b Rl 2 Bt SR 1 5 5 A 4% 2 0
(XDA2006050301 )
EE R

#Hig, 5, WA, BER T 1 2 MJO 32w
THESAHEAE. huyunhappy@ foxmail.com

1 BB TRRY: R, AT,
210044

2 WA R TRRS W R b, M A,
210044

3 P EBRE BRI, )M, 510301

0 HiF

AR SRS HESC, Ay BRIRL BRI 52 1 — 25 G 1 R S

T 2% A7 2 1 A A T 32 (1) 2y e R B A R ORVR. R T IE
BNV S BAE AR, 5 ZEadE— 25 4 v 1 2R KU i 1 o i )
() 1235 (] 43 3, LA S ASE 0L 003000 1A 3 A R 1 e A I & e ik
T2 BUAT AV 2 XU BB %) s [0 A 25 (1) 4 0 S50 T 412 1o, AELIRA 7K X XL
Y 0 s ma AT SR AEAE . 2016 A1, 35 T 2 i K Jm) A9 e XL 4 k-5 A0
TPARERG(CYGNSS) TS Ja 8, B — A~ T 42 i XU Hi v A
PERAL S 8 /N TR B L R, 1T LA A A0E | 5 XU LA B B XL A& A~
-t JE 300 F g HIR R Ay R R R ST 1) 96 1 2 T XUSRE A 7 A N o, AR
AR5 32 ANS2BR RGP 41, CYGNSS S 22 45 1] % B —FE 7S 45 3F
F3 22 UL, 5k 1] 1) B R JL 434 2= JL /NI, 22, CYGNSS UL & 3 EL
AW 1) JLTARSZ K0 5 2) B ]2

ARSCAT FH A 22 0 BRSO £50 0 > 35 UFE CYGNSS UL 45 4 iy vl 5
PEEB BT B 2017 428 A 1 H—10 F 4 H, It 65 d. & 554
CYGNSS X3z % ¥ 5 v [ e i 7 v e 85 XU i 14 70 e 2 4
P 5 05 SOWMAFTE R 2. 49 m/s (AR 222 (RMSD) . 53 4b, B[] I
sy Z3ia) B ALY CYGNSS JXU37 7 i B3 T 15 7 R0 K<Y
X4 CYGNSS K% 5 23kl R IATEARFES TR 1 4 17 Bm KL
YR IE T L S5 R BN ATl TR AR BE , CYGNSS )7 ™ i
FEAER 2. 17 m/s 19735 RMSD.Z BB AT A& CYGNSS AF: 55 54 ™ i i)
ZR, AMIKT 20 m/s KU, H R ORI M 2. 0 m/s X S8 25 1]
FE VR T XL 45 B 0 T2 9 el A SO0 15 2, LA K 79 5 7 45 (] AT i)
AT A VE LI 5 | RS A AR 2 P 1% 25 . CYGNSS i 3k 1 XU Ay Bisf [ i A2 5
SEIPERHEE R —30, B IL T CYGNSS 7ERF I3 PE- KA e B M ah /38
o3 R 5T 1 V8 6 1 AR

JT IR CYGNSS $54 7= i i v 6 o FH A, 4% S A Madden-
Julian Oscillation (MJO ) F1 7~ 1 A= 38 B FE Vb FH 4448 R w5449
BGUFE CYGNSS KUz 76 3R UM #5155 B 1) e 3. 45 SR 22 B, CYGNSS ifg
TG MR T MIO ZRA% 13 A A, 3 5 850 hPa X730
— 3 [ B, CYGNSS 1 3¢ X b7 nl 3 1k 599 A 48 7 R 38 B PR AR I
Fh AR B i 0m 5 T R R AR e — 3k



2> 22 4 E4 RS
A 7R 25 2F £RCABFIEIRD) ,2018,10(3) :370-378
Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2018,10(3) :370-378 371

Validation of CYGNSS observation and its potential applications

HU Yun' WANG Xiaochun® WANG Dongxiao’
1 School of Atmospheric Sciences,Nanjing University of Information Science & Technology,Nanjing 210044
2 School of Marine Sciences,Nanjing University of Information Science & Technology,Nanjing 210044
3 South China Sea Institute of Oceanology, Chinese Academy of Sciences,Guangzhou 510301
Abstract

and high temporal and spatial resolution sea surface wind data product is needed to study these phenomena.In this

Many phenomena in the atmosphere and the ocean can be detected by sea surface winds.High quality

paper, sea surface winds from Cyclone Global Navigation Satellite System ( CYGNSS) mission over 35°N-35°S are
validated against in situ observations in order to evaluate the performance of CYGNSS.The in situ wind observations
include measurements from the Xisha flux tower in South China Sea (SCS) ,and moored buoy data from the Global
Tropical Moored Buoy Array (GTMBA).The result indicates a mean root-mean-square-difference (RMSD) of 2. 17
m/s of CYGNSS winds with respect to in situ observations.Part of this discrepancy may come from instrument error,
and part of it may come from representative error because of not-exact match of in situ and satellite measurements.
The time evolution of CYGNSS winds, however,is consistent with that of in-situ winds, suggesting its potential appli-
cation in understanding the complex mass and energy interchange processes of atmosphere and ocean. Examples

using surface wind to analyze the MJO and the equatorial eastern Indian Ocean upwelling events are also discussed,

which indicates potential applications of CYGNSS observation.

Key words

1 Introduction

Sea surface wind is the typical movement of near-
surface air and the largest source of momentum for the
upper ocean. It can drive ocean currents, develop con-
vection via  surface wind  convergence  and
divergenceil] , and transfer heat flux, moisture, gases
and particulates into and out of the ocean'?’. Accurate
measurements of sea surface wind will provide research-
ers with more detailed information about these dynamic
processes of the atmosphere and the ocean. Throughout
history ,the poor spatial and temporal coverage of ship-
and buoy-based observations set limits to describe mete-
orological conditions over the open ocean'’.Of late, as
technology developed, many satellite-based monitoring
methods have measured higher-quality wind datasets
over tropical and global oceans'*'.For instance, Quick

1999 to

2009, and the National Centers for Environmental

Scatterometer provides global winds from

Prediction is involved to present two global reanalysis
projects, including Reanalysis-1 and Reanalysis-2'*".
The Cross-Calibrated Multi-Platform ( CCMP ) gridded

surface vector winds are also widely used'®’. Many

CYGNSS ; observations ; validation ; potential application ; Madden-Julian oscillation ; coastal upwelling

efforts have been made to evaluate or compare the exist-
ing wind data products.The resolution of measurements
is improved due to the development of technology , while
the rainfall effects on the quality of wind data is still a
key limitation *'’.

At the end of 2016, the orbital injection of a single
launch vehicle carrying a constellation of eight small
satellites marks the beginning of the Cyclone Global
Navigation Satellite System ( CYGNSS) mission.One of
the primary CYGNSS objectives is to leverage Global
Positioning System ( GPS) reflectometry to measure
wind speeds in tropical cyclones (TCS) inner core with
sufficient frequency to resolve genesis and rapid intensi-
fication phases of the TC life cycle'""'. And another ob-
jective is to measure sea wind speeds under rainy con-
ditions , especially those in the eye of the storm.Rather
than previous satellite scatterometers, CYGNSS provides
more samples of the study area. For instance, if
compared with two current scatterometers combined , the
percentage of 3-hour intervals that TC inner core
regions can be sampled by satellite sensors is improved

from 25% to nearly 35%.

Ground tracks for 6 hours in a particular day are
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Coverage of winds available from CYGNSS mission during different 6 hourly assimilation cycles on a

particular days(a) from 0:00 to 5:59,(b) from 6:00 to 11:59,(c) from 12:00 to 17:59,(d) from 1800 to 23:59

shown in Figure 1.Eight low earth orbit satellites with
an inclination of 35 degrees to the equator are each ca-
pable of measuring 4 simultaneous reflections, resulting
in 32 wind measurements per second across the
globe''* Besides , the satellite revisit time for the same
geographical point during the science mission is
reduced to a shorter time ,few minutes to few hours.The
median value of revisit times is 2. 8 hours and the mean
revisit time is 7.2 hours. Thus, these satellites provide
space-based measurements with the following temporal
and spatial sampling: (a) temporal sampling better than
12-hour mean revisit time and (b) spatial sampling
70% of all storm tracks between 35° N and 35°S
latitude to be sampled within 24 hours. The number of
satellites , their orbit altitudes and inclinations, and the
alignment of the antennas are all optimized to provide
unprecedented high temporal-resolution wind field im-
agery of TC genesis, intensification and decay.

Despite the focus on tropical cyclones, the ability
of CYGNSS to provide rapid updates of winds, unbiased
by the presence of rainfall, shows many other potential
applications related to general tropical convection.A re-
liable application of near-surface wind conditions, ob-
served at a given time at sea,is necessary for practically
every kind of human activity both at open sea and in the
coastal zone.The Madden-Julian oscillation (MJO) is a
large-scale air-sea coupled process that propagates east-
ward at about 5 m/s with a period of 30-60 day, and
the primary mode of intraseasonal variability in the trop-

ical atmosphere' ™. Strong MJO activity has significant

features with deep clouds, heavier rainfall and westerly
wind anomalies. More information about MJO structure
and the skill of MJO forecast require detailed knowledge
of sea surface winds,which is limited by existing meas-
urement systems and heavy rainfall due to the MJO''"*'.
In addition, much of the signals of enhanced deep con-
vective system comes from the result of empirical or-
thogonal functions of meteorological measurements, in-
cluding outgoing long-wave radiation, 850 hPa and 250
hPa wind fields, or their combinations''*.Since the low-
level zonal wind anomalies are out of phase with those
at upper levels due to the MJO'™'  sea surface winds
may be an alternative indicator for detecting the MJO
signal. However, the greatest mean and diurnal
maximum of rainfall rate over ocean exist in the MJO
envelope. And in theory, little to no rainfall effect on
CYGNSS measurements enables researchers to better
understand the mechanisms of tropical deep convective
system.

Besides the above,a more robust wind product is
also needed by the research of ocean process. In the
equatorial eastern Indian Ocean,surface water is driven
by the strong,local southeast monsoon winds from June
to October. Surface Ekman transport replaces the
offshore moving water by upwelled water, leading to
surface

altitudes and cold sea

[16]

lower sea-level

temperature ( SST) anomalies" . However, long-time
series of ocean surface currents are not available, and
directly quantifying upwelling is also extremely diffi-

cult'"”) The idea behind the offshore component of sur-
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face Ekman transport driven by geostrophic wind stress
is good to describe the intensity of coastal upwelling.
Reasonable estimates of surface transport and coastal
upwelling may be made using planetary boundary layer
theory and the geostrophic wind approximation. Many
publications refer to the Bakun (1973) technical mem-
orandum that initially described the upwelling indices.
In this method , Ekman mass transport is defined as the
wind stress divided by the Coriolis parameter''™® . There-
fore , the increasing of high temporal and temporal reso-
lution in wind product will be fed back into the
improved understanding on quantitative intensity of
coastal upwelling in the equatorial eastern Indian
Ocean.

The rest of the paper is organized as follows.
Section 2 describes in situ wind data and verifies the
of CYGNSS

describes the potential applications of this satellite

performance observations. Section 3
measurement, including the MJO and the equatorial
eastern Indian Ocean events.Section 4 provides a sum-
mary and discussion. Results from this study will
advance our understanding of the quality and potential

application of CYGNSS observations.
2 Validation of CYGNSS observations

In general , the results of recent verification studies
of satellite winds come from the comparison between
model simulations and satellite observations, or on the
inter-comparison with in situ buoys' " . In this study,
the performance of CYGNSS winds is compared with re-
spect to in situ data, including observations from the
Xisha Station and the Global Tropical Moored Buoy
Array (GTMBA ) .Within this section,sea surface winds
are examined over a 65-day period, from August 1 to
October 4,2017.This type of exercise gives a better un-
derstanding on the quality of CYGNSS wind in terms of
these independent in situ observations. Part of this
section describes the winds from Xisha flux tower and
moored buoy winds in Indian, Pacific and
Atlantic Ocean.

The Xisha flux tower is located in the South China
Sea (SCS) ,which belongs to a mesoscale hydrological

and marine meteorological observation network estab-
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Fig. 2 Location of Xisha Station in South China Sea

lished by the SCS Institute of Oceanology. This flux
tower is off the coast of Yongxing Island (16°49'N,
112°20'E ; see red point in Fig.2 for its location) , and
categorized as both a coastal and a deep-sea station due
to the deep water ( more than 1 000 meters) basin of
SCS'™"*!. This

provides meteorological parameters hourly, such as

the northern-central measurement
latent and sensible heat flux, carbon dioxide flux, and
winds at a height of 5 m, 10 m, and 15m above the
mean sea-level. Many efforts have also been made to
verify the performance of observations from Xisha Sta-
tion, such as the passages of tropical cyclones' ™' | the

[24]

response of heat flux to monsoon ™ ,as well as the vali-

dation of satellite SST'*".

In this
compared against CYGNSS observations.They are avail-
GTMBA

Environmental Laboratory ( www.pmel.noaa.gov ). This

study, moored buoy winds are also

able  from through  Pacific ~ Marine
moored buoy observing system is based on international
cooperation and designed to provide real-time measure-
ments for researching and forecasting tropical climate
variations.It consists of three major components ; the Re-
search Moored Array for African-Asian-Australian Mon-
soon Analysis and Prediction (RAMA) in the Indian
Ocean , the Tropical Atmosphere Ocean/Triangle Trans-
Ocean Buoy Network ( TAO/TRITON) in the Pacific
and the Prediction and Research Moored Array in the
Atlantic (PIRATA) "’ High quality time series data of
these moored arrays have been advancing the research

on air-sea interaction in time and space since their im-
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plementations. winds over the sea surface are provided at the 10 meters

Note that only 7 buoys in RAMA, 47 buoys in  neutral stability height, all moored buoy winds are ad-
TAO/TRITON and 7 buoys in PIRATA are considered  justed from 3. 1-4. 0 meters to a height of 10 meters as-
in this study due to the time matching between in situ ~ suming neutral stability and using a logarithmic profile
and satellite winds.Moored buoys are described in Table  method >’ . This method requires only the wind speed at

1 and shown in Figure 3 (red points).Since satellite  the reference height.
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Fig. 3 Location of moored buoys from TAO/TRITON,PIRATA and RAMA arrays whose data are used in our comparison

Table 1  Statistical parameters of 61 moored buoys and CYGNSS wind speeds from August 1 to October 4,2017

Mean buoy = Mean Mean buoy ~ Mean
Location wind CYGNSS  RMSD/  Number of Location wind CYGNSS  RMSD/  Number of
speed/ wind speed/ (m/s)  collocations speed/ wind speed/ (m/s)  collocations
(m/s)  (m/s) (m/s)  (m/s)
67°E,4°S 7.44 6.77 2.38 73 140°W,2°N 8.28 7.08 2.26 69
67°E,8°S 9.23 7.39 2.94 83 140°W,5°N  7.08 6. 66 1.97 57
67°E,12°S 9.92 7.77 3.21 91 140°W,9°N  6.80 6.99 2.09 52
RAMA  90°E,8°N 8.39 6.28 2.88 90 140°W,2°8 7.09 7.36 2.12 86
90°E,12°N 8.20 6.35 2.91 80 140°W,5°S 8.41 7. 66 2.13 90
95°E,5°S 8. 86 7.41 2.94 89 125°W,0° 6.68 5.88 1.85 78
95°E,8°S 10. 35 8.54 3.14 79 125°W,5°N 7.76 7.38 1. 86 78
137°E,8°N 5.37 4.49 2.00 42 125°W,8°N 7.39 7.51 2.27 71
156°E,0° 5.67 4.93 1.78 66 125°W,2°8 6.61 5.95 1.75 80
165°E,0° 6.54 6.28 1.78 52 125°W,5°8 8.92 7.67 2.59 77
165°E,2°N 6.31 5.52 1.83 53 [TAO/TRITON 125°W,8°S 8.58 7.74 2.23 75
165°E,5°N 5.92 5.32 1. 80 50 110°W,0° 5.80 5.47 1.63 47
165°E,8°N 5.91 4.97 2.25 56 110°W,2°N 8.22 6. 68 2.58 76
165°E,2°S 6.07 5.46 1.94 42 110°W,5°N 7.62 7.77 2.31 81
165°E,5°S 6.01 6.17 1.84 44 110°W,5°8 7.80 7.50 2.00 81
165°E,8°S 7.39 7.98 2.26 83 110°W,8°S 9.08 8.54 2.37 79
180°,2°N 7.02 6. 86 3.13 84 95°W,0° 6.99 5.59 2.30 71
180°,5°N 6.51 6.75 1. 60 63 95°W,2°N 7.70 7.30 1.96 71
TAO/TRITON 180°,8°N 5. 66 6.22 1.74 61 95°W,5°N 7.68 7.38 1.65 81
180°,2°S 7.20 6.42 1.83 76 95°W,8°N 6. 89 6.15 1. 81 77
180°,5°S 6.74 7.09 2.69 78 95°W,2°S 5.84 5.33 1.77 69
170°W,0° 7.05 7.13 1.47 73 95°W,5°S 7.87 7. 66 1. 86 81
170°W,2°N 7.44 6.97 1.76 42 95°W,8°S 9.21 8.39 2.12 73
170°W,5°N  6.38 6.88 2.05 62 38°W,20°N  8.64 7.06 2.75 106
170°W,8°N  5.85 7.17 2.49 43 23°W,0° 7.22 6.88 1.93 87
170°W,2°S 7.79 7.43 1.87 81 23°W,4°N 7.79 7.28 2.08 79
170°W,5°S 6. 86 7.58 2.07 78 PIRATA  23°W,12°N 6. 69 5.85 2.40 66
170°W,8°S 7. 41 7.90 2.76 87 23°W,21°N 7.84 6. 64 2.45 124
155°W,5°N 6.71 6. 88 1.70 79 10°W,10°S 9.00 8.20 2.68 84
155°W,8°S 8.08 8.20 2.09 72 8°E,6°S 5.50 4.53 1.59 76
140°W ,0° 7.11 6.87 1.98 69
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Before deriving overall verification statistics,
satellite winds are collocated with in situ winds only if
they are spatially within a box of 0. 2°%0. 2° and tem-
porally within 15 minutes. Each buoy wind is used only
one time for collocation with the above mentioned reso-
lutions.To make sure that the correct satellite wind is
selected , the collocated pair is retained only if none of
them conclude the missing data.Since science measure-
ment requirements of CYGNSS mission is to provide
wind speed over a dynamic range of 3—70 m/s as deter-
mined by a spatially averaged wind field with a
resolution of 5. 0x5. 0 km,in situ winds below 3. 0 m/s
are not considered for collocation''” .

Time series comparison of CYGNSS observations
and in situ winds from Xisha flux tower is shown in Fig-
ure 4. The number of collocations of CYGNSS Level 2
version (L2) and Level 3 version (1.3) data against in
situ winds is 116 and 100.The L3 gridded wind product
is surface wind speed, averaged in space and time
(0. 2° latitude and longitude, 1 hour).As shown in Fig-
ure 4a, CYGNSS L2 version data shows positive bias
with respect to in situ wind from Xisha flux tower, while
its time evolution is consistent with that of in situ winds.
Figure 4b is similar to Figure 4a,but for L3 version.Re-
duced RMSD value (from 2.49 to 2.11) is obtained
from the updated version of CYGNSS winds, suggesting
a better performance of L3 version due to the gridding
of irregular data.

The CYGNSS winds are also compared against
buoy winds from RAMA, TAO/TRITON and PIRATA
net works.Here ,CYGNSS L3 data are used.A summary
CYGNSS

observations is listed in Table 1.This table describes the

of comparison between and in situ
mean buoy wind speed ,the mean CYGNSS wind speed
their root-mean-square-difference ( RMSD ) and the
number of collocations. Most of the CYGNSS wind speed
values are lower than the buoy measured mean wind
speeds.The quick revisit time of CYGNSS satellite on
the same geographic points leads to larger number of
collocations.The 65-day period is enough for the valida-
tion of CYGNSS observations. In addition, the mean
RMSD is 2. 17 m/s,which meets 2. 0 m/s retrieval un-

certainty for winds less than 20. 0 m/s in terms of CYG-
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Fig. 4 Time series comparison of wind speeds between
Xisha Station and (a) CYGNSS L2 and (b) L3
observations from August 1 to October 4 of 2017

NSS mission scientific data product baseline require-

ments. Part of this discrepancy may come from
instrument error, and part of it may come from repre-
sentative error because of not-exact match of in situ and
satellite measurements. Although CYGNSS observations
do well on the comparison against in situ winds, much
work is needed to be done to increase the satellite data

accuracy.
3 Applications

High-resolution, time-resolved sea surface wind
datasets are needed to better understand, assess, and
predict the complex mass and energy interchange proces-
ses of atmosphere and ocean ,as well as to document any
changes that occur because of long-term fluctuations,
such as Madden-Julian oscillation ( MJO) and coastal
upwelling events. Global or tropical sampling for near-
surface measurements is necessary to create the required
datasets for these phenomena. Analyzing CYGNSS data
from the perspective of eight tracks of specular points
may enhance the accuracy and the spatio-temporal sam-
pling of retrieved winds.In this section,we apply the re-
sults about the MJO and equatorial eastern Indian Ocean

coastal upwelling events to discuss the potential applica-

tions of CYGNSS observations.
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Fig.5 (a) Longitude-time evolution of 30-60 day band-
pass-filtered CCMP 10 m wind anomalies regressed against
itself averaged over an eastern equatorial Indian Ocean box
(60-90°E,5°S=5°N) on a particular year( Regression
coefficients are averaged over 10°S—10°N;dashed lines
in each panel denote the 5 m/s eastward propagation phase
speed) ; (b) is similar to (a) ,but for 30-60 day band-pass-
filtered ECMWF 850 hPa wind anomalies

One of the most distinctive signals of the Madden-
Julian oscillation ( MJO) is the upscale development
and organization of convection in the Indian Ocean.To
estimate the fidelity with eastward
propagation of MJO,30-60 day filtered 850 hPa and 10

m zonal wind anomalies are regressed against the

respect to

filtered wind anomalies averaged over an equatorial In-
dian Ocean box (60-90°E,5°S—5°N) ,respectively, for
time lags from day —20 to day +20.The lag-longitude
sections of the regression coefficients are computed over
longitudes 30°E—150°W by averaging the coefficients
in the 10°S—10°N latitudinal band.The regression coef-
ficient plots with respect to the reference box are shown
5. The
coefficients are located in the 60 -90°E longitudinal

in  Figure maximum positive  regression
band on day —5 to day+ 5. The eastward propagation
phase speed of 5 m/s observed in wind fields is overlaid
as a dashed line on all plots for comparison. The

observed eastward propagating wind signals are reasona-

bly detected by both 850 hPa and 10 m winds.Thus, 10

iz , 4. CYGNSS 13 X375 WL 504 56 30F K HG vl RE 410 .
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m wind can be used to detect the MJO signals,
suggesting a potential application of CYGNSS observa-
tions.

To further show the potential applications of
satellite winds in the eastern equatorial Indian Ocean,
we compare the coastal upwelling indices against SST
anomalies near the Java Island. The coastal upwelling
indices are estimated from CCMP 10 m winds,and SST
is available from Remote Sensing Systems Optimally In-
terpolated SST daily products at 25 km resolution. The
time evolution of coastal upwelling indices shows re-
markable agreement with that of SST anomalies from
2000 to 2011 (Fig.6).When these indices decrease in
the second half of the year,the SST anomalies also de-
crease.The standard deviations of upwelling indices and
SST anomalies are 16. 35 and 1. 32.Such tight relation-
ship between upwelling indices and SST variations sug-
gests that the dynamical responses of SST in eastern
equatorial Indian Ocean to atmospheric forcing exhibits
a striking feature, with upwelling being associated with
an enhanced offshore Ekman transport and wind speed.
Sea surface wind is a good indicator to detect the inten-

sity of coastal upwelling.
4 Conclusion

Near-surface winds over the ocean are major con-
tributors to the momentum and energy fluxes at the air-
sea interface. To understand the complex mass and
energy interchange processes of atmosphere and ocean,
high quality of sea surface wind product is key to prop-
erly modeling and forecasting the genesis and intensifi-
cation of phenomena in the atmosphere and the ocean.
The limitations of existing satellite measurements of sea
surface winds under rainfall conditions become even
more severe. By combining the all-weather performance
of GPS-based bistatic scatterometry with the sampling
properties of a dense satellite constellation, CYGNSS
mission measures the ocean surface wind field with un-
precedented temporal resolution and spatial coverage,
under all precipitating conditions, and over the full dy-
namic range of wind speeds experienced in tropical cy-
clones.In short,the CYNSS observation has the advanta-

ges as follows; 1. Little to no rainfall effect; 2. Quick
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Fig. 6 Upwelling intensity around Java Island as detected by CCMP 10 m winds and SST anomalies

revisit time.

To  verify the performance of satellite
measurements,, CYGNSS observations over the tropical
areas between 35°N and 35°S are evaluated against in
situ winds from Xisha flux tower in SCS and moored
buoy winds from RAMA buoy network over the Indian
Ocean, TAO/TRITON over the Pacific and PIRATA
over the Atlantic during August — October 2017.
Validation of CYGNSS winds shows maximum colloca-
tions in the Pacific Ocean due to the larger group of
moored buoys in this area.The comparison of satellite
and in situ winds are temporally and spatially separated
within 15 minutes and 0.2°. CYGNSS winds show a
mean RMSD of 2. 17 m/s with respect to in situ winds,
suggesting that wind speeds observed by CYGNSS agree
with in situ winds.

CYNSS observations have many potential applica-
tions, such as the detection of MJO and coastal
upwelling signals. The version of CYGNSS winds
updated with space-time homogeneity is better for stud-
ying the Indian Ocean and Western-Pacific Warm Pool.
High quality and high temporal and spatial resolution
sea surface wind data product from CYNSS will advance

the study of earth sciences.
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