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Figure 1: Relationships among chapters in the present thesis.
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Figure 2: Radiance (left) and radiant flux density (right).
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Figure 3: Spectral radiances at the Earth surface from the Sun and the Earth in the case that the Sun
and the Earth are assumed to be black bodies at 5770K and 288K respectively. Atmospheric effects are

not included.
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Figure 4: Emissivity spectra of granite and water (Salisbury et al., 1992).
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Figure 5: Atmospheric transmission functions at view angle 180° for the Midlatitude summer model.
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Figure 6: Thermal infrared bands of typical sensors, and atmospheric transmission function at view
angle 180° for the Midlatitude summer model.
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Table 1: Summary of differential absorption algorithms for estimating LST (Ts, Ty and T5 are in
Kelvin, Ty = 273.15K, € = (€4 + €5)/2, Ae = (€4 — €5)).

Author or Group Algorithm
Price (1984)[37] Ts=[Ta+a(Ty—T5)](b—e€s)/c+d-TsAe
Ulivieri et al. (1985)[96] Ts=Ty+a(Ty—Ts5)+b—c-¢
Becker and Li (1990)[21] * 0000 Ty = a+ P(Ts+T5)/2 + M(Ty — T5)/2
Prata an d Platt (1991)[97] Ts=a(Ty —To)/ea —b(Ts — Ty)/es + (1 —€q)/ea + T
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T
T
T

Sobrino et al. (1991)[22] ° =T, + ATy —T5)+ B

Sobrino et al. (1993)[86] =Ty+a(Ty —T5) + b(Ta — T5)* + ¢(1 — €4) — cAc
Ulivieri et al. (1994)[98] =Ty+a(Ty—Ts5) +b(1 —€) — cAc
Wan and Dozier (1996)[27] c0 000 =a+ R(Ty+Ts5)/24 STy —T5)/2
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YA=fi+ fo(l—ea)+ fale, B= (1 —ea)/eaTulfa + fsAe]l — (1 — e5) /esTs[ fo + frAe], where f; = o + W and
W is the water vapor amount along the path.
CR=ag+ai(l —e)/e+azAc/e?, S = a3 + as(l — €)/e + asAc/e?. Each coefficient is defined based on the
ranges of the view angle and the water vapor amount.
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Table 2: Accuracy of the profiles of air temperature and water vapor measured by radiosonde or sounder
[49]. T: temperature, W: water vapor, h: horizontal, v: vertical, t: time, MPL: mandatory pressure

levels.

Category Sensor Accuracy Resolution

Radiosonde RS2-91 T: 1K, W: 7-10% h: 200-300km, v: MPL, t: 12hrs

NOAA(O 14)/TOVS T: 1.5-3K, W: 20% h: 120km, v: MPL, t: 6hrs
Sounder NOAA(150)/ATOVS T: 12K, W: 10-20% h: 15-40km, v: MPL, t: 6hrs

METOP/TASI T: 1K, W: 10% h: 25km, v: 1-30km

EOS-PM/AIRS T: 1K, W: 10% h: 13.5km (nadir), v: lkm
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Figure 7: Simulation-based method for validating an atmospheric correction algorithm.
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Figure 8: Response functions of AVHRR (channels 4 and 5) and ASTER (channels 10 to 14), and
atmospheric transmittance of the Midlatitude Summer model calculated by MODTRANS3.7.
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Figure 10: Distribution of the elevation.
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Figure 11: Distribution of the total water vapor amount.
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Figure 12: Distribution of the transmittance for AVHRR channel 4.
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Figure 13: Distribution of the path radiance for AVHRR channel 4.
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Figure 14: Plot of the transmittance versus the path radiance for AVHRR channel 4.
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Figure 15: Distribution of the surface air temperature.
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Figure 16: Minimum emissivity of each emissivity sample for AVHRR and ASTER.
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Table 3: List of samples included in the emissivity model.

sample no. sample name type of material sample no. sample name type of material
1 Aplite.hl igneous rock 50 Marble.h2 metamorphic rock
2 Granite.h1 igneous rock 51 Marble.h3 metamorphic rock
3 Granite.h2 igneous rock 52 Marble.h4 metamorphic rock
4 Granite.h3 igneous rock 53 Quartzite.hl metamorphic rock
5 Granite.h5 igneous rock 54 Quartzite.h4 metamorphic rock
6 Obsidian.h1 igneous rock 55 Quartzite.h6 metamorphic rock
7 Rhyolite.h1 igneous rock 56 Schisit.h3a metamorphic rock
8 Andesite.h1 igneous rock 57 Schist.h6a metamorphic rock
9 Andesite.h2 igneous rock 58 Schist.h7 metamorphic rock
10 Andesite.h4 igneous rock 59 Slate.hla metamorphic rock
11 Diorite.h1 igneous rock 60 Slate.h2a metamorphic rock
12 Granodiorite.hl igneous rock 61 Slate.h3 metamorphic rock
13 Granodiorite.h2 igneous rock 62 Rhyolite.f fresh rough surface
14 Monzonite.h1 igneous rock 63 Rhyolite.v desert vanish coated rock
15 Monzonite gqtz.hl igneous rock 64 Basalt.f fresh rough surface
16 Syenite.h1 igneous rock 65 Basalt.v desert vanish coated rock
17 Syenite neph.h2 igneous rock 66 [jolite.f fresh rough surface
18 Tonalite.h1 igneous rock 67 [jolite.v desert vanish coated rock
19 Anorthosite.h1l igneous rock 68 Crustose.10 lichens coated rock
20 Basalt.h1 igneous rock 69 Crustose.65 lichens coated rock
21 Basalt.h2 igneous rock 70 Entisols Soil
22 Basalt.h5 igneous rock 71 Vertisols Soil
23 Basalt.h7 igneous rock 72 Inceptisols Soil
24 Basalt.h9 igneous rock 73 Aridisols Soil
25 Diabase.h1 igneous rock 74 Mollisols Soil
26 Diabase.h2 igneous rock 75 Spodosols Soil
27 Gabbro.h1 igneous rock 76 Alfisols Soil
28 [jolite.h1 igneous rock 77 Ultisols Soil
29 Lamprophyre.hl igneous rock 78 Oxisols Soil
30 Norite.h1 igneous rock 79 Red oak veg. green foliage
31 Norite.h2 igneous rock 80 Conifer veg. decomposing litter
32 Dunite.h1 igneous rock 81 White pine veg. green foliage
33 Picrite.h1 igneous rock 82 Indian grass veg. green foliage
34 Picrite.h2 igneous rock 83 Senbeech veg. senescent foliage
35 Greywacke.hl sedimentary rock 84 Senredoak.h1 veg. senescent foliage
36 Limestone.h1 sedimentary rock 85 Senpine veg. senescent foliage
37 Limestone.h2 sedimentary rock 86 Senryegrass veg. senescent foliage
38 Limestone.h3 sedimentary rock 87 Oakbark.1 veg. tree bark
39 Sandstone.hl sedimentary rock 88 Ypoplarbark veg. senescent foliage
40 Sandstone.h2 sedimentary rock 89 Pinebark.1 veg. tree bark
41 Sandstone.h4 sedimentary rock 90 Wood veg. decomposing litter
42 Shale.h3 sedimentary rock 91 Deciduous veg. decomposing litter
43 Shale.h5 sedimentary rock 92 Seawater water
44 Shale.h6 sedimentary rock 93 Distwater water
45 Siltstone.h1 sedimentary rock 94 Seaice.smooth ice
46 Siltstone.h2 sedimentary rock 95 Seaice.100grit ice
47 Gneiss.hla metamorphic rock 96 Distice.smooth ice
48 Gneiss.h3a metamorphic rock 97 Distice.100grit ice
49 Gneiss.h4 metamorphic rock
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Table 4: Change in the sensor brightness temperature for 50% increase in the total ozone amount
for the six standard model atmospheres (sensor altitude: 100km, surface altitude: Okm, looking

angle: 0°, LST: surface air temperature + 10K).

total ozone amount ASTER channel
model [m atm-cm] ch.10  ch.11  ch.12 ch.13 ch.14
Tropical model 277.4 -0.02 -0.23 -0.43 0.00 0.00
Midlatitude summer 331.7 -0.03 -0.27 -0.51 -0.01 0.00
Midlatitude winter 376.8 -0.03 -0.33 -0.62 0.00 0.00
Subarctic summer 344.9 -0.03 -0.28 -0.50 -0.01 0.00
Subarctic winter 375.7 -0.03 -0.34 -0.63 -0.01 0.00
1976 US standard 343.6 -0.03 -0.30 -0.55 -0.01 0.00
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Table 5: RMSE [K] of the surface brightness temperature at surface level derived by atmo-

spheric correction as a function of a typical error on input profile.

. AVHRR ASTER
input profile error
ch.4 chb ch.10 ch.11 ch.12 ch.13 ch.14
(no change) — 0.16 0.19 047 045 052  0.39 0.42
air temperature 42K | 0.89 1.67 1.22 088 0.77 0.92 1.17
water vapor —20% | 1.5 2.94 1.65 1.12 0.95 1.51 2.01

Table 6: Error on input profile giving the impact of 1K to the RMSE of the surface brightness

temperature at surface level.

. AVHRR ASTER
input profile
ch.4 ch.b ch.10  ch.11  ch.12 ch.13 ch.14
air temperature | 2.7K  1.4K 2.7K 4.7K 8.0K 3.8K 2.7K
water vapor 14.4%  7.3% 16.9% 29.9% 46.5% 17.9% 12.6%
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Figure 17: Deployed positions for Lake Kasumigaura buoys on September 9, 1998.

gooboooooooooooooooooooboooooobooooboooboooooboobooDoOonz
gboogoboobooobooboboooboboobobboboobooboobobooboobooboobon
00000000000000000 [36]0 Rural-VIS=23km OO OO0OO0OO0OO0O00O0000O0O GTOPO30
0000000000000000000000000000000000000 B 00oooooo

000000000000000000 [73]00000000000000000000O0

4.2.1 OO0O00OO0OO0OOOOOOODOOODOOOOO

(1) 0O

19970 120 1301400 19980 90 70120000000000 AVHRROOOOOOOOODOOO
00000000000 14:00JSTOCO NOAAM4ODOOODOOOOOODODOOOOOOOODODODOO
gboodbooobooooooboooboooobobobooboooboooboooooboooboOoooobYgronog
obodboboobooooooooooooosgbogoogob oo ob120bbobboooonog
OO0000OFkeg 170 980000000000DO0O0O0OOODO9YTO00DOO0O0OODOOOODOOOM

OO0 NASAO JPLOOOOOODOOODOOODOOODOOODOOOOOOODOOO4emOO0O0O0DO
OO00000D0C0O0000D0D0C0O0ODOOO Onset StowAway XTIOOOOOODOOODOO 01000
gooooopoooo3bdopoooOoOoJpLO0OODOO0ODOOOOODOOO DavisODOOODOOOO

obooboooooboooboosgsoooobobooooboooonboonD k0100000000000

66



Table 7: Summary of the AVHRR data and the field experiments at Lake Kasumigaura;
ELV is the satellite elevation, WV is the total water vapor amount along the optical path,

Npuoy 18 the number of buoys available, and AT is the skin temperature measurement.

AVHRR date/time NOAA ELV WV
data (JST) No. (deg) (mm)
97-D1 97.12.13/14:03 14 55.8 8.5 free 6
98-N1  98.09.09/03:15 14 61.6 335 free 5
98-D1  98.09.09/14:39 14 42.3 399 free 5
5

4

cloud Npwoy AT

X

98-D2  98.09.09/16:42 12 46.9  36.8 contam.
98-N2  98.09.11/02:53 14 82.9 31.1  contam.
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Table 8: The lake surface meteorological data, the buoy temperature and the skin effect AT
at each overpass time. The air temperatures and the wind speeds in () were measured by
the Automated Meteorological Data Acquisition System (AMeDAS) at Tsuchiura, and the
relative humidities in () were measured by the Aerological Observatory at Tateno. The unit

of temperature is in degree C.

AVHRR data  air temp. humid. (%) wind (m/s)  buoy temp. AT

97-D1 9.3 (43) (1.0) 9.67010.07  +0.36
98-N1 (21.0) (100) (0.0) 241702449 N/A
98-D1 24.9 82.9 7.4 24.83025.01 —0.74
98-D2 24.5 86.2 6.6 24.68024.84 —0.59
98-N2 (19.9) (100) (2.0) 245402483  N/A
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Figure 18: Comparison between the satellite-derived lake surface temperature and the in-situ buoy

temperature; (left) low temperature and cloud-free, (center) high temperature and cloud-free, and (right)

high temperature and cloud-contaminated.
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Figure 19: Comparison between the satellite-derived lake surface temperature and the in-situ skin tem-
perature; (left) low temperature and cloud-free, (center) high temperature and cloud-free, and (right)

high temperature and cloud-contaminated.
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Figure 20: AVHRR channel 4 image and the nadir pixels of the satellite at 14:39 JST on September 9,
1998.
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Figure 21: Cloud cover and land/sea mask for the nadir pixels.
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Figure 22: Transmittance derived from the GDAS profiles for the nadir pixels.
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Figure 23: Difference of sensor brightness temperature between AVHRR channels 4 and 5 for the nadir

pixels.
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Figure 24: Sea surface temperatures derived from the MCSST method and the single band algorithm
with GDAS profiles for the nadir pixels.
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Figure 25: Difference of sea surface temperature between the MCSST method and the single band
algorithm with GDAS profiles for the nadir pixels.
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Figure 26: Differential image between AVHRR channels 4 and 5. The local water vapor anomaly is

shown in the white box.
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Figure 27: Comparison of the precipitable water vapor amounts derived from the GPS wet delay data
and from the GDAS profiles for 850 GPS stations. A regression line is also shown. The differential RMS

of them 1s 5.54 mm.
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Figure 29: Plots of the SST derived from the single band algorithm with GDAS profiles versus the
MCSST for the 145 selected areas for AVHRR channels 4 and 5. (original) Original water vapor profiles

were used; (GPS-scaled) Water vapor profiles were scaled to fit to the GPS precipitable water vapor

amounts.

81



gboogobooboooboooboboobobobobobboboobooooobobooboobooboobon

coooooOoOooooogooosSwoOoOoooooogooooog

82



S Upooobboobbobobuobbuobbuoobboobuoo

gboooboooooboboobobobboooooboobooboobobooboobooboooa
OO0000000oooooooooooOoSssSToooooooLSTOooooooooooooooo
gboogobooboooboooboboobobooboboboboobooboobobooboobooboobon
000000000000000000000 [¥oO0000D00000D000D0ooooooooo
0 [21]-270000000000000000O00OO0O0O0O0OO0O0O0OO0O0O00O0O00O0O000000
0000000000000000000000000000000000 [2400000000000
00000000000000000000000000 [28],[29000000 [33J000000000O
gboogoboobooobooobobooboboobobooboobooboobobooboobooboobon
gbooobooobooboboobooboobo

gbobooboooobooboboooboboobobooboobooboobobooboobooboooa
oooooooooOo0oOoOoooooooOooooooogoslibooooMcObobooogoooooon
oooooopooooOoOoooooooooOoooooooEMCOOODOODOO MCOOO EMCODOD
000000000000 MC/WVDOOO EMC/WVDOOOOOOODOODODOOOOOooooo
OO000o0oO0oOoO00oOooO0DoOO0oO0ODOO0DOoOoOOO0oDOoOOooOs20000MCOOEMCODO
MC/WVDUOOEMC/WVDOOOUOOODOODOODODOOODOOODODOO0OO0O0oo0oooooooooo

O0O0DEMC/WVDOOOOOOODOOOOODOODODOOOOoDOooOOoOoo

5.1 UJdgbobouogooboboboooobboooan
5.1.1 EMCUO

0(242)00000MCOD0OO00O0DOOOO0ODOOOOOODOOOOOOODOOOOOOOOOOD
cooooooOooooooooogoooo0ooooobooooooooooooooooog Mo
oooooooooooo0on000:00000000000000007T,,00000000000

googooo

Ty = ajo+ Z air Ty (5.1)
k=1

kO00000O0OmOO0O0000O07, 00000 k00000000ay,0i=0,...,mk=0,...,m000

OO0000D0O000Q0 Extended Multichannel DEMCOOOOOOOOOODOEMCOOODOOOOOO

83



ooooooooooooOOoOoOOOOOOOOOOOOOOOT;00000000000OOO0OOO
goooooOoOooooOoOoooooooooOoooooO0ooooooMcOOooOoooooogoo

gboogoboooboobobooboobooboobobbooboboobooboo

5.1.2 MC/WVD OO0 EMC/WVD O

233000000000SWOOO0OD0O0O000O0O0O000DOO000DOOOO0000O0O00000nO
00 [32,[860000000000000000000000000000 [20],25],[27],[32],[86],[90]-[93]0
MCOOO EMCOO SWOOODOOOODODOSWOOOOODDODODODOOOoOoDoDoOoooooo
0000000000 oooooooosSswoOoooooooooooooooooooooooMcead
00 EMCOO Frangois 00 WVDOUOODODOOOOD MC/WVDOOO EMC/WVDOOOOOOO
MC/WVDOOOOOoooooo
n
T, = (a0 + boW + coW?) + > (a; + bW + ¢;W*)T; (5.2)
i=1
000 EMC/WVDOOOOOOoooo
m
ng’:(ai0+bi0W‘|‘Ci0W2)+Z(aik+bikw+cikW2)Tk (5.3)
k=1
gdobooooooodbobobooodoboooouoouobooon
0o0o0OowvDbOOoOOooOOooOoOoooooQUADDODOODODODOODOO0ODO0oDO0o0ooDoOowvbd
0000000000000 oooooooQUADOODODOO 100000000000 0000OWYVD
00000000000000000 [320000000000000000000000000WVD
0000000000000 0000Francois0000000000OCODOO0OOODOOOOOOOOO
000000 sSwOoOooOoO0OooOoOooooooo[eooo00o00oo0ooooooooooooo
MC/WVDO OO EMC/WVDOOOOOODOOOD WOOOOOODOOSWVROOOODOOOOOOO
0000000000000 D0O0OO00000AVHRROODOOOD OO OODOO0O0O00oOooooooooa
000000000000WOOO000D00000000 NOAA/NCEPO GDASODOOOO [122]100
000000000000 ooooooooooooooooowiooooooooooooooooo
OJoddodooooooooowiooooooooooooooooooooooooooooooo

wiooboooooooooooooooooo

84



5.2 UUdgbbooogoobobbooogn

O0O0OO0O0AVHRROO ASTEROOOOOOOOOOOOOOOOOOOO MCOOEMCOOMC/WVD
O0ODEMC/WVDUOOOOOUOOOOODOOOODDOODUOODOOODUOODO0OODODAVHRROOOO MCOO
SWOOOOUOOOOAVHRROOOO MC/WVD OO Frangois 0000000000 WVDOOODO

goooobooooo

5.2.1 DOO0OO0OOO0OOOOOOOOOO

MC/WVDOOO EMC/WVDOOOOOOOOOOOO0OO00000000 WOO00000000
000000000000000000000000000000000000000000000 WO
+1g/em?0000000000000000000000000000000000000wW 0000
0000000 0g/em?0000SSM/IO TOVSOOOOOOO0O00 WODODODO 0.3005¢g/em?200
0 [86]000 Francois 0000000000000 000 WYDOOOOO WOOOOOO 0.5 g/cm?
00000000000000000000000000000000000000000000000
000000 [114000000000000000000000000000000000000000

O000O0O00oOMC/WVDOOO EMC/WVDOO WOOOOODODODODOOOOOoooOo

5.2.2 DO00OOO0OOODOODOOOOOOOOO

coooooOoooOoooOoooooDOoooooo0Oooo0ooooogpooooooooMecnoOd
EMCOOMC/WVDOOEMC/WVDOUOOOUOOODOODOUODODODOOODOODODODODODoOO0Ooooooo
0000000000000 0OMCOOAVHRROO ASTEROO MC/WVDOOAVHRROOOOOOO
000000000094 00000000000000000N0.920000 No.9300000OJLST
0 -50+004+5K 000000 5,784000000000MC/WVDOOO EMC/WVDOOOOOOO
OCO00wWOOOOONEATOOOODOOOODOOOODOOODOODOOOO

0000000 RMSEO Table 900 0O0OMCOOO MC/WVDOO 7, 0 RMSEOOEMCOODO
EMC/WVD OO 7,, 0 RMSEOOOOOOODOOOAVHRRO MCOOOODO SWOOOOoooO
NEAT=0.12K0000 0.78KOOOOOOODODOOOAVHRRO SWOOQOQOOOOODOorKODODDOO

0000 31,8600 000000000000000O0O00O0OASTERO MCOOOOOONEAT=0K

85



0000 046KONEAT=030KOO0O0D 091 KOOOODODOOOOOOODOO199000000000
00000000000 [117]0000000000000000000 0.150048KO0000000 0.56
01.07K0000000000000000000000000000000OAVHRR O MC/WVDODO
Francois 00 WVDOOOOOODOODDODOOOOOODDOOWDOOOO 0g/em?00 NEAT=0KO
000 045KO0000Francois0 000000 O0OOODOOOGKOOODOOODOOOODO 0.39KODO
O0000004STOOOOOOOOOOODOOOOST=4+0KO0O000000 RMSED 0.23K
gooooobolvKOoooooooooooobooooooobooooooooooboooavKoooo
OO0000 NEATOOODOOOOODOOOOOOOMCOOODOODOOOODOOODOODOOO
OOOFrancois 00 0000DOOOO0O0ODOOOOODOOOOOOODOOODOOODOOODOOOOOOO
googobooboobooboobooooboobooboobobooboobo

000000 NEATOODOUOODOOODOOODOOOD0O0O0OD00000000 MC/WVDOOO EMC/WVD
cOoooOooo MCcOOO EMCOODOOO2003KO00O00O0O000O0ODO0OOOOwWOROODO 1
g/em?00000000000000000000000000000000000000O0 SSTO 0.3K0O
LSTO 1IKOOOODODOOOOODOOO0OO0oO0oO00ooOo 27000 o02003K000000000000
000000000000000000 MC/WVDOOO EMC/WVDOOOOOOOOOODOOOOO

gbooobooboooboboobobobobooboooboobooboobobooboobooboooa

gooobooobooboboobooboobooboboobooooboobo

5.2.3 DO000OO0OO0OOOOOOOOOOOOO

gbooobooobooboobo

gbooboobgoboooobooboobooboobooboobooboobooooboa
gbooobooboooboooboboboboobobooboobooboobooooboobooboobon
OOo0ooooooO0oooooo0o0oooo0oooooooOoOogooRrRMSEODODODOOOOOODOO
goooooobooobogoobroobbobobboOobOoesiboeOO00OIOODOOODOOODO
Fig. 3000 Fig. 31000000 AVHRROO ASTEROOOOOOOOOOOOOo09 000000
goooboooboobobooboobooboobo

OO0OFig. 3200AVHRR OO ASTEROOOO0O09800 065000 0.010000000000O

gboogobooboooboooboboooboobobboboobooooobobooboobooboobon

86



Table 9: RMSE (K) of each algorithm under the conditions of sea observations. The speci-
fication of NEAT is 0.12 K for AVHRR and 0.3 K for ASTER.

NEAT AVHRR ASTER
MC EMC MC EMC
4 5 10 11 12 13 14
0 0.67 0.47 0.62 0.46 0.32 0.32 0.33 032 0.32
spec. 0.78 0.64 0.75 091 0.87 0.86 0.87 0.86 0.86
MC/ EMC/WVD MC/ EMC/WVD
WVD 4 5 WVD 10 11 12 13 14
Error of W = 0 g/cm?
0 0.45 0.24 0.35 031  0.19 0.19 0.19 0.19 0.19
spec. 0.55  0.41 0.46 0.61 053 054 0.53 054 0.54
Error of W = 1 g/cm?
0 0.49 030 0.43 0.34 0.22 022 022 0.22 0.22
spec. 0.59 0.46 0.55 0.68 0.62 061 0.61 0.62 0.63
1
0.99 - e B
> 098 - B
>
8
LIEJ 0.97 - B
0.96 - |
0.95 : :
4 5
AVHRR channel

Figure 30: Twenty emissivity samples with the lower limit of emissivity greater than or equal to 0.95 for

AVHRR.
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Figure 31: Ten emissivity samples with the lower limit of emissivity greater than or equal to 0.95 for

ASTER.
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Table 10: RMSEs [K] of the MC and the EMC methods for AVHRR and ASTER for various

lower limits of emissivity. The upper limit of emissivity is unity for all cases.

AVHRR ASTER
lower limit of € EMC EMC

MC ch.4 ch.5 MC ch.10 ch.11 «ch.12 ch.13 ch.14
0.98 0.95 | 0.84 0.96 | 1.09 1.05 1.07 1.09 1.09 1.08
0.97 1.21 | 1.02 1.31 | 1.13 1.10 1.09 1.09 1.11 1.14
0.96 1.26 | 0.97 1.23 | 1.17 1.10 1.10 1.10 1.17 1.20
0.95 1.37 | 1.00 1.29 | 1.26 1.17 1.15 1.11 1.22 1.31
0.94 1.50 | 1.05 1.39 | 1.33 1.24 1.19 1.12 1.25 1.35
0.93 1.67 | 1.21 1.66 | 1.38 1.32 1.23 1.15 1.31 1.44
0.92 1.83 | 1.27 1.77 | 1.49 1.38 1.28 1.16 1.33 1.48
0.91 2.02 | 1.34 1.90 | 1.51 1.39 1.28 1.17 1.36 1.54
0.90 229 | 1.46  2.11 | 1.72 1.62 1.42 1.24 1.45 1.72
0.89 2.43 | 1.51 2.20 | 1.81 1.66 1.44 1.24 1.46 1.74
0.88 2.50 | 1.54 2.25 | 1.92 1.72 1.47 1.26 1.48 1.77
0.87 2.55 | 1.56 2.28 | 2.01 1.74 1.47 1.26 1.51 1.80
0.86 2.58 | 1.56 2.29 | 2.11 1.81 1.50 1.28 1.54 1.84
0.85 2.65 | 1.60 2.37 | 2.14 1.82 1.51 1.29 1.55 1.86
0.84 2.69 | 1.61 2.38 | 2.22 1.89 1.54 1.30 1.62 1.92
0.83 2.69 | 1.61 2.38 | 2.22 1.89 1.54 1.30 1.62 1.92
0.82 2.74 | 1.60 2.37 | 2.27 1.92 1.56 1.31 1.64 1.95
0.81 2.74 | 1.61 2.37 | 2.27 1.93 1.56 1.31 1.65 1.96
0.80 2.74 | 1.61 2.37 | 2.26 1.93 1.56 1.31 1.65 1.96
0.79 2.74 | 1.61 2.37 | 2.32 1.95 1.56 1.32 1.66 1.98
0.78 2.74 | 1.61 2.37 | 2.37 1.97 1.57 1.32 1.68 2.01
0.77 2.74 | 1.61 2.37 | 2.37 1.97 1.57 1.32 1.68 2.01
0.76 2.74 | 1.60 2.37 | 2.42 2.04 1.60 1.35 1.73 2.06
0.75 2.74 | 1.61 2.37 | 2.49 2.07 1.61 1.35 1.75 2.10
0.74 2.74 | 1.61 2.37 | 2.55 2.09 1.62 1.36 1.77 2.12
0.73 2.74 | 1.61 2.37 | 2.60 2.16 1.64 1.38 1.81 2.16
0.72 2.74 | 1.61 2.37 | 2.60 2.16 1.64 1.38 1.81 2.16
0.71 295 | 1.70 2.54 | 2.62 2.16 1.64 1.38 1.81 2.16
0.70 295 | 1.70 2.54 | 2.69 2.16 1.64 1.38 1.81 2.16
0.69 295 | 1.70 2.54 | 2.69 2.16 1.64 1.38 1.81 2.16
0.68 295 | 1.70 2.54 | 2.69 2.16 1.64 1.38 1.81 2.16
0.67 295 | 1.70 2.54 | 2.69 2.19 1.67 1.38 1.83 2.18
0.66 295 | 1.70 2.54 | 2.69 2.18 1.66 1.38 1.84 2.18
0.65 295 | 1.70 2.54 | 2.72 2.19 1.67 1.39 1.84 2.19
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Figure 32: The number of emissivity samples for each lower limit of emissivity.
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Table 11: RMSEs [K] of the MC/WVD and the EMC/WVD methods for AVHRR and
ASTER for various lower limits of emissivity. The upper limit of emissivity 1s unity for all

cases. The uncertainty of water vapor amount is 1.0 g/cm?.

AVHRR ASTER
lower limit of ¢ | MC/ | EMC/WVD | MC/ EMC/WVD

WVD | ch4 ch.5 WVD | ch.10 ch.11 ch.12 ch.13 ch.14
0.98 0.68 0.57 0.67 0.78 0.74 0.76 0.76 0.76 0.76
0.97 0.82 0.65 0.87 0.83 0.80 0.79 0.79 0.78 0.79
0.96 0.88 0.63 0.84 0.88 0.82 0.80 0.81 0.81 0.82
0.95 0.96 0.64 0.87 0.94 0.86 0.84 0.81 0.83 0.87
0.94 1.04 0.66 0.92 1.00 0.91 0.87 0.82 0.83 0.89
0.93 1.14 0.72 1.06 1.04 0.94 0.88 0.83 0.86 0.94
0.92 1.23 0.75 1.11 1.12 0.99 0.92 0.84 0.88 0.96
0.91 1.39 0.78 1.18 1.15 1.00 0.92 0.85 0.89 0.99
0.90 1.55 0.83 1.28 1.27 1.13 0.99 0.87 0.92 1.08
0.89 1.62 0.85 1.34 1.34 1.15 1.00 0.87 0.93 1.09
0.88 1.66 0.86 1.36 1.41 1.19 1.01 0.88 0.94 1.10
0.87 1.69 0.87 1.38 1.47 1.20 1.01 0.89 0.95 1.12
0.86 1.71 0.87 1.38 1.53 1.24 1.03 0.89 0.96 1.14
0.85 1.74 0.89 1.42 1.54 1.24 1.02 0.89 0.97 1.15
0.84 1.77 0.89 1.43 1.59 1.26 1.04 0.89 1.00 1.18
0.83 1.77 0.89 1.42 1.59 1.27 1.04 0.90 1.00 1.18
0.82 1.85 0.89 1.43 1.62 1.28 1.05 0.90 1.01 1.19
0.81 1.85 0.89 1.42 1.64 1.29 1.04 0.90 1.01 1.20
0.80 1.85 0.89 1.43 1.65 1.29 1.04 0.90 1.01 1.19
0.79 1.85 0.89 1.42 1.68 1.30 1.05 0.90 1.02 1.20
0.78 1.85 0.89 1.43 1.71 1.30 1.05 0.91 1.03 1.21
0.77 1.85 0.89 1.43 1.71 1.30 1.05 0.91 1.02 1.22
0.76 1.85 0.89 1.43 1.72 1.33 1.05 0.91 1.04 1.23
0.75 1.85 0.89 1.43 1.76 1.34 1.06 0.91 1.05 1.24
0.74 1.85 0.89 1.43 1.79 1.35 1.06 0.91 1.06 1.25
0.73 1.85 0.89 1.43 1.81 1.38 1.06 0.92 1.07 1.27
0.72 1.85 0.89 1.42 1.81 1.38 1.06 0.92 1.08 1.27
0.71 1.96 0.93 1.50 1.82 1.38 1.06 0.92 1.08 1.27
0.70 1.96 0.92 1.51 1.91 1.38 1.06 0.92 1.07 1.27
0.69 1.96 0.93 1.51 1.91 1.38 1.06 0.92 1.07 1.27
0.68 1.96 0.93 1.51 1.91 1.38 1.06 0.92 1.08 1.27
0.67 1.96 0.93 1.51 1.91 1.39 1.07 0.92 1.08 1.28
0.66 1.96 0.93 1.50 1.91 1.39 1.08 0.92 1.08 1.27
0.65 1.96 0.93 1.50 1.93 1.39 1.07 0.92 1.08 1.28
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Table 12: Coefficients of each method for AVHRR. The lower limit of emissivity is 0.65.

method ch. | W 1 T, 15 RMSE[K]
MC — | — | -21.51700 1.02566  0.07167 2.95
— | -9.68798  2.01858 -0.97512 1.70
— | -18.93579  1.39572 -0.31447 2.54
1 | -9.85880 -0.53510 1.58178
MC/WVD W | -6.61271  0.32823 -0.29904 1.96
W? | -5.62178  0.05283 -0.03473
1 | -3.99320 0.94934  0.06804
4 W | -4.23490  0.24404 -0.22531 0.93
EMC/WVD W2 | -2.34909  0.04127 -0.03405
1 | -6.79266 -0.10267 1.13105
5 | W | -8.15743  0.32873  -0.29408 1.51
W? | -3.65337  0.04350 -0.03205

EMC
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Table 13: Coefficients of each method for ASTER. The lower limit of emissivity is 0.65.

method Ch. W 1 T10 T1 1 T12 T13 T14 RMSE[K]
MC — — | -22.58538 -0.35534 0.85405 -0.16544  0.17473 0.59432 2.72
10 — | -27.08757  -0.20722  0.94372 0.29477  -0.00885  0.09174 2.19
11 — | -17.98722  -0.79202  1.54021 0.30773 0.11892  -0.09672 1.67
EMC 12 — | -10.87525 -0.68332  0.51610 1.20657 0.15087  -0.14084 1.39
13 — -8.00332 -0.88748  0.53989 0.21574 1.24166  -0.07471 1.84
14 — | -11.56097  -0.87958  0.58662 0.16433 0.58811 0.58997 2.19
1 -15.76864  0.72588 0.04657  -0.35356  -0.19194  0.84696
MC/WVD — w 2.57630 -0.37830  0.27149 0.06001  -0.12401  0.16442 1.93
w2 -9.05170 0.05378  -0.02221 -0.01174 0.08706 -0.07611
1 -17.35097  0.81608 0.14115 0.11149  -0.25604  0.26158
10 w -2.51927  -0.38837  0.30361 0.03997  -0.08822  0.14462 1.39
w2 -6.58964 0.06931  -0.02732 -0.00866  0.05605 -0.06682
1 -13.03703  0.01958 0.90645 0.14184  -0.08002  0.06932
11 w 0.47852 -0.36221  0.29313 0.02734 -0.03711  0.07876 1.07
w2 -5.47111 0.06732  -0.03721  0.00237 0.03742  -0.05107
1 -9.11208 -0.01264  0.05645 1.00563 0.01585  -0.02434
12 w 2.25481 -0.29118  0.15863 0.09041  -0.05566  0.09094 0.92
EMC/WVD w2 -4.54074 0.04623  -0.01204 -0.00668  0.03680  -0.04873
1 -4.79801 -0.06235  0.00191 0.05895 0.79839 0.22357
13 w 4.72888 -0.27065  0.14257 0.04383 0.01030 0.05911 1.08
w2 -6.20493 0.02164 -0.00559 -0.00465 0.05290 -0.04319
1 -5.62238 0.07226  -0.05565 -0.00962  0.05496 0.96177
14 w 3.89092 -0.32335  0.18107 0.04719  -0.00874  0.09256 1.28
w2 -7.14435 0.03831  -0.00942 -0.01010 0.07119  -0.06561

5.24 0O0O0O0OO0ODOO

Table 1800000000CCDO 060000000000 OODOOODODOOODOOOODOODODOOOO
00000000000000000000%00000000000000000000000O00O0
D0000000000000000 €pip0000 €4, 0000 €g.,,0000000000000000O
O0000000OOWMOODQelevmOOOOOT,006LSTOLSTOOODO

O0O0OAVHRROOOOOOOOOOMCODOOOOOODOOOOOO ¢nin0eaug0estqe, 000000
30.3038.1%0 000000000 6LSTO 18.1%000000000000000000O0O0OOOO0O
gooooooOoOooooooOoooOoooDOoooDooooOooOoEMCOOOMCODOODODDROO
0000000 oéLSTOOOO0O0O0O00D0O0O0D0D0NDOND0ND0N0N0D000000000ooooooooo
ooooooOoooooo0Ooooo0oOooO0OoooooDoOoOOo RMSEODOOOOOODOOOOO
MC/WVDOUOOMCOOOOUOOUOODODOOODOODO0OUO0ODO0O0ooooooooooooooooo/100
000000000000 0000000000000000000000000000000EMC/WVD
000000000000000000000000000000000000000D00EMCOO 1/2

OO0O0O00ODOO0OORMSEOOOOOOODOOOOODODOOOO

94



Table 14: Coefficients of each method for AVHRR. The lower limit of emissivity is 0.95.

method ch. | W 1 15 RMSE[K]
MC — | — | -1.87793  2.80977 -1.79351 1.37
EMC — | 1.37194  3.06580 -2.06731 1.00
5 | — | -0.84359  2.95756  -1.94957 1.29
1 | -10.73052 0.42040  0.62930
MC/WVD W | -2.41748  0.85978 -0.85064 0.96
W2 | 0.19328 -0.02792 0.02651
1 -5.43854  1.16606 -0.14232
4 | W | -2.27907  0.63612 -0.62725 0.64
EMC/WVD W2 | 0.75298 -0.01336  0.01019
1 | -7.96047 0.47736  0.55678
5 | W | -4.33026  0.85638 -0.83987 0.87
W2 | 1.01481  -0.03070 0.02650

Table 15: Coefficients of each method for ASTER. The lower limit of emissivity is 0.95.

method Ch. W 1 T10 T1 1 T12 T13 T14 RMSE[K]
MC — — -5.58739 -1.23003  1.11929 1.18489 0.61016  -0.65376 1.26
10 — -4.51599 -1.23794  1.04193 1.29722 0.60104  -0.67835 1.17
11 — -4.22959 -1.23760  1.05549 1.31320 0.57238  -0.68072 1.16
EMC 12 — -2.77161 -1.23588  0.91029 1.40551 0.63620  -0.69982 1.11
13 — 1.57817 -1.41863  0.79077 1.24987 1.06302  -0.68749 1.22
14 — 2.05440 -1.53089  0.87381 1.29406 0.76554  -0.40706 1.31
1 -13.26652  0.03129 0.33103 0.09200 0.27130 0.33409
MC/WVD — w 9.29695 -0.72109  0.26994 0.40724 0.18872  -0.18007 0.94
w2 -4.99863 0.12892  -0.02015 -0.03518 -0.03155 -0.02401
1 -9.53303 -0.08818  0.27269 0.26244 0.26679 0.32867
10 w 5.95958 -0.58867  0.26380 0.35807 0.18255  -0.23807 0.85
w2 -4.17964 0.10820  -0.01805 -0.03155 -0.03130 -0.01224
1 -9.30016 -0.11274  0.29562 0.29962 0.23037 0.32870
11 w 6.39833 -0.60171  0.27055 0.35026 0.18768  -0.23090 0.84
w2 -4.28135 0.11268  -0.02092 -0.03014 -0.03121 -0.01495
1 -7.99046 -0.17432  0.18809 0.43067 0.31386 0.27735
12 w 6.83233 -0.56801  0.23670 0.35722 0.18113  -0.23269 0.81
EMC/WVD w2 -4.20175 0.10767  -0.01442 -0.03266 -0.03299 -0.01240
1 -4.92752 -0.15161 -0.07148  0.06074 0.69300 0.49074
13 w 8.22348 -0.66547  0.26710 0.42241 0.25310  -0.30797 0.82
w2 -4.22583 0.11567  -0.00975 -0.03452 -0.04901 -0.00700
1 -4.71641 -0.16248 -0.05296 -0.00801  0.31405 0.92945
14 w 8.24520 -0.71163  0.30443 0.47313 0.25357  -0.35020 0.88
w2 -4.24927 0.12536  -0.01804 -0.04069 -0.03936 -0.01182
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Table 16: Coefficients of each method for AVHRR. The lower limit of emissivity is 0.98.

method ch. | W 1 T, 15 RMSE[K]
MC — | — | 2.61135 3.26783 -2.27516 0.97
EMC — | 4.19884  3.35964 -2.37500 0.85
5 | — | 351494 3.35077 -2.36391 0.96
1 -8.10728  1.15733 -0.12143
MC/WVD | — | W | 0.26957 0.75660 -0.75873 0.70
W2 | 0.81698 -0.03253  0.02943
1 -4.69441  1.49925 -0.47886
4 W | -0.62614 0.62364 -0.62211 0.59
EMC/WVD W2 | 1.10904 -0.02038 0.01628
1 -5.39931  1.19437 -0.17143
5 | W | -2.64648 0.73203 -0.72339 0.67
W2 | 1.74333  -0.02970  0.02339

Table 17: Coefficients of each method for ASTER. The lower limit of emissivity is 0.98.

method Ch. W 1 T10 T1 1 T12 T13 T14 RMSE[K]
MC — — | -5.82208 -1.06116  0.87310 1.38674 0.80722  -0.97536 1.13
10 — | -5.00828 -1.09087  0.90061 1.42213 0.78697  -0.99308 1.08
11 — | -3.82664 -1.11254 0.86112 1.43927 0.79723  -0.96407 1.07
EMC 12 — | -4.67314 -1.08233  0.87595 1.43744 0.78840  -0.99518 1.08
13 — | -3.84628 -1.11966  0.86234 1.44798 0.82704  -0.99619 1.06
14 — | -4.10196  -1.09417  0.80957 1.48110 0.80816  -0.98217 1.09
1 -6.34652  -0.13376 -0.15605 -0.00163  0.62901 0.68962
MC/WVD — w 8.09570  -0.62500  0.33144 0.54010 0.24808  -0.52352 0.79
W? | -4.91658  0.12131  -0.01322 -0.05302 -0.06463  0.02727
1 -2.60016 -0.30511 -0.10258  0.08384 0.62329 0.71119
10 w 4.47142  -0.47082  0.31795 0.48816 0.22627  -0.57627 0.76
W2 | -4.14903  0.09656 -0.01307 -0.04649 -0.06012  0.03795
1 -3.13041 -0.28397 -0.10786  0.08136 0.65202 0.67112
11 w 6.42813  -0.54209  0.27575 0.55708 0.19032  -0.50350 0.76
W? | -4.49845 0.11266  -0.00035 -0.06046 -0.05798  0.02239
1 -2.91567 -0.31718 -0.04931  0.08884 0.60602 0.68365
12 w 4.98322  -0.45994  0.23071 0.52871 0.22808  -0.54472 0.76
EMC/WVD W2 | -4.16246  0.09740 0.00219  -0.05590 -0.05865  0.02997
1 -1.98617 -0.34482 -0.13056  0.11757 0.65885 0.70751
13 w 5.31632  -0.51208  0.33986 0.51383 0.19887  -0.55845 0.75
W? | -4.38226  0.11360 -0.02092 -0.05038 -0.05474  0.02819
1 -2.55763 -0.28604 -0.13168  0.06819 0.65323 0.70704
14 w 5.29155  -0.52797  0.32669 0.53075 0.19075  -0.53818 0.77
W? | -4.23542  0.11052 -0.01968 -0.05103 -0.05076  0.02616
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Table 18: Contribution ratios of various factors to the error of each method in the case that
the lower limit of emissivity is 0.65; €min, €avg and €s5¢dey are the minimum, the mean and
the standard deviation of emissivity respectively, W is the water vapor amount, elev is the

elevation, T, is the air temperature at surface, and dLST is LST minus T,.

RMSE contribution ratio [%]
sensor method 1och |\ g ey ctaee W elev Ta SLST LST
MC — | 205 [381 373 303 42 02 01 181 20
e 1] 170 | 203 165 247 54 05 01 154 17
AVHRR 5 | 254 | 280 230 332 83 04 00 127 18
MC/WVD | — | 1.96 | 207 328 162 05 00 06 155 00
1] 003 | 105 86 125 06 03 00 157 06
EMC/WVD |51 450 | 154 127 180 1.0 01 07 145 07

MC — 2.72 24.3 246 19.1 3.8 02 04 20.2 1.7
10 2.19 9.4 9.7 4.9 8.3 09 03 15.6 1.3
11 1.67 5.8 5.6 3.3 5.3 1.0 06 19.1 1.2
EMC 12 1.39 2.3 2.6 0.8 2.8 0.7 0.9 20.1 1.0
13 1.84 8.4 8.9 5.2 9.1 0.5 0.1 11.1 1.2
14 2.19 106  11.3 6.8 11.2 05 0.0 10.0 1.3
MC/WVD — 1.93 22.0 217 19.3 0.3 0.0 0.7 16.3 0.9
10 1.39 3.4 3.4 1.4 0.8 0.7 1.3 17.9 0.5
11 1.07 1.3 1.0 0.7 0.5 1.1 16 18.8 0.4
EMC/WVD | 12 0.92 0.0 0.1 0.0 0.2 1.0 16 16.0 0.3
13 1.08 2.4 2.5 1.4 1.1 0.1 0.7 11.1 0.4
14 1.28 4.1 4.5 2.6 1.4 0.1 06 11.6 0.5

ASTER

OCOOASTEROOOOODOOOOOMCOO AVHRRODOOOOODOOOOOOOOOODOOOO
ooooooooooooooooooooooOooo0ooooooooooooOoooOogEMCOO
OO000 AVHRROOOOOODOOOOODOOOOOODOODOOOOOOOOODOOOoODoODooDO
O Chl2000000000Ch.12000000000000000000O0OOOO0O0DOODOOODO
0000000000000 00000000000MLSTOOOOODODODOO0ONONONONOOOOO SLST
000000000000 0DOCOO0O0OO00AVHRROOODOOOOMCOOO EMCOODOODOOOO
gboogoboobooboboobbooboobobbobboobooboobbooboobooooboon
O00O0OCh.12000EMC/WVDOODUOOOOOODODODOODODOOODODODODO0OOOOODOOOoOoOOO
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Table 19: Contribution ratios of various factors to the error of each method in the case that

the lower limit of emissivity 1s 0.95. Each factor is the same with that in Table 18.

RMSE contribution ratio [%]
sensor method Jch | e L ey eoes W elev T.  SLST LST
MC — | 137 | 339 298 139 00 02 04 93 04
o 1| 100 | 148 100 112 08 10 00 35 04
5| 120 | 227 169 167 13 08 00 29 04
AVHRR —reigvh | — | 096 | 363 344 105 00 06 06 7.8 02
1] 064 | 97 73 70 03 17 04 52 02
EMC/WVD | o gs7 | 177 134 124 03 09 04 54 02
MC — [ 126 | 57 89 13 07 14 06 104 04
0] Lir | 15 27 01 26 23 02 58 03
1] 115 | 14 24 02 21 21 03 67 03
EMC 12| 111 | 00 03 02 21 21 03 65 03

13 1.22 0.0 0.1 0.7 40 15 0.0 3.0 0.3
14 1.31 0.0 0.4 1.1 5.2 14 00 2.2 0.3

ASTER MC/WVD | — 0.94 12.6  15.7 5.3 02 12 07 9.0 0.2

10 0.86 3.9 4.5 1.2 05 18 06 7.2 0.2
11 0.84 3.8 4.0 2.1 05 1.7 06 7.7 0.2
EMC/WVD | 12 0.81 0.3 0.4 0.1 05 1.7 06 7.1 0.2
13 0.83 0.0 0.1 0.0 08 06 03 4.3 0.1
14 0.87 0.1 0.7 0.3 09 04 02 4.0 0.1

Table 20: Contribution ratios of various factors to the error of each method in the case that

the lower limit of emissivity 1s 0.98. Each factor is the same with that in Table 18.

RMSE contribution ratio [%]
sensor method Jch | e L ey eoes W elev T.  SLST LST
MC — [ 095 | 285 295 169 09 17 00 09 02
o 1| 084 | 177 184 109 29 26 02 00 02
5 | 096 | 325 336 193 43 25 03 01 0.2
AVHRR —remgvD | — [ 068 | 249 257 145 03 22 02 29 0.1
1| 057 | 110 124 73 06 29 01 17 01
EMCG/WVD | g1 067 | 202 301 17.3 07 22 01 15 01
MC — [ 109 | 00 00 00 03 20 08 110 03
10] 105 | 00 00 00 14 28 04 7.2 03
1] 107 | 00 00 00 11 27 05 80 03
EMC 12| 109 | 00 00 00 13 20 04 74 03

13 1.09 0.0 0.0 0.0 1.2 22 04 7.2 0.3

14 1.08 0.1 0.1 0.1 1.4 22 04 7.3 0.3
ASTER

MC/WVD — 0.78 0.0 0.0 0.0 04 11 04 5.1 0.1

10 0.74 0.0 0.0 0.0 07 13 0.2 3.8 0.1
11 0.76 0.0 0.0 0.0 07 11 03 4.2 0.1
EMC/WVD | 12 0.76 0.0 0.0 0.0 07 09 03 4.2 0.1
13 0.76 0.0 0.0 0.0 06 09 03 4.2 0.1
14 0.76 0.1 0.1 0.1 06 07 03 4.4 0.1
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Table 21: RMSE [K] of water-vapor-dependent algorithms for various uncertainties of the

water vapor amount. The lower limit of emissivity 1s 0.95.

Uncertainty of AVHRR ASTER
WV [g/cm?] MC/ | EMC/WVD | MC/ EMC/WVD
WVD | ch.4 ch.5 | WVD | ch.10 ch.11 ch.12 ch.13 ch.14
0.0 0.84 0.52 0.72 0.83 0.73 0.73 0.70 0.68 0.71
0.5 0.88 0.56 0.77 0.87 0.78 0.77 0.74 0.73 0.77
1.0 0.96 0.64 0.87 0.94 0.85 0.84 0.81 0.82 0.88
1.5 1.05 0.71 0.96 1.01 0.92 0.91 0.87 0.90 0.97

Table 22: RMSE [K] of the MC and the EMC equations for various LST offset ranges. The lower limit

of emissivity 1s 0.95.

LST ot | AVHRR_ ASTER _
range [K] | MC 13 0 s | MO | 10 chitl chi2  chi3  ch.i4
5 0.77 | 0.38 0.58 | 0.72 | 0.54 053 052 0.48  0.52

—-5~40 | 091 | 059 0.82 | 085 | 0.75 0.74 0.72 0.72 0.77
-5~ 45 1.07 | 0.74 0.99 | 1.00 | 0.92 0.91 0.88 0.91 0.98
—5~410 | 1.20 | 0.86 1.12 | 1.12 | 1.04 1.02 0.99 1.05 1.14
—5~415 | 1.30 | 0.95 1.23 | 1.20 | 1.13 1.11 1.07 1.16 1.25
—5~420 | 1.39 | 1.03 1.32 | 1.27 | 1.19 1.17 1.13 1.25 1.35
—5~+425 | 1.47 | 1.10 1.40 | 1.32 | 1.24 1.22 1.17 1.31 1.42

Table 23: RMSE [K] of the MC/WVD and the EMC/WVD equations for various LST offset ranges. The

lower limit of emissivity is 0.95.

LST offsct AVHRR ASTER
MC/ | EMC/WVD | MC/ EMC/WVD
range [K] 1 vwouh | chd  chs | WVD | eh10 chil  chi2  ch13  ch.14
5 063 | 028 039 | 064 | 043 042 043 038 039

-5~ 40 0.73 0.41 0.55 0.71 0.58 0.58 0.58 0.54 0.56
-5~ 45 0.79 0.49 0.67 0.79 0.69 0.69 0.67 0.65 0.67
-5~ 410 0.85 0.55 0.75 0.85 0.76 0.76 0.73 0.72 0.76
-5~ 415 0.92 0.61 0.83 0.90 0.82 0.81 0.78 0.79 0.84
-5~ 420 0.97 0.65 0.89 0.95 0.87 0.86 0.82 0.84 0.90
-5~ 425 1.03 0.70  0.95 0.98 0.91 0.89 0.86 0.89 0.95

Table 24: RMSE [K] of the MC and the EMC equations for various NEATSs. The lower limit of emissivity
is 0.95.

AVHRR ASTER
EMC EMC
NEAT [K] | MC ch.4 ch.5 MO ch.10 ch.11 «ch.12 ch.13 ch.14
0.0 1.31 | 0.89 1.21 | 0.81 0.75 0.71 0.74 0.80 0.94
0.1 1.36 | 0.97 1.26 | 0.99 0.90 0.87 0.84 0.93 1.06
0.2 1.47 | 1.16 1.40 | 1.14 1.04 1.02 0.97 1.07 1.19
0.3 1.62 | 1.39 1.58 | 1.26 1.17 1.16 1.11 1.22 1.31
0.4 1.79 | 1.62 1.77 | 1.38 1.30 1.29 1.25 1.36 1.44
0.5 1.95 | 1.83 1.95 | 1.49 1.43 1.42 1.39 1.49 1.56
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Table 25: RMSE [K] of the MC/WVD and the EMC/WVD equations for various NEATs. The lower

limit of emissivity is 0.95.

AVHRR ASTER
NEAT [K] MC/ | EMC/WVD | MC/ EMC/WVD

WVD | ch4 ch.5 WVD | ch.10 ch.11 ch.12 ch.13 ch.14
0.0 0.91 0.53 0.80 0.61 0.55 0.52 0.55 0.47 0.57
0.1 0.95 0.61 0.85 0.76 0.68 0.65 0.63 0.59 0.68
0.2 1.05 0.79 0.96 0.86 0.77 0.76 0.72 0.72 0.79
0.3 1.17 0.97 1.10 0.94 0.85 0.84 0.81 0.82 0.88
0.4 1.28 1.13 1.22 1.00 0.93 0.92 0.90 0.91 0.96
0.5 1.39 1.27 1.33 1.06 0.99 0.99 0.97 0.99 1.03

0.9500000000AVHRRO 3900000ASTERO 18O0000000O0OOCOOO
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Figure 35: Plots of the water vapor amount versus the RMSE of the EMC/WVD method for AVHRR
(top: ch.4, bottom: ch.5). The lower limit of emissivity is 0.95.
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Figure 36: Plots of the water vapor amount versus the bias error of the EMC/WVD method for AVHRR
(top: ch.4, bottom: ch.5). The lower limit of emissivity is 0.95.
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Figure 37: Plots of the water vapor amount versus the RMSE of the EMC/WVD method for ASTER
(top: ch.10, middle: ch.12, bottom: ch.14). The lower limit of emissivity is 0.95.
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Figure 38: Plots of the water vapor amount versus the bias error of the EMC/WVD method for ASTER
(top: ch.10, middle: ch.12, bottom: ch.14). The lower limit of emissivity is 0.95.
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Figure 39: Plots of the minimum emissivity versus the RMSE of the EMC/WVD method for AVHRR
(top: ch.4, bottom: ch.5). The lower limit of emissivity is 0.95.
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Figure 40: Plots of the minimum emissivity versus the bias error of the EMC/WVD method for AVHRR
(top: ch.4, bottom: ch.5). The lower limit of emissivity is 0.95.
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Figure 41: Plots of the minimum emissivity versus the RMSE of the EMC/WVD method for ASTER
(top: ch.10, middle: ch.12, bottom: ch.14). The lower limit of emissivity is 0.95.
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Figure 42: Plots of the minimum emissivity versus the bias error of the EMC/WVD method for ASTER
(top: ch.10, middle: ch.12, bottom: ch.14). The lower limit of emissivity is 0.95.
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Table 26: Errors [K] of the EMC/WVD method as a function of LST for AVHRR channels
4 and 5. The lower limit of emissivity is 0.95.

ch.4 ch.b
RMSE bias | RMSE bias
-5 0.59 0.23 0.78 0.31
+0 0.53 0.09 0.72 0.13
+5 0.56  -0.02 0.76  -0.02
+10 0.63  -0.10 0.86 -0.13
+20 0.85  -0.20 1.16  -0.29

OLST
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Table 27: Errors [K] of the EMC/WVD method as a function of JLST for ASTER channels
10, 12 and 14. The lower limit of emissivity is 0.95.

ch.10 ch.12 ch.14
RMSE bias | RMSE bias | RMSE bias
-5 0.81 0.34 0.78 0.32 0.76 0.25
+0 0.75 0.14 0.72 0.15 0.74 0.11
+5 0.77  -0.01 0.74  -0.01 0.78 0.01
+10 0.85 -0.14 0.80 -0.13 0.89  -0.10
+20 1.06  -0.33 1.00  -0.32 1.15  -0.27

OLST

Table 28: RMSE [K] of the dLST-independent and the JLST-dependent EMC/WVD meth-
ods for AVHRR channels. The lower limit of emissivity is 0.95.

SLST dLST-independent | dLST-dependent
ch.4 ch.b ch.4 ch.b
-5 ] 0.59 0.78 0.28 0.39
+0 | 0.53 0.72 0.36 0.50
+5 | 0.56 0.76 0.48 0.66
+10 | 0.63 0.86 0.59 0.81
+20 | 0.85 1.16 0.77 1.05

Table 29: RMSE [K] of the dLST-independent and the JLST-dependent EMC/WVD meth-
ods for ASTER channels. The lower limit of emissivity is 0.95.

dLST-independent dLST-dependent
ch.10  ch.11 ch.12 «ch.13 ch.14 | ch.10 ch.11 ch.12 ch.13 ch.14
-5 0.81 081 0.78 074 0.76 | 043 042 043 0.38 0.39
+0 0.7 075 072 070 074 | 051 050 050 047 0.1
+5 077 076 074 074 078 | 064 062 0.62 0.62 0.66
+10 | 0.85 083 0.80 0.83 089 | 0.75 0.73 0.72 0.75 0.80
+20 1.05  1.04 100 1.06 1.15 | 092 0.89 086 0.93 1.01

OLST
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Table 30: RMSE [K] of the MC and the EMC equations optimized to view angle 0° as a
function of view angle for AVHRR and ASTER. The lower limit of emissivity is 0.95.

. AVHRR ASTER
view angle EMC EMC
[deg] MC T ha chs | MC | b1 chil chi2 chi13  ch.i4
0 137 | .00 1.29 | 1.26 | .17 1L.16 L1l 122 1.31
10 1.38 | .01 1.30 | 1.27 | 1.18 116 112  1.23  1.32
20 1.42 | 1.05 1.33 | 1.31 | 122 120 116 126 1.36
30 1.50 | 113 141 | 142 | 1.33  1.32  1.27  1.36  1.45
40 1.69 | 1.33 159 | 1.69 | 1.60 1.59 1.54 158  1.66

Table 31: RMSE [K] of the MC/WVD and the EMC/WVD equations optimized to view
angle 0° as a function of view angle for AVHRR and ASTER. The lower limit of emissivity

is 0.95.

. AVHRR ASTER

view angle TG AW VD | Mc/ EMC/WVD
[deg] WVD | ¢ch4 ch5 | WVD | ch.10 ch.1l ch.12 ch.13 ch.14
0 096 | 0.64 087 | 094 | 085 084 081 082 088
10 097 | 065 088 | 095 | 086 0.85 0.82 083 088
20 1.00 | 068 090 | 099 | 091 090 087 087 0.93
30 108 [ 076 099 | 1.15 | 1.07 106 103 1.00 1.06
40 130 [ 099 121 | 153 | 147 146 141 132 137
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Lij(p) = | e Bi(Toj) + (1 — ei) IF | 7i(p) + 17 () (6.1)

000, ;0000000000 (6.1)000DO0OO0O0OOODOOODO

Yij(u) = () Xig + 1] () (6.2)

oooo
Yij(p) = Lij (1) (6.3)
Xij = i Bi(Tyj) + (1 — i) I} = Bi(Tyij) (6.4)
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Table 32: Regression coefficients and RMSE of Eq. ( 6.7) for AVHRR and ASTER. The
unit of RMSE is in W/m?/sr/um.

sensor channel ap aq as RMSE
ch.4 0.020472 1.727892 -0.078670 0.0321
ch.b 0.030730 1.602954 -0.059783 0.0357
ch.10 0.028093 1.453320 -0.007765 0.0641
ch.11 0.032534 1.512337 -0.019799 0.0380
ASTER ch.12 0.021223 1.635675 -0.0561936 0.0214
ch.13 0.019626 1.729266 -0.078847 0.0305
ch.14 0.024840 1.702252 -0.074895 0.0343
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Table 33: RMSE of Eq. ( 6.12) for several channel-combinations for AVHRR. The unit of
the radiance is in W/m?/sr/um.

parameter reference ch. estimated ch.
ch.4 ch.b

transmittance ch.4 — 0.0028
ch.b 0.0018 —

path radiance ch.4 7 0.0143
ch.b 0.0123 —

sky radiance ch.4 — 0.0175
ch.b 0.0137 —

Table 34: Coefficients of Eq. ( 6.12) for several channel-combinations for AVHRR. The unit
of the radiance is in W/m?/sr/pm.

reference estimated ap ay as as Qg

transmittance

ch.4 ch.b 0.091111  -0.445582 3.076654 -2.947273  1.244076

ch.b ch.4 0.075541  1.573492 -1.335887 1.088295 -0.413167
path radiance

ch.4 ch.b -0.021662  1.647498 -0.182293  0.02784  -0.002225

ch.b ch.4 0.019234  0.571825  0.080359 -0.012047 0.001223
sky radiance

ch.4 ch.b -0.022311  1.550008 -0.136366 0.017645  -0.00113

ch.b ch.4 0.022501  0.608392  0.070263 -0.008619 0.000659
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Table 35: RMSE of Eq. ( 6.12) for several channel-combinations for ASTER. The unit of
the radiance is in W/m?/sr/um.

parameter reference ch. estimated ch.

ch.10 ch.11 ch.12 ch.13 ch.14
ch.10 — 0.0033 0.0048 0.0126 0.0168
ch.11 0.0045 0.0025 0.0098 0.0136
transmittance ch.12 0.0082 0.0031 — 0.0078 0.0112
ch.13 0.0137 0.0085 0.0058 — 0.0026

ch.14 0.0164 0.0107 0.0073 0.0023 —
ch.10 — 0.0421 0.0756 0.2097 0.2547
ch.11 0.0464 0.0346 0.1501 0.1903
path radiance ch.12 0.0880 0.0366 — 0.1025 0.1384
ch.13 0.1787 0.1133 0.0725 — 0.0249

ch.14 0.2011 0.1313 0.0882 0.0220 —
ch.10 — 0.0711 0.1246 0.3095 0.3662
ch.11 0.0772 0.0550 0.2160 0.2686
sky radiance ch.12 0.1414 0.0574 — 0.1436  0.1921
ch.13 0.2675 0.1660 0.1046 — 0.0375

ch.14 0.2996 0.1925 0.1286 0.0340 —
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Table 36: Coefficients of Eq. ( 6.12) for several channel-combinations for ASTER (trans-

mittance).

reference estimated ap ay as as Qg

ch.10 ch.11 0.131178 0.75768 1.20854 -1.991521 0.870334
ch.10 ch.12 0.142223 1.034852 0.91537 -2.018091 0.890068
ch.10 ch.13 0.225512  -1.131262 7.956759 -9.72803 3.674123
ch.10 ch.14 0.358613  -2.656771  11.804041 -13.367769  4.860156
ch.11 ch.10 -0.74419 5.119923 -9.863249 9.924439 -3.396019
ch.11 ch.12 0.095825 0.660921 1.021831 -0.940136 0.134863
ch.11 ch.13 0.977715  -5.797049 15.15646  -12.820881  3.472045
ch.11 ch.14 1.267758  -7.675799  18.253184  -14.37014 3.506253
ch.12 ch.10 1.139236  -7.207276  19.427506 -21.062086 8.83111

ch.12 ch.11 1.023332  -5.505107  14.657135 -14.909499  5.783671
ch.12 ch.13 -0.795912 5.67928 -12.939499  16.16251 -7.113818
ch.12 ch.14 -1.544754  10.328519  -24.699215  29.030876 -12.131376
ch.13 ch.10 2.669094 -16.785523 42.681713 -45.470312 17.900993
ch.13 ch.11 1.640035  -9.190235  24.312376 -26.062641  10.27199
ch.13 ch.12 0.83934 -3.523344  10.774247 -11.891688  4.766611
ch.13 ch.14 -0.239876 2.17689 -3.056515 3.493526 -1.370394
ch.14 ch.10 1.403285  -8.844412  25.1828b56 -28.808815 12.047646
ch.14 ch.11 0.939818  -4.628369  14.218431 -16.502545  6.934481
ch.14 ch.12 0.576075  -1.558077 6.358682 -7.760446 3.343075
ch.14 ch.13 0.120325 0.623782 1.094725 -1.483975 0.641477
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Table 37: Coefficients of Eq. ( 6.12) for several channel-combinations for ASTER. (path

radiance). The unit of the radiance is in W/m?/sr/um.

reference estimated ap ay as as Qg

ch.10 ch.11 0.024107 0.759909 -0.060124  0.02783  -0.002132
ch.10 ch.12 0.033475  0.534421 -0.046702 0.034469 -0.002541
ch.10 ch.13 -0.036406 0.537529 -0.145183 0.108149 -0.011058
ch.10 ch.14 -0.055075 0.602809 -0.173626 0.130813 -0.014366
ch.11 ch.10 -0.03976  1.361937 0.085105 -0.067102 0.008308
ch.11 ch.12 0.020219 0.676012 0.030877  0.020314  -0.00313
ch.11 ch.13 -0.027002 0.535105 0.061874  0.095415 -0.016772
ch.11 ch.14 -0.039654 0.568262 0.097054  0.10316  -0.019833
ch.12 ch.10 -0.100018  2.191498 -0.322732 -0.001944  0.005844
ch.12 ch.11 -0.033723 1.523977 -0.194598 0.021042  -0.00012
ch.12 ch.13 -0.021671 0.619993 0.402205  -0.05333  -0.000958
ch.12 ch.14 -0.030794  0.63371  0.527401 -0.087037 0.0009

ch.13 ch.10 0.027444  2.678148 -1.035003 0.225898 -0.017916
ch.13 ch.11 0.055784  1.860192 -0.659718 0.147831 -0.011732
ch.13 ch.12 0.054281 1.293236 -0.36705  0.083728 -0.006494
ch.13 ch.14 -0.011177 1.0675565  0.062921 -0.019988 0.001602
ch.14 ch.10 0.059816  2.460262 -0.923339 0.193517 -0.014499
ch.14 ch.11 0.078079 1.711546 -0.595493  0.12783 -0.00951
ch.14 ch.12 0.069612 1.194368 -0.343573  0.07537  -0.005439
ch.14 ch.13 0.010879  0.935987 -0.047478 0.013524  -0.000956
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Table 38: Coefficients of Eq. ( 6.12) for several channel-combinations for ASTER. (sky

radiance). The unit of the radiance is in W/m?/sr/um.

reference estimated ap ay as as Qg
ch.10 ch.11 0.033863 0.829196 -0.068346 0.018584  -0.00108
ch.10 ch.12 0.041381 0.636145 -0.053198 0.019471 -0.001076
ch.10 ch.13 -0.073294 0.601311 -0.059324 0.039934  -0.00315
ch.10 ch.14 -0.101986 0.660048 -0.066326  0.04574  -0.003875
ch.11 ch.10 -0.051161 1.232447 0.119609 -0.044675 0.003697
ch.11 ch.12 0.018725 0.752396 0.010161  0.009025 -0.000915
ch.11 ch.13 -0.067721  0.60013  0.095995  0.021536 -0.003619
ch.11 ch.14 -0.090401 0.637163 0.122722  0.020495 -0.004109
ch.12 ch.10 -0.113625 1.802713  -0.02929 -0.039897 0.004778
ch.12 ch.11 -0.030289 1.363392 -0.068297 -0.000926 0.000659
ch.12 ch.13 -0.06046  0.692177  0.263721 -0.032053  0.000443
ch.12 ch.14 -0.078436  0.71615  0.329694 -0.046009 0.001033
ch.13 ch.10 0.056738  2.2556362 -0.513797  0.07315  -0.003776
ch.13 ch.11 0.107403  1.633809 -0.355918 0.055096 -0.002942
ch.13 ch.12 0.101098  1.219329 -0.21745  0.034774 -0.001782
ch.13 ch.14 -0.015117 1.048986  0.039241 -0.008862 0.000466
ch.14 ch.10 0.094233  2.125244 -0.490355  0.069827 -0.003517
ch.14 ch.11 0.134411 1.539512 -0.341002 0.051813 -0.002623
ch.14 ch.12 0.121217 1.150206 -0.21382  0.033299 -0.001577
ch.14 ch.13 0.015062 0.9532  -0.031614 0.006412 -0.000287
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Table 39: RMSE [K] of the approach 1 for several standard deviations of JLST. The mean
of 6LST is +5K. Emissivity sample is no. 92 (see Table 3).

SLST.raes AVHRR ASTER

ch.4  chb | ch.10 ch.1l <ch.12 ch.13 ch.14

0.4 4.03 18.82 | 36.79 5.21 455 645 21.66
0.6 2.22 815 | 16,55 294 269  3.63 14.28
0.8 1.43 3.82 | 6.39 1.89 1.76 229 7.75
1 1.06  2.35 | 3.52 .36 1.27 1.59  3.80
1.5 0.75 1.39 1.563  0.92 085 092 1.49
2 0.70 1.20 1.0 0.83 076 0.76 0.98
3 0.69 1.13 | 087 0.82 075 0.70 0.77
5 0.70 1.13 | 0.8 0.83 076 070 0.74
7 0.71 1.14 | 0.86 0.83 076 070 0.74
10 0.73 1.16 | 0.87 0.84 076 070 0.74
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Table 40: RMSE [K] of the approach 2 for several standard deviations of JLST. The mean
of 6LST is +5K. Emissivity sample is no. 92 (see Table 3).

SLST.raes AVHRR ASTER

ch.4 ch.b5 | ch.10 ch.1l <ch.12 ch.13 ch.14
0.4 1.66 3.24 | 8.60 3.52 1.51 589 7.24
0.6 1.15 2,11 ] 532 1.91 1.12  3.76  5.47
0.8 1.01 177 | 3.00 130 097 205 3.59
1 097 167 | 1.86 1.11  0.91 1.31 2.19
1.5 097 161 | 145 1.02 0.89 1.00 1.30
2 0.98 1.61| 142 1.02 089 099 1.24
3 0.99 162| 142 1.02 090 1.00 1.24
5 1.00 163 | 1.42 1.02 090 1.02 1.26
7 1.01 164 | 1.42 1.03 091 1.02  1.27
10 1.03 1.67 | 1.41 1.03  0.91 1.04  1.29
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Figure 51: Plot of the surface radiance versus the observed radiance in a heterogeneous atmospheric
condition. The line A is a high transmittance line, the line B is a low transmittance line, and B;(7}) is

the intersection point.
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Figure 52: Plot of the transmittance versus the mean atmospheric radiance for AVHRR channel 4.
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Figure 53: Plot of the surface radiance versus the observed radiance in a heterogeneous atmospheric
condition for case 1; (A) a high transmittance line, (B) a low transmittance line, (C) a correction line
based on the GP method, (0) a gray pixel at low LST, and (1) a gray pixel at high LST.
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Figure 54: Plot of the surface radiance versus the observed radiance in a heterogeneous atmospheric
condition for case 2; (A) a high transmittance line, (B) a low transmittance line, (C’,C”) a correction
line based on the GP method, (0) a gray pixel at low LST, and (1-3) a gray pixel at high LST.
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Table 41: Comparison between the temperature 7, at an intersection and the surface air tem-
perature T,;, for 6 model atmospheres for AVHRR channel 4 in the case that an area has two
elevations Okm and 0.5km. The model case (see Figs. 53 & 54) for each atmosphere with JLST
= 0 1s also shown. TRM: Tropical model, MLS: Midlatitude summer, MLW: Midlatitude winter,
SAS: Subarctic summer, SAW: Subarctic winter, USS: 1976 US standard.

TRM MLS MLW SAS SAW USS
Tyir,0 299.7 294.2 272.2 287.2 257.2 288.2
Tyir,0.5 296.7 291.95 270.45 284.45 258.15 284.95
T 298.06 292.48 266.73 284.41 248.94 283.66
Thiro — 1k 1.64 —0.53 3.72 0.04 9.21 1.29
Tair0s — 1Tk —1.36 —0.53 3.72 0.04 9.21 1.29

model case  Case 2—3 Case 2—1 Case 1-1 Case 1-1 Case 1-1 Case 1—1
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Table 42: 10 model cases that an area has one or two surface materials. The average and the standard
deviation of JLST were given for each material (unit: Kelvin). S is the number of dLST generated. rock:

granite.hl (no.2), soil: mollisols (no.74), veg.: white pine (no.81), water: distwater (no.93).

case component 1 component, 2 total
material JLST4py SLST, 1460 S | material 6LST.y 6LSTi4e0 S | 6LST 1460
1 rock 15 5 100 —
2 rock 5 3 100 —
3 soil 5 3 100 —
4 veg. 3 2 100 —
5 water 0 1 100 —
6 rock 15 5 50 veg. 3 2 50 7.5
7 rock 5 3 50 veg. 3 2 50 2.9
8 rock 5 3 5 veg. 3 2 95 2.1
9 soil 5 3 50 veg. 3 2 50 2.9
10 water 0 1 50 veg. 3 2 50 2.3

Table 43: Channel emissivity for each material. The minimum emissivity is shown in bold face.

sample sample AVHRR ASTER

name no. ch.4 ch.b ch.10  ch.11  ch.12  ch.13 ch.14
rock granite.hl 2 0.913 0.952 | 0.v75 0.731 0.716 0.908 0.936
soil mollisols 74 0.973 0.980 | 0.956 0.958 0.955 0.973 0.975
veg. white pine 81 0.978 0.982 | 0.984 0.980 0.980 0.978 0.979

water distwater 93 0.991 0.985 | 0.983 0.984 0985 0.991 0.990

material
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Table 44: RMSE [K] of the GP method with the EMC/WVD method for the 10 model cases. After the
atmospheric effect parameters at each channel were estimated for each case, the RMSE was calculated

using the original emissivity model.

AVHRR ASTER
case ch.4 ch5 | ch.10 ch.1l ch.12 ch.13 ch.14
1 1.54 262 | 491 320 311 595 7.02
2 147 251 | 460 4.15 425 5.78 6.76
3 0.42 057 0.86 079 078 0.80 091
4 0.48 077 097 076 072 073 0.95
5 1.23 330 | 358 138 1.18 1.63 3.8
6 1.22 215 | 6.64 291 280 864 12.00
7 1.56 292 | 6.15  2.51 1.47  15.24 24.65
8 0.69 1.17| 3.14 155 1.13 441 6.35
9 0.44 062 0.85 076 073 0.73 0.81
10 | 0656 1.02| 092 087 081 076 0.93
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Table 45: Band model parameter ¢ and RMSE of 7(0.9) for AVHRR and ASTER.

sensor  channel parameter a  RMSE

AVHRR 4 1.892888 0.000273
1.851900 0.000427

10 1.278345 0.000505

11 1.445515 0.000435

ASTER 12 1.654055 0.000330
13 1.899760 0.000271

14 1.899311 0.000311

7 (0.9) calculated by the proposed equation

0.4 : ‘ .
0.4 0.5 0.6 0.7 0.8 0.9 1

7 (0.9) calculated by MODTRAN

Figure 56: Comparison of 7(0.9) between MODTRAN outputs and estimates from Eq. ( 7.9) for AVHRR

channel 4.
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Figure 57: Comparison of 7(1.3) between MODTRAN outputs and estimates from Eq. ( 7.9) for AVHRR

channel 4.
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Figure 58: Flowchart of the WVS method with the fast calculation algorithm. Bold boxes mean input
data.
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Table 46: RMSE of the WVS method based on; (1) using the v of specific channel, (2) using
the average of v among channels, and (3) using v of each channel (channel-dependent). The
~ values for Pipye, Py and Py are 0.7, 1.0 and 0.7 respectively. The sensor is AVHRR, and
the NEAT 15 0.12 K.

RMSE [K]
ch4d  chb
specific (ch4) 0.58 0.97
specific (chb) 0.55 0.89
average 0.56 0.92
channel-dependent | 0.58 0.89

method

Table 47: RMSE of the WVS method based on; (1) using the v of specific channel, (2) using
the average of v among channels, and (3) using v of each channel (channel-dependent). The
~ values for Py, P, and P, are 0.7, 1.0 and 0.7 respectively. The sensor is ASTER, and
the NEAT is 0.3 K.

RMSE [K]
ch10 chll «ch12 <chl3 chl4
( ) 0.92 065 062 066 0.81
( ) 1.26 083 072 091 1.16
spec1ﬁc (ch12) 148 0.95 079 1.05 1.35
(ch13)
)

1.29 0.8 074 0.85 1.08
specific (ch14 1.18 0.79 070 0.76 0.95
average 1.16 0.v6 0.67 080 1.01
channel-dependent | 0.92 0.83 0.79 0.85 0.95
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Table 48: RMSE of the WVS and the normal methods for AVHRR and ASTER as a function
of Y¢rye with 7,=1.0 and ~,=0.7.

AVHRR ASTER
method  ~rye
ch4 chb ch10 chll ch12 c¢hl13 chl4
0.7 0.55 0.89 0.92 0.65 0.62 0.66 0381
WVS 0.8 0.51 0.81 0.84 0.63 0.62 0.62 0.7
0.9 0.48 0.74 079 0.64 0.64 0.60 0.72
1.0 0.47 0.71 0.79 0.66 0.67 0.64 0.77
0.7 2.43  4.47 259 1.75 145 236 3.09
0.8 1.67 3.02 1.76 122 106 164 2.13
normal
0.9 0.87 1.53 096 0.73 0.70 0.90 1.14
1.0 0.16 0.19 0.46 0.44 052 039 041
5
R |
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Figure 59: Plot of RMSE versus vipye with v4,=1.0 and 7,=0.7 for the WVS and the normal methods
for AVHRR channels 4 and 5.
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Figure 60: Plot of RMSE versus vipye with v4,=1.0 and 7,=0.7 for the WVS and the normal methods
for ASTER channels 10, 12 and 14.

Table 49: RMSE of the WVS and the normal methods for AVHRR and ASTER as a function
of Y¢rye with 4,=0.7 and ~,=1.0.

AVHRR ASTER

ch4  chb ch10  chll <chl12 chl3 chl4
0.7 1059 0.89 0.92 074 071 0.72 0.87
0.8 | 0566 0.81 0.83 0.72 0.73 0.69 0.82

method  ~rye

WVS
0.9 0.54 0.74 078 0.71 0.75 0.67 0.80
1.0 0.56 0.71 079 0.72 0.78 0.70 0.85
0.7 | 014 0.15 041 041 0.48 0.34 0.35
0.8 0.63 1.04 0.84 0.64 0.62 0.69 0.83
normal

0.9 | 1.28 2.09 152 1.08 0.92 127 1.57
1.0 | 1.96 3.16 223 156 130 192 237
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Table 50: RMSE of the WVS and the normal methods for 6 cases that water-vapor and

air-temperature profiles include errors.

AVHRR ASTER

ch4  chb ch10  chll chl12 chl3 chl4
1.0/+0 0.47 0.71 0.79 0.66 0.67 0.64 0.77
1.0/+3 0.49 0.74 0.89 066 0.63 0.62 0.74
0.9/+1 0.47 0.75 0.82 0.63 0.63 059 0.71

method Vtrue/éﬂrue

WVS
1.1/-1 0.63 0.93 093 074 074 081 1.03
0.8/-2 0.53 0.80 078 0.64 0650 0.64 0.76
0.8/42 0.50 0.82 093 064 061 0.60 0.74
1.0/+0 0.16 0.19 046 044 052 0.39 041
1.0/+3 1.32 247 1.72 1.18 098 129 1.69
0.9/+1 1.21 2.22 1.39 098 0.87 121 1.57

normal

1.1/-1 1.32 237 147 1.04 092 132 1.69
0.8/-2 1.12° 1.90 1.09 0.82 079 1.14 1.43
0.8/42 2.22 415 256 172 139 215 2.83
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Figure 61: The relative bias error of a water-vapor profile giving the same error on atmospheric correction

with the absolute bias error of an air-temperature profile for ASTER channels for the midlatitude summer

model.

Table 51: RMSE of the WVS and the normal methods in the case that true profiles are

different in shape from profiles given atmospheric correction.

AVHRR ASTER

ch4  chb ch10  chll <chl2 chl3 chl4
WVS | 0.82 1.44 1.22 0.82 0.72 0.77 0.92
normal | 2.79 5.17 3.23 210 1.68 2.70 3.58

method
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Table 52: RMSE of the WVS and the normal methods for ASTER channels as a function
of Y¢rye with 4,=1.0 and ~,=0.7. The general model was used.

method = of Pypye | chl0 chll chl2 chl3 chl4
0.7 1.09 069 054 077 0.98
WVS 0.8 0.88 0.60 049 0.69 0.87
0.9 0.63 048 043 0.50 0.60
1.0 0.56 047 042 047 0.54
0.7 191 123 093 151 2.00
0.8 1.50 1.00 079 131 1.73
normal
0.9 091 065 055 0.83 1.06
1.0 046 040 038 0.39 0.42
2.5
—e— WVS(ch10 1
[ —=— WVS(chl2 ]
2 x_ +stjchl4§ .
L o - - -e--normal (chl10 1
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Figure 62: Plot of RMSE versus vipye with v4,=1.0 and 7,=0.7 for the WVS and the normal methods
for ASTER channels 10, 12 and 14. The general model was used.
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Table 53: RMSE of the WVS and the normal methods for ASTER channels as a function
of Y¢rye with 4,=0.7 and ~4,=1.0. The general model was used.

method = of Pypye | chl0 chll chl2 chl3 chl4
0.7 0.71 056 049 0.56 0.67
WVS 0.8 0.5 047 044 0.45 0.52
0.9 073 053 047 0.64 0.79
1.0 1.21 078 0.64 107 1.37
0.7 041 037 035 035 0.35
0.8 0.80 058 048 0.64 0.78

normal
0.9 1.43 097 076 1.17 149
1.0 210 141 110 1.76 2.24
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Table 54: RMSE of the WVS and the normal methods for 6 cases that water-vapor and

air-temperature profiles include errors. The general model was used.

method  4/6Tyrye | ch10  chll  chl12 chl13 chl4
1.0/+0 0.56 047 042 047 0.54

1.0/4+3 | 0.99 0.70 0.57 0.65 0.76

WVS 0.9/41 | 0.72 051 043 0.50 0.60

1.1/-1 1.02 070 058 088 1.14

0.8/-2 0.89 067 060 084 1.04

0.8/42 091 0.59 0.44 0.51 0.61

1.0/40 | 046 040 0.38 0.39 042

1.0/+3 1.62 1.11 087 1.14 1.46

normal 0.9/41 | 1.28 087 0.69 1.056 1.36
1.1/-1 1.40 096 077 121 1.57

0.8/-2 1.01 074 065 1.02 1.30

0.8/4+42 | 1.83 1.19 0.88 1.26 1.65

Table 55: RMSE of the WVS and the normal methods in the case that true profiles are

different in shape from profiles given atmospheric correction. The general model was used.

method | ch10 chl1l ch12 c¢hl3 chl4
WVS 1.31 090 0.70 095 1.20
normal | 1.56 1.06 080 1.12 1.41
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Figure 63: Location of the test area in the AVHRR channel 1 data on September 9, 1998.
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Figure 64: Elevation data for the test area extracted from GTOPO30.
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Figure 65: Transmittance at AVHRR channel 4 calculated from original GDAS profiles and GTOPO30.

176



15 Z0 25 30 35
Water wapor anonnt [

Figure 66: Column water vapor amounts calculated from original GDAS profiles and GTOPO30.
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Figure 67: Scene classification map produced from VNIR images and GTOPO30. white: sea or vegeta-

tion, gray: other land surfaces, black: clouds.
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Figure 68: Scaling factor v image for the test area.
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Figure 69: Difference of the surface brightness temperature at ground level between the WVS and the

normal methods.
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Figure 70: Error map of the sea surface emissivity at channel 5 derived from the WVS method. The
truth is the laboratory emissivity for sea water (= 0.9859).
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Figure 71: Error map of the sea surface emissivity at channel 5 derived from the normal method. The

truth is the laboratory emissivity for sea water (= 0.9859).
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Figure 72: Frequency distribution of the error of the sea surface emissivity at channel 5 derived from
the WVS and the normal methods. The EMC/WVD equation for the lower limit of emissivity of 0.95

was used.
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Figure 73: Frequency distribution of the error of the sea surface emissivity at channel 5 derived from
the WVS and the normal methods. The EMC/WVD equation for the lower limit of emissivity of 0.97

was used.
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Figure 74: Emissivity at channel 5 of vegetation surfaces derived from the WVS method. Emissivity at

channel 4 of vegetation surfaces was assumed to be 0.97.
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Figure 75: Emissivity at channel 5 of vegetation surfaces derived from the normal method. Emissivity

at channel 4 of vegetation surfaces was assumed to be 0.97.
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Figure 76: Frequency distribution of the emissivity at channel 5 of vegetation surfaces derived from the
WVS and the normal methods. Emissivity at channel 4 of vegetation surfaces was assumed to be 0.97.
The EMC/WVD equation for the lower limit of emissivity of 0.95 was used.
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Figure 77: Geopotential height at 850 hPa pressure level from GDAS product for 1998/9/9/00Z.
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Figure 78: Air temperature at 850 hPa pressure level from GDAS product for 1998/9/9/00Z.

Figure 79: Relative humidity at 850 hPa pressure level from GDAS product for 1998/9/9/00Z.
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