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JNTRODUCT | ON

The ability to gather meteorological information has expanded greatly with

the advance of satellites. Instrumentation advances have made monitoring

of total water vapor content in the atmosphere possible. Water vapor and

other atmospheric constituents such as ozone and carbon dioxide will attenuate
the emitted radiation before It reaches the satellite sensor system. Correction
for these atmospheric attenuations Is a major problem in measuring temper-
atures by way of remote sensing. The progress made in Instrumentation is

unable to counterbalance the difficulties encountered in obtaining vapor

data with sensors and the large amounts of computer time required. Consequently,
a way had to be devised to integrate some parameter related to the assumed

water vapor content of the atmosphere.

In order to do this, an investigation of the assumptions involved in the
attempt to relate radiometric temperatures to daily mean air temperatures
(DMAT) is necessary. The first assumption is that the instantaneous radio-
metric surface measurement is representative of the air temperature above it,
The second is that a maximum of two daily estimates of alr temperature will be
representative of the DMAT. The third is that the attenuation due to several
atmospheric constituents will be a constant, regardless of the concentration
of these constituents or the nadir angle.

As weak as these assumptions may seem to be, they provided usable data fo the
estimation of the DMAT, using the radiometric temperature above the stations
at satellite passage as an independent variable and the recorded ground truth
tembérature at the stations as the dependent variable in a regression anélysls}
As a result, DMAT estimates could be calculated for the entire scanned region.

In July 1975, regression studies performed at the Johnson Space Center showed
that the inclusion of altitude as a variable improved the standard error of
estimate considerably. Further improvements were suspected if a way could be

found to include moisture as a variable instead of a constant correction,



since water vapor is the common atmospherir constituent whose concentration
is most subject to variation. Of course, extremely critical is the fact
that water vapor Is opaque to infrared radlation, the 'atmospheric window!
cancelling this effect only partially,

EVALUATION OF DAILY MEAN AIR TEMPERATURE (DMAT) ESTIMATES

The parameter, chosen to relate to the assumed water vapor content of the
atmosphere, is the pressure of aqueous vapor over water, the temperature of
sald water being equated with the dew polnt at the considered station at
satellite passage.

Estimates of DMAT, using sets of coefflclients derived from multiple linear
regression studies are converted from data obtained by the NOAA-4 satellite.
Depending upor the amount of cloud-free data gathered during the twice daily
satellite passage, three basic methods were used to calculate DMAT—

1) Both Day and Night Radiometric Data Available

DMATK = Aq + Ay % NK + A, % DK + A * AL+ Ay % VP

0 ] 3

2) Day Radiometric Data Only is Available

= v bl
DMATK BO + B2 % DK + 83 ¢ AL + BQ % VP

3) Night Radiometric Data Only is Avaiilable

DMATK = C, + C; * NK + C

0 1 * AL + Cq * VP

3

where the symbols are defined as follows:

DMATK ~ Dally mean alr temperature In degrees Kelvin
DK — Day radiometric temperature in degrees Kelvin
NK — Night radiometric temperature in degrees Kelvin
AL — Altitude in meters
VP — Vapor pressure in mmHg

A Bi . - Multiple regression coefficients



ANALYSIS OF MODEL

To test the signiflcance of mojsture content of the air column between the
observed surface and the sensor at the time of satellite passage, several
regression studies were performed using data generated during the month of
November 1975, Each of the three methods of calculation described previously
were examined both with and wltinut the approximation involving the calculated
vapor pressure as a variable,

The regression studies were performed using as the dependent variable data

obtained from the control stations shown In Table |. Summarles of these regression
studles include the coefficient of determination and the standard error of
estimate, and are described in Table II.

Using the regressions obtained with or without vapor pressure as an additional
indipendent variable, an Analysis of Variance was performed to determine the
significance of vapor pressure at satellite passage as a regression variable.
As a result, vapor pressure at satellite passage was found to be extremely
significant. The highest significance occurred when both radiometric measure-
ments were available and the lowest significance was found when night radio-
metric data only was available.

Obtaining vapor pressure at the time of satellite passage could, however, be
impractical in an operational situation. Therefore, another series of regres-
sion analysis were performed using monthly average vapor pressure as an
independent variable. As can be seen from Table 111, this model did not bring

about any significant improvement.

An attempt was also made to use the daily average vapor pressure when night
radiometric data alone was available. It is hot sure yet if this method

would be much more practibal in an operational situation than the use of the
calculated vapor pressures at the time of sétellite passage. As can be seen
from Table IV, an extremely significant improvement was again obtained. These

data were taken during the month of December 1975.



»UNCLUSION

Using the three different methods of calculation at satellite passage, the
best regression results were obtained when both radiometric passes were
available. Average performance In th! case was near 1.8°C standard error
of estimate. The performance for the night and day radiometric data only
was near 2.0%and 3,4°C respectively. The remaining big error for day only
data is due to the fast heating of the soll surface on a cloudless morning
(time of passage around 10 A.M.).

The standard error of estimate for the night radiometric ds’a, taking the
average daily vapor pressure into account, improved in De imber to 1.7°C.
This study demonstrates that a standard error of estima’z of less than 2°C
is obtainable using radiometric data, altitude and da’.y average vapor
pressure to estimate the daily mean air temperature.



TABLE |,— TEXAS CONTROL STATIONS

Station Name

Abilene

Waco
Midland~0Odessa
Port Arthur
San Angelo
Houston
Austin

E) Paso

San Antonio
Victoria

Del Rio
Corpus Christi

Altltude

S——

563 m
163 m
868 m
5m
579 m
29 m
182 m
1192 m
240 m
32 m
313 m
12 m

Avg. V. P. (Nov.)

5.8
7.3
5.1
10.3
5.8
9.5
7.6
3.7
7.9
10.3
6.8
12.3




TABLE |1.~ INCLUSION OF VAPOR PRESSURE IN MULTIPLE LINEAR REGRESSION ANALYSIS;
ANALYSIS OF VARIANCE BASED ON INCLUSION OF INSTANTANEOUS VAPOR PRESSURE

A) When night radiometric data Is avallable

DF $S MS F

Due to regression (max. model) 3 1074.36
Due to regression (normal model) 2 1040.,01
Difference | 34,35 34,35 8., 42%%
Deviation from regression (max.) 81 330,29 4,08
Deviation from regression (normal) 82 364,64
Total 84 1404,65
Coeffictent of determination:

R2 = 0,76 (when V.P, is one of the Independent variables)

Standard error of estimate:

s = 2,02 *kVery significant

B) When day radiometric data is avallable

DF SS MS F
Due to regression (max. model) 3 1225.15
Due to regression (normal model) 2 1025.96
Difference ] 199.19 199.19 17 6%
Deviation from regression (max.) 24 271.61 11.32
Deviation from regression (normal) 25 470,79
Total 27 1496.76

Coefficient of determination:
2

R = 0.82 (when V.P. is one of the independent variables)

Standard error of estimate:

S = 3.36 *ikExtremely significant




TABLE 11.~ INCLUSION OF VAf'OR PRESSURE IN MULTIPLE LINEAR REGRESSION ANALYSIS;
ANALYS!S OF VARIANCE BASED ON INCLUSION OF INSTANTANEOUS VAPOR PRESSURE (Cont,)

C) When both are avallable

Due to regression (max, model)
Due to regression (normal model)
Difference

Deviation from regression (max.)
Deviation from regression (normal)
Total

Coefflclent of determination:
2

Standard error of estimate:

s =1.79

DF

]
b2
43
he

$S MS
" 1727.27
1641,60
85.67 85.67
134,51 3.20
220,18
1861.78

R“ = 0.93 (when V.P. is one of the Independent variables)

#hkExtremely significant

26,75k




TABLE I11.— INCLUSION OF AVERAGE MONTHLY VAPOR PRESSURE IN MULTIPLE LINEAR
REGRESS ION ANALYSIS; ANALYSIS OF VARIANCE BASED ON INCLUSION OF AVERAGE MONTHLY
VAPOR PRESSURE

A) When night radiometric data |s avallable

DF 55 MS F
Due to regression (max, model) 3 1040, 06

Due to regression (normal model) 2 1040, 01

Difference ] 0.05 0.05 0,003K
Deviation from regression (max.) 8) 364.59 15.19

Deviation from regression (normal) 82 364,64

Total L 1404, 65

B) When day radjometric data Is availabie

DF SS MS F
Due to ruzgression (max. model) 3 1077.37
Due to regression (normal model) 2 1025.96
Difference ] 51.4] 51.41 2,944
Deviation from regression (max.) 24 419.38 17.47
Deviation from regression (normal) 25 470.79
Total 27 1496.76
C) When both are available .

DF ss MS F
Due to regression (max. model) L 1642,17
Due to regression (norma! model) 3 1641.60
D, fference : 1 0.57 0.57 0.11A
Deviation from regression (max.) 42 219,61 5,23
Deviation from regression (normal) 43 220.18
Total L6 1861.78

Anot significant




TABLE 1V.— ANALYSIS OF VARIANCE BASED ON INCLUSION OF DAILY AVERAGE VAPOR

PRESSURE IN MULTIPLE LINEAR REGRESSION ANALYSIS

DF SS

Due to regression (max. model) 3 1767 .11
Due to regression (normal model) 2 1657.65
Difference 109.46
Deviation from regression (max.) 50 145,87
Deviation from regression (normal) 51 255,33
Total 53 1912.98
Coefficient of determination

R? = 0.92
Standard error of estimate

s = 1.71 #ikExtremely significant

MS

109,46
2.92

37 5245k
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