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Abstract

A workshop on Space Systems Possibilities for Global Energy and Water Cycle Experiment
(GEWEX) was held on 19-23 January 1987 in Columbia, Maryland, U.S.A. The GEWEX will con-
centrate on improving our knowledge of the transport of water and energy within the atmospheric
system. It will be implemented during the period 1995-2000, because it is considered to be the
timing that the Space Station Program will increase greatly the opportunities for new remote sensing
instruments and earth observation according to future space plans.

For the construction of the observation systems and implementation of the GEWEX, following
four major observation goals are introduced;

a. Tropical wind observation goal,

b. Earth radiation budget goal,

c. Global precipitation goal, and

d.  Surface evaporation goal.

This article is the summary prepared for the author giving a presentation as a reviewer on
prospects of wind sensing systems concerning tropical wind observation goal.

The satellite wind sensing system which is operated routinely is cloud motion wind (CMW)
derivation system only. Global CMW derivation from § geostationary satellites were established just
before FGGE period in 1978. CMW’s have been very important input data to a numerical analysis
especially over data sparse areas such as tropics, southern hemisphere, etc.

The microwave scatterometer wind data also have great impact to the numerical analysis over
the data sparse areas. A few scatterometers are planned to be flown on board polar orbital satellites
during the period of 1989-1991.

On board doppler lidar system is greatly expected as a future wind sensing system. Until the
system reaches the stage of an operational use, there are still some problems to be solved; it needs
much electric power supply and is too heavy in weight. Current highest possibility is 9.11 gm CO2.
pulsed laser on board advanced TIROS-N.

The prospects of satellite wind sensing systems in the years 1995-2000 are the followings;

a. Continuous operation of current cloud motion wind derivation from geostationary satel-

lites,

b. Ocean surface wind derivation from microwave scatterometer on board polar orbital

meteorological satellite, and

c.  New instruments like doppler lidar system based on active sensor.

1. Introduction capability to accurately reconstruct the day-
The first basic requirement of GEWEX is a to-day evolution of the general atmospheric
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circulation especially in the tropics. It is neces-
sary to obtain sufficient amount of wind data
over tropics to meet those requirements, but
there are few conventional upper air wind
observations in the tropics. Currently, only
cloud motion winds from geostationary mete-
orological satellites are routinely available as
those from a satellite wind sensing system.
Besides, the new instruments of satellite wind
sensing system are greatly expected to be new

data sources of winds.
At the NASA Workshop and Symposium on

the Global Wind Measurements, the possibilities
of satellite wind sensing systems have been
intensively reviewed. The proceedings of the
Symposium and Reports of the Workshop were
referred to complete this report (NASA, 1985a
and 1985b).

2. Wind Sensing Systems
2.1. Cloud Motion Winds (CMW’s)

(1) General

The cloud motion wind derivation started
just after launching First Application Tech-
nology Satellite (ATS-1) in December 1966. At
first, Prof. T. Fujita and his collaborator as the.
University of Chicago, developed a cloud
tracking system by the use of photo-processed
animation film (Chang et. al., 1973). Using the
CMW’s it was revealed that the CMW data set
was very useful for the flow pattern analysis
over tropical area, hurricane vicinity, severe
storm area and so on (Fujita et. al., 1968; Fujita
et.al., 1969a; Fujita et.al., 1969b; Fujita et. al.,
1970; Chang et. al., 1974).

Furthermore, Leese et. al. (1971) tried to
track the target clouds automatically by a
pattern recognition technique. The advent of
the automatic cloud tracking technique implied
its capability in the mass production of CMW’s
with the global coverage except for polar areas.

2

Mid-1970’s, NESC (now NESDIS/NOAA)
began their operational wind derivation, and
"subsequently MSC/JMA and ESOC/ESA also
started operational wind derivation in pre-
FGGE year (1978) and at this time the global
CMW derivation system was established.

As well known, five geostationary meteor-
ological satellites have been nominally operated
above the equator since FGGE period. But
actually 4 to 3 satellites have been in operation
after FGGE period. The CMW’s are operational-
ly derived from those satellite images by ESOC/
ESA, NESDIS/NOAA and MSC/IMA.

The CMW’s have some problems to be solved
as described later, but they are currently unique
data source with global uniform coverage ex-
cept for polar area. Therefore, in this section,
the capability of the CMW’s in conventional
wind data and potential capability in future
among the other data sources to be available
will be described. See Hamada (1985 and 1986)
for the detailed description on CMW derivation
systems, their histories and applications.

Each cloud motion wind vector is assigned
to a suitable wind-representative level which is,
(a) objectively estimated using the target cloud
temperature calculated from IR, VIS and/or
WYV image data, (b) subjectively estimated by
an analyst from cloud pattern analysis, or (c)
estimated from statistical best-fit level. The
height assignment procedure adopted by each
operational center is shown in Table 1.

(2) Current problems with CMW’s

a. Limitation of spatial coverage: No
CMW is available over cloud-free area. In or
around disturbance area, the CMW’s cannot be
derived or there are some difficulties to derive a
number of CMW’s.

b. Limitation of vertical resolution: The
CMW’s are generally obtained only at two levels
in the vertical.
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Table 1. Height assignment procedure at each operational center for cloud motion wind deriva-

tion.

MSC/JMA low-level

TBB—> Tc 5> Pc
(|
)
VTP ”

/
/
1'%
650/600 < Pc< 950mb == Pw=850mb —

(extracted information)

> Target cloud top height

No wind representative height
( - Dec. 21, 1981)

—> Wind representative height

(Dec. 21, 1981 - )

MSC/JMA high-level

Fixed height. Pw=300mb
Climatological tropopause

Statistical best-fit level

>

Indication of cirrus tracked wind
( - Dec. 21, 1981)

> Wind representative height
(Dec. 21, 1981 - )

ESOC/ESA

TBB
WV radiance
VIS radiance

j}—-) € —>Tc~—>Pec=Pw —

> Wind representative height

NESDIS high-level ( -July 1982)

TBB—>Tc—>Pc=Pw
or Subjective wind height

T

-> Wind representative height

NESDIS high-level (July 1982- )
TBB Tc—>Pc
VIS To—>pp > BY -

and SSEC

> Wind representative height

NESDIS low-level

TBB -—}TC?PC —t—> Target cloud top height
1)
VTP
Pw=900mb —1+> Wind representative height

TBB ¢ Equivalence Black Body Temperature
Tc(Pc) : Cloud-top temperature (pressure height)
Tb(Pb) Cloud-base temperature (pressure height)
€ Emissivity
Pw : Wind representative height
VTP Vertical temperature profile
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¢. Ambiguity of the representative height
of CMW’s: It is difficult to estimate the target
cloud height when the cloud is thin (usually
thin cirrus cloud) with an emissivity less than
unity. This leads to the CMW height assignment
error, which causes large CMW vector error
when vertical wind shear is large.

d. Tracking problem on high-speed cirrus:
When the cirrus around jet stream moves faster
than 150 knots, the current cloud tracking sys-
tem may not have its capability in tracking well
the target. This situation is often seen in winter
along the northern edge of subtropical high
pressure over the northern Pacific where the
Japanese GMS covers.

(3) To overcome those problems

a. Spatial coverage; Over cloud-free area,
CMW’s can be derived using water vapor (WV)
channel’s images (6.8 um) or other channel’s
infrared data (i.e. CO, absorption channels).
In or around disturbance area, low-level clouds
might be tracked manually. It needs specific
computer algorithm to track low-level clouds
around disturbance because the cloud distribu-
tion is very complicated and cumulus clougs
may be covered by thin cirrus clouds.

b. Vertical resolution; Mid-level winds
(around 500 mb) can be derived using WV
channel (6.8 um) images (Eigenwillig et. al.,
1982; Bowen et. al., 1979). CO, channel’s
images (14.2, 14.0 and 13.3 um) may be also
useful ones to derive three levels CMW's
(Menzel et. al., 1983).

c. Ambiguity of the representative height;

The height estimation from window channel
IR image can be (Forrected by the water vapor
(6.8 um) data (ESA’s operational method, see
CGMS XV ESA WP-17).

CO, channels’ images (14.2, 14.0 and
13.3 um) give accurate cloud height (£50 mb)
in three levels (Menzel et. al., 1983)

Split window IR images (11 and 12 um) give
thin cirrus accurate height (Inoue, 1985).

Stereo observation from two neighboring
satellites is powerful tool to evaluate the ac-
curacy of height assignment being performed in
routine operation. Accuracy of stereo cloud
height determination is 500 m or less (Hasler,
1981; Mosher, 1980).

d. High speed jet cirrus; Currently 30
minute interval images are generally used for
cloud tracking at each operational center. But
this interval is not adequate to tracking high
speed cirrus clouds. Some researches (Hamada
et. al., 1985; Johnson et. al., 1980) indicate
that it is better to use shorter interval images
(15 minutes or less) for highspeed cirrus track-
ing. This problem will be solved by adopting
15 minute interval image for wind derivation.
2.2. Surface Winds from Microwave Scattero-

meter

In June 1978, the National Aeronautics and
Space Administration (NASA) launched Seasat,
which was the first satellite equipped with
microwave scatterometer, SASS (Seasat A
Satellite Scatterometer). The SASS data were
collected for about 96 days during summer
1978, and provided a new data source of ocean
surface winds. This active microwave sensor
makes measurement of backscatter from wind-
produced surface capillary-gravity waves (wave
length, 1-3 cm), which can infer ocean surface
wind stress and wind vectors (Jones et. al.,
1982; Shroeder et. al., 1982). There is a direc-
tional ambiguity problem; that is, 4 directions
are estimated principally and some other in-
formation on wind field has to be referred in
order to focus to a right direction. The impact
of SASS wind data on global data assimilation
cycle and forecasts have been assessed (Baker
et. al., 1984; Duffy et. al., 1984; Yu, T.-W. et.
al., 1984). They showed that; (a) the impact of
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SASS wind data on data assimilation cycle was
large in the Southern Hemisphere, especially in
large data gaps, but very small in the Northern
Hemisphere; and (b) it was not possible to assess
with confidence whether the forecasts made
from analysis with SASS data was improved.

The new scatterometer is planned to be
flown on board the satellites, NROSS (U.S.A.),
ERS-1 (Europe) and RADARSAT (Canada) in
between 1989 and 1991. The antenna number
will be changed from 2 to 3, in order to al-
leviate the directional ambiguity problem.
2.3. Lidar Wind Sensing Systems

Doppler lidar is the direct tropospheric wind
sensing system; that is, Doppler shift in the
return signal from a laser pulse transmitted
into atmosphere is measured to estimate lower
atmosphere winds. The laser pulse must be
transmitted at least from two directions because
the lidar system measures the radial wind com-
ponent along the line of sight of the transmit-
ted pulse. Huffaker (1985) showed the geometry
of the space-borne lidar wind measurement to
determine two components of the horizontal
wind velocity (Fig. 1). In principle, over a
several kilometers swath along the satellite
track two components of wind data can be
collected. Further study will be required in

AR

Fig. 1. Geometry of the satellite-borne lidar wind
measurement (Huffaker, 1985).
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order to get actual wind data from the space-
borne lidar system.

The Doppler Lidar sensors have been inten-
sively reviewed at NASA Workshop and Sympo-
sium on Global Wind Measurements. According
to Menzies (1985), at present time, there are
four major Doppler Lidar sensors which are
being promoted for the measurements of
tropospheric winds; (a) Incoherent Excimer
Doppler Lidar, (b) Incoherent 0.5 um Nd:
YAG Doppler Lidar, (c) Coherent 1.06 um
Nd:YAG Doppler lidar and (d) Coherent
CO, Doppler lidar. Among them, 9.11 um
CO, pulsed laser will be accommodated by
space-shuttle (Osmundson et. al., 1985) or
advanced TIROS-N polar-orbiter (Gurk et.
al., 1985).

3. Prospects of Satellite Wind Sensing System
(1) Continuous operation of current system
Cloud motion winds (CMW’s) will be con-

tinuously derived from 5 or more geostationary

meteorological satellites. If those satellites will
be in full operation, the CMW’s will be still
indispensable as global wind data during the

Years 1995-2000.

(2) Microwave scatterometer for ocean sur-

face wind

It is planned that several satellites will be
launched equipped with microwave scattero-
meter to measure ocean surface winds.

(3) New instruments

Doppler Lidar system will not be dream
during the Years 1995-2000. Doppler Lidar
winds will be complement of other source’s
winds covering global area including polar area.
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ACRONYMS

ATS Applications Technology Satellite

CGMS  Coordination of Geostationary Meteorologi-
cal Satellites

CMW
ERS-1
ESA
ESOC
FGGE

GEWEX
GMS

IR

JMA
MSC
NASA
NESC
NESDIS
NOAA

NROSS

Cloud Motion Wind

First European Remote Sensing Satellite
European Space Agency

European Space Operations Centre, ESA
First GARP Global Experiment (WMO/
ICSU)

Global Energy and Water Cycle Experiment
Geostationary Meteorological Satellite
Infrared

Japan Meteorological Agency
Meteorological Satellite Center, JMA
National Aeronautics and Space Administra-
tion, U.S.A.

National Enrivonmental Satellite Center
(now NESDIS)

National Environmental Satellite Data and
Information Service, NOAA

National Oceanic and Atmospheric Admi-
nistration, U.S.A.

Navy’s Remote Ocean Sensing System
(US.A)

RADARSAT (Canadian satellite)

SASS
VIS
VTP
wv

Seasat A Satellite Scatterometer
Visible

Vertical Temperature Profile
Water Vapor
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