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Observations of Polar-orbit (MODIS) and Geostationary (GOES-9)

Jung-Moon Yoo"*, Mi-Young Yun', Myeong-Jae Jeong® and Myoung-Hwan Ahn’

'Department of Science Education, Ewha Womans University, Seoul 120-750, Korea
NASA/GSFC, Greenbett, Maryland 20771, USA
*Remote Sensing Research Laboratory, METRIKMA, Seoul 150-720, Korea

Abstract: Seasonal threshold values for fog detection over the ten airport areas within the Korean Peninsula have been
derived from the data of polar-orbit Aqua/Terra MODIS and geostationary GOES-9 during a two years. The values are
obtained from reflectance at 0.65 pm (Roes) and the difference in brightness temperature between 3.7 um and 11 pm (Ts7.p1).
In order to examine the discrepancy between the threshold values of two kinds of satellites, the following four parameters
have been analyzed under the condition of daytime/nighttime and fog/clear-sky, utilizing their simultaneous observations
over the Seoul metropolitan area: brightness temperature at 3.7 um, the temperature at 11 um, the Ts7, for day and night,
and the Rogs for daytime. The parameters show significant correlations (r>0.5) in spatial distribution between the two
kinds of satellites. The discrepancy between their infrared thresholds is mainly due to the disagreement in their spatial
resolutions and spectral bands, particularly at 3.7 um. Fog detection from GOES-9 over the nine airport areas except the
Cheongju airport has revealed accuracy of 60% in the daytime and 70% in the nighttime, based on statistical verification.
The accuracy decreases in foggy cases with twilight, precipitation, short persistence, or the higher cloud above fog. The
sensitivity of radiance and reflectance with wavelength has been analyzed in numerical experiments with respect to
various meteorological conditions to investigate optical characteristics of the three channels.
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Table 1. Intercomparison of spectral bands and spatial reso-
lutions of three corresponding channels for GOES-9 and
MODIS, used in this study. The observational periods of
GOES-9 and MODIS are ~30 minutes and ~12 hours,
respectively

Wavelength (um)

Spatial resolution (km)

GOES-9 MODIS GOES-9 MODIS

0.55~0.75 0.62~0.67 1 0.25
3.8~4.0 3.66~3.84 4 1

10.2~11.2 10.78~11.28 4 1

A Incheon
B: Gimpo

Jegu
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Fig. 1. Location of meteorological stations at ten airports in
the Korean Peninsula.
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a) MODIS Roes 14:30 LST Dec 20, 03 r=0.72 Clear

Fig. 2. Satellite-observed reflectance (Roes) values (unit; %) of MODIS and GOES-9 at 0.65 um, and the correlation in Ryes
between them over the Seoul metropolitan area during daytime clear-sky on December 20, 2003 of a) MODIS 14 :30 LST, and
b) GOES-9 14:25 LST.
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Fig. 3. Satellite-observed reflectance (Roes) values (unit; %) of MODIS and GOES-9 at 0.65 um, and the correlation in Regs
between them over the Seoul metropolitan area during daytime fog on December 24, 2003 of a) MODIS 14:05 LST, and b)

GOES-9 13:49 LST.
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a) MODIS Tar-1; 14:30 LST Dec 20, 03 r=0.92 Clear

Fig. 4. Same as in Fig. 2 except for brightness temperature difference between 3.7 um and 11 pm (T57.11). The unit of Tsz.y, is K.
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a) MODIS Ta7-11 14:05 LST Dec 24, 03 r=0.70 Fog
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b) GOES-9 T37-11 13:49 LST Dec 24, 03 Fog

Fig. 5. Same as in Fig. 3 except for brightness temperature difference between 3.7 um and 11 pm (Ts2.1). The unit of Tsz is K.
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a) MODIS Ts7-11 02:40 LST Jan 4, 04 r=0.51 Clear
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b)
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Fig. 6. Satellite-observed brightness temperature difference between 3.7 um and 11 pm (Ts7.1;) of MODIS and GOES-9, and the
correlation in Tsz,, between them over the Seoul metropolitan area during nighttime clear-sky on January 4, 2004 of a)
MODIS 02 :40 LST, and b) GOES-9 02 :25 LST. The unit of Ts~, is K.
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Table 2. Seasonal average values of the GOES-9 brightness temperature difference (T37.11) between 3.75 um and 11 pm, and
the Tz threshold (Thszi;) values for fog detection during daytime fog (DF), daytime clear (DC), nighttime clear (NC), and
nighttime fog (NF) over two 20 km x 20 km areas of the Incheon (12643 E, 37.47 N) and Kimpo (126.48 E, 37.33 N) airports
for the period from June 2003 to May 2005. The values of GOES-9 reflectance at 0.65 um (Rogs) and the Roes threshold (Thges)
are additionally used for daytime fog detection. The number (N) of observations and their standard deviations (o) are also given.
The values in parentheses stand for the MODIS thresholds. The units of Rees and Ts7.i1 are % and K, respectively.

DF DC DF DC NC NF
—————— Thosgs Thszn Thyzy ———

Roest o Roest o Tiznto N Ti7nto N Tinto N Tsruto N
. 10.0 7.25 -0.40

Spring  33.72+13.90 (15.0) 431£1.69 22.73t467 4 (23.5) 2.63£2.64 16 0.03+033 18 G.4) 225+242 11
10.70 8.15 -0.65

Summer 3336+ 11.85 (18.0) 630t1.47 14.06+280 3 (21.0) 4.18+1.53 10 1.02+081 18 (3.6) -1.61+£036 6
9.40 9.70 -0.91

Fall 9.501+0.00 (15.5) 8.03+276 11.65t0 1 (22.0) 470£254 7 -035+£0.76 18 2.6) -1.83+£2.07 20
) 8.90 7.00 -0.72

Winter  14.81£4.19 457121 16.15+341 4 331£153 9 026281 10 255187 12
(11.0) (21.5) 2.8

Annual + 998 + + 2 80 + 42 + 6a 067 + 49

ual 2531%+14.24 (14.9) 546+226 17.45+535 (22.0) 3.60+1.90 0.24=1.08 G0 -2.07£2.02
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Table 3. The satellite observations and correlation in Rogs, brightness temperature at 3.7 um (Ts5), brightness temperature at
1 pm (Tu), Ts7.11 between GOES-9 and MODIS over the Incheon International Airport during the daytime periods of clear-sky
on December 20, 2003 (MODIS 14:30 LST, GOES-9 14:25 LST) and fog on December 24, 2003 (MODIS 14:05 LST;
GOES-9 13:49 LST). The values in parentheses indicate the range of either GOES-9 or MODIS observations over the Seoul
metropolitan area (SMA; 125.7-127.2 E, 37.2-37.7 N). The units of Ts5, T\, and T35 are K, and the unit of Ryes is %

Correlation
MODIS & GOES GOES-9 MODIS
Clear Fog Clear Threshold Fog Clear Threshold Fog
Ross 0.7 09 3.8 (2.8~4.4) 9.0 16.0 (6.0~17.0) 6.8 (5.0~8.9) 11.0 23.0 (8.0~24.0)
Tsz 0.7 0.5 3.8 (0.0~5.5) 16.0 (8.0~18.0) 10.5 (5.0~16.0) 30.0 (12.0~32.0)
Tn 0.9 09 0.5 (-3.0~3.0) -1.0 ([20~6.0) -0.5 (-3.0~4.0) 0.5 (-2.0~7.0)
Tazai 09 0.7 3.5 (-0.5~5.0) 7.00 17.0 (4.0~18.0) 11.0 (6.0~16.0) 215 29.5 (6.0~30.0)

Table 4. Same as in Table 3 except for Rogs and the nighttime periods of clear-sky on January 4, 2004 (MODIS 02:40 LS
GOES-9 02:25 LST), and fog on January 7, 2004 (MODIS 03 : 10 LST; GOES-9 03 :01 LST)

Correlation
MODIS & GOES GOES9 MODIS
Clear Fog Clear Threshold Fog Clear Threshold Fog
Tsz 09 0.8 -4.5 (-8~1) -6.0 (-8~1) 1.8 (-:3~8) -2.5 (-5~6)
Tu 0.9 0.9 -4.1 (-8~2) -1.0(4~2)  -25(-74) -1.0 (-5~3)
Tsz 0.5 0.6 0.4 (-0.9~0) 0.72 5.0 (-5~0.5) 43 (4~62) 28 -1.5 (-2~4)

a) MODIS Ts7-11 03:10 LST Jan 7, 04 r=0.57 Fog

125.7E 12588 125.9% 128E 126.1E  126.2E  126.3 127€ 127.1E  127.2E

1.5 2 2.5

b) GOES-9 T37-11 03:01 LST Jan 7, 04 Fog

Fig. 7. Satellite-observed brightness temperature difference between 3.7 um and 11 um (T37.11) of MODIS and GOES-9, and tte
correlation in Tsz.;; between them over the Seoul metropolitan area during nighttime fog on January 7, 2004 of a) MODIS
03:10 LST, and b) GOES-9 03 :01 LST. The unit of Ts7.,; is K. The unit of Ts71; is K.
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Table 5. Contingency tables of three kind of GOES-9 data (Day time Roes, Day time T;.11, Night time Ts7.1), and verification
scores for fog detection over the ten airport areas (20 km x 20 km) of the Korean Peninsula during the period from June 2003 to
May 2005. Here the ‘SYNOP’ in table means the observation at ground stations, and in this study is considered as a ground

truth
SYNOP Verification Scores
Day GOES (Rogs) Fog No Fog FAR: 0.11
Fog 33 4 POD: 0.42
No Fog 46 142 CSI: 0.40
SYNOP Verification Scores
F No F FAR: 0.10
Day GOES (Ts7.1) e ° %6
Fog 35 4 POD: 0.44
No Fog 44 142 CSI: 042
SYNOP Verification Scores
F No F FAR: 0.09
Night GOES (Ty1) % i
Fog 58 6 POD: 0.74
No Fog 20 97 CSI: 0.69

Table 6. Same as in Table 5 except for nine airports, excluding the Cheongju airport

SYNOP Verification Scores
Fog No Fog FAR: 0.08
Day GOES (Ross)
Fog 33 3 POD: 0.62
No Fog 20 117 CSI: 0.59
SYNOP Verification Scores
F No F FAR: 0.0
Day GOES (Ts7.1) 8 0 o8 g
Fog 31 3 POD: 0.58
No Fog 22 117 CSI: 0.55
SYNOP Verification Scores
F No F FAR: 0.10
Night GOES (T31) b 0 o8
Fog 54 6 POD: 0.75
No Fog 18 92 CSI: 0.69
He && Ao thadt Atk False Alarm Ratio (FAR=1, POD=0, CSI=0), 37} Ts~.u(FAR=0,

(FAR), Probability of Detection(POD) Z2&]3 Critical
Success Index(CSI). FAR, POD, CSI= 2 $4&
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Fig. 8. From theoretical simulation of the SBDART, short-
wave (0.3~4 um) spectral values of a) radiance and b) reflec-
tance at top of atmosphere under three different meteorological
conditions of clear sky, thin fog (fog optical thickness, COT
=10), and thick fog (COT=30). Here a sun zenith angle
(SZA) is 30°, a viewing zenith angle (VZA) is 30°, and an
azimuth angle (RAA) is 150,
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Appendix

Table A4 FARS $14 QMIRRIo] €13 eb) A Fo) (A4 #30] 7123 W) 4RY o} A8 38
S vtk PODE (14 B3] Z12T W) Wl 24 Aol 94 biRAYE AFF 82 vehath CSEe
AN AZEAG A4 BER Wl WA T SR AT AR A3 985S ehdeh

Table A1. Contingency table for verification of fog detection

SYNOP
FOG No Fog
Fog YY YN
GOES-9
No Fog NY NN
. _ YN
False Alarm Ratio: FAR = TYIYN
Probability of Detection: POD YNy
YY

Critical Success Index: CSI= TYIYNTINY



