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Abstract

The operational NOAA satellite temperature soundings are utilized to determine the horizon-
tal wind and vertical motion fields for a polar low case over the East Asian region by solving the
nonlinear balance equation and the omega equation. Preliminary results demonstrate that the
balanced wind and vertical motion fields derived from the satellite data give reasonable synoptic
patterns associated with the polar low. This encourages the use of satellite information as inputs
in the numerical weather prediction models.

1. Introduction

The operational NOAA-series polar orbiting satellites now provide vertical temperature and
moisture soundings. In recent years the vertical temperature and moisture soundings were derived
from the TIROS-N series and their usefulness had been described by Hayden et al.(1981) and
Smith et al.(1981). The high resolution temperature and moisture sounding data could be available
at 06GMT and 18GMT and also in the data-void area over the ocean, such as the Yellow Sea and
the East Sea. A major effort is needed to fully exploit the informations for improvement in
weather forecasts. »

One of the utilities of the satellite sounding data is the generation of wind field from the
temperature field. To do this, geostrophic relation, gradient wind relationship and nonlinear
balance equation have been used in serveral studies. Mills and Hayden(1983) derived winds from
the geopotential fields using the gradient wind law and then these winds were used for the in-
itialization of numerical simulations of a mesoscale model.

In this paper horizontal wind and vertical motion fields are to be determined from satellite

temperature data by solving the nonlinear balance equation and the quasi-geostrophic omega
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equation respectively. The results are to be compared with the winds and vertical motions
obtained from the radiosonde data. '
2. Derivation of balanced wind and vertical motion
a. Balanced wind

The full non-linear balance equation for ¢ in the cartesian coordinates with spherical terms

neglected (Bengtsson and Temperton, 1979) is
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where ¢ is the stream function of balanced wind, f is.the Coriolis parameter, ¢ is the geopotential
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Hemisphere and negative in the Southern Hemisphere. For a real solution to exist, the geopotential

height and <72 is . The positive sign in Eq. (1) is taken in the Northern
height should satisfy the condition that the expression inside the square root is non-negative for
the equation to be elliptic. A negative square root corresponds to non-elliptic case where V2 ¢ is
strongly negative, as in a high pressure area with strong anti-cyclonic curvature. A technique is to
alter fhe geopotential height locally by constraining wind to have zero absolute vorticity, and
thus Eq. (1) is elliptic everywhere.

For the quantity </%¢ to converge over the domain, Eq. (1) may be solved by an iteration
technique with prescribed ¢ values at the boundary. Each iteration requires the solution of a
Poisson equation for ¢ with proper boundary conditions given by Bengtsson and Temperaton
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(1979). Then, the balanced winds are determined from ¢ by the definition, y=— 3 5
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b. Vertical motion

The quasi-geostrophic omega equation, a linear non-homogeneous differential equation of the

second order for w in the cartesian coordinates (Holton, 1979) is
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where ¢ is geopotential height, p is the pressure, w(= ng) is the vertical motion of the constant
pressure surface, f, is constant, ¢ is the stability parameter, and J is the Jacobian operator.

Eq. (2) may be solved by an iteration or a direct method of numerical solution of partial
differential equation with the Dirichlet boundary condition. A simple coundition is used that
® =0 on all the boundaries, that is, zero at the upper and lower boundaries as well as at the lateral

boundaries.

3. Satellite temperature data

Infrared radiance measurements were obtained from the NOAA-8 polar orbiting satellite for
a polar low case on March 20, 1984 over the East Asia. Temperature and moisture profiles were
retrieved from the radiance measurements using McIDAS III at the Cooperative Institute for
Meteorological Satellite Studies at the University of Wisconsin in the U.S.A., The retrieved
temperature data were analyzed approximately during the period from 2330GMT 19 March 1984
to 0040GMT 20 March 1984. Fig. 1 shows the tracks of subsatellite points and times of NOAA-8.
The orbital path width of NOAA-8 at 40°N was 20° to 30° or less than 15° on either side of the
subsatellite track. Thus, complete coverage for the East Asian region near 0000GMT 20 March was
obtained by processing the two consecutive orbital passes (2230-2240 GMT. 19 March of NOAA-8
descending pass and 0030-0040 GMT 20 March of NOAA-8 descending pass).
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Fig. 1. Tracks of subsatellite point and times of NOAA-8 path for
March 20, 1984.
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The retrieval method used for the satellite temperature data of this study is the statistical
regression tetriéval algorithm developed at the University of Wisconsin(Smith et al., 1981). This
algorithm -uses. statistical relationships between satellite-measured radiances and atmospheric
temperature profiles deduced from the analysis of large samples of previously observed radiances
and collocated radiosonde reports. The number of retrieved temperature data for this study was
about 850 in the region of 100°-144°E and 24°-60°N at 00GMT. The number of radiosonde
stations were about 60 in the same region. Lee(1986) discussed the comparisions of the synoptic

features between the satellite retrieved data and radiosonde data.

4. Results

The balanced winds and vertical motions on' the standard pressure levels were obtained by
solving Eqgs. (1) and (2) numerically. Discussions on the results are made only for the 500mb
level.

Fig. 2 shows the satellite derived balanced winds and observed radiosonde winds on the 500mb
surface. General patterns of the two wind fields are well comparable to each other. Note that the
positions of maximum u components roughly coincide each other. Magnitudes of the u component
of the satellite balanced winds are as large as those of the observed winds except near the southern
boundary, where the fixed boundary condition applied in solving the balance equation may
cause reduced magnitude. Magnitudes of the v component of the satellite winds are approximately
half smaller than those of the observed winds. However, the gradient of v component is corres-
ponded to each other.

Fig. 3 shows vertical motion fields at the 500mb level computed from the both data sets.

Rising motion area(negative w values) obtained from the radiosonde data is well associated with
the polar low while in the satellite data the ,‘risiﬁg motion areas are shifted to the east of the
observed polar low and high resolution features are smoothed out although satellite data have
more data points. It is noteworthy in Fig. 3 that magnitudes of the sinking motions obtained
from both data sets are comparable each other.

The differentv results between the two data sets would be caused by cloud cover in the local
areas, gap of radiance observation in the Yellow Sea and the East China Sea between the consecu-

tive passes of the NOAA-8 satellite, and retrieval procedure in the satellite data.



Horizontal Wind and Vertical Motion — Lee 45
_100E 110 120 130 140 150E 110E__ 110 120 130 - 140 150E
son g/ 4 50N 50N b[ z/ - o & iSON
20
40 40 40 40
30 30N :lem ) 30N
/ E 1 20 'y
170E 120 130 140E 110F 120 130 T40E
100E_ 110 120 130 140 150E 100E 110 120 130 140 150E
soMa/ %7 ’ 0 o Json  son b’ = o K \ bon
-0
(TN AT
Pl A
% -
30N 5; bon 30N 20N
Yo
|
\ 4
110E 120 130 140E 110E 120 130 140E

Fig. 2. 500mb radiosonde winds (upper panels) and satellite
balanced winds(lower panels) for 00GMT 20 March 1984.
Left panels(a’s) are u component wind and right panels
(b’s) v component wind.

5. Conclusion

Wind and vertical motion fields were determined by solving the nonlinear balance equation and
the omega equation using the vertical temperature soundings obtained from the polar orbiting
NOAA satellite. Both the balanced winds and the vertical motion fields could identify the synoptic
features associated with the polar low. Magnitude and general pattern in the balanced winds were
well comparable to the observed winds. However, the vertical motion fields derived from the

satellite data were shifted to the east of the corresponding fields obtained from the radiosonde

data.
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Fig. 3. 500mb vertical motion fields derived from the radiosonde
data(a) and the satellite retrived data (b).
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