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1. lNI’ROIXJC1’ICIN

Fkrth-orbiting I )opplcr Iidm hrrs a unique potential for
mcrrsurcn tent of wi [d fields in the troposphere with the spahal
rcsohrtion consistent with the needs of global scale models.
Knowlcdg,e  of the global hoposphcric wind iield is widely
rceognimd as frn~damcntal to advancing the understanding and
prediction cIf wealhcr rmd clitnatc (Baker et. al,, 1995). Numerous
~crrsibilily slLdics  have ccrnchrdcd that it is pckblc to rncasurc
boundary layer and free tropospheric winds from space using
1 )o@r tick technology @Iuil”ikr, 1978; I+d_’aker et cr/., 1980,
1984; Mcrwies, 1986; NA..A,  1987), and that the potential impact
of these data on the pr formance of general circulation models is
S:gIlifiCS1li  (Atlas and }{mmitl,  ] 991; ~krkcr ct d,, ] 995).

In addition to wind nwwmmumts,  a I)oppler lidar can
also pr.vidc imfonnation on the boundary layer aerosol tmckseatlcr
cocfticicl its and thichmess, the attitudes of elevated layers of
.aerrxwts in the fiez tqms@crc,  and cloud heights. Scanning at an
ofi-nrrdir angle is necessary in order to obtain  the horizontal
compncnl  of the wind field. A conical “stepean” is envisioned
whcwty a srnatl numlxr of pul.scs would be trarlsrnitted at scvcrrd
selectwl azimuth rn]glcs witlim a conical sarrr, at approhimatcly 30-
dcgrcc nadir cmgte. Consequently the cloud and aerosol data
would be obtained in discrete, non-contiguous @chcs within a
scvcrsd hundred km width swath. ‘lIris is in rxmtrml to the
situation with a nadir-pointing backscattcr lidar, for which the 2-
dirncluiorwt,  contiguous cloud and/or aerosol profiles are obtained
in a thin ribbon atong the suborbdal  flight track.

2. I I[~R1’fAGIi  CM’ TIII; THCI INIQUfi

Coherent Doppler liclra has an extensive and growing
heritage for wind measurement from both airborne and ground-
based platforr[]s,  lhc coherent DopplL7 Iidrrr tcchniquc was first
dcracrrlstnrkxt a$ a metirod for remote rncawrrcrncmt of wind field~
in ttic early 1970’s. A low-et Icrgy airtxrrne pulsed COI lidm was
usc<i to sIucly winds in the vicinity of severe storms arid other
dynamic prcwes.cs during the 1970s and early ] 980s (Hilbro  et
al., 1986). l’hc usc of coplarmr scarmilig allowed vector wil Ids to
‘r-c rcsolvcxl  fiorn ti,wof-tight velocities &tcrnlind  at varying look
rmglcs for these and other !icld M~LWUelUentS.  An airborne
instt unlc~lt  featuring eonicxd scanning about nadir, similar to the
scanning apploach erlvisioned for a srdcllite instrumcl~t,  has bcclt
chclo~xxt  through a collaborative l;rcnch-Gcrrnrm  effort (Werner
el rd., 1989) arid is scheduled for flight in ] 997. A tutorial review
ofthc  coherent I)oj@er  tcchniquc for measuring wind fields can
Lx found in Mcnz.ics and Hrudesty (1 989).

III 1986 studies of the c.mnparativc Pmfonnanec
capabilities of various l;krrth-ortrhil)g 1 )opplcr lidar  concepts were
unrtertakcll, ard tlic results pcrilltcd out he significarIt  cfticiellcy
advwtrrgc  of tlic cohcrcnt I lopplcr ]idm rrl~xorrch  (Menzics,
1986).

Also in 1986  NC)M  Scicltists demonstrated a ground-
bascd pulsed Doppler wind Iidar employing cohcmit  detection
along with an injection-se<ded l’1.A-carborl  dioxide laser
tnansrrtittcr (} Iardcsty et al., 1988). l’hc NOM systcl[I hrcs txcII
employed ex~cnsively to investigate a variety of atmospheric
phcnolneua, inchrding thunderstorm outllows  (kttrien er ai..
1990),  up~-1cve.1  winds rrxwciated with a str ong frontal passage
(Neinmn et al., 1988), and sea-breeze cvohrtirm (lkcrrta ef al..
1993).

Based on the success of the laboratory, ground-based,
and airborne cxtmirncnts  with COI I )opplcr lidar, the I,aser
Atnw@rcric Wmd SOunckr  (1 JAWS)  instrument (General Electric
Astro Space 1992; I mkhecd  1992) was rccomrncndcd for
rnclu$ion in the NA..A Fluth Observing System (l[OS) instrument
suite in 1985. Hrrdp,eL~  pressure was a key factor in the de-
sclcction of the 1,AWS instrument and science team from FOS  in
early 1994. Until the de-selection of 1.AWS,  plans for a spacc-
txrxct wi[id licku were hcing built around C02 laser technology, a
mat ur e technology with well remgnimd  rnems for gcncrriting
large pulse energies with relatively high “wall-plug” electrical
efticicocies.  In the early years of the };0S program the 1,AWS
instrument characteristics were driven by the desire to obtain
eontit mrous wind profiles through all .altit udes of the tropxphcx
(in the absence of optically thick clouds), using the backscattcr
from the clouds and tropospheric aerosol to provide the signals. A
rather large and e~msive Mar dcsigtl resulted. The vision of a
transnlitter with 20 J pulse energy and a collecting telcscopc
(optical antenna) with a 1.6 m primary was rcplaxd  by several
mission cormq~s  that were < 1 J and had 0.5-0.75 m diameter
tclcsqxs. Okcrvinp, syslcm simrdrrhon  experiments pcrforrncd
with simulated lidar data input indicated that the smaller I )crpplcr
lidsr designs using cohcrcxrt &tcction still provided sufticicnt wind
data to significantly impact foreeN  model capability, particularly
over the datrr sparse regions of the globe.

3. CUIUWN’1” l’liCIINCM ,CKiY 1’1 lRUS1’S

Given the pcrccivcd utility of 1 )opplcr Mar designs
much sr nallcr than the origit ml 1,AWS design, with lower
trammittcr pulse energies and smaller optics, the 2 micron solid-
slate laser technology posed sevcnrl attractive alternatives to the
COZ p,m lasers and the. nmd fol cooled detectors at the 10-micron
laser w’avelengt}t.  I;yc safety for an F2uth-orbiting Ikrpjrlcr lidar
using, cohcrmt  detection is an inprtrmt issue because the
translnittcr-rcccivcr combination nlrrst opmatc in a difF riction-
limited mode for optimum eflicicncy, analogous to a I )opplcr
raclar. Using rcccivcr apertures of the siz,c needed for operation
from satellite altitudes, the corresyxlding transmit(cr footprint on
the ltarth  surface is suftlc.iently smatl to require operation at a
Wavelength longer than 1.5 micron, i,c., in the “eye-safe” region.
For the past scvcml years NASA has funclcd the dcvclopnwrit  of 2
microti lr+scr technology with the slwux 1 )opplcr licLw application
in mil[d.
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(1 lcndcrscm el a/., 1993) IWIke  this technology an attractive
conlpctitor for such a mission, For a low energy (i.e.. S0.5  J, per
pulse ) system, a solid state 2. micron Mar is lighter and more
compact than a downsealed CC):! instrument, and it should be
c+oblc of longer lifetime pdormancc.

Two mkmn  technology now has an airboruc heritage,
l’hc lirsl 2 micron aircratl wind and aerosol lik rlt=surbmlalts
were n]adc during four I)C-8 flights in November, 1993, with a
cm nlwt  lax~ sensor package built by 1,ightwave  Flxtronics.  Inc.
lhc die+xrrnpxl  tawr was pulsed at 610 Ilz, but errch pulse was
rclritivel y wd (0.5 n~J).  1,arger pulse energies (2,5 mJ) were
nchicvcd in a different ilight proglam in June 1994 by I mkhecd
and Coherent l’echuologies. Inc. (Kobhson, 1994; Targ et d..
I 993; I Iawlcy et al., 1995). Recently, an airborne 2 micron
system at 50 nlJ successfully measured winds (Richnlond et. al.
1995). The lidrrs was installed on the plane and in operation in
three hours.

4. CLJKKI;N’I PI ,ANS FOR A SPACE MISS1ON

A group of lidar ald atmospheric scientists have b-l]
pursuing mission opp-tunities  which would launch a coherent
1 )opplcr  wind lidar in the 2001 time frame. This would be either
a shu[tlc Ilig,ht or a tlight on a small kc-flyer orbhing at an altitude
bctwccn 400-500 km. The trrrnsrnitter pulse energy would tc in
the 200-500 n~J range, with total instrument power draw in the
250-503 W range.  Wind data with accuracy of 1-2 m/s would kc
obtsrhred using the relatively high lidrrr back.scatter ‘%rrgets” in the
atmosphere, e.g., clouds, boundary kryer aerosols, rmd clcvatcd
aerosol layers fortned froIn such sources as arid Contincrltal
regior  IS, polhrtion,  and cloud dk+rtion  proecsscs. Currently the
NOAA Integrated program Oflice (HO),  the NA!!A Ncw
Millemlium program Oflicc, &d  the USAF Space l“cst Program
have interest in a flight of such rm instrument, to dernonstra!e  the
tecbllology, the data analysis, and the data assimilation into
!Iurncrierd modcL9,  A ckmonstmrtion  mission such as this would be
the major step toward the flights of Ilcrpplcr wind lidars on the
opcmrtional  satellites later in the first dccrr& of the twenty-first
century.
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