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Abstract The accuracy and consistency of sea surface wind speed measurements during hurricane
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Microwave Radiometer (SFMR) provides crucial in-situ data on sea surface high wind speeds. This study
aims to compare wind speed measurements obtained from SFMR with those from space-borne micro-
wave scatterometers such as the C-band European MetOp series satellite Scatterometer ASCAT, the Ku-
band China-France Oceanography Satellite (CFOSAT) Scatterometer CSCAT, and the Chinese HY-2 se-
ries satellite Scatterometer HSCAT, as well as microwave radiometers such as SMAP and SMOS. We es-
tablish the relationship between SFMR wind speed and spatial scale and propose a spatio-temporal
matching method to align SFMR data with scatterometer and radiometer data. This method assumes
that the spatial distribution of TC wind field is unchanged relative to the hurricane direction in a cer-
tain time range. According to the TC center path information of IBTrACS, the trajectory of SFMR is
transformed into the relative coordinates of storm movement, which effectively extending the matching
time difference between SFMR, scatterometer and radiometer sea surface wind speed data to 3 hours.
Our findings indicate that radiometer measurements of high wind speeds (>15 m-sfl) exhibit greater con-
sistency with SFMR compared to scatterometer measurements, and Ku-band scatterometer measure-
ments tend to saturate when wind speeds exceed 25 m-s . The spatio-temporal matching results of
SMAP and HSCAT also showed the same distribution characteristics. However, the ASCAT wind speed
of C-band scatterometer still shows the overall increasing distribution characteristics. Additionally, Rain-
fall during high wind conditions significantly affects scatterometer wind speed error is still observed by
us, although the error associated with wind speed is more pronounced. This study contributes to a bet-
ter understanding of the error characteristics of sea surface wind speed measurements obtained from
space-borne microwave scatterometers and radiometers, thereby offering valuable insights for the appli-
cation of remote sensing data, subsequent research can analyze the contribution of different data sources
in the physical meaning of wind speed to the consistency analysis results.

Key words Hurricane, SFMR, Microwave scatterometer, Mcrowave radiometer, High wind speed,
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AR & R KA THE, SFMR 5 2 & Ak 2 R A & Rk 69 2 b o7

T I 23 DR, O3 DG IE 5 ok — 35, DRSO 2ol
R FAVCEL T v . A DR AR AT U T S 1A
IR 375 54 VG P I, DG P i ) 2t BR S I (] 2 1 (2 2h
30 min) JHCES ] #E B5 fedl OR R PO B30 1Y
R o SR, PTG FH T3 SO0 T
$115 SFMR £l VC L, BN — 7, A e
3 o I 7 1 S84 I DE C i, Polverari 2510
WFFEIA I 3 0 A] DUSER 2 3 hs 55— T5 1T, TC T
THE TR XU 1 25 [ AR Sk o, A L5751 TC KU
Bl AW BOE TR E H 2N 3 h, JHB LT[R
A IR XU IR 1) 28 ] 53 A7 A T R XU R E i) AN 72
FETF I, B SEMR - 15 A9 b 100 5 VR 2 i XU,
ARVERD . SRyt Al AR S MR XU b O o B RN R 2 1] 3 A8
A6 (1 IBTrACS HlR 4RI , K SFMR i =5 (8]
AT e, JEMT5E L SFMR 5 HUR T HFI4E S
THEE BT 23 DTS . 15 SEMR, T T80 19~ F- 35
LI B T8 735310 A Ty L Ty, B R 50 ME XU X3 4
25, 175 25 [E R IAE P i5F 20 2 (8] 9 A% 3, 46 25 ]

1105

SFMR 5 fafife e JE gk VC i A an 151 3 B, 1
I IRE I

BB AR E SEMR FI B 0L
200 R R A BRI RE D ) o BROXUERAE R /N hy die
e WG 15% Y SEMR 8 0 F- 24 I st ] 4 75
5T IBTrACS B2 15 B R H 4G (07 1T 58
Ty B 2R HO AL E Ly FIFTHE I W) Dy LA Ly R
HLUORIE—A~ 10°x 1025 [HIVE L A, BUEA A, 5
FEL PN ) H3C S A R 1) S 2 000 B [ T THE
Ty W ZI A RE XM B Ly FIRTHEIT 1] Dy

$E2 T W ZIRY SEMR Bk i 7 Flie
FEAR BN Ty BEZIH SEMR Bl . 8 Ak %, LA
Dy 2N 0 BETJy 1), MBS 7 1) M 1E, H115 SFMR 44
L) A R R R Gy Ly B EE S d (k) F5 A62 £f)
w(®) o LL20174F 9 A 3 H M XJE 3 (Irma) 3] [H]
NOAA H1 WALk A 1], Bl 4(a)(b) 4351 45 i T
SFMR Hi 4 7 Hb FE A AR FNAR A AR T 04 b TR I DA K
WL B 6], P 4Ca) R R X R Lo 15

SRS R . Do FHXF T Dy WU BT e 5% 0 f B2 0.(°) , % Ty I %
{ A / Remote sensin /\
BTACS | f— ——  SPMR || '. &)
dat
Start, traverse each
data file Traverse
Caleul b 3 each
alew ate the center Calculate the orbital data
position L; and the average file
~—| advance direction D, P—T———— observatiogn time
of the TC at the time M T
T] 1 L.

l 9

Determine a matching area 4,
+ by L,; check the spatial coverage

Calculate the
center position L,

of remote sensing data in 4,

If the coverage is
sufficient

k.

Calculate the average

and the advance
direction D, of

observation time 75 of remote
sensing data

TC at time 75

The SFMR trajectory at 7' is

| » translated and rotated to obtain the

equivalent SFMR trajectory at 7,

L

{

| Match data

Time-space matching principle: A/<3 h
Take each remote sensing wind unit as the center, and average the
set wind speeds of multiple (not less than 80) SFMR within 12.5 km

K 3
Fig. 3

SFMR. 5 & 2 1% B VT e i

Matching process between SFMR and spaceborne microwave remote sensing data



1106

—~
o
=

N
22
400
20 drees I 350
—_ Hurricane center : : 300
S 18| rackof IBTACS | Ny /| e
3 L dataset = =" 250
é .°'f-.oo-"'. : 200
3 1Y — 150
7 I 100
: : 50
12 y 0
60 57 54 51 48 45 W

Longitude / (°)

Time / min (Seconds since flight start)

Chin. J. Space Sci. =AFFFIR 2023, 43(6)
0° (b)

400 B
350
300
250
200
150

100

270°

W
(=]

(=}

Time / min (Seconds since flight sta

180°

B4 201749 H 3 HMX, Irma B8] NOAA SFMR170903 H1 fiiF (L) MHLPIALKR (a) FIMARER (b) o
WS AmRIE RS A 3 h, B4 “4” SR SEMR WM AHE] 7y S 57 () R XL RO 7 B

Fig. 4

Geographic coordinates (a) and polar coordinates (b) of NOAA SFMR flight 170903 H1 (color line)

during Hurricane Irma on 3 September 2017. The time interval of each scatter point is 3 h.

The marker “4+” indicating the hurricane center at the time of SFMR T

SFMR %4l y #8504, BPSCEL T SFMR Jigh%; LA
Ly W ARARIE A, 4 SFMR 5 50Hs R A 2 4k
S b3 AL bR, BIAS2ISER0 Ty K210 SEMR $il .

HB3 S T, WZIR SFMR $i -5 o i
S B AT I A DU EC . BIOR T8O (0B TR A
Ay IR 88, AR LI ks s A A Be X i
ABFR, DEHEC R A 7S ) B /N T 12.5 kW8I B[]
22/NT 3 he T EEEMSE, WIHTSC 2.1 WRTR, X%
AHC T BCUE 12.5 km AN A9 A 3L CR 20 F 80 4)
SFMR JA i il Y 58 B 450 BT B/ 2 SEMR i
X AR R R 58 B2, 11 - BB AR 70 R 1 XU TR
[FEEEYE

i 128 4~ KAL) SEMR W E 48 S 4, %iF
T B SC A3 7 A5 B 1~ 3, i 44 SEMR KATHR
YR ES s 14 72 [ o7 8 PR FUIE R | 3T 55 1B s ST
THER BT
2.3 SMAP 5 SMOS #EE /5%

2015 4F ) ok 2 [/ SMAP FER Y SMOS I 48
ST RS AT, HIHRAL T 1A T X 2 B -
AT SMAP 1 SMOS 414007 34 ek 4 4
JE WA, HBR AR K/ NA 0.25°%0.25°, A4 HT SMAP
1 SMOS T W (>15 mes ) g—2ebk, X 2019—
2021 4F-H[H] 40°S—40°N Y8 Bl N BRI T T B 25 e
XoF, HACHE UC g S50 32 g LA SMAP WL A% A g i
XoF s A s MR Bsf 1] 22 R KT 30 ming 25 M7 B A9 28
BERNE B 2234/ 0.25°% AU B SMOS %18 QC 45

PUN 0 B9%HE
2.4 SMAP 5 HSCAT-B ##EE 7%

2 [ 1%k 4% 513 SMAP filrp B HY-2B L&
HSCAT-B i BIUR Y 52 A4 1 i 1r Ui i i dis
I EL W FOULINASC#S i 4 2 174 T3 5L A9 8 52 5 i 7 B
S L6, XA EE R T R RO A7 AE 5 2 00 T e
(], SR I A7 e 0 ) R 5, R I AR B 5 % 2019 —
2021 AFHIA] 40°S—40°N v Bl A B AP s 204 T 1 et
ZZVCHL . T SMAP BRA 25 o 2 IRG AL
A%, HLER RS KN R 0.25°%0.25°, i HSCAT-B &
22 (A5 HER R 25 km PVRIUECE, A58 10 55040 VT id
JEU Sy DL SMAP LI DA% A oA BEXoF it A s s 0L T Ef
8] 224K T 30 ming 25 [A 3 B 1Y 28 BE F2R B 22 1 /N
T 0.25% 2 Z 4 K K & ¥ 0 (Wind Vector Cell,
WVC) il 2 BT S4BT, 35 RO 5 f /N ORI A A A
e

3 R

3.1 EEETTS SFMR XS R

SFMR. 5 8 ST 55000 A VG i 25 5 S 56
A X B T2 2, Frf RMSE fil BIAS 4051 4 K
SO H R A B i 1) 2 5 AR 1R 25 R 2%, HSCAT Fil
ASCAT 43 %l i FH 7 HY-2 & %] (4§ B, C Al
D 2). MetOp R ({45 A, B il C 2 ) 5t
Beyn. ik 2T LIE B, =FECE (S C BB
ASCAT, DK Ku J#B CSCAT FIHSCAT HI SEMR



AR & R KA THE, SFMR 5 2 & Ak 2 R A & Rk 69 2 b o7

K ) RMSE 1 BIAS #B% 42 3r , RMSE i T X [i]
7.32~7.82 m-s |, BIAS fif T X [f]-4.67~-4.39 m-s ',

FF SFMR 51l sl e ek B, 2 i X
O L s 2 R, g5 R anE 5 iR . R AT,
XN T 15 mes ' I, SEMR -5 XU Y
BRI R s Y RGE KT 15 mes ' B, =R
TERGHE AT SEMR KU LB T 8325 5 . HARKI
5, BEE SFMR KU (193 K, C I B HL it AS-
CAT RGHEATER I H EARIE 1) oA e i, 1T Ku i1
BEBS 1T CSCAT F HSCAT KB K29 T 25 mes '
S S i ORI OB R FE S e

SRy k20 G A e RGBSR T S T XU ) 5 ),
BT S SEFMR BB P2 XGE i SFMR [
WRYAT T8R4, A5 B AU g b
SEIRANEE 3 Fian . FR 3 AT UL, A R FAFR S I 1% 150 T
(K TFa/NTF 2.0 mm-h ") = Ff 5 531 s A xt
SFMR JXi# i) RMSE F1 BIAS ¥4 Fifi 25 XU 38 K11
EREA AR RS LT (M = R X [R]) = Ff
BRI E AT SEMR XU ) RMSE 1 BIAS 5
o T AR 3 M K, B2 A Btk 2/ T KGR 8 4k

1107

T =M S SFMR VL AR B KT 100, 204
45 B Ku I Bt CSCAT 1 HSCAT X%} SFMR
K ) RMSE 5% BIAS 84 #5230, 430 2920 18 il
~17 ms s C P B ASCAT 5 SFMR RUEUHH o f 45 5
W& A T Ku 3 BEEUS T, RMSE Al BIAS 40l 29
13.7 fl-12.4 ms ‘o
3.2 FKIESHTS SFMR EEXT 4T R

SFMR 5 4 5 185 s i) VG Fi 25 S5 e AR HE X
BN 2 Frs . BRI, SR R A T KU
P40 SFMR KU o T 3 % 48 O iF SMAP #l
SMOS 5 SFMR VC F %5 4 , 22 il v 1 KU X6 L i) 1
ML SR E 6 Frn . B B L, SMAP XUk 5
SFMR AU SR — S e ds, 45 XU DX )£ 1) s
TR LR — 3G SR, AETE /D KUGH (A 22 W 35 1Y
A3, HFBERI N SMAP Kk SEFMR XUk i3 3
o B, 244K KT 25 mes ' i, 7E4E 74
SMAP Kk 5% KT CF#R2Z 33.1 ms ') SFMR X,
A ECR A5 . BARTE , #41T SMOS il SMAP
AIXT SEMR, XU (1) RMSE 38 42530, 439014 5.92 Fil
5.82 m-s 5 11 P BIAS #2283, 439 -1.52 Al

Xif IO AR AL 0.52 m-s '3 F3C 3.3 156 14 3% L4 4 i SMAP 5
B RGH(>25 mes ) FISRFEFT (2.1 mm-h D)EN SMOS KU,
*® 2 HEHTHESITS SFMR BXTEIEH ST L& R
Table 2  Overall comparisons of scatterometer or radiometer and SFMR wind speed
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Comparisons of scatterometer and SFMR wind speed under different

wind speed and rainfall intensity conditions
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F 4 AEFHRERXE SFMR 43715 SMOS 1 SMAP XUEXT bk 45 R
Table 4 Comparison results of SFMR with SMOS and SMAP in different average wind speed intervals
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