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Abstract: simuftaneons observations of MODIS ¢ Moderate-rasolution Imaging Spacmomdiometert onboard the Agua and
lerra swellites amxd wamther station ot pround near the Inchon Imernational Airport (372377 N 1257-1272 By doring,
the periskd hom Desember 2002w Semember 2004 have been milbaxd in omder wo analyze the charadteristics of satLlie-
abwerves] infarsd (RY and vigible dom under By and oleslas condiions respectively. “The diflerences Cli-) in
brightness  temperatune between 3,75 um and TLOum wene usad as threshold valves for remote-sensing g for low:
clomdsy rom satelline Jueing dhan ansd nigh, The Ta— o value dueing davtime wag premer by about 21 K owhen it was
lopgy than that when it way clear i dueine nighttime By @0 was ks o L5 K than during nightime cleargka, The
value way changad due w dillera valves af emission of g paticks a0 the wanvelensth, Sinee the neasIR channel e 3.7
L wie allected by solar amd 1R eadiotions in the dhaytime. both IR and visible channels for reflavtanoe) v baon tsd
B ettt B The mllectanee during log sas higher bo Q05006 than that durine cleamdar and variesd sesonally In this

sy the thredold walues inelusksd unceraintios when clonds existad above o laver ol R,

Kevwonds: fop, Inchon Airpor. MODIS T visible refloctance. memomesxensing

Introduction

A low visibiline by fop causes ratfic accidetis
over the land. sea. and ain The the. detined as the
case of horizonfal visibilin: less than T hkm. also has
influeneed on crop gromth and human  life, Aocy-
tabe forecasts about the fog accurrencs and dissipa-
tlen mav bring economical efftel becanse they ¢an
prevent a lot of accidents and disasiers in advanee,

Fog obsetvations at pround weather siations have
limitation because of sparse slations and the difticuly
of nighttime observations (Ahn et al. 2003 Fop fore-
castee based ob numerical model have nol been
actively ulilized due 1o the time-consiming and micto=
physical processes (Manpama ¢t ale 200dz Baup ¢t
al. 1997y On the olher hand. the romole sensing of
fop from sawlie obsenations provides s infonmas
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lion over wasl acas i a shorl period. However the
sensing  coblains several fundamental  problems, In
other wonds. it is inaccurale in measuring  hotizontal
vislbilin. detocting fop while upperleagl clouds exist
and the fog which is formed by repional opography
(Bendin. 2002 Bendix ¢ al. 2000,

Uhder the condition of existing clouds. the bright-
ess wemperaiie measured by saiclliie mdiomeer is
remarkably decreased because infrared (IR) radiance
is absorbed and cmitted by waler particles. Hows
ever the brighthess wemperature. emitied by tog (e
a ¢loud near surface). is similar w surface 1empera-
ture. Emission of opaque water is 1.0 in the infra-
red charnel at Hlum. and 0805 al 57um.
Theretore. the brighthess temperature at 11 um under
fog is clese w surtace wmperawre. but the bright-
hess lemperaiire al 3.7 Wm becomes lower than the
srface  tempetanire (Anthis and  Crackbell 1995
Ere ¢ al. 1984, This phyvsical differenee bas been
used for detecting top in previous studies (MSGQ
2005z Ellred. 1995, A panticle of fog has characier-
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isties of thermal absorplion and emission far infra-
red eadianee. and also high mflestance for solar
radiation (Anthis and Cracknell 1990y,

For fop detection. Enve ¢ al. (1984) used the dif-
fonenoe (Le. Tamn b brightess temperature betwoen
chanhel 5 (5.7 umy and chanbel 4 (11 pmyy from
the data of Advanced Ve High Resolution Radi-
ometer (AYHRR). Ellond (1995) utilized the data of
GQOESO pecsiationary satellive 10 sehse the fop,
Anthis and Cracknell (1999 made use of the chan-
hels 5 and 4 of the AVHRR during nighttime. visi-
ble images of the METEOSAT and the AVHRR
channel 1 (063 um}y and channel 2 (021 um) -
ibg daviime over the Groek arca. Bendix ¢ al
(2003} derived the difference i brighihess tempera-
wirg between 9 um and 108 um using the daa of
the Moderae Resolution Imaging  Spectroradiometer
(MODIS) and the Spinning Enhabeed Visible and
Infrared Imager (SEVIRIL Additionalls. they showied
that thene was a little difference in the threshold
value depetding on satellie sensors, The difference
it the valoe among sensots was confimmed ih the
study of Cemmak ¢ al (2004), Bendiv ¢l al. (200
revealed that the msubis fhom either polarorbit or
peostationan sawcllitle for detecting fop were similar
W ¢ach olher

In the meamhile. several stadies for eloud detee-
tioh ibelided 1he classification of fop as well as the
cloud tvpe. Aecording 1o standard eriteria of the
Inernational  Satellie Cloud  Climatology Project
(ISCCPL the npe was cawporized tsing the eloud
wop pressure and the optical thickness of ¢loud (Sim-
psot ¢l al. 2000z Rossow el ale [991) Aeconding
> Hahn ¢t al. (2000). the oplical thickhess of fop
was grealer than that of clear-sky globally, Kokba
povshas (200d4y ivestigaed reflectance of solar radia-
tion as a finetion of solar zenith angle. size of
waker panicle. and optical thickness. Also. he showed
that the reflectanee was sensitive 1o the zenith angle,

Using the differenee in brighiness  wmpermng
between the AVHRR channels 5 and 4 Park ot al
(1957) derived the threshold values of Ty, ot sur-
face. cittuse low ¢louds and fop over the Kongan

Peninsula. The threshold values over the land and
the sca were determined by the study of Meteoro-
logical Rescarch Insitme (MR 20001y using the
chanhels 21 (G7um) and 30 (11 um) of the
MODIS. The refleclance of fop panticle varies con-
siderably with solar zenith angle (Bendix ¢l al.
2005, 200d: Kokhanovska. 200d),

The purpose of this swdv s W analvze the char
acleristics of the MODIS R and solar channels for
fogg and clear days during the periexd of 2002-
2005 pear the Inchon Intemational Almport. Here we
derived the differchoe (e Tiwy or thiesholdy i
brighiness 1emperature between 3.7um and 11 um
during foepy davs and nighse and also otber threshe
old value of solar reflestanes in the daviime

Data and Method

The Earth Observing Sysiem (EQOSY has provided
the algorithms in onder 0 investigate cloud detee-
tion. and the phyvsical and optical features of ¢loud.
obsened fhom the MODIS mdiomeer  obboand
TERRA and AQUA saellies v 1999 and 2002
respectively (Plainick 1 al.. 20035), The MODIS thal
has 36 channels offers sawellite data by passing over
the equator four 1imes a day (TERRA-10:50. 2213
ECT AQUA-1Z30. 15530 ECTy This swdy used the
MODIS data of solar channels 1-3 band and infa-
red channels 200 250 27-36 rear the Inchot [nterna-
tional Airport (37.2-37.7 N 123.7-127.2 E) for the
period thom December 2002 10 Seplember 2004

Acgording 10 the studv of Hahn ¢ all (2001% the
fop eould be remoels sensed v the proogss of
cloud detection. Clonds are classified i high. mid-
dle. and low clouds. based on cloud top pressure
(Fig. 1% Fog and strats among low ¢louds could
be differentiated using the differenee in brighiness
wmperawre  betvesn 3Tum and 1 pm  (MSG
2005: Eme ¢ ale 1984). This stwdy mainlv has
delermingd the threshold of Tiwy near the Inchob
Inlerbational Almport during the period thom Deocm-
ber 2002 10 Dexember 2005, In the existence of
clovds. infrared sensor of saellie s sensitive w
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Fig. 1. Tlow chan for the chssifieation of load types end
fog. Hore the symbols of P and “CTP" st for pressure
o cloud top pressue, rspecivel.

cloud top temperstare. Since atmospheric temperse
wre deoreases it the toposphere as  shitude
increases, the brightness temperature observed by
satellite decreases while clouds develop vertcally.

However, since fog forms near the surfece, it does
not indicate 3 significant difference benveen the
cases of fog and clearshy

“The brightness tempecature of the MODIS chaur
vels during fogey days is different fiom that dur
ing clear deys becanse of the infiared absorption
and emission by water paticle. Thus. fog in this
study could be detected by comparing characteris-
ties of each channel during fog with those during
clearsky condition. Fog is defined that horizontal
visibiliy is below 1 . while clearshy is defined
thar the amount of clouds s zero. Based on the
foggy and clear days classified by grownd observe-
tion fiom the weather forecast center in Yongjong:
do. fopry and clearshy diys were chosen sepi
raly with simultancous saielite observasions of the
MODIS over the area of this study,

“The period of & dey was divided o four time
zones (061, 6-(2h, (2-18h, and 18-241) consider-
ing gownd gbservation wnd stellite-passing  time.
over the arca. and frequency of fog and cleansky
ocurtences vias examined (Teble 1), Dusing dhis
study period, fog near the lnckon Intermational Air
port occurred average 107 times per wonth, and
wmore. frequently in nighttime (68) then in daytime

Table 1. Nurnher of monty foggy days at the nchon Tncmational Aiport (3747 N, 12643 F dusing the periol rom Dec.
15, 2002 to Die. 14, 2003 wilh the simuliancous ohssevations of MODIS onboardt AQUA and TERRA selis. The muimbers
in pareicses indicae toal munnber of gy dhys. obsenved from grownd saton

Namber of Fog Days
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Fig. 2. Scatter diagrams in daytie MODIS brighucss temperature (1) of ninc other chanels versus 11y emperotie (L)

(60). Fog formed mast in summer and least in wine
e, for instances, in une (17). in August (16), and
in Decamber (3). Fog ako ocumred most around
10:30 am. (50 fimes) and occurred Jeast around
13:30 (10 times), as shown in Tzble 1. “This study
examived the threshold value of T based on the
and clewr days. together with the
a of solar and infeared radiation.

above fogey
MODIS d

Characteristics of MODIS Data
during Fog Occunence

“To investigate the change of stelite-observed dota

acar e inchon Iniemationsl Aiport (2020 k) at 12:05 LT on Jamary 10. 2003 during foggy day. The chameks are 37,
40.86,97, 120, 133 136, 139, 2 142 pm. Least square fine and the valuo of conclation are

in cach pancl.

for fogay end clear days, respectively, the MODIS
dema was used i the following infrered channels:
37,40 86,97, 110, 120, 133, 136, 139, and
142 pm. Each channel has its inherent features for
absorption  gas,
Brightness temperatures 3.7 s und 110 pum have
been used to induce surface temperature. Maximum
weighting functions @t 86pm and 97 pm are siu-
aed at the alttudes of 1000kPa and 250bPe,
tespeively. and theses chamels are available in the
messurement of ozone. The peaks of sweighting
functions at 120, 133, 136, 139, and 142pm cor-
respond 1o the altiudes of 1000, 900, 750. 500, and

welghting  function, and usage.
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Fig. 3. Same as in Tig. 2 cxcept for at 1215 LST on Janvary 8, 2003 during clearsky condion.

350 hPa. respectively (Menzel end Gurmley, 1998).

The cases of fogay and clear days under same
time zones during each day end night were com-
pared and analyzed (Figs. 2-4). The eases of 12:05
LST January 10, 2003 (Fig. 2) and 12:15 LST
January 8. (Fig. 3) were chosen for davtime
Also

2003

clesrsky

fog. and conditions.  respectively.
nighttime cases for fog and clearsky were 22:00
LST Junuary 13, 2003 (Fig. 4a) und 22:45 LST
Jagry 14, 2003 (Fig. 4b), respectively.

The value of brightuess tempersture at 11y
() that reflected surface femperature was 240-255
K when the fog occured in the daytime on Janu-
wy 10. 2003 (Fig. 2) The Tu highly corclated

with brightness temperatures at 12 and 133 p,
and less correlated with those at ctier chansels (i.c.,
136, 13.9, and 14.2 ) which had weighting func-
tons in higher aliitudes. The values of brighness
temperature at 3.7 pm (Ts7) which vanged fiom 275
K 10 290K were higher by about 30 K. than those

of the Ty, Both temperatures showed a low correla-

tion with each other. ‘The wavelength at 3.7um is
located in the boundary beteen infrared (IR) and
solar radiarions. Thus. it s offecied n the daytime
by both radierions. Therefore, the Tir value was
enhanced due to the diffusion and emission effect of
solar radiation by fog paticles, and the corvelation
betseeen Taa and Tir becarne loss,
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Fig. 5. Seattr diagram of T, (ic. the differnce in bri
the fog duration mear the Inehan Infernational Aort (373

finess femperature betwoen 37 jun and 11 um) vesus Ty, during

N 12631265 F) at the a) 11:30 LST on August 3 and 22:25

LST on Augist 21, 2003, ad b) 2230 LST on Getoker 31, 2003,

The datime casc of clearsky on January 8, 2003
was different from that of fog on Jenuary 10, 2003
(Fig. 3). For instance. the Ty values (270K) of
daytime clearshy in winter were almost constant
v case, there was a low corre-
and the channels which

Simifarly o the fogg
lation between surface (T}
veflected upper utmospheric temperatures. ‘The. corre-
lation betveen 3.7 jun and 11 n for daytime clear-
sky was higher than thet for daytime fog.

Fig. da showed the corelation between Tir and
Tu when fog occurred at might on Januery 13,
2003, Compared with the casc of daytime fog. the
correlation (0.88) was relatively high. Since there
IR radiation without solar radiation at

was only

night. a high comcltion between them was expected.

The correlation (0.99) between 37um and 110
wm for wighttime clearsky on Janvary 14, 2003
was remarkably higher than that (0.88) for night-
time fogey case (Fig. 4b). ln order lo detect fog at
night. difference in the comelation between clear-sky
and fog has been applied.

Now that fog occurs near the surfice, the IR
channel thar has low comefation with surface temn-
rature s not useful for detecting fog, Thus, previe
ous sudies uiilzed the threshold vlue of Trsar that
was sensifive to water particles (MRI, 2001z Anthis
and Cracknell, 1999: 1995: Enye et al.
1984).
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Table 2. Valucs of brightess tempesature (T) in the MODIS channcls of 375 gun, 11 gun, 12 gon. 133 o and the T diffr-

ence (Tea) botween 375 pun andt 11 yan

g the period from De. 15. 2002 fo Dse. 14, 2003 at the bichon Iiernatioral

Abpart (12643 E, 3747 N). The rumber i parentheses ineans siandud deviation

DUNE et Case T T
asm T g [Er 133 g

oo 030 : st msn  tmiw
o 00 z BEA0GH) | WOOD | MAT09) W55 8 66
¥ 2 J6563)  IMOOH  WIAH  BISUE 1345085
= 1 WA00) 22669 262000 29966 358 (0431

» 4+ WOGH  BIE)  WMAGH) 29008 14302

: e
W27 2 6h  IAMH 2500 2698

T T
o Waeh D ME69  HBGH 129039

Night 2 MIGH G0 IBIEH  28EH 47049
12 fag 12 GlearCacns nhon Arport 37um is gremer than that at 11y, Physical differ-
—nr ence Derveen those two channels has been applied To
™ Iolgniad detect fog (MRI, 2001: Anthis and Creckaell, 1999;

Lt Elid, 1995; Erve et al. 1964)

= Fig, 5 showed scatter diagrem of the Ty and
- Teas values at 11330 LST on August 3, 2003, and
£ at 22:30 LST on October 31, 2003 under the fog
T o condition. The Tis velues during day and night
were clearly divided into two populations by 4
B boundary of 15K (Fig, 5a). The nearIR chanoel at
- 57um during daytime was uffected by solar radia-

N ton as wiell as infrared sadiation. Thus, the scatter-

Fig. 6. Average values of brightacss temporture (T) of the
MODIS channels of 375w, 110 g, 120 and 133
e under the condition of cithor fog or clearsky mcar the
Iochon Incrmatioral Airpor. Tl observations arc conside
ered for the cach weather conditon

Fog Detection

infrared Channels
“The brightness temperatres &t 3.7jm and 110 g
for clear dey are st 1o surfice lmperature. but they
become lovier when foe and cloud exist The emissi
ty at 11 for opague swater is 10, and at 3.7jsm i
0809, As a result, the decrease of the tempes

e at

ing and reflecting effect of solar radiation due o
fog partcles increased the tempereture at 3.7ym
doring daytime. compared to during aighttine. Addi-
tonally, this physical mechanism significently con-
tributed 10 the threshold values during dey and night
{(Cermak et al. 2004 Bendix et al, 2003). The
threshold value of Ty for defecting fog during
day and night depended on s optical thickness and
i clouds exist sbove o layer of fog.

As shown in Fig. 50, the values of Ty and T
were clusiered in @ namow range of temperature
only when fog and strtus were horizontally distrib-
uted, Flowever, when clouds existed above a fog
Jayer, the values were more widely distributed (Fig.
Su). Using the dta of ground obsenvation at the
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includes noise of solar radiation, it may not be used

nel, the average values of Tin Ty Ti Tys and  for detecting fog accurately. o addition to the value,
Tio during fog and clearsky were derived in this  solar reflectance has been uilized 1o detect fog dur-
stady (Table %) The Tp.y vlue during daytime fog  ing daytime in previous swdies of Bendix (2004)

was higher then that during aytime clearsky, wd  and Cemuuk (2004) 10 solve the above problen,

during nighttime fog, vice verss {Fig. 6).

In this point of view, this study anulyzed seven

cases when fog occured nesr the Inchon lntema
Channels of Solar Radiation tional Airport during the peiod from January 2003
Since the threshold value of Tyrs during daytime 1o August 2004, together with simulaneous saeffite
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Fig. 9. The MODIS dua of ) mdiance, b) seficetancd, o) T versus Ty during fogay day (1105 LST Jan. 7, 2004} and oy
Tosar versus T duing cloarsky (12:10 LST Jan 4, 2004) pear the Inchon Inicroations] Airpor.

cbservations of the MODIS. The value of solar The radiance and reflectance during fog at 11:05
fop was higher by abow 20-370  LST on Jamary 7. 2004 were compared with those
Wi ™ s 0.65pum than that during during clear-sky at 12:10 LT on January 4, 2004
sky (Fig. 7). The radiance values during f (Figs. 9wb). Figs. 9ed show scatter diagrams of
dlearsky ehibit maxima in May and miims i brightiess ternperatures for Ty and Tysy. The radi-
January due to seasonal variation of solar elitude.  ance and reflectance during fog were higher by
he diffrence in e at 065pan bevween fog " s und 003, respectively, than those
and clearsky was masimum (300 »\m sy duing cleavsky (Figs. 9a-b). The Ty values during
in May. and minimum (20 Wai® i &) in Jan- fog and clearsky were dbout 276K (Figs. 9e-d).

radiance during

wry. The o values during fog were mostly 8K. The
Similely fo the case of rediance, the values of  radiance (or eflectance) during foggy day & 11:05

shy at 12010
2004, have been compared with

reflectance during fog were higher by 00506 than  LST on Jamary 7, 2004, and cle
that during clearshy (Fig. 8). The values of reflec-
tance during fog and clearsky tend to decrease with

¢, 10). Since solar alttude in May is

increase of wavelength, except for the channel at  higher thun in Januery. the values of solar radiance
0.86 m. This was because the reflectance was sen- and reffectence ae bigher in May then i January
siive to the optical thickness of fog and soler  The value of reflectance during fog is higher by

zenith angle. 004005 than during clearsky. besause of scatier-
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Fig. 10. Sanc as in Fig, 9 except for 1120 LST May 3. 2004 and 11:10 LST May 5, 2004,

ing and reflecting of fog particles (Figs. 10e-b). The
value of Ty (255270 K) at 11:20 LST on May 3.
2004 during fop is lower by 25 K than that of Ty
(280-295 K} at 11310 LST on May 5. 2004 dur-
ing clearsky. Additionally, the Tyryy velue for f
is higher than that for clearsky. In this case, venti-
cally developed clouds have been infoned 1o par-
Gally exist above the fog layer near the Inchen
Intermtions Aiport.

Conclusion

In this study, we have investigated possible
remote sensing of fog near the Inchon Interations]
Aot for the period from  December 2002 to
August 2004. using the MODIS [R and solar data
onbowrd the AQUA (1:30, 13:30 ECD) and
TERRA (10230, 22:30) satelltes. According 1o the
analysis of mine IR chamels (.7-142m). the

brightness temperatures ot 37pm and 11y were
useful for detecting fop. The threshold velue of
Fapn during daytime was greaer by aboul 21K
when it was foggy than when it was clear How
ever, the value during nightime fog wes less by 15
K than during nighnime clearsky. This may resalt
from the fact that emission of fog particle is 10 at
1, and 0809 at 37y, Based on these feae
twres of the sucllite data, the tareshold velues of
Tynuy during day and night were derived. However,
the vlues included emors vhen clouds  existed
above a leyer of fog.

‘The near-iR channet at 3.7um was affected by
solar and IR radiation in the daytime. Not only IR
but afso solar chanaels have been used to detect fog
duing dugtime. Since fog particles resulied in high
reflectance. of solar radiation. the reflectance during
fog was higher by 00506 than that duing clear
sky. As aptical thickness of fog became greater,
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refleclanee got highett The value of reflectanee was
sehsitive 10 the change of solar zenith angle,

In summar. the threshold values of Tiz hove
bech derived v this study for detecting fop during
dav and night near the Inchob Inernational Ale-
port. However the daviime value beeds 0 be ¢ome
pensaled by solar radiation and reflestance. topether
with radiative transter simulation,
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