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Introduction LST Algorithm Coefficients Retrieval

Satellite products are being increasingly used in weather and climate prediction systems. _

Currently, satellite measurements over the ocean have been successfully used to improve The TOA spectral radiance tfrom MODTRAM output can be converted to the
numerical weather prediction. However, the utilization of satellite data over land is much less. brightness temperature using the Spectral Response Function (SRF) of different
Land surface temperature (LST) retrievals are more challenging than sea surface sensors. Figure 2. The SRFs from VIIRS, MODIS, and GOES-R.

temperature retrievals because of surface heterogeneity and the difficulty in simulating

surface emissivity. It is important to improve the accuracy of satellite LST product to Band central wavelength:
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accelerate its utilization. The radiative transfer model simulations can be used to improve oy 10 5
current LST algorithms and test new LST approaches. I/l .SRE (/”t)dxl 32:‘ — m ﬂ:: )
ﬂ“O = /11%2 %2::_— S
Simulation Process and Input Data | SRF (1)d2 R TS
Al Wavelength (micrometer
In this study, we used the radiative transfer model MODTRAN 5.1 [Berk et al.,, 2011] to 4 )
compute the spectral radiance at the top of the atmosphere (TOA). The model input Sensor received radiance: N R AR R AR E R ™ AR g
parameters include the vertical profiles of atmospheric properties, the boundary surface b 05 Aquo: Bong 31 | AN i
temperatures, sensor view angles and solar geometry, as well as the surface emissivity. Here A2 Nl — ::::';::j -’; d
we only consider the high-quality and cloud-free pixels. We selected 126 cloud-free profiles II (/1)-SRF (/I)d/l 30.4:—  Terrer Bond X2 -
(60 profiles for daytime and 66 profiles for nighttime) as model input. The daytime profiles B(T 4 ): a1 02 j 3
were typically collected near 10:00 and 15:00 local time, and nighttime profiles near 04:00 dr 42 0.0 ' ' ' ' —
and 20:00 local time. To cover a range of environmental conditions, we prescribed a set of ISRF (ﬂ)d/1 : ; 9 Wmlun;l?l (mam.ur) . .
LSTs (T, < LST <T,,,,) based on each profile’s boundary surface skin temperature T, and 4
surface air temperature T_,. This LST range [T, T4 defines a conservative set of realistic R R R 7 R i
surface conditions for a given atmospheric state. The view zenith angle is set to be {0.01°, Brightness temperature: E”-‘ GOES-R Ch1035 4
10.0°, 20.0°, 30.0°, 40.0°, 50.0°, 60.0°, 70.0°}. Solar zenith angles were computed from the ST O i -
time and location of the profiles. In order to cover all surface types, we run the model for the &L 1 g 04 g
surface emissivity range [0.90, 1.0] with increment of 0.0025 to get the TOA radiance output. = ~ a ° 02 .
Later MODIS emissivity data would be used to generate the emissivity pairs in split-window K Ay In 2hc? 5o °-°7 T e
bands for each IGBP surface type. The radiance data sets are selected according to the /IOS-B(T,ZO) Wovalength (micrometer)

emissivity pairs.

The algorithm coefficients can be determined by regressing the simulated brightness
temperatures. Two types of LST algorithms were tested:

Flowchart for VIIRS LST Algorithm Development SR s _
(1) Emissivity implicit algorithm used by VIIRS:

o TS =a, +a, T11 +4a, (T11 _le)"' d, (SeC 0 _1)"' a, (T11 _T12 )2

s ||| - Where a; denotes coefficients, | denotes the term’s sequential position in the equation.
- - — For each surface type, there is a set of coefficients. T,; and T,, are the brightness
\ pemees \/ temperatures of VIIRS bands M15 and M16, respectively. 0 is view zenith angle.

/ \ ‘ (2) Emissivity explicit algorithm used by GOES-R Advanced Baseline Imager (ABI):
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Where T, and T,, are the brightness temperatures of ABI channels 14 and 15,

i T i respectively. € = (g,+€1,)/2, _Where e, and g,, are the spectral emissivity v.al_ues of ABI

© m— channels 14 and 15, respectively. C, A, A,, A;, A, and D are algorithm coefficients.
L s EoEY | Currently all simulated brightness temperature data sets use same weighting factors in

< Calculation Brightness Comparisons 3 s 1 : 2 -
regression process. We have tested the impact of filters and weighting factors on the
b el regression results. E.g., we give high weights to the data pairs over reference
temperatures, but give low weights to the data pairs which are away from the reference
temperature. The results indicate that the filters can improve the standard deviations
s e ; _ and maximum absolute bias, but the weighted regression does not affect the standard
Emissivity Determination Process deviations and algorithm coefficients too much.

The emissivity Is very important for surface temperature retrieval and validation. MODIS
monthly emissivity data and MODIS Land Cover Type data from 2001 to 2012 were analyzed
In order to build up the emissivity pairs to represent 17 IGBP surface types. Here we used the
MODIS bands 31 and 32 which are spectrally closest to VIIRS bands M15 and M16,
respectively. The type-dependent emissivities in MODIS bands 31 and 32 along with their
standard deviations for each IGBP were analyzed (E.g., Figure. 1). The standard deviation of
type-averaged emissivity in each month are very small, so 12 monthly type-dependent
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emissivities can be used to represent the emissivity variation within each IGBP type. e B Ccases.
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can be re-built with higher resolution emissivity data, further correction for water vapor
Figure 1. Type-averaged emissivity and their standard deviation for IGBP 0 -16 in band 31. absorption, and extending the temperature ranges by using more atmospheric

Green: average value; Red: average + std. profiles. These tests can be performed using the model simulation tools.



