
1.4 
SIMJLATIOO lHIN CIRRUS CLaDS IN CBSERVIOO SYSTEM 

SIMJLATI(]II EXPERI~S (OSSE) F<:R LAWS 

G.D. Emmitt and S.A. Wood 

Sinpson Weather Associates, Inc. 
Charlottesville, Virginia 

ABSTRACT 

Pulsed tklppler lidars can be designed 
primarily to detect and measure the notion of 
at.rtospheric aerosols along the cloud-free lines of 
sight. Available literature suggests that a 
space-based lidar system wi 11 encounter clouds 
nore than 5~ of the time. Since the presence of 
very thin cirrus clouds is lI1derestimated with 
today's passive systems, we can expect that lidar 
cloud return will be even greater. 

In addition to realistically sill1Jlating the 
accuracy of a space-based tklppler lidar system 
such as LAWS, it is inportant to realistically 
sill1Jlate where measurerrsnts will be nede. 
CUrrent sill1Jlation studies with Goddard Space 
Flight Center (GSFC) and Florida State 
University are at~ting to include first order 
estimates of optically thin (,; < 1.0) clouds based 
upon grid point data fran General Circulation 
tob:Ie1s (<D1s). 

1 • INTRO:l.JCTI(]II 

A space-based tklppler Lidar AtnDspheric Wind 
Sounder (LAWS) has been proposed by NASA as a 
facility instrLment for the NASA Earth (l:)serving 
System. A LAWS Sill1Jlation tob:Iel (LSM) has been 
developed that, coupled with Globel Circulation 
tob:Iels (<D1s), evaluates the potential inpact 
on the predictive ski lls of current forecast 
rrodels. Sinpson Weather Associates (SWA) is 
currently participating in (l:)serving 
System Sill1Jlation Experiments (OSSE) by providing 
realistic LAWS sill1Jlat1on winds and errors for 
assimilation into NASA/GSFC and Florida State's 
<D1s (Atlas and E'mnitt, 1991; KrishnlmJrti et. 
a1., 1991). It is inportant to provide these 
experiments with winds at locations where LAWS 
measurerrsnts will be possible. 

Previous studies have sharm that, given 
current LAWS be!seline orbital configuration and 
signal processing capabil ities, obtaining mi~ 
level wind informa~'~n will be very difficult 
unless sub-visual cirrus is present (Wood and 
E'mnitt, 1990, 1991). In fact. thin cirrus clouds 
will probably be the primary discriminator between 
marginal measurerrsnt accuracy and resolution in 
the I.4Jper troposphere and sane of the best wind 
measurerrsnts II1I!ld8 by LAWS. 

2. GLCElAL CUU> CLIMATOLOOIES 

I>bst of our knowledge of globel cloud cover
age is derived fran data obtained with space
based sensors. Climatologies such as those based 
upon Nintlus-1 data (St:.c::w! et al., 1989) and, nore 

recently those being generated by the Interna
tional satellite Cloud Climatology Progrl!lll1 
(ISCCP) all find an average globel cloud cover
age of 5O-55t;. These cl imatologies must be 
considered as cl imatologies of basically visible 
cloud. They are suspected of severely lI1deresti
mating the 2IOOI.I'lt of very thin clouds - clouds 
with optical dePth less than .1 or .2. 

To get sane idea of the extent of thin 
cirrus, data taken during the SAGE (Stratos
pheriC Aerosol and Gas Experiment) was pro
cessed to get statistics on the frequency of 
occurrence of LRJ9r tropospheric cirrus (Woodbury 
and McCormick , 1983 ) • That study i ndi cated that 
in sane latitudinal bands. very thin cirrus 
occurred nore than 25t; of the time. 

We have c.onc1uded that any OSSE that emi ts 
the contribution of thin cirrus will severely 
misrepresent both the frequency and accuracy of 
wind observation in the LRJ9r troposphere. For 
this reason, we are at~ting to estimate the 
presence of such cloud by using rrodel soundings 
in a cirrus cloud rrodel. 

3. KllELIOO CIRRUS IN lHE LAWS SIMJLATI(]II KllEL 

The LAWS Sill1Jlation tob:Iel (LSM) sill1Jlates 
LAWS' scanning/SI!III1Pling and CXJII1)Utes line-of
sight radial wind velocities. The rrodel includes 
the effects of aerosol backscatter, nolecular 
attenuation, atmospheric turbulence, opaque 
clouds and terrain. The line-of-sight velocity 
information is used to carpute the horizontal 
wind c:ayponents. In previous studies, the LSM 
has been used to address sane key LAWS issues and 
trades involving accuracy and interpretation of 
LAWS information, data density, si\7l8.1 strength. 
cloud oi:lsaJration and temporal data resolution 
(Enmitt, 1991; Enmitt and Wood, 1989; E'mnitt and 
Wood, 1988). CUrrently, SWA is providing globel 
LAWS sill1Jlated winds for five days to NASA/GSFC 
to address the il!1)8Ct of three proposed LAWS 
orbital configurations. To insure that LAWS winds 
are represented in the I.4Jper troposphere 1n these 
sill1Jlations, we at~t to sill1Jlate the globel 
presence of optically thin cirrus clouds. 

The LSM c; rrus cloud rrode 1 is baaed upon a 
node1 obtai ned fran Heymsfi e 1 d (t«::AR). The 
He)'nBfield rrodel CXJII1)Utes a profile of cirrus 
cloud ice water content, along with cloud be!se 
and top a 1 t i tudes. based l4XlI'l a vert; cal 
atrrospher;c sounding taken with a r,.",insonde. 
The LSM version of the He)'nBfield rrodel uses 
European Center for Medium Range Weather 
Forecasting (ECMF) profile data to supply 
atnDspheric soundings as input to determine the 
presence of cirrus clouds. ¥tlile the r,.",insonde 
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profile may cc:ntain thin layers of near 
saturation, the EOtt'F mxte1 rarely shc:ws 
saturation because of the vertical averaging. 
Therefore, \'1'8 have taken an approach which 
~ a proability of a cirrus layer fran the 
« 1~) relative hunidity in the E<::JoWF layers 
above 500 1I'b. CUrrently \'1'8 use a threshold of 7~ 
R-I for the probable occurrence of cirrus. As the 
R-I increases so does the probabi 1ity of a 
saturation 1ayer. Fi gore 1 shc:ws a typical ECMYF 
relative hunidity profile depicting a high 
hunidity aloft and thus the likely presence of a 
cirrus cloud. 

Q'\Ce a cirrus ice profile is detemined, the 
LSM assigns a subvisible cirrus backscatter fran 
the basel ine atmosphere 1 ibrary (Wood and Emnitt, 
1990, 1991) as a function of cirrus base altitude. 
The baseline median cirrus backscatter ranges fran 
E-. to E-! nr 1 S,1 for altitudes 7 to 14 kin, 
respectively. The LSM uses the LCWTRAN 6 cirrus 
cloud rrodel (Kneizy et. al., 1983) to approximate 
cirrus attenuation effects by utilizing the cirrus 
cloud thickness. The optically thin cirrus 
attenuation ranges fran 0.0001 to 0.15 knr 1 for 
cloud thicknesses 0.001 to 1 kin, respectively. A 
future update of the cirrus rrodel will provide 
thin cirrus optical properties using a radiative 
transfer rrode 1 such as Liou et. a1. ( 1990) . 

Figure 2 is an eXSIPle shaor.ring the location of 
cirrus cloud profiles for OOOOz 11/10/79 that the 
LSM generated over North America. Contours of the 
ECMYF 500 II'b relative hunidity inputs over North 
America are shown in Fig. 3. 

4. o::H::LUSIGIS 

It is too early in this study to conclude 
whether or not the silllJlated thin cirrus cloud is 
realistic. Without IlIJCh "real" data \'1'8 are left 
with primarily sensitivity studies. In the 
extremes we can assure no clouds other than those 
provided directly by the ECMYF mxtel or \'1'8 can 
generate 2o-25~ global coverage of additional thin 
cirrus. If larger differences in the mxtel 
performance are found between these two extremes 
we will then be faced with developing a IIDre 
rigorous algorithm. 
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