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Measurement of hurricane intensity by fusing CYGNSS and SMAP satellite data
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Abstract; To improve the frequency and accuracy for measuring ocean hurricane intensity, a joint use of cyclone
global navigation satellite system ( CYGNSS) and soil moisture active and passive ( SMAP) satellites data to
measure the hurricane intensity was investigated. First, the satellite data characteristics were introduced. Then,
taking Hurricane Florence as an example, a method was proposed by fusing the satellite data to measure the ocean
hurricane intensity, including the preprocessing of satellite data, the extraction of high wind speed area using a
pixel-level data fusion method, and the measurement of hurricane intensity. Finally, the observation results of ten
hurricanes were compared with the highest wind speed measured by the American National Hurricane Center
(NHC). The root-mean-square difference, mean absolute error, and correlation coefficient were adopted to analyze
the differences among the wind speed measurement results. Results demonstrate that compared with the case of the
SMAP satellite data, the proposed method could measure the hurricane intensity at more frequent intervals, and
more complete high wind speed area was obtained. The comparison between the hurricane intensity obtained using
the proposed method and measured by NHC shows that the mean absolute error ranged between 3.9 and 10.2 m/s,
the root-mean-square difference varied between 4.6 and 12.5 m/s, and the correlation coefficient ranged between
0.570 7 and 0.915 2, which confirms the effectiveness of the proposed method in measuring hurricane intensity.

Keywords: hurricane intensity; remote sensing; cyclone global navigation satellite system ( CYGNSS); soil

moisture active and passive (SMAP)
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Fig. 1

Optimal trajectory of Hurricane Florence provided by
NHC
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Fig.2  Two observation results of Hurricane Florence acquired
by SMAP satellite at (a)21:12 UTC and (b)9.43 UTC
on September 12, 2018
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G|

SR PR IO €2 50 A 12 DX 3 P ) e R X 1P
2) G L A CYGNSS il SMAP T $ 45 31 A5 Mg
P G X, AR 4 B S e CYGNSS 0 B4 v 4k B
FEAR [ B A i IR P 1Y) e R KGR B, SR R iz 5
It SMAP T35 345 1) d5e KRG 2E 17 % L
AT H Z A B K AH; 3) a0 R A o @l A
CYGNSS T2 B AR A5 5 KU DX 8, I 5 82 iz T8

R 2RI AR A R B L A 1 X BN ) e R KU L

Ul10/(m * s")

Je4/(°)

Je4i/(°)

JE4/(°)

PHZ/(°)
(b3) 11:30~16:30 UTC
UlO/(ml-OS")

FEZ/(°)

JE4/(°)

FE2/(°)
(a4) 10:20 UTC

TE/(°)
(b4) 11:30~16:30 UTC

fusion data

SR B S 0 B XU B2 W T T 2 Rl 2018 4
9 H 10 H & 13 H A ) CYGNSS %44 F1 SMAP TV
BB B HUMh 2 A8 16 B XL ey AU DX 3R A 2 SR I
4. N4 el UG RE M ), 5 0UR] ) SMAP T3
ERRAH L, Rl CYGNSS Z4fs Fil SMAP T A %4l
ANELBE LA 55 8 50 1 5 0 v o R XL B T EL A g
FRA T 5 3 178 B XL v XU DX 38, B iE 1 B s Y
JREL IR 2 WA T 3 R A A

U10/(m * s") U10/(m * s)
oy
— 50
40
30
20
10
62
728/(%)
(d1) 21:30~23:30 UTC
U10/(m * s) U10/(m * s)
e 20
15
10
5
PEZ/(°) PEZ/(°)
36 (2) 17:30~19:30 UTC 36 (42)20:30~22:30 UTC
U10/m * 57 U10/m - 5)
30
20
10
62 0
PHZ/(°) PEZ/(°)
(¢3) 17:30~20:30 UTC (d3) 21:30~23:30 UTC
U10/(m * s™)

Ul10/(m * s)
36

62
TEE/(°)
(d4) 19:30~22:30 UTC

62
FEZ/(°)
(c4) 17:30~18:30 UTC

4 2018 ££9 A 10 H ~13 A& CYGNSS 71 SMAP T 2 #IEZENA T (S IERR X 5 KUE X i M 45 R
Fig.4 Final fusion images of Hurricane Florence observed from September 10 to 13, 2018 using CYGNSS and SMAP satellite data
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