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Simulation of Images of “Water Vapor Channel”
and “Infrared Split Channel”
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Abstract

An attempt to produce images of temperature fields simulated by the
radiative transfer model (LOWTRAN-6) is performed. Two different type
images are produced. One is the water vapor image (Simulated Water
Vapor, SWV image) based on temperatures calculated in the same wavelength
as the water vapor channel (channel 12) of HIRS/2, and the other is the
infrared split image (Simulated Split Pseudo color,SSP image) based on
temperature difference (channel 4-5) calculated in the same wavelengths as
the infrared split channels (channel 4 and 5 ) of AVHRR on NOAA-11.

In the computation of the radiative transfer model, following assumptions
are made.

(1) Atmospheric vertical data (height, temperature and humidity) provided
by the numerical forecast division, JMA are utilized.

(2) The lowest vertical level (1000 hPa) is assumed as the surface of the
earth and its emissivity equal to unity.

(3) The filter functions of NOAA-11 HIRS channel 12, AVHRR channel 4
and 5 are assumed.

(4) Zenith angle is zero deg.

The following results are obtained by the comparison of the simulated
1images with the observed HIRS channel 12 (WV) image and AVHRR
temperature difference (channel 4-5,SP) image.

(1) Warm regions relating to the dryness on the mid tropospheric layer
are relatively well expressed on the SWV image.

(2) The boundary of temperature difference relating to the surface front
and the regions with large temperature difference inferred to the moist
regions of lower tropospheric layer are also relatively well expressed on the

1mage.
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Secondly, a series of simulated images at intervals of three hours are
produced by the same method. The results indicate that SWV and SSP
images sequence respectively provide the information of the change of the
dryness in the mid tropospheric layer and the movement of the boundary
of the moist region in the lower tropospheric layer.

Thirdly, the effect of satellite zenith angle on temperature fields calculated
by the model is also investigated. Comparison of simulated temperature
between the nadir and the several zenith angles (15,30,45,60 deg.) shows
that the simulated temperature decreases in proportion with the increasing
zenith angle. While the simulated WV temperature decreases by about 1.5
K at the zemith angle of 30 deg., the temperature decreases by about 7 K
at the zenith angle of 60 deg. On the other hand the simulated SP
temperature difference decreases by about 0.2 K and 0.6 K at the zenith
angle of 30 and 60 deg., respectively. Thus it suggests that the observed
WV and SP temperature in high latitude at oblique angle from the

position of GMS—4 is affected by the satellite zenith angle.
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Fig.1 Normalized filter function of (a) the NOAA-11 HIRS/2 channel
12, (b) the NOAA-11 AVHRR channel 4 and (¢) the NOAA-11
AVHRR channel 5 used to compute theoretical radiances by the
LOWTRAN-6 radiative transfer model.
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Fig.2 Comparison of the near-infrared
solar spectrum with laboratory spectra
of various atmospheric gases, from
Valley (1965). (Modified from ' Sum-
mary of TOVS Data Processing Sys-
tem’ ,1983)
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Fig.3 Weighting function of the NOAA-11
HIRS channel 12 (dotted line) and contri-
bution functions (solid lines) of the
NOAA-11 HIRS channel 12, AVHRR
channel 4 and 5 based on the model
atmosphere of mid-latitude summer and
a nadir angle of 0 deg..
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Fig.4 Same as in Fig.3 except for the
model atmosphere of mid-latitude
winter.
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Fig.6 (a) The NOAA-11 HIRS channel 12 pseudo color image observed at 1749 UTC
25 August 1991. Temperatures are shown in the color scale on the right side of
the 1mage.

Fig.6 (b) The simulated water vapor pseudo color image based on the temperatures
calculated by LOWTRAN-6 using the normalized filter function shown in
Fig.1 (a) and the forecasted atmospheric vertical profile at 18 UTC 25 August
1991.
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Fig.12 Comparison of the observed WV temperature with the WV temperature calculated based on
the atmospheric vertical profile.
A:WV temperature calculated using radiosonde data at 12 UTC Aug. 25 1991. @:WV
temperature calculated using GPV data at 18 UTC 25 Aug. 1991 at the grid point nearest to
the radiosonde station. I: The range of observed WV temperature in a box (10 lines by 10

pixels) which a radiosonde station is centered.
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Fig.13 Comparison of the radiosonde data at 12 UTC 25 Aug. 1991 in Wakkanai (47401) with
the GPV data at 12 UTC 25 Aug. 1991 at the grid point nearest to Wakkanai.
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Fig.14 Same as in Fig.13 except for in Naha (47936).
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Fig.15 Vertical cross section of observed
HIRS WV temperature (black line) and
GPV data at 18 UTC 25 Aug. 1991
along a line from 'L’ to 'L’ shown
in Fig.6 (a). Air temperature contoured
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Fig.16 (a) NOAA-11 AVHRR split pseudo color image based on temperature difference observed
between channel 4 and 5 on AVHRR of NOAA-11 at 1743 UTC 25 Aug. 1991. Temperature
difference are shown in the color scale on the right side of the image.

120E 0E 140 OV

Fig.16 (b) The simulated infrared split pseudo color image based on temperature difference calculated
by LOWTRAN-6 based on the normalized filter function shown in Fig.1 (b), (¢) and the
forecasted atmospheric vertical profile at 18 UTC 25 Aug. 1991.
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Fig.21 A series of the simulated water vapor pseudo color images at intervals of 3 hours
from 21 UTC 25 Aug. to 03 UTC 26 Aug. 1991.
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Fig.22 The simulated split pseudo color images at 21 UTC 25 Aug. and 00 UTC
26 Aug. 1991
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