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1 (2) MODIS GPS

4 MODTRAN
Table 4 Validation of the mono-window algorithm based on MODTRAN simulation data

/ /
( glem?) /C (Wem™es » pm) /C /C
20 8.274 0.739 20. 125 0.125
25 8.874 0.748 25.196 0.196
2.0 30 9.506 0.758 30.263 0.263
35 10.193 0.769 35.243 0.243
40 10.922 0.780 40.312 0.312
20 8.229 0.677 20.098 0.098
25 8.814 0.686 25.226 0.226
2.5 30 9.425 0.697 30.290 0.290
35 10. 102 0.707 35.322 0.322
40 10.810 0.718 40.346 0.346
20 8.184 0.610 20.132 0.132
25 8.748 0.620 25.266 0.266
3.0 30 9.335 0.631 30.316 0.316
35 9.998 0.641 35.361 0.361
40 10. 690 0.651 40.396 0.396
5
Table 5 Comparison between the retrieval results and measured values
/°C /°C /°C
1 30.56 31.37 0.81
2 30.55 31.66 1.11
3 31.43 31.66 0.23
4 30. 81 31.20 0.39
5 30.59 31.37 0.78
6 31.16 31.66 0.50
7 31.12 31.66 0.54
8 31.10 31.82 0.72
9 30.71 30.72 0.01
10 31.07 30.72 -0.35
11 29.62 30.77 1.15
35 27.42 27.23 -0.19
45 28.79 29.52 0.73
56 29.56 27.79 -1.77

75 29.18 25.95 -3.23
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Table 6 Impact of land surface emissivity errors on retrieval result with fixed water

vapor content and near-surface temperature

/ AT, /C
(g/em?) IT(x+Ax) —T,(2) | 24 29 34
IT (e0.04) —T.(e) I 2.335 2.165 1.995
IT(e0.03) —=T,(e) | 1.733 1.607 1.480
IT (e0.02) —T.(e) | 1.143 1.060 0.977
[T (e0.01) —T.(e) I 0.566 0.524 0.483
w
IT(e+0.01) —T.(e) | 0.554 0.514 0.473
[T (e+0.02) ~T.(e) | 1.097 1.017 0.937
IT(e+0.03) —=T.(e) | 1.629 1.511 1.392
IT (e+0.04) —T.(e) | 2.151 1.994 1.838
IT(e0.04) =T (e) | 2.359 2.198 2.037
IT (e0.03) —=T.(e) | 1.75 1.631 1.512
IT(e0.02) =T (e) | 1.155 1.076 0.997
IT(e0.01) =T(e) | 0.571 0.532 0.493
w—-0.1
IT(e+0.01) —=T.(e) | 0.560 0.522 0.483
IT(e+0.02) —=T.(e) | 1.108 1.033 0.957
IT (e+0.03) —T.(e) | 1.646 1.534 1.421
[T (e+0.04) —T.(e) | 2.173 2.025 1.877
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Fig.6 Impact of land surface emissivity errors on retrieval result with fixed water vapor contents and near-surface temperatures
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Table 7 Impact of water vapor content errors on retrieval

result with fixed near-surface temperature

AT /C
IT(x+Ax) =T (x) 1
24 29 34

IT(100.4) —T.(w) | 1.036 0.484 0.068
IT(w0.3) =T (w)l 0.803 0.376 0.051
IT.(1090.2) - T.(w) | 0.554 0.259 0.034
IT(w0.1) =T (w) | 0.286 0.135 0.017
IT(w+0.1) =T (w) | 0.308 0.145 0.017
IT(w+0.2) —T.(w) | 0.638 0.302 0.035
IT(w+0.3) —T.(w) | 0.995 0.471 0.052
IT(w+0.4) —T. (1) | 1.379 0.665 0.069
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Fig.7 Impact of water vapor content errors on retrieval

result with fixed near-surface temperatures

Table 8 Impact of near-surface temperature errors on

retrieval result with fixed water vapor content

/( g/em®) IT(x+Ax) =T (x) | AT./C
IT(24) -T.( -29) | 1.877

w-0.4
IT,(34) -T.( -29) | 1.875
IT(24) -T.( -29) | 2.002

w-0.3
IT(34) -T.( -29) | 1.999
IT(24) -T.( -29) | 2.135

w=-0.2
IT,(34) -T.( -29) | 2.133
IT(24) -T.( -29) | 2.277

w-0.1
IT(34) -T.( -29) | 2.275
IT(24) -T.( -29) | 2.429
v IT(34) -T.( -29) | 2.426
IT(24) -T.( -29) | 2.592

w+0.1
IT,(34) -T.( -29) | 2.588
IT(24) -T.( -29) | 2.766

w+0.2
IT(34) -T.( -29) | 2.763
IT(24) -T.( -29) | 2.953

w+0.3
IT,(34) -T.( -29) | 2.950
IT(24) -T.( -29) | 3.154

w+0.4
IT,(34) -T.( -29) | 3.150
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Abstract: Land Surface Temperature ( LST) is a significant surface biophysical variable. This parameter is also important in vari—
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ous fields such as urban thermal environment agricultural monitoring surface radiation and energy balance. Data from Landsat
satellites are vital remote sensing data for LST retrieval since the 1980s. The present Landsat 8 Thermal Infrared Sensor ( TIRS)

imagery provides a new data source for LST retrieval. Landsat 8 TIRS is improved compared with the Landsat 6 Thematic Mapper.

Landsat 8 data are extensively applied so the mono-window algorithm should be updated with new sensor characteristics. There—
fore we aim to explore an adaptive method with more reliable accuracy to retrieve LST using Landsat 8 TIRS data.

In this paper a relation model ( TIRS10_SC) was established between LST and several parameters namely brightness
temperature mean atmospheric temperature atmospheric transmittance and land surface emissivity. The model was based on the
radiative transfer equation and characteristics of Landsat 8 TIRS10. The LSTs of the study area were retrieved by initially deriving
the atmospheric transmittance from MODIS data and MODTRAN simulation results. Then the mean atmospheric temperature
was obtained using empirical formulas and land surface emissivity was retrieved from the Landsat 8 OLI data using image classifi—
cation-based method. Finally the LSTs of the study area were retrieved from the processed data. The algorithm and retrieval results
were assessed by simulated and measured data. Meanwhile the sensitivity of variables in themono-window algorithm was analyzed.

Results show that the mono-window algorithm can perform well for Landsat8 TIRS data for LST retrieval. The LSTs of different
land-cover types in study area varied. The LSTs of bare soil and cements were evidently higher than those of the vegetated areas.
The LST of the former varied between 24.12 °C and 32.25 °C  whereas that of latter ranged from 10.72 °C to 19.79 “C. Further—
more compared with the measured data the average error and correlation coefficient of retrieved LSTs were 0.83 “C and 0. 805
respectively. The accuracy of the algorithm was also assessed using simulated data which showed that the error in the LST data in
the majority of cases ranged between 0.2 “C and 0.3 °C. The retrieval results agree with the assessed temperature data. Results
from the analysis of the sensitivities of land surface emissivity ~atmospheric water vapor content and average temperature showed
that the TIRS10_SC algorithm can obtain more reliable results with higher sensitivities for the former two para meters and lower
sensitivity for the latter one. The proposed algorithm can be applied for the fast retrieval of LST using Landsat 8 TIRS data.
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