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Abstract: The split-window algorithm has been widely applied for surface temperature inversion of various
satellite payloads. The iterative simulation of large datasets during the fitting of split-window algorithm
coefficients is often time-consuming and inefficient. Therefore, it is important to develop a highly efficient
simplification method for split-window simulation computations. MODTRAN was to simulate and analyze
the impact of variations in background parameters on total radiance. Subsequently, we performed a
simulation analysis of the relationship between key parameters and total radiance under two adjacent
thermal infrared channels of FY-3D MERSI-II, exploring the variation patterns of total radiance under

different coupling scenarios of these key parameters. Simulation results reveal that under the MERSI-II
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thermal infrared channels, changes in land surface temperature have a greater impact on total radiance than
surface emissivity. The effect of the atmospheric water vapor content concentration on the total radiance
increases with an increase in both the land surface emissivity and land surface temperature, whereas the
influence of the land surface emissivity and land surface temperature on the total radiance decreases as the
atmospheric water vapor content concentration increases. When determining the coefficients for the split-
window algorithm, narrowing the range of the atmospheric water vapor content concentration can reduce
the number of simulations required, thereby enhancing the efficiency. For land surface temperatures
ranging from 300 to 320 K, the atmospheric water vapor content concentration should be within 0.5 to 5.5
g/cm?; for temperatures ranging from 270 to 300 K, this range narrows to 0.5 to 4.0 g/cm?. The saved
simulation runs account for 18.23% of the total number of runs, which reduces the simulation time by 26
min. A comparison of the split-window coefficient fitting and absolute difference calculation results before
and after simplification shows that the simplified scheme has minimal impact on the fitting outcomes.

Key words: thermal infrared, MODTRAN, simulation calculation, split-window algorithm
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Fig. 1 Illustration of atmospheric radioactive transfer process in the thermal infrared spectrum!'®]
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Table 1 Parameter settings for radioactive transfer calculation

Parameters

Setting

View zenith angle/(°)
Atmospheric profile

Water vapor content/(g/cm?)

O3 column concentrations/(g/cm?)
CO2 mixture ratio/ppmv

Surface temperature/K

Surface emissivity

Wavenumber range/(cm™")
Digital elevation model/km

Sensor altitude/km

0-60, interval 5

Mid-Latitude Summer (45 North Latitude)

2.5
0.0005
420
300
0.98
714-1250
0.002
700
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Table 2 Comparison between scheme 1 and scheme 2

Scheme 1 Scheme 2
LST/K 270-320  270-300 300-320
Parameter setting
WVC/(g/cm?) 0.5-5.5 0.5-4.0 0.5-5.5
Simulation times 10201 8341
Simulation time/min 143 117
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Table 3  Absolute difference of split-window coefficients between Scheme 1 and Scheme 2
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1.01 23.1131 0.0799 0.0205 0.0230 0.4863 5.3274 4.4914 0.1428
1.02 23.5530 0.0814 0.0203 0.0240 0.4729 5.3657 4.5633 0.1449
1.05 243528 0.0842 0.0198 0.0259 0.4482 5.4336 4.6724 0.1483
1.09 25.6365 0.0886 0.0190 0.0286 0.4082 5.5332 4.7987 0.1529
1.15 27.6089 0.0954 0.0179 0.0327 0.3468 5.6699 4.9094 0.1583
1.24 30.6300 0.1059 0.0162 0.0383 0.2551 5.8456 4.9474 0.1638
1.35 352774 0.1221 0.0135 0.0459 0.1240 6.0530 4.8112 0.1683
1.49 423907 0.1471 0.0089 0.0552 0.0471 6.2305 4.2545 0.1689
1.70 51.3369 0.1788 0.0008 0.0627 0.1793 5.9706 2.3816 0.1567
2.00 7.9926  0.0265 0.0069 0.0292 0.6625 1.0401 6.2706 0.0934
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