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1. Image navigation and registration




Image navigation and registration

Displacement based on landmark analysis relating to coastlines
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* While some fluctuations are observed, displacement is similar for Himawari-8 (H-8) and Himawari-
9 (H-9) in each band.

* The red circle shows midnight data in an eclipse season.

* The trend of H-9 is similar to that of H-8, including the presence of outliers.

* Partial image loss caused by sun avoidance is not included in the evaluation.

2 1pixel corresponds to 2km.



Image navigation and registration

Band to Band registration with reference to Band 13

30th July 2022 Daily average Band to Band Registration (BBR) Error.
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Although minor error differences are observed in some bands, H-9 accuracy is comparable to that of H-8.



Image navigation and registration

Band to Band registration with reference to Band 13

The minor BBR error compared to the error on 30th July

(shown on the previous slide) originates from annual fluctuation.
18t Oct 2022 Daily average Band to Band Registration (BBR) Error.
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Although minor error differences are observed in some bands, H-9 accuracy is comparable to that of H-8.



Image navigation and registration

Band to Band registration with reference to Band 13

East-West Direction North—South Direction
E gg E 0.2 |x T T T T T T T T T HbS' :.:|
BO1 201 Z 0l - % Hog
The gradual decrease in displacement £ 9 g 01
. . . FEi I @
is attributed to annual fluctuations. E g2 . E 005
Y03 The large anomalies are G 0
= -0.4 attributed to an AHI cooler — =
Y 05 w -0.05
5 ;shutdown on Sth Aug. | (] = 1
_UE i i i i i _Ul
072l USEMUSHB 09/01 0915 0929 1013 0721 0804 0818 0901 0915 0929 1013
00:00 0000 0000 00:00 00:00 0000 0000 0000  00:00 0000 00:00 00:00 0000 00:00
Time (UTC) Time (UTC)
East-West Direction North—South Direction
B02 = w CZ T T T T T T T T T T Hog "«
a a 0.1 ] HOS
a— a— @
= =
4k} 4k}
= =
[4H] [4H]
[ &) [ &)
3] 3]
=5 =5
o o
E _DS I 1 :':I I 1 I 1 I 1 I 1 I E 1 I 1 I 1 I 1 I 1 I:.:
072l USEMUSHB 09/01 0915 0929 1013 0721 0804 0818 0901 0915 0929 1013
00:00 0000 0000 00:00 00:00 0000 0000 0000  00:00 0000 00:00 00:00 0000 00:00
Time (UTC) Time (UTC)
East-West Direction North—South Direction
B03 ’I:.I-';I‘- ’I:.I-';I‘- 015 i T I T I T I T I T Hba T :.:I
= =
= =
+— +—
= =
4k} 4k}
= =
[4H] [4H]
[ &) [ &)
3] 3]
=5 =5
o o
E -1.2 ] i A1 ] i ] i ] i ] i | E 0.1 ] i ] i ] i ] i ] i ] i ]
072l USl’WDSflﬁ 09/01 0915 0929 1013 0721 0804 0818 0901 0915 0929 1013
00:00 0000 0000 00:00 00:00 0000 0000 0000  00:00 0000 00:00 00:00 0000 00:00

¢ 1pixel corresponds to 2km. Time (UTC) Time (UTC)




Image navigation and registration

Band to Band registration with reference to Band 13
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Image navigation and registration

Band to Band registration with reference to Band 13
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Image navigation and registration

Band to Band registration with reference to Band 13
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2. Radiometric Calibration
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Evaluation of calibration

|. Direct comparison between H-8 and H-9

* Results
* Results show simple comparison of observations from both satellites.
* Results do not match exactly due to sensor differences.

* Application
By way of example, the results can support evaluation of H-9 L2 products retrieved using H-8
parameters.

Il. Evaluation of calibration in consideration of SRF differences (e.g., GSICS)

e Results

* Results show remaining biases in consideration of observation discrepancies caused by SRF
differences between AHls.

e Application?

By way of example, the results can support evaluation of H-9 L2 products retrieved using H-9

parameters.
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Reflectivity
difference [%]

l. Direct comparison of H-8 and H-9

* Differences in observed reflectivity (H-9 minus H-8)
* Percentage discrepancies caused by SRF differences

BO1

00:00 UTC
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l. Direct comparison of H-8 and H-9

« Stable linear relationship since the start of H-9 observation in 2022

BO1 B02 BO3
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l. Direct comparison of H-8 and H-9

Differences in brightness temperature (Tb) (H-9 minus H-8)
Discrepancies caused by SRF differences

00:00 UTC
1st September 2022
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AHIS

l. Direct comparison of H-8 and H-9

« Stable linear relationship since the start of H-9 observation in 2022

Brightness temperature [K]
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l. Direct comparison of H-8 and H-9
Sthb* M @250K @290K

Linear regression coefficients

T sope | ot _

BO1 1.04750 -0.19260
BO2 1.00594 -0.03052
BO3 0.97746 -0.02018
B0O4 0.99698 -0.00105
BO5 0.94478 -0.01444
BO6 0.98394 0.00502

* Std.Tb: Brightness temperature
corresponding to clear-sky sea surface
(band-dependent)

Stability of linear regression coefficients

* Statistics from August to
October 2022 show stable
linear regression coefficients.
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Il. Evaluation of calibration in consideration of SRF differences (BO1 — B06)

Approaches *  Two approaches are applied to evaluate calibration accuracy in consideration of SRF differences between H-9 and reference imagery.
e Ray-matchingll: Here, H-9 observation data are compared with VIIRS data from SNPP and NOAA-20. SRF differences between AHI and
VIIRS are considered using correction coefficients (SBAF[2l) based on ENVISAT/SCIAMACHY data.
e  RTM based (vicarious calibration) approach!: Here, H-9 observation data are compared with reference values computed using
radiation transfer codes from Aqua and Terra MODIS data.
Ray-matching method : Himawari9/AHI vs. JPSS01/VIIRS
. 2022-09-16 (Period: 2022-09-02 to 2022-09-29) e oy aquaaTs Himawaris B2 oy aquaars
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Il. Evaluation of calibration in consideration of SRF differences (BO1 — B06)

* H-8 and H-9 data are within around 5% of reference values, with differences depending on validation methods and imager references.

Results » Differences of 5 — 8% may be seen in reference data for BO6. The correction coefficient will be set to the Himawari standard data.
— | * Ratherthan being direct comparisons between H-8 and H-9, these results represent biases from subtraction relating to SRF

differences.

H9AHI / reference H8AHI / reference

RTM RTM Ray-matching Ray-matching RTM RTM Ray-matching Ray-matching
Aqua/MODIS Terra/MODIS SNPP/VIIRS N20/VIIRS Aqua/MODIS Terra/MODIS SNPP/VIIRS N20/VIIRS
BO1 1.005 1.014 1.009 1.032 0.962 0.973 0.963 0.986
BO2 0.955 0.965 0.998 1.020 0.951 0.961 0.991 1.014
BO3 0.947 0.957 0.964 0.992 0.970 0.981 0.989 1.013
BO4 0.976 0.989 0.972 1.007 0.979 0.993 0.974 1.010
BO5 0.987 0.977 0.993 1.025 1.040 1.031 1.054 1.090
BO6 0.936 0.922 0.926 0.951 0.946 0.931 0.941 0.967
BO1 B02 B03
104 104 102
102 102 ]
1 T —— 038
038
098 096
06
0.98 a5t 0.94
034 l I 082 I 082
0 RTM.Aqua RTM.Terra RM.Snpp RMN20 RTM.Aqua RTM.Terra RM.Snpp  RM.N20 " RTM.Aqua RTM.Terra RM.Snpp RM.N20 RTM.Aqua RTM.Terra RM.Snpp RM.N20 o RTM.Aqua RTM.Terra RM.Snpp RMN20 RTM.Aqua RTM.Terra RM.Snpp  RM.N20
H9/AHI H8/AHI H9/AHI H8/AHI H9/AHI H8/AHI
BO4 BOS BO6
102 11
ot 108 0'98
108 0%
! 104 085
:: 1'": :: Data period:
o oss 0 RTM vicarious cal.: 15t — 30th Sep. 2022
o6 I . . 0sé I l ost l Ray-matching: 2nd — 30t Sep. 2022
i 034 03
085 082 088

RTMAqua RTM Tarra BMSnnn  RMMN RTMAqua RTM.Ter= PMSnnan  BM NN RTMAqug RTM Tarra BM Snnn  BMNON RTMAqua RTM.Terrs M Snan  RMNON RTMAqua PTM Tarra BM &nnn  RMN9 RTMAqua RTM.Tera RMSnnn M KoM 19
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Il. Evaluation of calibration in consideration of SRF differences (BO1 — B06)

*  The figures show evaluations of health-check observations carried out in 2017 and 2018 in addition to data from
2022.

*  The trends potentially show sensitivity changes of 2 — 5% compared to 2017 health check observations. Further
monitoring is necessary due to the short period of parallel observation for 2022 .

Trend
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Il. Evaluation of calibration in consideration of SRF differences (BO7-B16)

Himawari-8/AHI BAND13 vs. Metop-B/IASI
Approach 15 Sep 2022 (Period: 01 Sep 2022 to 29 Sep 2022)

Humbe © r 16813

Covariance: —6.521%Re-06

- slope r D.22T4EE (0000252
Intercept @ 0.266411 D.D25464)

120

* Based on infrared hyperspectral sounder
observation (AIRS, CrlS, IASI), reference values
are produced in consideration of AHI SRFs and
compared with AHI observations for evaluation!4l.

100
1

* Observation and reference values are linearly
regressed based on radiance values (top) and
evaluated as biases after conversion to A —
brightness temperatures (bottom). 0 2 40 8080 100 a2

Hyper Sounder Radiance (mW.m & .cm)

- i +  IAEI-E Deacend (Day)
+ |ASI-B Ascend (Might)
f—— regregsion line

Himawari-8/AHI Radiance {mW.m ~.sr".cm)
20 40 60 B0
|

* Brightness temperature (Tb) bias generally
depends on observed Th. Bias values for clear sky
sea surface temperature (standard radiance — the
solid pink line in the lower figure) is shown in the
following slides.

Himawari-8/AHI BAND13 vs. Metop-B/IASI
15 Sep 2022 (Period: 01 Sep 2022 to 29 Sep 2022)

TE EIAS B 220 0.EEL {D.D3EY (K

[E ELAS B 250: 0.L70 {0.0L1EY {K)

TE EIAS B 230 D.BZE (0. 003) (1K)
MIREER ! leégla

e Rather than being direct comparisons between
H-8 and H-9, these results represent comparisons
between AHI and reference values based on
hyperspectral sounders.

e G2 P N + IASI-B Descend (Day)

T T il o + |ASI-B Ascend [Might)
PR o X = TB BIAS regression
¢ t = 5x 50 of TBBIAS
Standard Radance

Himawari-8/AHI TE - Hyper Sounder TB (K)

T — T T | T
200 220 240 260 280 300 320

Hyper Sounder TB (K) 21



Il. Evaluation of calibration in consideration of SRF differences (BO7-B16)

Tb bias at the standard radiance [K]
AHI wrt. Metop-B/IASI

m Himawari-8

Results

Brightness temperature (Tb) biases for H-8 and H-9
are within 0.3 K at the standard radiance
corresponding to clear-sky sea surface temperature.

General stability is observed (see next slide).

High values are observed at lower temperatures in

some cases similar to H-8.

Tb bias at the standard radiance [K]
H9/AHI — reference [K]

BO7
BO8
BO9
B10
B1l1
B12
B13
B14
B15
B16

Aqua/
AIRS

0.086
-0.087
-0.204
-0.196
-0.040
-0.047
-0.040
-0.097

N20/CrIS

-0.174
0.029
-0.117
-0.119
-0.017
-0.030
-0.058
-0.148

MetopB
/IASI

-0.116
-0.199
-0.003
-0.145
-0.090
-0.212
-0.056
-0.068
-0.096
-0.182

MetopC
/IASI

-0.112
-0.201
-0.002
-0.135
-0.080
-0.170
-0.052
-0.062
-0.086
-0.166

Aqua/
AIRS

0.040
-0.332
-0.218
-0.249
0.063
0.073
0.010
0.149

0.3

0.2

0.

o

-0.

-

-0.2

-0.3

N20/CrIS

-0.164
-0.208
-0.120
-0.187
0.073
0.078
-0.019
0.098

MetopB

NASI
-0.134
-0.189
-0.235
-0.144
-0.068
-0.284
0.032
0.040
-0.053
0.070

= Himawari-9

e

H8/AHI — reference [K]

MetopC

/IASI
-0.126
-0.193
-0.234
-0.143
-0.057
-0.236
0.038
0.045
-0.043
0.086

Data period:
2nd — 30th Sep. 2022

*  The bias wrt. CrlS at BO7, the bias wrt. AIRS at BO8 and the bias wrt. AIRS and CrlS at B11 are omitted because of its large uncertainty.
. See next slide for specific values of the standard radiances for each band.
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Il. Evaluation of calibration in consideration of SRF differences (BO7-B16)
AHI9 wrt. Metop-B/IASI
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ime in UTC) are shown

axes show t
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AIRS at B08, and AIRS and CrlS at B11.

)

. CrIS at BO7
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other topic: OFAR (Out of Field Anomalous Response)

OFARPlis observed only in extremely
high-contrast environments such as
outer space and the lunar surface.
OFAR is observed only in BO1, BO2
and BO3.

There are no effects in Earth
observation.

OFAR is observed to the same extent
for H-8 and H-9.

enhanced image
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* Navigation accuracy
— Absolute accuracy based on landmark analysis and band-to-band registration accuracy are generally the
same as for H-8.
e Calibration evaluation in VIS/NIR bands
— Differences from H-8 data are within 5%.

— Differences from reference values are within 5% for BO1 to BO5 and 5 — 8% for BO6 based on MODIS and
VIIRS. JMA plans to set correction coefficients in Himawari standard data a year later in consideration of

seasonal variations.
e (Calibration evaluation in infrared bands
— Differences are within 0.3 K of H-8 data.

— Differences from references are within 0.3 K based on data from infrared hyperspectral sounders on LEO

satellites.

— The magnitude of diurnal change is similar to that of H-8.
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