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ABSTRACT 

ults are reported in the analysis of the pre-severe and severe 

using meteorological satellite data. Using polar- 

temperature sounder data and applying statistical 

methods determination of the scale and intensity of pre-severe storm 

tempera 1 ure and moisture gradients have been examined. Results show that 

oisture gradients at the 100-200 km scale and temperature gradients 

00-400 km scale are precursors to severe weather events. 

ough the use of satellite derived low level wind vectors, combined 

face moisture values, results have shown some skill in relating areas 

oisture convergence with subsequent severe weather. These low- 

d vectors have also been used independently to derive low level 

ce and vorticity patterns at the mesoscale in the pre-storm 

t. A statistical examination was performed on the derived winds 

their accuracy and the scale needed to be able to define the 

er environment. These results show that the features of 

occur at two separate wavelengths, 150 km or less, and 600-800 km. 

esoscale and synoptic scale forcing features are significant to 

er development, at least on the days examined here. Once 

eather hasdeveloped, the rate of growth of the cloud, as 

y decrease in cloud top temperature, is related to the timing of 

eather event. 

for the 

The 

to 

severe 

Pr~sliminary results from a cloud climatology performed over Oklahoma 

April-June period using two years of SMS/GOES data are reported. 

pre-convective cloudiness is examined during the morning hours (1000 LT) 

determine how it effects satellite sounder capabilities and subsequent 

weather occurrence. On 41% of severe weather days, no satellite 





sounder 

the majc 

formed ( 

or at c: 

clouds : 

convect : 

information could have been made due to overcast cloudiness. On 

rity of the severe weather days examined, the convective clouds 

ver the areas having morning cloudiness rather than in the clear air 

oud-clear boundaries. This is explained by the fact that the 

epresent areas of moisture and vertical motion conducive to 

ve development. 
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first year's effort under Grant ATM-76-21307 has concentrated on 

areas. The first concerns the study of the pre-convective environ- 

g satellite sounder information. This study emphasized the 
I 

f the satellite information to identify, in the x-y plane, 

temperature and/or moisture discontinuities that might aid in 

ation of thunderstorm activity. Using statistical analysis 

i.e. structure and correlation functions) the sounder data were 

to determine at what horizontal scales the atmosphere showed the 

ucture" in terms of temperature and moisture. Using the closely 

SL RAOB network, it was possible to compare the satellite sounder 

function analysis with those from the RAOB network. The compari- 

to the conclusion that the sounder data can reproduce mean 

which are similar to those sensed by conventional RAOB data. 

nalysis showed some degree of skill in determining severe - 

e weather days by looking at the magnitudes of the structure 

of temperature and moisture on these types of days. Future work 

fully complement and extend the results reported to date. 

n offshoot of this work, a small study was performed to determine 

onvective cloudiness on severe weather days. This study would 

whether satellite soundings could be made on these days, as well 

lationship of the cloudiness to subsequent severe weather. Results 

tudy are included in the report. . 

second main effort was in using the digital image data from 

determine the usefulness of this data in helping to understand 

ct severe weather events. A concerted effort was made to determine 



accurate low-level wind measurements using vectors derived from 1 loud 
motions. Not only were the normal kinematic analysis of low-lev 1 con- t 
vergence and vorticity examined, but combinations of surface moi ture and t 
satellite sounding derived moisture were combined with these win vectors P 
to derive low-level moisture convergence. A secondary study, foblowing 

along the lines of the satellite sounder analysis, involved the tatistical t 
of the noise of the measurements and the measurement systems as ell as to t 
structure of the wind vectors. This was done to help define the 

determine the different scales of motion in the data field. The e types I 

magnitude 

of studies are important if one is to have confidence in the sat llite le 
wind vectors and in their potential importance in weather analys's and I 
forecasting. 

Further investigations were made of the growth characterist cs of 1 
several severe storms through use of the infrared data. Changes in cloud- 

to discriminate between severe and non-severe storms, and to determine 

top-temperature were monitored to see if any signatures could be 

the timing and location of the severe storm event. Five-minute interval 

identified 

digital data were used for both the above mentioned studies and ere shown P 
to be imperative to these studies. 

Future work will concentrate on the analysis of 3 minute i 

digital satellite data collected in the Spring of 1977. These 

try to substantiate the work performed under this first year's dark and 
should greatly aid in our understanding of severe local storms. 
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lysis of Mesoscale Satellite Infrared Soundings Using Statistical 
ucture and Correlation Functions 

roduct ion 

tatistical analysis of satellite infrared sounding data from the 

rtical Temperature Profile Radiometer) on NOAA-4 was performed 

ructure and correlation functions. Satellite radiances, retrieved 

ures, and moisture information in the form of radiance residuals 

mined. The statistical structure functions for temperature at 

700 mb were computed and compared to similar results computed for 

e rawinsonde temperature data. The mesoscale rawinsonde soundings 

ained during the National Severe Storms Laboratory (NSSL) data 

on period in May and June of 1976. For this same period satellite 

s were retrieved on 14 of the mesoscale soundings days. The two 

s were also compared in terms of normalized correlation functions 

ture, using mixing ratios from rawinsonde data and radiance residuals 

satellite soundings. 

structure function analysis was also applied on an individual 

each day in the data set. Structure functions for VTPR radiances 

nels 6 and 7 were examined and compared to significant weather 

later that day. Mean temperature and moisture gradients in terms 

ture function change with distance can be detected without 

onal sounding information. Structure functions for 500 mb 

ures were also examined on a daily basis, but low level tropospheric 

ure and moisture gradients seem to be the main precursors to 

ere storm development. 



2.2 Structure and Correlation Functions 

Statistical structure and correlation functions were used 1 

Gandin (1963) in an objective analysis technique in order to opl 

minimize errors of interpolation. Both structure and correlatic 

which are related when normalized, provide a means of comparing 

unlike instruments which supposedly give the same meteorologica: 

ments. For this reason, both satellite infrared soundings and ( 

soundings can be co-analyzed by using these methods. Although I 

expected to be dependent on the measuring instrument used and 01 

of the analyzed data sets, this procedure provides a means for ! 

comparison and use of the different data sets in optimal interpc 

field matching, as suggested by Gandin. 

The structure function for the deviation of a quantity f 

mean is defined as the mean squared difference between values sl 

temperatures, at two points rl and r2 , 

where 

f ' (r) = £ (r) - F(r) 

A closely related function is the correlation (autocorrelal 

function defined as the mean product of the deviation of f frc 

at two points, r and r 1 2' 

nally 

functions, 

sta from 

neasure- 

?vent ional 

sults are 

the extent 

stistical 

ation or 

rom its 

h as 

1n) 

its mean 



Th re l a t ionsh ip  between t h e  s t r u c t u r e  and co r re l a t ion  func t ion  can i 
be sho t o  be 1 

where t I e  f i r s t  two terms a r e  t h e  var iances  of t he  devia t ions  of f  a t  

po in t s  

between 

r1 and r respec t ive ly ,  and t h e  t h i r d  term is t h e  covariance 2 

2viations a t  po in t s  r l  and r2 . For t h e  case  of homogeneity 

and i s o r , ~ p y  t h e  s t r u c t u r e  func t ion  depends only on p where 

So, t he  s t r u c t u r e  func t ion  becomes 

where d (0) = 0, 

b (  ) increases  with p , because m(p) decreases with p , and P 
b (  ) = 2m(0), because m(-) = 0  (no co r re l a t ion ) .  1 

2 .3  ~ a 4 e l l i t e  Soundings and Area of Study 

~ h 4  s a t e l l i t e  soundings used i n  t h i s  s t a t i s t i c a l  s t r u c t u r e  and cor- 

func t ion  ana lys i s  were r e t r i eved  from s a t e l l i t e  radiances 

by t h e  V e r t i c a l  Temperature P r o f i l e  Radiometer (VTPR) on NOAA 4.  

The VTP instrument has been launched on a l l  NOAA s a t e l l i t e s  s ince  1972. R 



NOAA polar-orbiting satellites have sun-sunchronous orbits with 

9 am and 9 pm equator crossing times. Operational temperature 

from VTPR radiances are not performed over land areas but only 

sparse regions, such as the oceans. However, an iterative meth 

retrieving temperature profiles over the U.S., for example, fro] 

radiances was developed which uses conventional rawinsonde soun~ 

create an appropriate initial guess profile. The retrieval pro' 

in this study is outlined in Hillger and Vonder Haar (1977). 

Rawinsonde soundings create the best initial guess profile 

have close space and time proximity to the satellite radiances. 

conventional soundings help determine boundary conditions, such 

surface temperature and pressure, which need to be known in any 

scheme which uses the radiative transfer equation explicitly. ' 

rawinsonde soundings also more clearly define the tropospheric 

and moisture content. This information is used to initialize tl 

mittance functions in the retrieval process. 

The radiance channels and wavelengths for the VTPR instrum 

in McMillin et al. (1973). The six 15 pm C02 channels, with we: 

functions shown inFigure2.,1,were used actively in the temperatu: 

algorithm. The C02 channels respond mainly to atmospheric temp1 

changes. The window channel at 12 pm senses surface temperatun 

primarily, but it was not used in the retrieval process. The H, 

at about 19 pm was, on the other hand, used 'passively to obtain 

information as a residual in the retrieval process. This nethoc 

obtaining moisture information was used successfully in Hillger 

Vonder Haar (1976 and 1977). 

The area of interest for this study was centered on the Na 

Severe Storm Laboratory (NSSL) mesoscale sounding network shown 
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'DERIVATIVE OF C02 
2/7 

' TRANSMITTANCE (-d t /d (p ) ) 

Figure  2.1 VTPR C o p  Channel Weighting Funct ions  
f o r  U .S. S tandard  Atmosphere. 



The nine stations were launch sites for soundings taken at both 

and 1430 CST. The 0900 CST (1500 GMT) launch time is within on 

the NOAA satellite descending (daytime) orbit at approximately 

at this latitude. The temperatures and mixing ratios from the 

rawinsondes were independently analyzed by Barnes using statist 

structure and correlations functions, computed as in previous y 

analysis of NSSL data (Barnes and Lilly, 1975). The only activ 

NSSL soundings in this study of satellite soundings was to crea 

initial guess profile for the iterative retrieval algorithm. A 

soundings at 0900 CST were combined to form one mean profile fo 

NSSL day. This mean temperature and moisture profile was then 

starting profile in the retrieval of temperatures from the VTPR 

radiances obtained on that day. 

The sub-satellite tracks for the NSSL mesoscale sounding 

shown in Figure 2.3. Of the 32 available days for the NSSL per 

12 June, 1976) only 14 days proved to have sufficient near-nadir 

radiances over the KSSL sounding grid. The days that were ana 

every other day between 76/5/10 and 76/5/22 and between 761512 

The polar-obtiting NOAA satellites have roughly a two day peri 

they pass close enough overhead for comparisons to be made. T 

days have sub-satellite tracks on either side of the area of i 

All possible satellite soundings retrieved within the large 9 

10' longitude box shown in Figure 2.3 were Csed for the struct 

and correlation function analysis of the satellite soundings. 

2.4 Comparison to NSSL Mesoscale Structure Functions 

A statistical structure function analysis was performed o 

NSSL mesoscale soundings which were launched at 0900 CST. Th 
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was per 1 ormed by Barnes (1977) in a manner similar to that used on NSSL 

1966 through 1968 (Barnes and Lilly, 1975). The results for 

temperatures are shown as solid lines in Figure 2.4 and 2.5 for 

500 and 700 mb respectively. The lines were fit to data points, one point 

corresphnding to each pair of stations in the network shown in Figure 2.2. 

The strhcture functions were also forced to a value of zero at zero 

separations distance, so no equivalent noise level was derived for the 

rawinso de data. f 
Th dashed lines in Figures 2.4 and 2.5 are portions of the structure I 

functiofis for the satellite data. The smallest separation distance for 

these cbrves is at 75 km where the solid and dashed lines intersect. 

 owev verb at larger distances the structure function values for the satellite 
ures are less than those for the rawinsonde temperatures, this 

ce is easily explained by the different vertical depths over which 

the temberatures were averaged. Barnes used a 900 m vertical averaging 

while the satellite temperatures are inherently averaged over a 
I . .  

: 4:- 

ertical depth. 

Se era1 papers have dealt with the vertical resolution of satellite 

soundin s including Conrath (1972) and Rodgers (1976). All vertical 

resolut'on studies deal with the tradeoff between vertical resolution and 

noise. Conrath determined an intrinsic vertical resolution of 300 mb or I 
t the 500 mb level. The resolution does increase with pressure 

ease with height. However, Thompson et al. (1976) showed that 

s with characteristic thickness less than the theoretical 

g length can be sensed by VTPR. The resolving length, therefore, 

correspbnds to neither a minimum thickness of anomaly which can be 

retrievled nor a minimum thickness of physically significant structure in 

the retrieved profile. 
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NSSL Sounding Days a t  0900 CST. 
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Figure 2.5 Structure Functions for Layer-Averaged Rawinsonde 
Temperatures and Satellite-Derived Temperatures 
at 700 mb for all NSSL Sounding Days at 0900 CST. 
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Figure 2.6 shows the correlation functions for moisture. T 

and dot-dash lines are results for layer-averaged rawinsonde mix 

ratios at 700 and 500 mb respectively. The dashed line was deri 

the satellite moisture residual. Here the much higher correlati 

larger distances are due to the vertically integrating effect of 

one moisture value derived from the satellite radiances. This i 

gration reduces the effect of higher order changes which can occ 
J 

, \  
one or several atmospheric levels. For this same reason, the co 

for the lower-averaged mixing ratio at 700 mb are higher than th 

500 mb. Most atmospheric moisture resides in low tropospheric 1 

only occasional mixing to higher levels. f 
t 

These structure functions and correlation functions for tern 

moisture compare favorably for the two data sets, considering th~ 

vertical-averaging differences. Now we will look at the structl 

function for some individual days to see how this statistical me( 

can be used to determine significant weather situations. 

2.5 Structure Function for Individual Days 

This structure function analysis can be applied to each day 

individual basis. The only problem with this approach is that sc 

may be too cloudy and may not contain a large enough sample of c 

free radiances for statistical analysis. However, if there are ( 

cloud free columns, then the structure function will give a mean 

directional gradient for that day. This mean gradient of temper, 

moisture can tell us if there is a possibility of severe weather 

later that day. Large gradients in temperature and moisture usu, 

precursors to lines of summertime convective activity and subseqi 

weather. These gradients can be determined from conventional da 
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the satellite radiances are also capable of detecting these gradi/=nts without 

any conventional sounding information. 

The structure functions for the scan angle corrected radianc 1. s for 
channel 6, the lowest C02 channel, for ten of the fourteen days 

in Figure 2.7. Two days were too cloudy to contain a large enoug 

statistical sample, and two other partly cloudy days were not p10 ted to iL 
avoid over-crowding of the figure. The remaining days were eithe& clear or 

they had structure functions which showed significant change in skructure 

with increasing separation distance. 

Table 2.1 lists the significant weather events, if any, for 11 1- a 
days on which the structure function analysis was applied. ~hesel weather 

events were gathered from severe weather reports in Oklahoma and borthern 

Texas, the area for which the radiances were obtained. About hallf the days 

had no significant weather activity. The remaining days either 

thunderstorms or hail. Two days in particular, 76/5/29 and 76/5/ 

reports of both funnel clouds and hail. These two days also hav 

largest structure function increases with distance shown in Figu 

to a separation of 500 km and beyond. Since the VTPR channel 6 

mainly responds to temperature changes in the lower troposphere, (these 

day there was little change in observed temperature across the f eld as 

sensed by the VTPR radiance for channel 6. 1 

large changes reflect large lower-tropospheric temperature gradients. 

the other hand, the days with no significant weather activity show 

smallest structure functions. For example, 76/5/18, which was 

the lowest structure values at almost all.separation distances. 

Figure 2.8 shows the structure functions for the same 10 da 

for the radiances from VTPR channel 7. Channel 7 is affected ma 

On 

the 

cl.ear , had 

On this 
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Figure 2.7 Structure Functions for VTPR CO Channel 6 on Individual NSSL 
Sounding Days. 
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Date - 
76/5/10 

Table 2 .1  

Number of Pai rs 

Radiances Temperature 
Qua1 i t a t i  ve C l  d Cover 

a t  approx. 1600 GMT 

4 (cloudy) 

1 (c l ea r )  

1 (c l ea r )  

2 

4 (cloudy) 

2 

2 

S i g n i f i  

Event 

h a i l  

h a i l  

No a 

No a 

No a 

thunder 

h a i l  

f unne 1 

clouds 

-ha i l  

funnel 

clouds 

-ha i l  

thunder 

thunder 

thunder 

No P 

No P 

+ Qua l i t a t i ve  cloud cover from window channel radiances 

(1-mostly c l e a r ,  4= mostly cloudy) 

* from Storm Data r epo r t s  (May-June 1976) 

0 from 2345 GMT SMS v i s i b l e  images o r  NOAA SR images 

l n t  Weather 

rime (GMT)* 

1600-0700 

17 15-0040 

t i v i  t y  

t i v i t y  

t i v i  t y  

tormsO 

1105-0335 

2300-0300 

tormsO 

tormsO 

tormso 

t i v i  t y  

t i v i t y  



moisturk changes and to a lesser extent by temperature changes. The same 

two dayb, 76/5/29 and 76/5/31, again show large structure function 

s with distance. However, three other days also show large 

76/5/20, 76/6/4, and 76/6/8. Two of these three days reported 

thunderbtorm activity but no other severe weather. These gradients in 

are important to severe weather development, but they must - 

ed with a large temperature gradient as reflected by the structure 

channel 7. The remaining days had lower structure values, and 

the clekr, no activity day, 76/5/18, again had nearly the lowest 

structuke values. 

TO see how these mean radiance gradients propagate into the derived 

gradients, the structure functions for 500 mb temperatures 

Figure 2.9. The days 76/5/29 and 76/5/31 still maintain 

large t mperature gradients at 500 mb. This may signify a cold trough 

in the pper atmosphere. Other days had structure function values with 

magnitu es equaL $Q the structure on 5/29/76, up to 600 km. The structure I 
functiobs for 500 mb temperatures, however, do not show as great a distinc- 

tion bet-ween severe and non-severe days as do the radiances for channels 

1 d moisture gradients. 
I 

6 and 7. 

activity, 

~dble 2.1 also lists the number of pairs of radiances and temperatures 

Upper air support does have an effect on summertime convective 

but the most important ingredients are lower troposphere tempera- 

which ent into the structure function analysis for each day. The high 9 
variabdlity of the structure functions on some days was due to the small 

number 

(from 

f pairs in some of the 50 km intervals. The cloud cover index 

lo 4) in Table 2.1 also shows which days were mostly clear (1) 

or mosfly cloudy (4). The clearest days, for example 76/5/18 and 76/6/2, 

have tde smoothest structure functions, and cloudy days have more variability 



RADIANCE CH. 7 (MOISTURE) 

Figure 2.8 Structure Functions for VTPR H20 Channel 7 on ~ndividual NSSL 
Sounding Days. 



500 mb TEMPERATURE 

01 I I I I I I I I I I 1 
0 100 200 300 400 500 600 700 800 900 1000 

DISTANCE (km) 
Figure 2.9 Structure Function for Satellite-Derived 500 mb Temperatures 

on Individual NSSL Sounding Days. 



Figure 3.1 700 mb vertical velocity in ubars s-' (from Wilson, 1976). Regions where 
severe thunderstorms developed are cross-hatched. 
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bf the dominate forcing mechanisms was then investigated. In 

.storm environment, low-level wind fields from satellite derived 

velocities were coupled with surface mixing ratios to derive 

:a1 moisture fluxes. Magnitudes of such moisture convergence were 

1 to subsequent storm severity. Continued remote sensing of the 

.eld in its growth phase was then accomplished through the use of 

:e infrared emitted (IR) blackbody temperature measurements. 

growth for several storms of differing severity were examined in 

~pt to develop criteria for a short-term prediction-warning scheme. 

:1973) has shown that the height of cloud-tops can undergo fluctuations 

.ve of the changes ~JI ghe intensity of updrafts within the storm. 

section on the comparison of satellite and radar data details some 

~ a r  problems in infrared remote sensing, specifically the detection 

L intense echos and overshooting domes, and the determination of 

5ight for storms penetrating the tropopause. 

:ure 3.2 summarizes severe storms reports from Storm Data* on 

)ril 1975. Significant reports included hailstones of 2.75" ( 7 . 0  cm) 

at Wewoka, Oklahoma at 2315 and a destructive, killer tornado at 

Missouri at 0040 GMT. 

oscale Winds and Moisture 

e minute interval SMS visible channel data of -1 km resolution were 

derive low-level (cloud-base) wind fields by tracking small cumulus 

Winds were tracked on NASA's Atmospheric and Oceanographic Informa- 

lcessing System (AOIPS). A complete description of the AOIPS and cloud 

; techniques is given by Billingsley ( 1976 ) .  Figure 3.3 is one 

lly publication of the Environmental Data Service of NOAA. 
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e visible image used in the sequencing procedure. Clouds were 

0 
in an area approximately 9 on a side centered near Monett, 

ense convective development occurred 1-2 hours after the tracking 

everal complete wind sets were tracked on the AOIPS. Figure 3.4 

phical representation of one such set. Lengths are scaled such 

ector of length one degree lat/long represents a wind speed of 17.8 

- 1 
elocity and 22.2 ms v velocity. Particular problems with cloud 

include obscuration of low level cumuli by alto-cumulus and cirrus, 

clouds behind dry lines, and propagation of cumulus along gravity 

That cumulus motion represents mean winds in the subcloud layer has 

 ons st rated by Fujita et al., (1975), Hasler et al., (1975) and 

and Martin (1976). 

wind field of figure 3.4 was objectively analyzed using a cubic- 

echnique. These winds were then combined with 2100 GMT surface 

atios (q) and the quantity V (qV) or moisture divergence was 

ed. The resultant field is portrayed in figure 3.5. Units are 

x All of the severe storms developed within areas of moisture 

nce (negative values in figure 3.5). Maximum values of moisture 

-3 -1 -1 
nce (-1.7 x 10 g kg s ) are similar to values found by 

1973, 1975) to be associated with severe thunderstorm occurrences 

adic storm development. Similar calculations using 2100 GMT 

winds indicated that an improved correspondence between computed 

convergence and subsequent severe storm genesis characterized the 

e wind field. With the launch of an atmospheric sounder on a 

ronous satellite in the 1980ts, horizontal moisture flux information 

btained from satellite sensors alone. 



Figure 3.3 SMS-2 v i s i b l e  channel image a t  2058 GMT. 



ORIGINAL WINDS SET 1 

- .  
I 

1 

I 

.+ . ' 

J I:, 
J 

\ I '  I , <  

1 , -  r * b  

--99 -98 -97 - -95 -94 -93 -92 -91 -90 
--, 

Figure 3.4 S a t e l l i t e  derived wind f i e l d  a t  2100 GMT. 



I 

Figure 3.5 2100 GMT moisture divergence from satellite derived 
and surface mixing ratios. Units are g kg'l s-l x 10-5. 
Negative values indicate moisture convergence. 
Regions where severe storms developed are stipled. 

winds 



3.3 ~ a i e l l i t e  Inf ra red  Growth Rates 

> +.. 1 , 

x e r v a t i o n  oT thunderstorms i n  t h e i r  growth phase by a 

, i t h  -igh temporal frequency i s  equal ly a s  important a s  moni- 

t o r ing  le pre-storm environment. S a t e l l i t e  measurements i n  t he  atmospherfc 
I 

"window" (10-12 ilm) can d iscr imina te  among convective elements of d i f -  

f e r i n g  ( t i on  and i n t e n s i t y .  The i n t e n s i t y  of t h e  convection may then 

help on$ deduce t h e  s e v e r i t y  of t h e  storm. Purdom ( 1 4 1 0 ) ~  and Scor ie ld  

and O l i  e r  (1977) have presented schemes t h a t  deduc tornadic  storms and 1: h , d 

estima convict ive r a i n f a l l ,  r e spec t ive ly .  

r e  3.6 is  the  SMS in f r a red  image a t  2242 GMT. Clouds designated 

by n---~s o r  numbers become severe  storms, while non-severe storm clouds 

re red. llowing techniques developed by Adler and Fenn (1976, 

1 orm+h r a t e s  were constructed f o r  these clouds. S t a r t i n g  

1 of t h e  temperature spectrum, a cumulative histogram of 

~ t s  a t  ", below a given temperature a r e  compiled. Thus, a 

of the  nu !r of d a t a  poin ts  Ni, wi th blackbody temperature T BB - < Ti 

ned. ~ d l = i :  Snd Fenn have documented r e p o r t s  of severe weather 

o c c u r r i  g during, o r  j u s t  a f t e r ,  rap id  expansions of cold a reas .  Resul ts  n 
f o r  two evere storms a r e  presGnted i n  f i g u r e s  3 ,7  and 3 . 8 .  Since the  

o r d i  of t h e  graph i.s logari&h@, t h e  s lope  of t h e  curves is pro- 
.' .-' 77. 

1 t o  t h e  divergence 1 / N  d ~ / d t .  For example, i n  f i g u r e  3.7, t h e  

2 
therm which enclosed 7 p i x e l s  (-630 km ) a t  2240 expanded t o  21 

2 
p ixe l s  (- 1890 km ) i n  j u s t  5 minutes. I n  f i g u r e  3.8, growth r a t e s  f o r  

-3 -1 
t h e  Wewoka h a i l  storm, divergence values of 1.0 - 5.0 x 10 s were 

found i n  the  pre-hai l  period, wi th  much slower r a t e s  observed a f t e r  t h e  



Figure 3.6 SMS-2 i ~ f ~ a r e d  image aft 224g GMT. Cltouds 
examined in t h h  study are labelled 







occurrenke of h a i l .  Growth r a t e s  f o r  clouds forrring co inc identa l ly  with 

o and Wewoka storms but  which d id  not become severe a r e  portrayed 

-3 
3.9. These growth r a t e s  r a r e l y  exceed 1x10 sW1, and a r e  of 

ura t ion .  While more cases  need t o  be  examined, i t  appears t h a t  

growth r a t e s  a r e  i n d i c a t i v e  of storm s e v e r i t y ,  and could be  

real-time s i t u a t i o n  t o  fo recas t  severe  weather. Other parameters 

l l i te-Radar  Comparison 

n s i t y  contoured radar  r e f l e c t i v i t i e s  were ava i l ab l e  f o r  the  

determinable 

non-seve:te 

1 )  

2) 

3) 

storm. I n  f i g u r e  3.10 the  temporal v a r i a t i o n  of echo loca t ions  

t o  t h e  f ixed  loca t ion  of OKC (dark X's) i s  shown. The 

from s a t e l l i t e s  t h a t  can serve  a s  c r i t e r i a  i n  a severe  - 
decis ion  include: 

~ e l a t i v e  cloud- top temperature 

r a t e  of change of minimum blackbody temperature 

cloud dura t ion  and s i z e  

correspobding sequence of i n f r a red  images a s  seen by t h e  s a t e l l i t e  i s  

ed i n  f i g u r e  3.11. The e n t i r e  radar  echo corresponds t o  only 

o r t i o n  of t h e  in f r a red  cloud area .  Overshooting domes a r e  not  

body temheratures and the  Monett, MO environmental sounding. Resul ts  a r e  

observed 

response 

For 

compared 

presenteb i n  f i g u r e  3 1 2 .  Below t h e  tropopause, t he re  is f a i r  agreement 

i n  t h e  in f r a red  d a t a  due t o  the  coarser  r e so lu t ion  and f i n i t e  

time of t he  I R  sensor (Negri e t  a l . ,  1976). 

a comparison of storm-top he ights ,  NWS radar  summaries were 

t o  nearly simultaneous he igh t s  derived from minimum black- 

e igh t s  determined by t h e  two methods of sensing. For storms 

the tropopause, determinat ion of maximum cloud heEght from 





Figure 3.10 Intensity contoured radar ref1 ec t i  vi t i e s  f o r  the ~ewoka storm. 
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Figure 3.11 Character display of the  infrared growth r a t e  of he Wewoka 
storm. t 



IR dati  

s c a t t e ~  

1: 

represt 

2: 

have CI 

f i e l d  ( 

3: 

while ( 

whose I 

"smoo t l  

s enso r ,  

4: 

of t h e  

time oJ 

k e  f i n i t e  response time of t h e  I R  sensor .  Three t o  four FOV's 

xme temperature a r e  required i n  order  t o  exceed the  response 

i5 x lom5 s. Overshooting domes r a r e l y  provide t h i s  a rea .  

3lone was not  poss ib le .  Several  f a c t o r s  t h a t  may account f o r  t he  

in  f i g u r e  3 .12  a r e  : 

"inexactness" of repor ted  he igh t s  on NWS radar  summaries which 

t an instantaneous he ight  measurement not  wel l  spec i f ied  i n  time. 

in f ra red  r e so lu t ion  of overshooting domes. These domes w i l l  

2 
3s-sectional a r eas  of - 80 km which is  i n s u f f i c i e n t  t o  f i l l  t h e  

view (FOV) of the  TR sensor .  

isothermal l apse  r a t e  above t h e  tropopause. Overshooting t u r r e t s ,  

) l i ng  moist a d i a b a t i c a l l y  a r e  en t r a in ing  s t r a t o s p h e r i c  a i r  

nperature v a r i e s  l i t t l e  with he ight .  The n e t  e f f e c t  i s  t o  

~ u t "  the  presence of t he  overshooting top a s  viewed by the  I R  
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po la t io  

: i s t i c a l  S t ruc tu re  of S a t e l l i t e  Derived Wind F i e l d s  

.ng t h e  f i r s t  year  of work on grant  ATM 76-21307 an i n i t i a l  e f f o r t  

made t o  eva lua te  t h e  s t a t i s t i c a l  s t r u c t u r e  of s a t e l l i t e  derived 

. wind f i e l d s .  These winds were obtained by t racking  low clouds 

of l i t t l e  v e r t i c a l  development assumed t o  be loca ted  a t  about 

~b l e v e l )  through a four  frame, animated f i l m  loop. The images 

l rated by only f i v e  minutes and were obtained p r i o r  t o  t h e  dev- 

of s eve ra l  severe thunderstorms--one of which produced a 

ve tornado a t  Neosho, Missouri,  (see Sect ion 3.0). The a c t u a l  

was done on the  NASA Atmospheric and Oceanographic Information 

~g System (AOIPS) a t  Goddard Space F l igh t  Center, Maryland. One 

ro wind s e t s  obtained is  shown i n  Figure 4 . 1 .  Corre la t ion  and 

! func t ions  were computed f o r  t h i s  d a t a  s e t  using func t ion  

,ns developed f o r  a s i n g l e  f i e l d  of s a t e l l i t e  data .  

bra1 types of p o t e n t i a l l y  u se fu l  information may be determined 

ana lys i s  of these  funct ions:  

An i nd ica t ion  of t h e  magnitude of no i se  due t o  d a t a  measurement 

and processing systems. 

Determination of important s c a l e s  of motion i n  t h e  da ta  f i e l d  

being analyzed. 

Determination of re levant  g r i d  meshes upon which t h e  d a t a  might 

be ob jec t ive ly  analyzed, and perhaps t h e  eveutual  development 

of a new mesoscale ob jec t ive  ana lys i s  technique. 

rledge of t h e  c l imato logica l  s p a t i a l  c o r r e l a t i o n  func t ions  of 

~ g i c a l  va r i ab l e s  has been used i n  s eve ra l  l a rge ,  o r  synoptic ,  

e c t i v e  da t a  ana lys i s  schemes t h a t  incorpora te  optimal i n t e r -  

techniques following Gandin (1963). Examples and d iscuss ions  



Original Winds Set 2 

Figure 4.1 Sate l l i te  derived low-level wind f ield for 
on 24 April 1975 (ZOO+ vectors). 



of some 

Sch la t t e  

r e s u l t s  

meters t 

wind and 

Dur 

were dev 
1. 

where 

the  nun 

i n t  erva 

da ta  se 

2. 

where m 

Thc 

(1963) I 

a f ixed  

modifici 

using sq 

po in t  i i  

i s  imme~ 

Thl 

t h e  win1 

v compo 

I 
E these  techniques may be found i n  Otte-Bliesner,  e t  a l .  (1976), 

(1975), and Thfebaux (1975). Barnes and L i l l y  (1975) presented 

E a mesoscale study of the  v a r i a b i l i t y  of meteorological  para- 
I 

3 t  ' indicated a  s i g n i f i c a n t  f r a c t i o n  of t h e  t o t a l  var iance  of t he  

noisture f i e l d s  occurred a t  s c a l e s  of 200 km o r  l e s s ,  

~g t h e  course of t h e  work reported he re  the  following d e f i n i t i o n s  

Loped : 
Structure func t ion ,  b ,  

is  a  given d i s t ance  i n t e r v a l ,  such a s  10 km 5 R 2 20 km. N is  

Z r  of da t a  p a i r s  r r whose separa t ion  d i s t ance  i s  wi th in  
i' j 

1 - 
R , and f  ( r  ) = f ( r  ) -'-T where f  2 t he  s p a t i a l  mean of t h e  

i - i - 

Correlat ion funct ion,  v ,  

t he  s p a t i a l  variance. 

e  d e f i n i t i o n s  a r e  s u b s t a n t i a l l y  d i f f e r e n t  then those of Gandin 

.ich employ c l imato logica l  means of t he  va r i ab l e  measured wi th in  

letwork of observing s i t e s .  A l l  of t h e  ramif ica t ions  of these  

ions have y e t  t o  be  determined; however, an  advantage gained i n  

e l l i t e  d a t a  and these  d e f i n i t i o n s  i s  t h a t ,  s i n c e  each d a t a  

e r a c t s  with each o ther  da t a  poin t ,  a  very l a r g e  sample s i z e  

. a t e ly  obtained . 
c o r r e l a t i o n  and s t r u c t u r e  func t ions  a r e  shown i n  Figure 4.2 f o r  

s e t  of Figure 4-1'. Each func t ion  was computed f o r  both t h e  u and 

n t  of t h e  wind f i e l d .  As d a t a  po in t  separa t ion  approaches zero 
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Figure 4.2 Correlation and structure functions for u and v component 
of the wind f ie ld shown i n  Figure 4.1. The number of dat 
pairs whose separation distance f e l l  i n  each 10 km interv 
i s  shown. 



t he  s t r u  t u r e  func t ion  should approach twice t h e  var iances  a t t r i b u t a b l e  f 
t o  i n s t r  e n t  and processing noise ,  and the  c o r r e l a t i o n  func t ion  should i- 
i d e a l l y  pproach uni ty .  Thus, it seems t h a t  t h e  low-level winds were I 
determin d very  accura te ly  i n  t h i s  s p e c i f i c  case s ince  both the  u and v I= 
s t r u c t u r  curves appear t o  approach zero. An analysisof  many more cases  I 
is requ i  ed before  more quan t i t a t i ve  ca l cu la t ions  of t he  s t a t i s t i c a l  I 
I I s a t e l l i t e  measured winds may be  made; b u t ,  these  i n i t i a l  

The s t r u c t u r e  func t ion  p l o t s  a l s o  i n d i c a t e  t h a t  approximately 60% 

of t he  t t a l  variance i n  t h e  u-component is  occurr ing a t  s c a l e s  of 50- P 
d i n  t h e  v-component a t  s c a l e s  of 100-150 km. The varying 

t h e  s t r u c t u r e  of t h e  two components of t he  wind i n d i c a t e s  

t h a t  

funct ions 

were used. 

t h i s  

most of 

t h a t ,  i f  

a g r i d  

be used. 

severe 

t h a t  t h e r e  

from l a r g e  

was 

producec. 

f o r  a 

d i f f e r e n t  expressions might be  needed f o r  t h e  r e spec t ive  c o r r e l a t i o n  

if an  ob j e c t i v e  ana lys i s  scheme employing "optimal in te rpola t ions"  

Nevertheless , the s t a t i s t i c a l  ana lys i s  i n d i c a t e s  t h a t ,  f o r  

p a r t i c u l a r  case,  t h e  f e a t u r e s  of importance ( those  respons ib le  f o r  

t h e  variance)  were of wavelength 150 km o r  l e s s .  This  implies  

t h e  d a t a  were t o  be  ob jec t ive ly  gridded f o r  a d d i t i o n a l  s tudy,  

u.esh of maximum spacing no g rea t e r  than 0.5 degree l a t i t u d e  must 

Perhaps t h e  primary reason t h a t  mesoscale weather phenomena, such a s  

convective storms and squal l - l ines ,  a r e  n o t  b e t t e r  understood is 

is no d i s t i n c t  s p e c t r a l  gap separa t ing  small  s c a l e  f e a t u r e s  

s c a l e  f ea tu re s .  With t h i s  problem i n  mind a s t r u c t u r e  ana lys i s  

performed upon a much l a r g e r  s a t e l l i t e  wind s e t  ( t h i s  d a t a  s e t  was 

by NASA personnel and made ava i l ab l e  f o r  s tudy  a t  CSU) obtained 

tLme only t h r e e  and a h a l f  hours p r i o r  t o  t h a t  of t h e  d a t a  shown i n  



Figure 4.1. The r e s u l t s  of t h i s  computation a r e  shown i n  Figur 

This  curve ind ica t e s  t h a t  t he  t o t a l  var iance  of t he  wind f i e l d  i 

pr imar i ly  w i th in  two pronounced wavelength intervals--one on t h  

s c a l e  and one on t h e  mesoscale. Approximately 30% of t h e  t o t a l  

occurr ing 

synopt ic  

var iance 

i s  a t t r i b u t a b l e  t o  wavelengths of 600 t o  800 Sun while  the  rernair.ing 70% 

is  a t  s c a l e s  of less than 150 km. This i nd ica t e s  t h a t  r e l a t i v e l y  small 

mesoscale f e a t u r e s  probably played a c r u c i a l  r o l e  i n  determining regions 

of storm development on t h i s  case study day. 

The prel iminary research done on s t r u c t u r e  analyses  of s a t e l l i t e  

wind f i e l d s  i nd ica t e s  t h q t  an expansion of t h i s  e f f o r t  t o  include 

add i t i ona l  d a t a  s e t s  might produce s i g n i f i c a n t  r e s u l t s  t h a t  

no t  only mesoscale i n t e r p r e t a t i o n ,  ob jec t ive  ana lys i s  and 

s t u d i e s  of s a t e l l i t e  der ived winds, bu t  a l s o  r e s u l t s  t h a t  would be 

d i r e c t l y  appl icable  t o  o t h e r  types of remotely and conventional y sensed t 
meteorological da ta .  





5.0 Analysis of the Pre-Convective Cloudiness - It's Relation hip to 
Satellite Soundings and Severe Weather 1 

5.1 Introduction 

. . d The purpose of this study was two-fold. The first questi n to be 

answered was to define satellite sounding capabilities in the 

convective environment. These studies relate directly to the 

infrared sounder on the NOAA series of satellites. These studjes may 

not be relevant to the second and third generation sounder sys 

such as HIRS (High Resolution Infrared Sounder) systems and 

(Tiros Operational Vertical Sounder) whose resolution is almos twice t 
that of the VTPR, and VAS (VISSR Atmospheric Sounder) which wi 

mounted on a geosynchronous satellite allowing half-hourly to 

soundings to be made. Thus if the cloud fields are transient 

one or two of the morning hours soundings can be made. At pre ent there ? 
are no plans for instrumenting a vertical temperature sounder ith J, 
microwave channels in the near future other then in the 50 GHz regions 

which has been used in the SCAMS (Scanning Microwave " 'ctrome er) 

on Nimbus 6 and the MSU (Microwave Sounding Unit) on TIROS 

r 
The 

instruments allow for soundings in a cloudy environment but c y at 

three levels in the troposphere. The surface resolution is a1 

100-150 km at subpoint which is fairly course for severe storm 

These clouds will continue to be a problem for the infrared so 

for the next several years. 

The second question to be answered was to determine the t b e pre- 
convective cloudiness could be related to the subsequent severe 

that afternoon, either by its areal extent, organization or the 

of cloudiness altogether. 

weather 

lack 



area  chosen f o r  t h i s  s tudy was t h e  Oklahoma, west Texas region. 

with t h e  h ighes t  p robab i l i t y  a r e a  of severe  weather 

The r e s u l t s  may a l s o  be  r e l evan t  t o  a futureSESAME 

one is t o  be forthcoming. 

. - 

The 

I R  images were used. A g r i d ' o v e r l a y  w a s  produced cons i s t i ng  

92x92 km on a s i d e  which could be  placed on t h e  15  o r  162 

da ta  used f o r  t h i s  ana lys i s  consis ted of SMS v i s i b l e  and 

in f r a red  

1975 and 

morning i s i b i l e  image t o  determine cloud cover ( sca t te red ,  broken, 

overcast  i n  each of t h e  boxes. The morning I R  image was used t o  I 

images f o r  t he  months of Apr i l  through June f o r  t h e  years  

1976. One mile r e so lu t ion  viai-ble and equivalent  1 mile  

type (low, middle, high) .  The l a t e  af ternoon v i s i b l e  

(2300-00002) were examined t o  l oca t e  a r e a s  where 

developing. Figure 5.2.1 shows t h e  gr id  box loca t ions  

and t h e  surrounding regions.  This was placed 

the  same s c a l e  a s  t h e  s a t e l l i t e  images. Figure 

v i s i b l e  image taken a t  16002 o r  1000 EST. 

f i e l d  i n  t h e  Texas panhandle region.  

Figure 5.2.3 is  t h e  matching i n f r a r e d  image showing t h i s  c loudiness  a s  

dark o r  arm. Figure 5.2.4 is t h e  23302 enhanced i n f r a r e d  image f o r  t h i s  I 
i n d i c a t e s  t h a t  thunderstorms have developed i n  t h e  a r e a  

cloudiness  w a s  t h a t  morning. This same technique 

days ava i l ab l e  from Apr i l  through June f o r  t h e  two 

years .  1 





Figure 5.2.2 1600 GMT GOES-] v i s i b l e  1.85 km resolution 
image taken over the  Oklahoma region. I t  
was t h i s  type of image which was analyzed 
f o r  this study. 



t ,  ill 

Figure 5.2.3 1600 GMT GOES-1 equivalent  1.85 km i n f r a r e  
image f o r  22 June 1976 used f o r  t h i s  study 
t o  determine the  approximate l e v e l  of t h e  
clouds observed i n  t h e  v i s i b l e  image. 



Figure 5.2.4 2330 GMT GOES-1 equivalent  1.85 km reso lu t ion  
enhanced i n f r a red  image f o r  22 June 1976 showing 
subsequent thunderstorm development i n  the 
Texas Panhandl e r e g i  on. 



t h e  morning cloudiness  observed. Each of t h e  45 boxes was take  

ind iv idua l ly ,  t he re fo re  i f  more than one h a i l  o r  tornado r epor t  

The severe  weather r e p o r t s  f o r  t h i s  s tudy were taken from 

Data published by the  National Climatic Center. Severe weather 

were only used i f  they occurred before  032 t h a t  evening. Each 

was p l o t t e d  on a map of t he  Oklahoma, w e s t  Texas region and 

per box, t h i s  only counted a s  one r epor t .  I f  more than one type( of 

Storm 

r e p o r t s  

r e p o r t  

compared t o  

r e p o r t  i. e .  h a i l  and wind was reported i n  a s i n g l e  box these  wede counted 

a s  s epa ra t e  occurrences.  The type of severe  weather noted were h a i l ,  

tornadoes, funnel  clouds, damaging winds, and heavy r a i n s .  

5.3 S a t e l l i t e  Sounding Capab i l i t i e s  i n  t h e  Pre-Storm Environme I t 
For 1975 a l l  91  poss ib l e  days f o r  s tudy  were examined. Fo 

of t h e  poss ib le  91  days were ava i lab le .  Most of t h e  missing 

1976 were f o r  Apr i l .  I f  we break t h e  d a t a  down by months we 

following r e s u l t s .  Combining Apr i l  1975 and 1976 t h e r e  were 

weather days out  of a poss ib l e  48 days we examined. Without e x  ep t ion  t 
each box where severe  weather was repor ted  had broken t o  overcabt clouds 

i n  i t  during the  morning hours (9-10 a.m. l o c a l ) .  For a l l  May' 

were 24 severe weather days out  of a poss ib le  60 examined. Of 

2 4  days, 1 3  were e i t h e r  broken o r  overcast  cloud cover i n  t h e  1 

t h e  subsequent severe weather a c t i v i t y ;  7 of t h e  remaining days 

completely c l e a r  skys and 4 had s c a t t e r e d  clouds. For June the  

severe  weather days ou t  of a poss ib l e  58 days examined. Of t h e  

severe  weather days 6 had broken t o  overcast  cloudiness; 9 of t h e  remaining 

22 days had completely c l e a r  skys and the  o the r  7 s c a t t e r e d  c l o  

Table 5.3a summarizes these  r e s u l t s  and shows t h a t  50% of the  d 

severe  weather had broken t o  overcast  sky cover making s a t e l l i t  



d i f  f i c  

prevel 

t hese  

a c t i v i  

were F 

cloud1 

1 3  cas 

w i th  t 

f o r  5 

the  l c  

where 

be  412 

I 

days w 

weathe 

33 had 

Thus 6 

clouds 

g r id  t 

Thus t 

number 

(This 

I t  t o  impossible.  The t a b l e  shows t h i s  condi t ion t o  be  more 

n t  i n  t h e  April-May time period then i n  June ind ica t ing  t h a t  i n  

s r l y  months, synoptic  s c a l e  f e a t u r e s  a r e  probably fo rc ing  t h e  

Y *  

Table 5.3b f u r t h e r  ana lys i s  of thebroken  t o  overcast  cloudy cases  

rformed and these  were c l a s s i f i e d  i n t o  low, middle o r  high 

zss. The t a b l e  shows t h a t  7 of the  8 cases  i n  Apr i l ,  10 of t h e  

3 i n  May and 3 of t h e  6 i n  June had high clouds. It is  poss ib le  

e s a t e l l i t e  sounder d a t a  t o  sound down t o  t h e  cloud top. Thus 

E the 27 cases a sounding could have been made down t o  t h e  top of 

- l e v e l  cloud deck. Thus t o  r e s t a t e  t he  percentage of cases 

s t e l l i t e  soundings could not  be  made on severe  weather days would 

we take each box indiv idua l ly  r a t h e r  than categorfze by t h e  

f ind  t h a t  f o r  bo th  years  combined the re  were 152 severe  

r epo r t s  wi th in  t h e  45 boxes. O f  these ,  58 were t o t a l l y  overcas t ,  

~ r o k e n  clouds, 30 had s c a t t e r e d  clouds,  and 31 had c l e a r  s k i e s .  

b of t h e  boxes where severe weather occurred were obscured by 

lur ing the  morning hours.  However, t he re  were boxes wi th in  t h e  

s t  had s c a t t e r e d  t o  c l e a r  s k i e s  which could have been examined. 

41% s t a t e d  e a r l i e r  i s  probably a b e t t e r  r ep re sen ta t ion  of t h e  

~f severe  weather days where s a t e l l i t e  soundings could not  be  made. 

ihould be improved when VAS is launched and the  temporal capab i l i t y  

; system i s  u t i l i z e d . )  



5.4 Pre-Convective Cloudiness Related t o  Severe Weather 

used f o r  t h e  s a t e l l i t e  sounding r e s u l t s .  However, f o r  t h i s  s tud  we I 
c l a s s i f i e d  t h e  cloudiness  i n  each box t o  t he  type of severe weat er I 
observed. Table 5.4  summarizes a l l  t he  severe weather r e p o r t s  f r each 1 
box f o r  t h e  two yea r s  s tud ied .  

Table 5.4 

Ha i l  - 
22 CLR 

Tornado 

2 CLR 

Funnel 

4 CLR 

6 SCT 

Wind - 
3 CLR 

3 SCT 

advected i n .  I n  t h e  o the r  ca tegor ies  t he  broken t o  overcast  c l  

dominates and can be explained by t h e  presence of l a r g e  s c a l e  c 

17 SCT 4 SCT 2 OVC 

14 BRK 5 BRK 8 BRK 6 BRK 

26 OVC 3 OVC 11 OVC 6 OVC 

As  t h e  t a b l e  shows, h a i l  dominates the  severe weather r epo r t s .  

There a r e  about a s  many c l e a r  cases  a s  cloudy cases  f o r  h a i l .  

a major i ty  of these c l e a r  t o  s c a t t e r e d  cloud cases  t h e  r e p o r t s  

e i t h e r  i n  west Texas o r  t h e  clouds developed ou t s ide  t h e  region 

due t o  synopt ic  s c a l e  forc ing  fea tures .  For most of t h e  l a r g e  

outbreaks (more than 5 severe  weather repots )  a l l  45 boxes were 

wi th  mult i layered clouds. It a l s o  appears from t h i s  s tudy t h a t  

I n  

were 

and 

only p a r t  of t h e  45 boxes were cloudy, the  severe  weather would 

occur i n  t h e  cloudy boxes and not  on t h e  edge of t h e  cloud s y s t  m 

o r  i n  t h e  c l e a r  a i r  where su r f ace  hea t ing  might be expected t o  I e 

s t ronge r .  Although t h i s  is f a r  from being a q u a n t i t a t i v e  studyl t h e  

observat ions made he re  show t h a t  t h e  severe weather forms i n  thh cloudy 



region 

v e r t i c  

could 

a f f e c t  

cha r t .  

convec 

severe 

a t  the  

Thus t 

da t a  i 

I possibly making use of t h e  a v a i l a b l e  moisture and the  apparent 

1 1  motion assoc ia ted  wi th  cloudy regions.  No apparent organiza t ion  

le noted except f o r  those cases  where a l a r g e  s c a l e  shortwave was 

n g  the a rea  o r  s t rong  su r f ace  f r o n t s  were noted on t h e  sur face  

Then d i s t i n c t  l i n e s  and a r c s  could be  noted even before  

ion developed. F ina l ly ,  t he re  was no apparent v a r i a t i o n  i n  

weather days versus non-severe weather days by simply looking 

morning imagery unless  a synopt ic  s c a l e  f e a t u r e  was present .  

le imagery must be  combined wi th  t h e  conventional meteorological 

. most cases  t o  help def ine  p o t e n t i a l  severe  weather loca t ions .  



# of Days Available 

of Svr. Wx. Days 

OVC-BRK* 

SCT 

CLR 

OVC-BRK 

1 Low 

April 

4 8 

8 

8 

0 

0 

April 

8 

June 

58 

22 

6 

7 

9 

June 

6 

Totals 

166 

54 

27 

11 

16 

* 
Cloud cover for location of severe weather report and for a rad us 
of 200 lun for th i s  location. I 



l e c t i o n  of Three Minute Xnterval S a t e l l i t e  D i g i t a l  Data During 
e r e  Storm Outbreaks. 

Th ough a j o i n t  e f f o r t  by NESS, NASA and t h e  U.S. Army t h i s  pas t  I 
sp r ing  unique da t a  s e t  was gathered from t h e  GOES-1 s a t e l l i t e  cons i s t i ng  b 
of t en  bays during severe  wearher events  where 3 nlinutp k y r y g l  d a t a  

were ga t  ered from 17002 - 01002. T a b l e 6 . l l i s t s  s i x  of these  days which i 
were pa t i c u l a r l y  i n t e r e s t i n g .  t Table 6 . 1  

RRSD 
3 Minute Data 
Period (GMT) 

Recorded 
a t  WSMR Remarks 

4 A p r i l  

5 May 
A f t e r  20002 went 
t o  7.5 min data 

1 700-2000 1700-20002 

1 700-01 00 1730-23302 

Both Re nolds and Vonder Haar were designated use r ' s  of t h i s  da t a  s e t  I 

15 May 1 730-2300 1730-23002 

18 May 1700-01 00 1700-01 002 

20 May 1700-01 00 1700-01 002 

27 Flay 

I 
1700-01 00 1700-01 002 

during k e  i n i t i a l  planning d iscuss ion  f o r  t h e  RRSD's. This was done t o  

demonst a t e  t o  NESS and NASA t h a t  t he re  was an urgent need f o r  these  I 
types o measurements t o  b e  made and t h a t  research use would be made t 
Of the I a t a  i f  i t  became ava i lab le .  Close cooperation between NESS-CSU- 

WSMR ma e t h e  successfu l  recording of t h e  d i g i t a l  d a t a  poss ib le .  I 
A 1  ng wi th  t h e  r ap id  scan d i g i t a l  s a t e l l i t e  d a t a  o ther  researchers  I 

were co l e c t i n g  support ing da ta .  D r .  F u j i t a  a t  t h e  Univers i ty  of Chicago I 
made s p  c i a 1  a r e a l  su rve i l l ance  f l i g h t s  near tornado bearing thunder- I 
storms, 

a t  NSSL 

a s  we l l  a s  t h e  damage paths  caused by these  storms. Researchers 

were c o l l e c t i n g  rou t ine  Doppler radar  d a t a  f o r  t h e  Oklahoma 

region ur ing  May a s  we l l  as tak ing  s p e c i a l  sur face  and upper-air d a t a  11 
a t  high temporal and s p a t i a l  f requencies .  



We hope t o  make t h i s  d a t a  s e t  t h e  foundation f o r  a second yc 

of s tudy i n  s a t e l l i t e  app l i ca t ions  of severe  storms. As we have 

i n  t h i s .  r e p o r t ,  t he  temporaral frequency i s  c r i t i c a l  i n  t h i s  typt 

work. . It is thus imperative t h a t  d e t a i l e d  s t u d i e s  be made using 

d a t a  f o r  i t  should have s t rong  impl ica t ions  t o  f u t u r e  s a t e l l i t e  i 

p l i c a t i o n s a s  w e l l  a s  designs of new s a t e l l i t e  instruments.  

a r  

jemons t r a t e d  

of 

t h i s  

1 - 



ary and Recommendat ions 

I this first year of study under Grant ATM76-21307 we have tried 
' O  s:. 

lstrate the need for quantifying available satellite information 

rameters that not only can be compared to other conventional data 

but comparable to other researcher's satellite observations as 

We have developed a new "figure of merit" for the satellite sounder 

data. One that can be used to assess its use at the mesoscale. 

T e satellite sounder data has been used to demonstrate that in the 

horizo tal, mesoscale perturbations can be observed and that moisture X 
differ nces generally occur on a smaller scan than thermal differences. i 

esults are consistent with results from the NSSL RAOB network 

d for the same days and times as the satellite sounder data. 

Prelim nary indications are that severe vs. non-severe weather days may i 
also b indicated by the magnitude of the "structure" of the moisture and t 
temper ture in the pre-convective environment. t 

T ese results are encouraging and should be further substantiated i 
by ano her season of satellite-RAOB mesoscale moisture, temperature i 
comparisons. We would hope this could be done this next spring if NSSL 

contin es its RAOB program. Y 
S udies of the pre-convective cloudiness have shown that on approximately t 

half t e days where severe weather of some kind occurs, there is enough 1 
clear brea for soundings to be made by satellites. For the two years of 

data 

mornins 

most 

event 

scale 

t'lat went into this study there was no strong relationship between 

cloudiness and subsequent severe weather. It appeared that for 

severe weather events that the morning skies in the vicinity of the 

.$ere covered by broken to overcast cloudiness. Only on days of large 

synoptic forcing could cloud organization be seen. These days also 



had most of t h e  more organized severe  weather, 

Through the  use of geosynchronous d i g i t a l  s a t e l l i t e  da t a  i t  

demonstrated t h a t  through t racking  of low-level cloud motions, c 

t i t a t i v e  es t imates  of convergence, v o r t i c i t y  and moisture convex 

near  t h e  severe weather could be derived. Through s t a t i s t i c a l  n 

it  was shown t h a t  v a r i a t i o n s  i n  t h e  wind f i e l d  occur on sho r t  SF 

and time i n t e r v a l s .  Thus accuracy i n  t h e  wind measurements a r e  

one is  t o  observe those f e a t u r e s  causing t h e  severe  weather t o  c 

Further  ana lys i s  of t h e  d i g i t a l  s a t e l l i t e  da t a  showed I R  gr 

r a t e s  may i n d i c a t e  those convective clouds which cause severe  wc 

rap id  expansion of colder  isotherm a reas  on cloud top denote thc 

even though t h e  absolu te  magnitude of t h e  top-temperatures may t 

estimated by t h e  s a t e l l i t e .  

Much more work i s  needed i n  t h i s  area.  Through t h i s  gran t  

a b l e  t o  c o l l e c t  t h e  bes t  s a t e l l i t e  da t a  s e t s  t o  da t e  containing 

minute i n t e r v a l  GOES-1 d i g i t a l  data .  These high frequency da t a  

supporting rawinsonde, radar  and some a i r c r a f t  d a t a  should help 

t i a t e  t h e  r e s u l t s  shown here. It is  c r i t i c a l  t h a t  some s o r t  of 

t ru th"  da t a  ( i . e .  a i r c r a f t  observed cloud he ights  o r  RHI da ta )  I 

ava i l ab l e  t o  these  types of s t u d i e s ,  and we f e e l  t h i s  next  year 

have t h i s  information f o r  comparison. There a r e  plans a t  t h e  pr 

t o  have a second season of r ap id  scan d a t a  taken from GOES-1. I 

poss ib l e  t h a t  with our a c t i v e  r o l e  i n  t he  planning and d a t a  gatk 

phase (CSU w i l l  have a Direc t  Readout Ground S ta t ion  f o r  co l l ec t  

SMSIGOES da ta  by t h i s  spr ing)  t h a t  b e t t e r  cloud t r u t h  da t a  a s  WE 

support ing da t a  can be co l lec ted .  

was 
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NSSL sounding days at 0900 CST. 

Figure 2.6 Normalized correlation functions for layer-average 
ratios at 500 and 700 mb and satellite-derived moi 
for NSSL sounding days at 0900 CST. 

Figure 2.7 Structure functions for VTPR C02 channel 6 on indi 
NSSL sounding days. 

Figure 2.8 Structure functions for VTPR H20 channel 7 on 
NSSL sounding days. 

Figure 2.9 Structure function for satellite-derived 500 mb 
on individual NSSL sounding days. 

- 1 
Figure 3.1 700mb vertical velocity in pbars s (from Wilson, 1976). 

.Regions where severe thunderstorms developed are c oss- 
hatched . 1 

Figure 3.2 Severe storm reports, 24-25 April, 1975. 

Figure 3.3 SMS-1 visible channel image at 2058 GMT. 

Figure 3.4 Satellite derived wind field at 2100 GMT. 

where severe storms developed are stipled. 

Figure 3.6 SMS-2 infrared image at 2242 GMT. Clouds examined 
study are labelled. 

in this 

Figure 3.7 Thunderstorm growth rates for the Neosho tornadic tom. 1 



.8 Thunderstorm growth rates for the Wewoka hail storm. 

.9 Thunderstorm growth rates for several non-severe storms. 

Figure .lo Intensity contoured radar reflectivities for the Wewoka storm. F 
Figure .ll Character display of the infrared growth rate of the Wewoka P storm. 

/3 .12 Comparison of radar and satellite indicated cloud tops. 

Figure 4.1 Satellite derived low-level wind field for 2130 GMT on 24 
April, 1975 (200+ vectors). 

Figure 4.2 Correlation and structure functions for U and v components 
of the wind field shown in Figure 4.1. The number of data 
pairs whose separation distance fell in each 10 km interval 
is shown. 

Figure 4.3 Structure function ( u component) for satellite derived 
1800 GMT wind set on 24 April 1975 (40W vectors). 

Figure 5.2.1 Arid bases over the Oklahoma region for which the cloud 
climatology was performed. 

Figure 5.2.2 1600 GMT GOES-1 visible 1.85 km resolution image taken over 
the Oklahoma region. It was this type of image which was 
analyzed for this study. 

Figure 5.2.3 1600 GMT GOES-1 equivalent 1.85 km infrared image for 22 
June, 1976, used for this study to determine the approximate 
level of the clouds observed in the visible image. 

Figure 5.2.4 2330 GMT GOES-1 equivalent 1.85 km resolution enhanced 
infrared image for 22 June 1976 showing subsequent thunder- 
storm development in the Texas panhandle region. 
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