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A DESCRIPTION OF THE NSSL CASES USED FOR A
SIMULATED VAS RETRIEVAL STUDY

Anthony Mostek*
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and o s
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ARSTRACT

A documentation of cight NSSL severe storm cases, which serve as a basis
for a simulated VAS retrieval study is presented in this paper. Six of the selec-
ted cases provide a control data set to be used to complete the statistical infor-
mation needed for retrieval techniques based upon the use of regression
matriées. 'I“he other two cases (May 22 and May 29, 1976) are to be used in
the actual retrieval experiments (Chesters, et al,, 198C), The selection is based
upon the vpresence of moisture gradients in the analysis region, the nvailability‘*
of satellite images at the sclectetl time periods, and the extent of cloud cover

within the observing network,

7

*Computer Sciences Corporation, System Sclenccg Division, 8728 Colesville Road, Silver
Spring, Maryland

TCode 914, Goddard Laboratory for Atmospheric Sciences, Goddard Space Flight Center\\
Greenbelt, Maryland ‘

o

vii

oy

"‘"‘E

Mg.ﬂm N PITT T S



A DESCRIPTION OF THE NSSL CASES USED FOR A
SIMULATED VAS RETRIEVAL STUDY

N

1. INTRODUCTION

A major research effort outlined in the Project Plan for the VISSR Atmospheric Sounder
\ ~ (VAS) Demonstration is a sounding simulation experiment designed to (1) implement software that

simulates VAS radiances for severe storm environments (Chesters an«'Carter, 1980), (2) estimate

the extent to which the VAS radiance information depicts temperature and moisture gradients in a

” seyere storm environment (Chesters ef al., 1980), and (3) determine the relative sensitivity of a

regression and least-squares retrieval technique (Lee and Chesters, 1980) to statistical conditioning.

The retrieval schemes implemented on the GSFC VAS Processor ére conditioned by historical
data to yield retricved temperature and moisture profiles within a mesoscale environment, 'I‘hwe |
mathematical inverse of a noisy radiation transfer process is not uniquely determired, It is, there-
fore, necessary to constrain the solution to be consistent with the meteorological information
gleaned f‘ro‘m independcx;t obéerving systems or from historical data sets, In particular, the statis-
tical nature of 111eteo£ological sounding sets can be incorporated directly into the retrieval technique

through the derivations of linear regression matrices based upon soundings that are representative

of specific meteorological events like severe storms and tropical storms. Therefore, the experiment
is designed to determine if ancillary data that is representative of the severe storm environment can .
T

be incorporated within the retrieval scheme to yield more accurate soundings.

TN
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The purpose of thie Technical Memorandur is to document cight severe storm cases that are
to be applied in the simulation study (Chesters, etal, 1980) The stom:s all occurred in the 1976
National Severg Storm Laboratory (NSSL) mesoscale network and represent a reasonable
cross-section of various synoptic conditions that lead to severe weather in the Great Plains, The
data from the NSSL provide a mesoscale perspective of the severe weather outbreaks, which makes
them compatible for VAS sounding experiments, given the projected 30-to-90 km resolution of the
VAS. The methodology for generating the data sets is described in Section 2, A brief description
of the six cases used to generate the climatological statistics is presenjed in Section 3, In Section 4,

Vi
a more detailed description of the two cases used in the actual snmul(mux( experiments is provided,

2. DATA SET GENERATION USING A BARNES OBJECTIVE ANALYSIS

In order to utitize the NSSL observations, the irregularly spaced data must be interpolated =

to a three-dimensional grid (Barnes, et al., 1971). The Barnes objective analysis scheme, which

allows for data drifting with respect to time (see Barnes, 1973), is used to generate the three dimen~
sional grids needed for the sounding simulation study, Values of temperature, dewpoints and winds
are determined at regularly spaced grid points through the application of a weighted average of the

neighboring observations, The weighting varies with respect to the distance of the measured values

‘to the grid point. Barnes’ process npplies both a space and time mean to the derivations. Once the

.
storm system, The data are also drifted in time in the x~direction with the Speed of the system, a

procedure that enables the observations to maintain their same relative position to the storms, Thus,

the computed field (¢ij) at a given grid point (X;, Xj‘) is given by

Z ¢y Wi W'
¢y = (1
Z Wy W

0
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where gy is the ke observation and (
| '(xg—xk)z + (Y~ Yk)?f
Wk = eXp -~ , (2)
. %D

is the distance-weighting factor, ¢
) (t, 0 = t)?
{ ] “’kl = exp map 'k ‘ 3)

-, y Ot

is the time-weighting factor; (ty, Xy, Yy ) are the time and position of the keh observation; opy and

or are the space and time weighting factors; and tmp is the analysis time,

The root mean square (RMS), witich gives a measure of the error In the computations, is deter- '/

mined by calculating the differences between the observations and the interpolated values at these

1 (’.
N

points, so that
RMS = — . ’ )

where €. is the error between the kt/t observation and the analyzed field interpolated to the point

of that measurement, If the RMS is too large, a correction is applied by intc‘rpolatiﬁ:;g the differ-
‘ences between the analyzed field and the observations to the analysis grid and performing another

interation, This process typically has a practical limit of three or four adjustments, after which the

error reduction is negligible,

The following six parameters must be defined to perform the analysis: the speed and dir,céiion
of flle storm complex, the size and location;\af the analysis grid, the time and space weighting fac-
tors o and opy. The speed and directions of the storms are determined subjectively from measure-
ments of Oklahoma City WSR-57 radar pictures compatible with the NSSL ty)bscrvat{éons. The

network is encompassed in an 11-by-21 grid with 20-km spacing, centered at 10.6 km south of

.
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Hinton, Ok!nhomn (35.4°N and 98.4°W), a domain which Includes all nine NSSL stations (Figure l)
op and “1‘ dre determined subjectively by rocucing tha RM% m'mr of the output fields, Since the
NSSL data m dwided into 90-minute time steps and the stations are sepamted by approximately
60 to 70 kilometers, a reasonable first guess for the two variables %uld be opy = 3600 (602) and
g op = 8100 (902), A smaller value of opy will provide detailed m:resentutions of the field in an arca
of high data density, yet difficulties will be encountered in dala sparse regions (Figure 1), These
problems are most readily adjusted for by selecting a medium range for oy, If the value is too large,
the resultant field will be smoothed to such a nonrepresen&xtivc dﬁg:)?t‘- that thfe RMS will bacome

excessively large,

The historical and future configurhtions of the data can be included in the determination of

R
2

the fieid, as long as a proper vgfg(zi:’sj}lssigneﬁ to gy, Since the data are drifted along with the storm

? / }
A
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} : Figure 1.  Analysis region showing the location of the nine 1976 NSSL stations.
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:y;terbs, the overall configuration of the me&oroloétcnl purameéters with respect to the stom;s wﬁl
be maintained, An exponential weight is applied which causes a rapid decrease in the importance of
vhe zmrrounding time fmriods, especially by the third time s‘tcp. Thus, a ratlier large value of oy
(18,225) is applied and a centrally time-weighted condition is mai;.tained These sclected values of
op and oy are not final and can be varied to meot the /%eciﬁen:mns of any given situation. Ona “ |
final note, the actual calculations were condugisa- «;ing a Merautor projectior true at a Jatitude )
(35.4°N) through the c‘cntér o(‘ the special domain, This adjustment fncilitated the derivations,
while only iutroducmg a slight error at the boundaries on the order of 0,01 dcgrce. Thereiore, some

minor errors will be encountercd when the data ficlds are navigatcd omo a sati*lhtc image during the |

cloud~correction phase of the simulation experiment.

3, BRIEF DESCRIPTION OF THE SIX NSSL CASES USED TO DERIVE
CONDITIONED REGRESSION MATRICES

O

Eight NSSL cases were sclected from the Spring 1976 field experiment which collected data
on 17 dates. Six of these dates were chosen to provide a data base for statistical purposes, while the

other two dates were selected as target cases for the full VAS retrieval demomtmtion. The six con-

o

, ditioning cases were chosen for the study after our review of the synoptic maps revealed that these

dates are fairly represengagive of environmental conditions suitable for the development of severe
convective storms. These conditions ranged from cyclones and their associated frontal systems to
the formation and propagation of drylines through the special network. A listing of the six NSSL

cases is provided in Table 1 and summarized below, =

a.  May 12, 1976 (NSSL Number 28)

A low pressure system moved across the NSSL network from the Texas Panhandle with an

(¥4

attending cold front sweeping through the region. Ample upper.air support was available for severe

storm development as a trough amplified over the northern Rockies and propagated towards the
i
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western Plains, At 1900 GMT, sharp gradients in ;he moisture and temperature fields existed over
the NSSL network as the cooler and drier air behind the front advanced into the hot, moist air that
dominated the eastem half of Oklahoma. By 2200 GMT, the sharp gradient(s in the temperature
field had moved off to the east as a smooth, cooler field now presi(ied over the network, A sharp
disconiinuity remained in the moisture ﬁelcoi, while the drier air glowly moved in -ovcrcth; westém

half of the area,

b. May 21, 1976 (NSSL Number 37)

L3

A blockiné ridge in the uppe; level flow over the Gulf coast was beginning to break down,

which allowed a divergent flow pattern to move in towards the network. On the surface, a stalled

front associated with a leeside trough was starting to show signs of movement with the alteration in
' o] O
the upper level flow, The temperature field indicated warmer air mtﬂ/»‘\ northern sections while the

moisture field was homogeneously wet over the entire domain. The blocking pattem remained

strong enough to prevent the drier and cooler air from moving across into the network, and the

' storm activity rapidly decayed as it outran its support when reaching Oklahoma.

c. May 26 1976 (NSSL Number 42)

A surface low over the Texas panhandle wnth a warm front extending eastward through
Oklahoma and a cold front pushing east towards the network provided classic storm conditions on
this date. The mesoscale temperature analysis at 2030 and 2200 GMT depicts pockets of warm air
moving to the east acz;oss the southern half of the domain, which provided sharp temperature gra-
dients.‘&:}’:ﬁfhe dewpoint analysis revealed some drie'r air associated with the warmer temperatures,

i

which established some weak variations in the moisture field.
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d. June 12, 1976 (NSSL Number 59) {4

Another blocking ridge over the Gulf coast in the upper level flow produced an almost
stagnant situation over the network. However, a surface dryline was located across the network,
which is readily apparent from an 850-mb mesoscale analysis at 2030 th - The temperature field
at this time was actually warmer to the north in the drier airmass, which provided a northwest to v
southeast gradient over the special grid. Only slight changes occurred in the fields from 2030 to
2330 GMT, which resulted in scattered storm activity across the northwestern corner of the net-

work.

e. June 14, 1976 (NSSL Number 61)

DAY
An upper level trough moving down from Idaho over Wyoming provided the support for a

surface cold front to advance towards the special domain, A coole: alr mass over the eastern regions

of the grid at 2200 GMT was gradually replaced by warmer air advecting from the west. Cooler air
/”‘\%:

then pushed down from the north in association with the front, which maintained a significx. ..<iem=-

perature gradient over the area, The 850-mb dewpoint temperature field maintained a pattern of

drier air to the north, which coincided with the gradual frontal motion for this case.

f. June 17, 1976 (NSSL Number 62)

Strong upper air support in the form of a long wave trough moving across from the Rocky
mountains towards the plains helped force a cold front from Colorado into southeastern Oklahoma.
The temperature fleld at 850 mb began to show the intrusion of cooler air into the western region
of the special grid by 2330 GMT, A sharp temperature gradient moved across the network towards
the east as the cooler air contmued flowing in from the west over the next 6 hours, The dewpoint
temperatures at the same level showed drier air moving rapidly across to the east behind the front,
The sharp gradients present in temperature and moisture fields along the frdht provided adequate

support for the storm activity propagating across the network on this date.




4, A DETAILED ANALYSIS OF TWO NSSL CASES USED FOR THE VAS
SIMULATION STUDIES

)

"Two 1976 NSSL cases were selected for the simulated VAS retrioval study since they are repre-
_ sontative of the severe storm environment encountered in the southern Great Plains and contain
moisture and temperature gradients that should be detectable by the VAS cliannels, A dcséﬁ‘p‘tion

of the two cases is given in this section in order to outline the time penods that are optimal for

generating the simulated radiances for the retrieval study (Chesters et alM 1980).

&

a.  May 22, 1976 (NSSL Case Number 38)

This case provides the most extensive data set.with 80 soundings having been taken frotit
1500 GMT on May 22, 1976 to 0530 GMT on May 23, 1976 and contains an example of a squall
line developing in the Texas panhandle and rapidly propngatmg castward directly over the NSSI“J
network, An in-depth analysis of the kinematic and dynamic aspects of this storm ss;stem is pre-
sel:ed in the investigation by Ogura and Liou (1980).

The National Weather Service Surface Analysis at 2100 GMT (Figure 2), when the squall line
is developing in Texus, depicts a double low pressure system in northeentral Kansas and western
Texas with a cold front connecting the two cycl gnes, A rapidly developing situation is evident in
that appreciable pressure falls of two mlllibm or more are present throughout the region ahead of
the low pressure centers. Adding to the evolution of the storm environment is a wedge of dry air
beginning to accelerate towards the northeast from southwestern Texas, This dryline is marked by
dewpoint temperatures that rang,efrom readings in the 60s down i‘xitd the 30s across this frontal
zone, Figure 3 shows the 500-mb chart for 0000 GMT May 23, 1976. The combination of the
waves over Louisiana and Colorado produces a difluent flow over the Oklahoma area, At this time,
the storm complex is developing rapidly and propagating to the cast along the western boundary qf

‘the special grid (Figure 1), which would place the squall line near the Texas Panhandle—~Oklahoma

border.
.
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2100 GMT 22 MAY 1976 i
: Figure 2. Surface analysis, pressure (mb) and dewpoint temperature (F),
% at 2100 GMT 22 May 1976, ‘ 4

> _ |
s 0000 GMT 23 MAY 1976 ‘ )
»’ 500 MB {
Figure 3. 500-mb analysis, geopotential (dm, 570 = 5700 gpm), wind barbs (ms-1)

! at 0000 GMT 23 May 1976. '
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Another important aspect of the environmental conditions is the variation in cloud cover over
the NSSL area. This condition is of prime importance in selecting an appropriate time period for
the retrieval, since extensive ¢c'oudiness could interfere with the simulation procedure. Figures 4, 5
and 6 provide satellite images for 2330 GMT May 22, 1976 (visible and infrared) and 0100 GMT

May 23, 1976 (infrared). The pre-squall line atmosphere is relatively clear over the network at

2330 GMT. By 0100 GMT, the cloud cover associated with the storm system is overspreading much

of the western half of the grid area. Some partly cloudy to clear regions are still evident, especially

Figure 4, SMS-GOES visible image depicting NSSL analysis region at
2330 GMT 22 May 1976.
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Figure 5. SMS-GOES infrared image depicting NSSL analysis region at
2330 GMT 23 May 1976.

over the eastern portions. More extensive cloud cover continued to develop at later times, which
severely restricted the areas that could be incorporated into the retrieval study. These satellite
images will also be included in the procedure that allows for a correction factor to be applied to

broken cloud cover in the generation of simulated VAS radiances (Chesters and Robinson, 1980),

In establishing an optimum time period for the simulation study, the meteorological environ-

ment over the domain must also be examined closely. The weather variables are contained

T R R - e




Figure 6, SMS-GOES infrared image depicting NSSL analysis region at
0100 GMT 23 Mav 1976.

in various three-dimensional data fields, which were generated as described in Section 2, The 850-
mb temperature fields at 2330 and 0100 GMT May 22-23, 1976 (Figures 7 and 8) describe the
contrast present along the squall line, which is oriented north=to-south. A pocket of cooler air
(Tggp = 280°K (157C)) advects into the grid from the northwest, probably representing the outflow
of the storm complex. The dewpoint temperatures at 850 mb (Figures 9 and 10) also depict a
sharp temporal variation, especially through the western portions of the network, as the storms pass

across the region
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Figure 7. 850-mb temperature (K) analysis for special NSSL grid at 2330 GMT 22 May 1976,

\/290
292

292

™

w

Figure 8. 850-mb temperature (K) analysis for special NSSL grid at 0100 GMT 23 May 1976.
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- : p 2330 GMT 22 May 1976.
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Figure 10. 850-mb dewpoint temperature (K) analysis for special NSSL grid at
0100 GMT 23 May 1976.
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A vertical view of the mixing ratio field (Figures 11 and 12), taken along an east-west line
through the center of the grid, shows the moist air advecting into the region t"rom the west at 2330
GMT. A bubble shape is seen in the ficld along the 1,6g/kg contour and with the apparent inflow at
the lower levels along 11.4g/kg. By 0100 GMT, the wettest air moved in over the center of the net-
work, whi/glﬁe drier air swept in from the ;vcst. An interesting feature of this field is apparent from
the bulging of the moist air rising from the lowﬂievels at the center of the grid up through the mid-

4 , . :
troposphere, which tilts towards the west with height, This same feature is apparent in Ogura and

Liou’s (1980) Figure 20 and iggonsis‘tent with the dynamics of an updraft/downdraft circulation
A

within the squall line,

300
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Figure 11, Vertical west-east cross-section of mixing ratio field (g/kg) through the center of the
°special NSSL grid at 2330 GMT 22 May 1976.

16

/




52 S

300
- 350
-~ 400
S \, 6 — 500
(c . ‘ )
/ e 4.8 Efn ’ 700
. —s00 850
' -~ 920
, . 11.4-
. , - Surface
E

Figure 12.  Vertical west-east cross-section of mixing ratio field (g/kg) through the
center of the special NSSL grid at 0100 GMT 23 May 1976.

The low level equivalent potential temperature (8,) field (Bigure 13) incroased in magnitude
through 0100 GMT May 23 ahead of the squall line that moved into the network and indicated
that the pre-storm environment was becoming more convectively unstable. After the passage of the

Lo}

squall line at 0230 GMT, the 6, ficld became more uniform with 0, gradually increasing with height,

indicating a more stable post-squall line atmosphere,

When this case is actually applied in the simulated VAS retrieval study, the ultimate check of
the analysis will be the ability of the simulated radiances to accurately depict the temperature and
moisture gradients present over the nctworlg@g;;e:produced through the mtrggyals. A problem area
with this case is that the gradients(ﬁm positioned near the storm system and may.be found to be

obscured by the cloud cover, Thus, an analysis of the post-storm conditions, which contain the

sharpest gradients, may be prevented,

17
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b, May 29, 1976 (NSSL Case N}xmbcr 45)
‘The mesoscale data set fo;‘;vhis date Is not quite as extensive as in the previcus case with
55 soundings obtained from 1500 GMT, May 29, 1976 to 0400 GMT May 30, 1976, A supercell
storm moved over the NS3SL ;Jctwork on tliis occasion, which prod u!,‘:jed a downburst as it passed

through Oklahoma City, yielding a sudden rise in temperature at the surface.

The National Weather Service éurl‘ace Analysis at 0000 GMT May 30, 1976 (Figure 14) shows
a moderately strong low pressure system centered over the Texas panhandle. A cold front slices

from the low towards the northeast through Oklahoma and into Kansas, Pressure f{lls ahead of the
V4 .

ldﬁg were generally over one millibar, A sharp gradient was again present in the dewpoint

0000 GMT 30 MAY 1976

Figure 14, Surface analysis, pressure (mb) and dewpoint temperature (F) at 0000 GMT
30 May 1976.
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temperature field with 5 range from near 20°F fh western Toxas to 70°F through the middle of the

| .NSSL network, Thus, a rather strong dryline moved across southwestern Oklahoma, Low level

convergence nssociated with the approaching dryline was discernable (from the windfield) across

the network 'region. W\

The 500-mb chart at 0000 GMT May 30, 1976 (Figure 15) shows generfly weak zonal flow

over the southwest with just a slight diflggnt condition in the Texas—~Oklnhoma region, A ridge

which had been present over the area at the 1200 GMT May 29, 1976 analysis weakened, and this

situntion ailded in the development of the storms observed on this date,

The satellite images in Figures 16 (2030 GMT) and 17 (2330 GMT) show that the supercell

was already well over the network grid by the later time. These pictures also provide an indication

0000 GMT 30 MAY 1976
500 MB

Figure 15, 500-mb analysis, geopotential (dm, 570 = 5700 gpm), wind barbs (ms~1) at
0000 GMT 30 May 1976,
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.

that the cloud cover was variable enough to allow for the generation of simulated radiances and the

subsequent retrievals even as the supercell moved across the grid,

3

The temperature field (850 mb as seen in Figures 18 and 19) depicts a warm areé (297°K -
24°C) advecting to the east, while slightly cooler air (21°C) drifted in over the grid in associatign
with the storm 3ystem, Warm air then swept back over the domain from the west, related to the
downburst outflow of the supercell“and the mogon oflthe dryline. The dewpoint temperature field
(850 mb as seen in Figures 20 and 21) underwent dramatic changes as dry air (Tp = 0°C){Lmoved off
to the cast, wﬁ‘i\fe moist air (Tp, = 18-20°C) pushed in behind the dry air and gj}ead of the storm .
system. A tongue of dry air then flowed back into the western sections by 2?:3)0 GMT.

Y]

The vertical ross-sections of the mixing ratio (Figures 22 and 23) provide a clear depictiop of

the low level convergence and resultant.increase in moisture, which are apparent from a well-defined ~

bulge of /mixing ratio values rising to 18g/kg. These extreme values may indicate a tendency of the
objective analysis scheme to over-inflate interpolated calculations in areas of large gradients or high
concentrations, The tilting with height of the moisture bulge was only slightly noticeable in the
present case, Over the 3-hour period, the moist bulge advected across the region in association with
the subsident outflow of the superce!l and the intrusion of the dryline. The thin layer of moist air
that remained positioned over the surface eyen after the passage of the moist bulge was most likely

a result of the precipitation being generated over the arca.

.

The equivalent potential temperature (6,,) fields (Fig;ure 24) readily present the influence of
the supercell as it proceeded across the network, An interesting feature was the slight rise in values
of 0, at the low levels before a bulge of the largest readings followed across. As in the previous
example, mixing by the severe convective storm was apparent, especially by 0100 GMT May 30;

1976 wher:the western half of the grid became a fairly homogeneous field in 0. Excessive vilues of

LoD
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Figure 18. 850-mb temperature (K) iumlysis for special NSSL grid at 2030 GMT 29 May 1976,
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Figure 19. 850-mb temperature (K) analysis for special NSSL grid at 2330 GMT,
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Figure 20, 850-mb dewpoint temperature (K) analysis for special NSSL grid at 2030 GMT

29 May 1976.
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Figure 22, Vertical west-cast cross-section of mixing ratio field (g/kg) through the center of
the special NSSL grid at 2030 GMT 29'May 1976,
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Figure 23. Vertical west-cast cross-section of mixing ratio field (g/kg) through the center of
the special NSSL grid at 2330 GMT.,
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0, at 2330 GMT (May 29) and 0100 (May 30) with values of 0, as great as 359°K (86°C) resulted

because of the correspondingly large mixing ratios observed in Figures 22 and 23,

. An important difference between the two cases selected for this investigation is that the ana-
lyzed time slots for the sccond (May 29¢/) case are 180 minutes apart instead of the 90 minutes of
the previous date. This longer time step produced enhanced fluctuations in the meteorological
fields, Sharp tcmpé\rature and moisture gradients were more apparent in the later case and, com-

bined with the satisfactory cloud-cover conditions, provide an excellent example of a severe storm

atmosphere for the simulated VAS retrieval study,
\\ .

5. SUMMARY

In this technical memorandum, cight cases of severe convective storms.that occurred over the
1976 NSSL network are documented in preparation for a simulated VAS retrieval study (Chesters
et al., 1980). Since the retrieval of temperature and moisture profiles from radiance data using re-
gression techniques is non-unique, ancillary data must be utilized to constrain the solution, The
statistical nature of meteorological sounding sets can be incorporated directly into the retrieval tech-
nique through the derivation of linear regression matrices based solely upon soundings that are rep-
resentative of specific meterological events such as severe storms, The data sets from the NSSL
network provide mesoscale temperature and moisture fields, which are representative of the severe
storm environment, and cin be incorporatgfl into retrieval schemes to possibly yield more accurate
temperature and moisture soundings withi;i the resolution expected from VAS,

Six of the cases provide meteorological data for a control set that uwill produce the statistical
infc){mation needed for the regression retrievals, Two independent “target” dates (May 22 and 29,

),
1976) were selected for the simulation experiment on the basis of moisture gradients over the NSSL

28
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network and the availability of satellite images that provide the cloud-cover information needed for

the simulation experiments, Two time slots on May 29, 1976 appear to present the optimum con-

7
ditions for the retrieval investigation. The cloud cover at these times is not too extensive, while

sharp moisture gradients exist over the NSSL analysis region, The data sets thus provide a severe

storm environment that will test the sensitivity of the VAS regression retrieval technique to the

different regression matrices, the results of which are presented by Chesters et al., (1980).
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