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Abstract—The Advanced Technology Microwave Sounder
(ATMS) is onboard both the National Oceanic and Atmo-
spheric Administration (NOAA)-20 and the Suomi National Polar-
Orbiting Partnership (S-NPP) satellites. NOAA-20 has the same
sun-synchronous orbit as that of the S-NPP, but is 50 min (i.e.,
half orbit) ahead. The striping noise is found in ATMS bright-
ness temperature observations from both NOAA-20 and S-NPP.
In this study, first, a striping noise detection and mitigation algo-
rithm that was previously developed for striping noise mitigation
in ATMS observations from S-NPP is adopted to characterize the
striping noise in NOAA-20 ATMS brightness temperature mea-
surements. It combines a principal component analysis and an
ensemble empirical mode decomposition method. It is found that
the magnitudes of both the striping noise and the random noise
in NOAA-20 ATMS data are smaller than those in S-NPP ATMS
data. Second, global positioning system radio occultation retrieved
temperature profiles are used as the training dataset for ATMS
hurricane warm core retrievals in order to investigate the impacts
of the data noise. Numerical results are demonstrated using the
case of Typhoon Jelawat (2018), which rapidly intensified from a
Category 1 to a Category 4 super typhoon and weakened back to
Category 1 within 24 h. Finally, we show that a half-orbit separa-
tion of NOAA-20 from S-NPP enables the rapidly evolving vertical
structures of Typhoon Jelawat. This suggests an enhanced tropical
cyclone monitoring capability offered by NOAA-20 and S-NPP for
this hurricane season and a few following years.

Index Terms—Advanced Technology Microwave Sounder
(ATMS), National Oceanic and Atmospheric Administration
(NOAA)-20, striping noise, tropical cyclone (TC), typhoon, warm
core.

I. INTRODUCTION

THE National Oceanic and Atmospheric Administration
(NOAA)-20 satellite, previously known as the Joint Po-

lar Satellite System, was successfully launched on November
18, 2017 into the same sun-synchronous orbit (altitude of ∼830
km) as that of the Suomi National Polar-Orbiting Partnership
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(S-NPP) satellite. NOAA-20 flies a half-orbit (∼50 min) ahead
of S-NPP and scans the earth 14 times daily. This arrangement
enables a significant amount of overlap in observational cover-
age. The Advanced Technology Microwave Sounder (ATMS)
is carried by both NOAA-20 and S-NPP. The ATMS is a mi-
crowave cross-track radiometer with 22 channels. Its radiance
observations at temperature-sounding channels (channels 5–15)
provide atmospheric temperature profile information from the
earth’s surface up to the stratosphere [1]–[3]. Radiance observa-
tions made by the ATMS onboard S-NPP had positive impacts
on numerical weather predictions [4], [5]. NOAA-20 orbiting
along with S-NPP enables an improved temporal coverage with
ATMS observations over the globe four times daily. Should
S-NPP cease to operate in the future, NOAA-20 will ensure
the continuity of observational data from the ATMS and other
instruments carried by both satellites.

From the on-orbit measurements of the S-NPP ATMS in 2011,
flicker noise in the along-track direction, manifested as striping-
patterned noise, was spotted in the difference fields between the
observed and numerical weather prediction model background
simulated brightness temperatures (O-B) [4], [6]. In contrast, no
striping noise was found in measurements of the Advanced Mi-
crowave Sounding Unit (AMSU)-A, the predecessor of ATMS.
Qin et al. [6] proposed a striping noise detection algorithm for
S-NPP ATMS observations. The brightness temperatures over
a segment of a swath are first decomposed with the principal
component analysis (PCA) into different principal component
(PC) modes (i.e., eigenvectors). The striping noise was believed
to be located in the first PC mode. An ensemble empirical mode
decomposition (EEMD) method is then applied to the first PC
mode to remove high-frequency random noise [7], [8]. It was
demonstrated that this method with PCA and EEMD combined
could remove the striping noise without affecting weather sig-
nals in the observations. Nonetheless, the method described in
[6] is not applicable to ATMS window channels whose radiance
measurements have sharp gradients in the presence of thick
clouds and land/ocean interfaces. Zou et al. [9] discussed this
deficiency in the detection method and proposed an improved
PCA/EEMD striping noise mitigation method that is applicable
to all 22 ATMS channels.

Tropical cyclones (TCs) generally emerge and develop over
oceans, where conventional in situ observations are rare over
oceans. Airborne data may be available for some storm events
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but are still very limited in spatial coverage not available when
TCs are in deep oceans. In comparison, satellite observations
are much more abundant over oceans. Geostationary satellites
can provide radiance observations at visible or infrared wave-
lengths with high spatial and high temporal resolutions. Such
satellites include the Geostationary Operational Environmental
Satellite series observing the East Pacific Ocean and the West
Atlantic Ocean, and Himawari-8/-9 satellites and FengYun-2/-4
satellites covering the West Pacific Ocean and the Indian Ocean
[10], [11]. Polar-orbiting satellites such as NOAA-20 and S-NPP
carry several common instruments that make measurements in
the visible, infrared, and microwave spectral regions and cover
the majority of the earth twice a day. A primary limitation of
the instruments observing at visible or infrared wavelengths is
that they cannot penetrate clouds. Weather phenomena such as
TCs involve clouds of large extents. In the presence of clouds,
structures beneath the cloud top cannot be observed at visible or
infrared wavelengths. Microwave instruments like the ATMS,
however, can observe radiances of the atmospheric profile in
almost all weather conditions except for heavy precipitation.
Microwave temperature sounder data have been used to esti-
mate TC size and intensity and to improve hurricane forecasts
[1], [2], [12]–[15]. Typhoon Jelawat (2018) was the first Cate-
gory 4 super-typhoon of 2018 that was developed over the West
Pacific Ocean and reached a maximum 1-min sustained wind of
130 kn (67 m�s−1) [16]. It experienced a rapid intensification
from a Category 1 typhoon at 0000 UTC March 29, 2018 to
Category 4 at ∼1500 UTC the same day. The storm quickly
weakened to Category 2 on March 30, 2018 and a tropical storm
on March 31, 2018.

In this study, the PCA/EEMD striping noise mitigation
method described in [9] is applied to NOAA-20 ATMS measure-
ments to characterize the striping noise. The orbit arrangements
of NOAA-20 and S-NPP as well as some ATMS instrument
features will be introduced in Section II. A brief description of
the methodology and comparisons of the detected striping noise
in NOAA-20 and S-NPP ATMS will be given in Section III. A
global positioning system (GPS) radio occultation (RO) trained
temperature profile retrieval algorithm is then applied to de-
striped ATMS observations from both satellites, and the three-
dimensional (3-D) structural evolution of Typhoon Jelawat is
analyzed in Section IV.

II. SATELLITE ORBIT AND ATMS INSTRUMENT FEATURES

The S-NPP ascending swath crosses the equator at 0130 lo-
cal time. NOAA-20 is a half orbit or 50 min ahead of S-NPP.
Fig. 1(a) illustrates the footprints of two neighboring ascend-
ing swaths of NOAA-20 and S-NPP, as well as their overlap-
ping area on March 29, 2018. Fig. 1(b) and (c) shows the time
segments of the swaths. At 0400 UTC, NOAA-20 is above
the North Pole, while S-NPP is above the South Pole a half-
orbit away. The background black-and-white image shows the
10.4-µm TBs observed by the Advanced Himawari Imager
(AHI) onboard the Himawari-8 geostationary satellite [10]. To
the east of the Philippines is Typhoon Jelawat. When S-NPP and

Fig. 1. Two neighboring NOAA-20 and S-NPP swaths showing (a) the over-
lapping portion (brown) and nonoverlapping portions (red for NOAA-20 only
and green for S-NPP only) on March 29, 2018. Observation times of the two
swaths in (a) for (b) NOAA-20 and (c) S-NPP (multicolored colorbar). The
background images in (b) and (c) show AHI channel 13 (10.45 µm) brightness
temperatures (unit: K) at 0400 UTC March 29, 2018 (grayscale colorbar).

NOAA-20 were orbiting one after the other, the typhoon center
was observed in the ATMS swaths of both satellites only 50 min
apart.

The ATMS onboard NOAA-20 has the same 22 channels
as the ATMS onboard S-NPP with the first 16 channels for
temperature-sounding purposes and the rest for humidity sound-
ings. Channels 1–2, 3–16, and 17–22 have beam widths of 5.5°,
2.2°, and 1.1°, respectively. Tian et al. [17] proposed to charac-
terize the noise equivalent differential temperature (NEDT) for
the ATMS onboard S-NPP using the Allen deviation method,
which produces a stable and consistent noise characterization of
the instrument. Fig. 2 shows the NEDTs in terms of the Allen
deviation for all 22 channels of the ATMS onboard NOAA-20
and S-NPP. The instrument noise of the ATMS on NOAA-20
is lower than that of the ATMS onboard S-NPP. The interim
reanalysis dataset from the European Centre for Medium-Range
Weather Forecasts (ECMWF), representing background infor-
mation, was used as input to the Community Radiative Transfer
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Fig. 2. Noise equivalent differential temperatures (NEDTs) for ATMS chan-
nels 1–22 from S-NPP (black bars) and NOAA-20 (red bars).

Model (CRTM) to simulate the antenna temperatures of the
ATMS onboard both S-NPP and NOAA-20.

III. BRIEF DESCRIPTION OF THE STRIPING NOISE

MITIGATION ALGORITHM

A data matrix consists of brightness temperature observations
from a segment of a swath with 300 scan lines and can be
written as ⎛ obs obsTb (1, 1) · · · Tb (1, N)

⎞
.A =

⎜ . .. . .⎜
. . .

⎟
. (1)⎝

obs obM, 1) · · · s

⎟
Tb ( Tb (M,N)

⎠

The eigenvalues and eigenvectors can be obtained by solving
the following equation:

AAT ei = λiei . (2)

The vector ei is the ith eigenvector of the covariance matrix
AAT . The resulted eigenvalues have descending values, i.e.,
λ1 > λ2 > · · · > λ96 . Therefore, the first corresponding eigen-
vector accounts for the greatest variance in the data matrix A,
second accounting for the second greatest, and so on. A set of
PC coefficients (U) can then be calculated as

⎛
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Therefore, the ith PC mode can be defined as

96 N

Pi =
∑ ∑

ei (k) ui (j) (i = 1, 2, . . . , 96) . (4)
k=1 j=1

The original brightness temperature data matrix can be ex-
actly reconstructed as

96

A =
∑

Pi . (5)
i=1

The striping noise seen in the ATMS observations is high-
frequency random fluctuations in the first three PC modes

(P1 , P2 , and P3). An ensemble empirical model decomposi-
tion method can then be applied to the first PC coefficients (u1 ,
u2 , and u3) and isolate the high-frequency noise from the PC
modes [8]. The intrinsic mode function (IMF) with the highest
to lowest frequencies can be sequentially extracted in the PC
coefficients, representing signals with the highest to lowest fre-
quencies. To extract each IMF, the local maxima and minima
in ui(i = 1, 2, and 3) are first identified and connected through
a cubic spline interpolation to form an upper envelope with all
the maxima and a lower envelope with all the minima. The first
IMF (Ci,1) of ui can be obtained as the differences between ui

and the average of the upper and lower envelope (ai,1) as

Ci,1 (j) = Ri,0 (j) − a1,1 (j) (6)

where Ri,0(j)(j = 1, 2, . . . , N) denotes ui . The PC coefficients
ui with the highest frequency signals isolated can be written as

Ri,1 (j) = ui (j) − Ci,1 (j) . (7)

The second and third IMFs (Ci,2 and Ci,3) can be sequentially
extracted from Ri,1 to obtain Ri,2 and Ri,3 . The resulting PC
coefficients can be expressed as

Mi

ui (j) = uij −
∑

Ci,m (j) (8)
m=1

where M1 represents the total number of IMFs to be removed
from each of the first three PC coefficients. The specific values
of M1 for each of the 22 channels are detailed in the last column
of Table I. The data matrix with striping noise mitigated can be
reconstructed as

3 96

Adestriped =
∑

Pdestriped
i +

∑
Pi . (9)

i=1 i=4

The striping patterned noise is more discernible in the dif-
ferences between the brightness temperature observations and
CRTM simulations (O-B) [6]. In this study, the ECMWF in-
terim dataset is taken to serve as the background information
for CRTM input for ATMS brightness temperature simulations.
In Fig. 3, the O-B before (left panels) and after (middle panels)
destriping is for both S-NPP and NOAA-20 ATMS measure-
ments is shown. The detected striping noise patterns are given
in the right panels. Comparing the raw observations (left pan-
els) between NOAA-20 and S-NPP ATMS, the striping patterns
can be seen in both panels, with those in the results for S-NPP
ATMS slightly more obvious. In the results after destriping
(middle panels), the striping patterned noise is removed in both
cases. The detected striping noise for S-NPP ATMS has larger
magnitudes than that from NOAA-20 ATMS. This is true glob-
ally (see Fig. 4). Fig. 5 shows the power spectrum density (PSD)
of O-B at channel 9 in a frequency domain. Before destriping at
about 10−1 s−1, the PSD for S-NPP ATMS (solid red curve) is
greater than that of NOAA-20 ATMS (solid blue curve), agree-
ing with the results in Fig. 3. After destriping (opaque blue
and red curves), the noise level of both ATMS instruments came
down to the same level, indicating efficient noise mitigation. Ex-
panding the striping noise detection results over global range,
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TABLE I
CHANNEL-DEPENDENT CENTER FREQUENCIES, THRESHOLDS USED IN THE FIRST STEP OF THE MODIFIED DESTRIPING ALGORITHM, AND THE

TOTAL NUMBER OF IMFS REMOVED FROM EACH OF THE FIRST THREE PC MODES FOR ATMS CHANNELS 1–22

the striping noise in NOAA-20 ATMS is less severe than that in
S-NPP ATMS globally.

IV. ATMS WARM CORE RETRIEVALS

Tian and Zou [1] proposed a refined temperature retrieval
algorithm, including only a subset channels when retrieving
temperatures at a given pressure level, and that removes the
scan-dependent biases in the retrieved atmospheric tempera-
tures. The retrieval algorithm was then applied to measurements
from all functional AMSU-A instrument onboard NOAA satel-
lites to analyze the temporal evolutions of thermal structures in
Hurricanes Harvey, Irma, and Maria (2017) [3]. The regression
coefficients have to be trained using the TB at each field-of-view
(FOV) position. Temperature profiles from GPS ROs were used
as the training dataset to obtain better accuracies [2]. However,
the geographical distribution of RO profiles is random around
the globe, and the sample number of RO profiles collocated
with NOAA-20 ATMS observations is small. To address this

difficulty, in this study, the limb correction method described
by in Goldberg et al. [18], Zhang et al. [19], and Tian et
al. [20] was first applied to ATMS observations to remove
scan-dependent variations. Limb-corrected TBs will contain
only weather information regardless of their FOV positions.
The regression coefficients can then be trained with ATMS TBs
and temperature profiles from GPS ROs as follows:

i2 , p

ROT (p) = C0 (p) +
∑

Ci ( obp) sTb (i) (10)
i=i1 , p

where p is the pressure and ( i1,p , i1,p + 1, i1,p + 2, · · · i2,p )
is a subset of ATMS channels 5–15 correlated with atmospheric
temperatures at pressure level p. TRO (p) are RO-derived tem-
peratures collocated with ATMS observations with collocation
criteria of no more than a 100-km distance and a 3-h time differ-
ence. C0 and Ci (p) are the regression coefficients to be trained.
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Fig. 3. Spatial distributions of the differences of antenna temperature of ATMS channel 9 between observations and simulations without (left panels) and with a
striping noise mitigation (middle panels), as well as the striping noise (right panels) on December 29, 2017 from (a)–(c) NOAA-20 and (d)–(f) S-NPP.

Regression coefficients for S-NPP and NOAA-20 ATMS
temperature retrievals are performed separately. Clear-sky and
cloudy-sky sets of coefficients are generated for each instru-
ment. For clear-sky conditions, channels 5–15 are included in
(10). For cloudy conditions, only channels 8–15 are included
because channels 5–7 are prone to rain contamination. The co-
efficients were trained using ATMS observations from February
20, 2018 to March 23, 2018 and collocated GPS RO profiles.

Typhoon Jelawat (2018) was the first super-typhoon of 2018
observed in the West Pacific Ocean, which reached a maximum
sustained wind of 130 kn (67 m�s−1). A temperature warm
anomaly field was first calculated to analyze the evolution of the
3-D thermal structure of the storm during this rapidly chang-
ing transitional period. The difference between atmospheric

temperatures and ambient temperatures, i.e., mean temperatures
within 15° × 15° latitude/longitude grid boxes with the storm
perturbation excluded, defines the typhoon warm-core anomaly
field. The 34-kn wind radius determines the storm size. Fig. 6
shows the temperature anomalies at 250 hPa retrieved with
NOAA-20 ATMS observations at 0330 UTC March 29, 2018
before [see Fig. 6(a)] and after [see Fig. 6(b)] destriping. The
differences between the two are given in Fig. 6(d). The minimum
and maximum values of the striping noise are−0.86 and 0.70 K,
respectively. The destriping method effectively removes the im-
pacts of striping noise on the ATMS temperature retrievals. In
order to investigate the impact of not only the striping noise but
also the random noise on the warm core retrieval, the footprint
remapping method described in [2] and [21] is also applied to
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Fig. 4. Global distributions of striping noise extracted from antenna temper-
ature observations of ATMS channel 9 from S-NPP (top panel) and NOAA-20
(bottom panel) on January 15, 2018.

Fig. 5. Power spectrum density distributions of the differences of antenna
temperature of ATMS channel 9 between observations and simulations from
NOAA-20 (blue) and S-NPP (red) on December 29, 2017 before (top two
curves near the frequency 10−1 s−1) and after (the two dip-down curves near
the frequency 10−1 s−1) removing the striping noise.

the destriped brightness temperatures [see Fig. 6(c)]. It is seen
that the differences between Fig. 6(a) and (c) can exceed ±0.1 K
[see Fig. 6(e)]. It is seen that the striping noise [see Fig. 6(d)]
is only half of the sum of the striping and random noises [see
Fig. 6(e)] in the temperature retrieval from NOAA-20 ATMS
observations.

Typhoon Jelawat rapidly intensified from Category 1 at 0000
UTC March 29, 2018 to Category 4 at ∼1500 UTC March
29, 2018 [16]. The strong vertical wind shear in the surrounding

Fig. 6. Temperature anomalies at 250 hPa retrieved with NOAA-20 ATMS
observations (a) without any noise suppression, (b) after destriping, and (c)
after remap at 0338 UTC March 29, 2018. (d) Difference between (a) and (b).
(e) Difference between (a) and (c).

environment stopped the typhoon from intensifying further. The
storm then weakened rapidly to Category 1. Vertical wind shear
is an important inhibitive factor for TC development [22]–[24].
Fig. 7(a) (NOAA-20) and (b) (S-NPP) shows the vertical warm-
core cross sections of Typhoon Jelawat starting from 0000 UTC
March 29, 2018. The dashed curve shows the evolution of verti-
cal wind shear obtained by averaging the wind speed differences
of wind vectors between 200 and 850 hPa within a radius of 500
km from the typhoon center, which are calculated from the
National Center for Environmental Prediction Global Forecast
System analysis dataset. At ∼0400 UTC March 29, 2018, the
warm cores captured by both NOAA-20 and S-NPP appear well
defined. The vertical wind shear values are less than 15 m�s−1 at
this time. The next overpass by NOAA-20 at∼1600 UTC March
29, 2018 shows a stronger warm core, which suggests a stronger
storm intensity. The S-NPP overpass, which is 50 min later than
NOAA-20, shows a tilted vertical warm structure in the presence
of increasing vertical wind shear. The warm core redefined on
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Fig. 7. Time evolution of the vertical cross sections of the temperature
anomaly obtained from the ATMS onboard (a) NOAA-20 and (b) S-NPP from
0000 UTC March 29, 2018 to 0000 UTC March 31, 2018 when Typhoon Jelawat
intensified from Category 1 at 0000 UTC March 29, 2018 to Category 2 at 1200
UTC March 30, 2018 then weakened slightly afterward. (c) Temporal evolu-
tions of the minimum sea level pressure (MSLP) and the maximum wind speed
(Vmax) from Best Track records. The dashed curves in (a) and (b) show the evo-
lution of vertical wind shear obtained by averaging the wind speed differences
of wind vectors between 200 and 850 hPa within a radius of 500 km from the
typhoon center (green hurricane symbol).

March 30, 2018 as the wind shear slightly decreased. Fig. 7(c)
shows the evolution of the minimum sea level pressure and the
maximum wind speed from Best Track records. Because the
storm reached its peak intensity of 130 kn only briefly, the Best
Track was not able to pick up this fast-evolving process.

Fig. 8 shows the horizontal temperature anomaly distributions
from 1610 UTC March 29, 2018 to 0410 UTC March 30, 2018.
The rapid weakening process during the 50 min from 1610 UTC
[see Fig. 8(a)] to 1701 UTC [see Fig. 8(b)] was captured by the
back-to-back observational setup of NOAA-20 and S-NPP. The
first observation by NOAA-20 on March 30, 2018 was not able
to cover the storm center entirely because it fell into a gap
between swaths. The eastern side of the warm core, however,
was still resolved near the swath edges of the ATMS on NOAA-
20 [see Fig. 8(c)]. The temperature anomaly results from ATMS
observations on March 30, 2018 show a well-defined warm core
structure [see Fig. 8(d)]. Brightness temperatures at 10.4 µm

Fig. 8. Temperature anomalies (unit: K) at 200 hPa retrieved from the ATMS
onboard NOAA-20 (left panels) and S-NPP (right panels) at (a) 1610 UTC for
NOAA-20 and (b) 1701 UTC for S-NPP on March 29, 2018, and (c) 0320 UTC
for NOAA-20 and (d) 0410 UTC for S-NPP on March 30, 2018. The black cross
shows the location of the storm center.

from the AHI onboard Himawari-8 from 1600 UTC March 29,
2018 to 0400 UTC March 30, 2018 are shown in Fig. 9 and
offer a more temporally continuous view of Typhoon Jelawat’s
evolution. At 1600 UTC, a typhoon eye can be spotted near
the storm center location given by the Best Track record. At
1730 UTC, close to the time S-NPP was scanning the typhoon,
the eye started to disappear. Meanwhile, the vertical wind shear
increased from 17.8 to 18.2 m�s−1. Not until 0300 UTC March
30, 2018, when the wind shear decreased to 17.3 m�s−1, did the
typhoon eye start to reappear. Although 0300 UTC was close to
the observing time of NOAA-20, the storm center happened to
fall into the gap between swaths. Nevertheless, half an orbit after
NOAA-20 (0410 UTC), the ATMS onboard S-NPP was able to
observe a redefined typhoon eye. This back-to-back satellite
observational setup ensures the relatively complete coverage of
Typhoon Jelawat.

V. SUMMARY AND CONCLUSION

The NOAA-20 satellite shares nearly the same orbit as the
S-NPP satellite, flying 50 min ahead of it. This back-to-back
orbit arrangement ensures a considerable amount of overlapping
observations when both satellites are operational and continuity
of observation coverage in case S-NPP ceases operating. The
noise levels of ATMS observations from NOAA-20, quantified
by the NEDT, are smaller those of S-NPP S for all 22 channels.
The scan patterns in observations from both ATMS instruments
are nearly the same with minor asymmetry differences. The
observations from ATMS onboard NOAA-20 are then examined
for striping pattern noise, a problem known to exist with the S-
NPP ATMS. A striping noise detection and mitigation algorithm
with combining PCA and EEMD is applied to NOAA-20 ATMS
measurements as well as to S-NPP ATMS observations during
the same period of time. The results showed that, similar to the
NEDTs, the striping noise detected in NOAA-20 is also smaller
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Fig. 9. Nine snapshots showing brightness temperatures at 10.4 µm (unit: K)
observed by the AHI onboard Himawari-8 from 1600 UTC March 29, 2018 to
0400 UTC March 30, 2018. Red crosses show the storm centers of Typhoon
Jelawat. Wind shear values (calculated as the mean of the differences in wind
vectors between the 200- and 850-hPa pressure levels within a 500-km radial
distance from the typhoon center) are given at the bottom left of each panel.
The red cross shows the location of the storm center.

in magnitudes than those in S-NPP ATMS. This implies an
improvement on ATMS instrument design. Using the destriping
method, the striping noise in both instruments can be reduced
to similar levels.

With a GPS-RO-based temperature retrieval algorithm re-
cently developed in [2], the impacts of striping noise on warm
core retrievals are assessed in the case of Typhoon Jelawat, the
first super typhoon in 2018. It is shown that the retrieved tem-
peratures can be affected by nearly 1 K if striping noise is not
mitigated beforehand. The destriped brightness temperatures are
then taken as input into the temperature retrieval algorithm for
analyzing the structural evolutions of Typhoon Jelawat. Begin-
ning at 0000 UTC March 29, 2018, Typhoon Jelawat rapidly
intensified from a Category 1 typhoon to a Category 4 ty-
phoon. However, the storm quickly weakened to Category 1
the same day due to strong vertical wind shear in its vicinity.
These rapid changes were well captured by the NOAA-20- and
S-NPP ATMS-retrieved atmospheric temperature fields, thanks
to the 50-min difference between NOAA-20 and S-NPP orbital
configuration. A set of nine AHI-based snapshots from 1600
UTC March 29, 2018 to 0400 UTC March 30, 2018 further

validated this fast-evolving process. The ATMS provides critical
information for resolving the 3-D structures of TC events. This
improved temporal resolution from two polar-orbiting satellites
substantiates the significance of future CubeSat missions that
will involve more microwave instruments making more frequent
measurements [25].
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