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Intercalibration ｏｆthe Infrared Channels

　　　　between GMS-5 and GOES-9
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　　　　　　　　　　　　　　　　　　　　　　　Abstract

　This study investigates intercalibration between the GOES-9 Imager and GMS-5 VISSR infrared

channels. Observed and simulated brightness temperatures from GOES-9 and GMS-5 are used Ｒ)ｒthis

purpose. The observed brightness temperatures are obtained from images observed just before the

switchover from GMS-5 to GOES-9; the simulated brightness temperatures are computed by MODTRAN

3.7. In the comparison of the horizontal images. a difference between GOES-9 and GMS-5 is recognized.

as expected from their spectral response functions and each radiative path. Further, as the result of the

statistical compai‘ison of observed brightness temperatures with the same radiative path length from the

satellites within the cloud-free ocean area, discrepancies inconsistent with simulations are detected. The

averages of the discrepancies between GOES-9 and GMS-5 with respect to residuals of the observed from

simulated brightness temperatures are 0.7 K for the infrared window channel １ (IRl),0.28 Ｋ for the

infrared window channel ２ (IR2) and 2.4 K for the water vapor channel (WV). Potential sources of the

differences are inaccurate calibration, the unveiled degradation of the sensors and the satellites,systematic

error in the simulated brightness temperatures, etc. In order to identify the source, further research is

necessary. Despite the fact that the sources are unco�irmed. the result of this study may be of help to

revise the algorithms of GOES-9 applications. For instance, ａlinear relationship is found between GOES-9

and GMS-5 with respect to difference between the IRl and IR2 brightness temperatures.

1. Introduction

The Geostationary Meteorological Satellite5 (GMS-5)

was launched on １８March 1995, carrying the Visible

and Infrared Spin Scan Radiometer (VISSR)to

provide cloud and water vapor images over the west

Pacific region. Its observation had lasted for 8 years,

exceeding the designed lifetime of 5 years. Due to the

shortage of fuel for satellite orbital control and the

degradation of the mi汀or controller in VISSR, the

Geostationary Operational Environmental Satellite 9

(GOES-9) started its operational observation over the

west Pacific region on ２２May 2003, substituting for

GMS-5. GOES-9 also carries an imager, called the

GOES-9 Imager, providingcloud and water vapor

images successively.

Figure l shows the examples of infrared images

observed by (a) the GOES-9 Imager and (b) the

GMS-5 VISSR at the same time. The two images

provide the similar information about cloud and

weather systems, except for the 15-longitude-degree

difference in the observed region. The information is

important for not only weather and climate watch, but

also generating physical parameters, such as

atmospheric wind vectors, aerosol, volcanic ash and

sea ice, etc. Therefore, it is important to survey the
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differences in the images between GOES-9 Imager and

GMS-5 VISSR in order to maintain the accuracy of the

products. This paper reports the results of comparisons

between images simultaneously observed just before the

switchover from GMS-5 to GOES-9. 1n the GOES-9 images

of GVAR data, some noise is contained as shown in Figure 2.

The noise is also noted at the end of this paper.

2. Comparison of Specifications

GMS-5 flies in ａ geosynchronous orbit at 140 E. VISSR

aboard GMS-5 has four channels; two channels are in the

infrared window region (IRl and IR2); the other two

channels are in the infrared water vapor region (WV) and the

visible region (VIS).Table l shows the spectral bands and the

spatial resolutions of these channels. The details of calibration

柘r GMS-5 VISSR are found in MSC, 1997, Tokuno et al,

1997, and Kurihara et al,2000.

GOES-9 has been placed in ａ geosynchronous orbit at 155 E

since 25 April 2003. Its operational observation at the

longitude started on ２２May. The imager aboard GOES-9 has

five channels; four of them have similar spectral bands to

VISSR, and one additional channel is in the short wave

infrared window region (SWIR). The spectral bands and the

resolutions of these channels are shown in Table ｌ as well as

IRl.The details of calibration for GOES-9 Imager are found

in 'GOES Data Ｂｏｏｋ'by NASA, 2001, and the web pages of

NASA and NESDIS on the Internet. To avoid confusion

caused by resemblance between the sensor name GOES

"Imager" and the sensor's category name "imager," simply the

satellitename is used to denote the onboard sensor hereafter.

Figure 3 shows the spectral response ll】mctionsof the infrared

channels of (a) GOES-9 and (b) GMS-5 as a function of

wavenumber. IR2 is located in ａ smaller wavenumber region

than IRl for both GOES-9 and GMS-5. GOES-9 IRl and

GMS-5 IRl are approximately in the same spectral region

with each other. while GOES-9 IR2 is in ａ smaller

wavenumber region than GMS-5 IR2. Water vapor

continuum is 出ｅmajor source of absorption ｋ)rIRl and IR2.

The absorption becomes larger as the wavenumber is smaller.

Hence, IR2 is more affected by the absorption than IRl, and

GOES-9 IR2 is more affected than GMS-5 IR2. The wv

channels of GOES-9 and GMS-5 are in the spectral region of

strong absorption by water vapor transition. Since GOES-9

W'ｖ is in ａ larger wavenumber region than GMS-5 wv.

GOES-9WV is more affected by the absorption than GMS-5

wv. The large absorption, consequently less transparent,

makes the brightness temperature low. Therefore, the IR2

brightness temperatures of both GOES-9 and GMS-5 are

expected to be lower than (he conesponding IRl brightness

temperatures. Similarly, the brightness temperatures of bo山

GOES-9 IR2 and wv are lower than the corresponding

GMS-5 brightness temperatures.

Figure ４ shows the spectral response functions of GOES-9

VIS (thin lines) and GMS-5 VIS (tMck line) as a function of

wavelength. The spectral band of GOES-9 VIS is narrower

than that of GMS-5 VIS. That may affect some products

using the VIS channel, such as volcanic ash and aerosol.

However, the VIS channels aren't compared in this study,

since the geosynchronous orbital difference between GOES-9

and GMS-5 makes Ihe comparison difficult Ａ polar-orbiting

satelliteis necessary Ｒ)rflieintercalibration of VIS.

The difference in the geosynchronous orbits makes a

differでneein the radiative path through the atmosphere ft‘om

the earth surface to the two satellites. Assuming the

atmosphere is plain parallel and homogeneous at each

observing point, the difference in the radiative paths is

equivalent to the difference in the path length. Ａ longer

radiative path makes atmospheric absorption and scattering

effects larger. Figure 5 shows the secants of the satellite

zenith angles of GOES-9 (a) and GMS-5 (b), which are

approximately proportional to the path lengths. Figure 5 (ｃ)

shows the difference between Figures (a) and (b). The lengths
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from the longitude line at 147.5 Ｅ to the two satellitesare

equal. Ａ length from the surface to GOES-9 is longer than

that to GMS-5 on the west side of 147.5E, and vice versa on

the east side.

3. Comparison of Images

Figures 6 (a) and (b) show the images of IRl brightness

temperatures of ０６ UTC １９ May 2003, as observed by

GOES-9 (a) and GMS-5 (b). Figure (c) shows the differences

computBd by subtracting the temperatures of Rguie (b) from

those of Figure (a). Figure (d) shows the same as Figure (c).

but for brightness temperatures simulated by the Moderate

Resolution Model for LOWTRAN ７ (ＭＯＤＴＲＡＮ 3.7)

(Berk et al. 1989). In the simulation. any atmospheric

scattering is neglected.

Atmospheric absorption is estimated by using the three-

dimensional grid data of the atmospheric fields forecasted by

the global numerical weather prediction model of the Japan

Meteorological Agency. The data is interpolated to 1.25-

degree grids with 1 6 vertical levels up to 1 0 hPa. The

simulation is performed only over the ocean, while surface

emissivity is assumed to be invariably 0.98.

It is impossible to recognize a distinctd迂feience between the

GOES-9 image in Figure (a) and llie GMS-5 one in Kgure

(b). However, Figure (c) indicates that the difference between

the images has ａzonal trend. The simulated difference shown

in Figure (d) also represents the same trend. The trend is

caused ill association with the difference in radiative path

lengths tD the two sateⅢtes. Regarding the clear sky and low

cloud areas colored in red and orange in Ｒｇｕrｅs(a) and (b),

the zonal trend in Figui!･s (c)is approximately the same with

the zonal trend in Figure (d).０ｖｅr the thin cloud and wet

atmosphere areas drawn in light blue and green in Figures (ａ)

and (b), the zonal trend in Figure (c)is enhanced. Regarding

the thick cloud areas colored in daik blue in Figures (a) and

(b), the differences between the satellitesin Figure (c)ai¬ｅ

small and drawn in green, particularly over SPCZ and rrcz.

The differences are negative over the Bay of Bengal and Ihe

South China Sea, even though dark blue points are observed

there in Figures (a) and (b). The feature is not recognized

consistently over SPCZ and rrcz. The reason is that only

upper thin cloud covers are observed over the Bay of Bengal

and the South China Sea at the time.

Figure 7 shows 山ｅ same comparisons as Fig. 6, but for IR2

images. Similar to IRl, no distinct difference can be

recognized in the observed images between Rguies (a) and

(b).A zonal trend similar to IRl is seen in Figures (c) and

(d). Comparing Figures 6 (c) and 7 (c) over the clear sky

area. the IR2 brightness temperature residuals of GOES-9

from GMS-5 are lower than the IRl residuals. The similar

feature is recognized in the simulated images between

Figures 6 (d)and 7 (d).In terms of the relation to the cloudy

areas, the same discussion can be conducted as Ｒ)rIRl; there

is ａ large zonal trend over the thin cloud. but small

differences over the thick cloud.

Figure 8 shows the same comparisons as Fig. 6，but for

differences in brightness temperatures between the split

window channels,
∂-I

SP ~　^ IRl　‾　TII!2 . The positive

temperature differences of GOES-9 dominate over the

Tropics as shown in Figure (a) due to the difference in the

water vapor absorption between IRl and IR2. The

temperature differences decrease in the mid-latitude, where

moisture in the atmosphere is less than one in the Tropics.

The temperatぼe dififerences are neutral over the cloud. The

GMS-5 image in Rgure (b) shows similar 11･aturesto OOES^.

However, the temperature differences of GMS-5 are smaller

than those of GOES-9, since the difference in the spectral

response functions between GMS-5 IRl and IR2 is small.

Figures (c) and (d) do not show ａ clear zonal trend. This

denotes that the differences between GOES-9 and GMS-5 of

the temperature differences are zero or negatively correlated

with path lengths.
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Rgｕre g shows the same comparisons as Fig. 6, but forWV

images. The brightness temperatures of GOES-9 1n Figure (ａ)

are lower than those of GMS-5 in Figure (b), since GOES-9

wv is less transparent than GMS-5 wv. The observed

differences between GOES-9 and GMS-5 in Figure (c) are

less than the simulated differences in Figure (d). This

inconsistency wiUbe discussed in llie next section.

4. Comparison of StHtJstics

The differences between the image data of GOES-9 and

GMS-5 shown in Figures 6 to ９ are originated in the

characteristics of the sensors and the radiative paths. In order

to survey the difference associated with the sensors, the

brightness temperatures are compared statistically. The

method of (he comparison is referred to Gunshor et al(2001).

The region for the comparison is from 140 E to 155 E and

from 45 S to 45 N， where radiative path lengths from the

earth surface to the two satellitesare approxiniately the same.

The observational times of the data used in this study are at

00, 06,12 and １８UTC on １９May 2003. １ｎorder to match up

the observations between GOES-9 and GMS-5, the

brightness temperatures are averaged in 0.25 latitude and

longitude degree boxes. The averaged temperatures. whose

box domains are entirely over the ocean and cloud free. are

applied only to the statisticalcomputation. For the elimination

of the cloudy data, the technique of cloud detection used in

the SST retrieval (Yasuda and Shirakawa, 1999)is applied.

The brightness temperatures simulated by MODTRAN ３.7

are also evaluated. Matching up the brightness temperatures

between the observations and the simulations and also

between GOES-9 and GMS-5, 68 sets of the brightness

temperatures are obtained.

Figure 10 shows the comparisons of the IRl brightness

temperatures. Figure (a) shows ａ comparison between the

observed and the simulated temperatures of GOES-9, and

Figure(b) shows the same comparison but GMS-5. Figure (c)

shows ａ comparison between GOES-9 and GMS-5 of the

observed temperatures. and Figure (d) shows the same

comparison but the simulated temperatures. Points in Figuiでs

(c) and (d) are located along with the diagonal lines. while the

points are spread across the lines in Figures (a) and (b). This

suggests that the diffusion of the points is generated by

systematic error in the simulated brightness temperatures. The

diffusive enxjT originates mainly from inaccuracy in the watei･

vapor and sea surface temperature fields computed by the

numerical weather prediction system and incorrectness in the

water vapor absorption estimated by MODTRAN.

The observed laightaess temperatures of GOES-9 are higher

than those of GMS-5, ｓ ll･ｃｏｇｎｉｓdin Figure (c). On the other

hand, the simulated brightness temperatures of GOES-9 are

less biased than those of GMS-5 in Figui・(d),as expected by

the similarity of the spectral bands between GOES-9 IRl and

GMS-5 IRl. Therefore, Ihe difference in the spectral response

functions cannot explain the discrepancy recognized in Figui・

(c). Figure (e) shows ａ comparison between GOES-9 and

GMS-5 with respect to the residuals of the observed brightness

temperatures from the simulated temperatures. Figure (f)

shows ａcomparison between observation and simulation with

respect to the residuals of the GOES-9 brightness temperatures

from the GMS-5 temperatures. The departures of the points

from the diagonal lines in Figures (e) and (f) represent

discrepancies in the observations between GOES-9 and GMS-5

unpredicted by the simulation. The average of the

unpiでdictable discrepancies,

　　　"S7S GOES9-GMS5　　　δΥIRl,obs-cal

　　　　　　　GOES9　　OOES9　　　　GMS5　　GMS5　　　ﾆﾆく(Tlll,。b,-
Tlll,。l)－(Tlgl,。b,-Tlll,。|)〉，

is十〇.70 K.

Figure l l shows the same comparisons as Fig. 10, except for

IR2 brightness temperatures. Diffusion similar to Figures 10

(a) and (b) can be recognized in Figures 1 1 (ａ)ａｎｄ(b)

respectively. The diffusion in Fig. 1 1 (a) is slightlylarger than

that in Figure (b), since the water vapor absorption of
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GOES-9 IR2 is larger than that of GMS-5 IR2 and increases

its estimation eiTor. As shown in Figures (c) and (d), the

brightness temperatures of GOES-9 are smaller than those of

GMS-5, which is expected in Section 2. As well as IRl, there

are the discrepancies in the IR2 observed brightness

temperatures between GOES-9 and GMS-5, which are not

predicted by the simulation. The average of the unpredictable

disｃｌｅｐａｎｃｉｅs，詐認ご認ｒ，is＋0.28Ｋ.

Figure 12 shows the same comparisons as Rg』O, except for

the brightness temperature differences of IRl 11０m IR2,

δΥSP　Ｔｍｌ －　Tll!2 . As shown in Fig. 12 (c), the

observed the temperature differences of GOES-9 are larger

than those of GMS-5. The fact is expected from the

discussion about the spectral response functions in Section ２

and simulated in Figure (d). However, inconsistency is

recognized between Figures (c) and (d). Tl!ｅ average of the

discrepancies in the observations between GOES-9 and

GMS-5 unpredicted by the simulation, 3‾?祭器?二GMS5 , is

十〇.42 K. As seen in Figures (c) and (d), the temperature

differences have ａlinear relationship between GOES-9 and

GMS-5 given by

好望２＝2.09好昌こ＋0.65

好認r＝1.77好7n＋0.28

(Fig･

(Fig･

(ｃ))，

(d))，

(1)

②

respectively. These equations may be of help to transform a

GMS-5 product to ａ GOES-9 one, which uses the

temperature differences in itsretrieval.

Figure 13 shows the same comparisons as Fig. 10, except for

wv brightness temperatures. The points in Figures 13 (a) and

(b)are spread wider than those seen in Fig. 6 for IRl and Fig･

7 for IR2. Erroneousness in the estimation of the large water

vapor absorption is enhanced. Many points in Figure (b)are

positioned around the diagonal line, while the plots are above

the diagonal line in Figure (a). However, the fact does not

the GOES-9 observations, because the brightness temperature

simulation could have the same systematical error as the

GMS-5 observations have. Figures (c) and (d) show that the

brightness temperatures of GOES-9 are smaller 山ａｎthose of

GMS-5, since the water ｖ叩or absorption for GOES-9 is

larger than that for GMS-5. The averaged difference in the

observed brightness temperatures of GOES-9 from GMS-5 is

-5.17 Ｋ， while the averaged difference in the simulated

temperatures is -7.60 Ｋ. The inconsistencies between the

observations and the simulations are obviously recognized in

the horizontal images shown in Figures 9 (c) and (d). As well

as IR l and IR2, there are the discrepancies between the

GOES-9 and GMS-5 wv observed brightness temperatures

that are not predicted by the simulation. The average of

the unpredictable discrepancies, ぶ‾T顕こﾌﾞ]s≒is＋2.4 Ｋ.

5. Conclusion

The infrared images simultaneously observed by the GOES-9

Imager and GMS-5 VISSR are compared. In addition, the

simulated images computed by MODTRAN ３.７are compared

The dil!ferences between GOES-9 and GMS-5 are observed as

expected from their spectral response functions and each

radiative paih. The distinct inconsistencies ate also ｍｃｏｇｎｉｚed

between Ihe observed and simulated wv images.

Statistical comparison is also studied. Brightness

temperatures fiXHTl the images are compared over the cloud

free ocean and the same path lengths. The differences

between the GOES-9 and GMS-5 observed brightness

temperatures are recognized. The differences are not

equivalent to those in the simulatBd brightness temperatures

not only Ｒ)ｒwv, but also for IRl and IR2. The averages of

the discrepancies in the observed brightness temperatures

between GOES-9 and GMS-5 not predicted by the

simｕlatｉｏｎ，ｙr２芒ご‾ＧＭs5,alで＋0.70 Ｋ, 十〇.28 K and＋2.4Ｋ

forIRLIR2 and wv respectively･

denote thatthe GMS-5 observations are more accurate than　　The potential sources of the discrep皿cies are inaccurate
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calibration,unveiled degradation in the sensors and satellites,

the retrieval error of the spectral response functions, and

systematic error in the brightness temperatures simulated by

MODTRAN ３.７and atmospheric fields computed by the

numerical weather prediction model, etc. In order to identify

the sources, further research is necessary.

Despite the fact that the sources are not confirmed, the

discussion in Sections ３ and ４ may be of help to revise the

algorithms of GOES-9 applications. For instance, ａ linear

relationship is found between GOES-9 and GMS-5 with

respect to the difference between IRl and IR2 brightness

temperatures.

6. Notes

Some noise is recognized in the GOES-9 images contained in

GVAR data generated by NESDIS. Figure 2 (a) shows an

enlarged image observed by GOES-9 VIS. Anomalous noise

can be recognized. In order to eliminate it,a digital filtering

technique, which consists of ａ band pass filter with an

amplitude limitation, is applied at the Meteorological Satellite

Center. The details of the noise reduction technique can be

found in Kigawa et al,2002.

Stripe noise associated with scan lines can also be observed in

GOES-9 IRl and IR2 images contained in GVAR data. The

noise is recognized only in the range of brightness

temperature higher than 293 K, even though the temperature

should be homogeneous over the cloud free ocean. The

variation of the noise is approximately 0.5KforIR2and0.2K

for IRl. The noise is negligible for observing weather

systems from GOES-9 images. However, it may not be

negligible to retrieve physical quantities. For instance, the

influence of the noise is emphasized in the difference

between IRl and IR2 brightness temperatures as shown in

Fig. 2 (b). The noise may cause the degradation of some

products. In order to eliminate the stripe noise. further

research is needed as well.
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(b) GMS-5 VISSR IRl

- ミ
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Figure l : Cloud images observed by the IR1 channels of GOES-9 Imager (a) and GMS-5 VISSR (b) at０６UTC on １９May 2003.

(a) GOES-9 Imager VIS

－一 一

　 　 　 　 　 　 　 　 一 一

　 　 　 ＿ 　 　 ． ‥ _ - 　 一 一　 　 　 _ ＿

（b）ＧＯＥＳ-9 Imager IRl minus IR2

Figure 2: Images observed by GOES-9 Imager of (ａ)theｖｌＳchannel over western Japan and (b)the difference in the brightness

temperatures between GOES-9 IR1 and IR2 over north east Australia.The observational time is the same as Figure 1.
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Table l : Comparison of specifications between GOES-9 Imager and GMS-5 VISSR. The resolutions represent footprint sizes near nadir.
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Figure 4: Spectral response functions of the visiblechannels of GOES-9 Imager (thinlines)and GMS-5 VISSR (thickline).
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Figure 13: Same as Fig.10, but the comparisons of wv brightness temperatures.
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GMS-5およびＧＯＥＳ-９搭載イメージャの

赤外チャネルインターキャリブレーション

　　　太原　芳彦，大河原　望，奥山　新

　気象庁気象衛星センター

データ処理部システム管理課

　　　　　　　　　　　　　　　　　　　　　　概　要

　静止気象衛星による西太平洋域の観測が、2003年5月22日にGMS-5からＧＯＥＳ-9に切り替わった。本

レポートは、各衛星に搭載されているイメージャの赤外チャネルに関して行ったインターキャリブレ

ーション調査結果である。

　調査には､GMS-5からＧＯＥＳ-9への切り替え直前に得られた同時刻の観測輝度温度データを利用した。

また、MODTRAN ３.7による放射計算で得られた計算輝度温度データも比較対象とした。平面図の比較

からは、観測データと計算データにはほぼ同じ衛星間の差が見られ、応答関数と放射光浩長に関する

衛星間の違いが確認できた。さらに、雲のない海洋上で、放射光浩長が2衛星間で小さい領域に関して、

輝度温度データの比較統計を行った。その結果、応答関数の違いでは説明ができない衛星間の差が確

認された。観測輝度温度から計算輝度温度を引いた差に関して、GOES-9とGMS-5との差を計算した結

果は、赤外窓領域チャネル1(IRI)で0.7 K、赤外窓領域チャネル2(IR2)で0.28Ｋ、そして水蒸気チャネル

(ＷＶ)で2.4Kであった。この差の原因としては、キャリブレーションの誤差、センサや衛星の劣化、計

算輝度温度データの誤差などが考えられるが、それを突き止めるためにはさらなる調査が必要である。

原因は判っていないが、本調査による結果は、GOES-9衛星プロダクトアルゴリズムの調整に活用でき

る。例えば、IRIとIR2の輝度温度差に関して、ＧＯＥＳ-9とGMS-5との間には線形関係が確認された。
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