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J ABSTRACT
The impact of 5 muyute interval SMS-2 visible digital image data in anaiyzing severe local
storms is examined usingy‘:&wind vectors derived from cloud tracking on time lapsed sequences of
geosynchronous satellite images. The cloud tracking areas are located in the Central Plains, where

—on 6 May 1975, hail-producing thunderstorms occurred ahead of a well defined dry line.

Cloud trackiné is performed on the Goddard Space Flight Center Atmospheric and Oceano-
graphic Information Processing System (AOIPS). Lower tropospheric cumulus’tracers are selected
with the assistance of a cloud top height algorithm. Divergence is derived from the cloud motions
using a modified Cressman (1959) objective analysis techhique which is designed to organize ir-

regularly spaced wind vectors into uniformly gridded wind fields.

7 The results demonstrate that satellite-derived wind vectors and their associated divergence
'ﬁelds complement conventional meteorological analyses in describing the conditions preceding
“severe local storm development. For this case, an apparent area of convergence consistently ap-

peered ahead of the dry line and coincided with the developing area of severe weather. The mag-
nitude of the maximum convergence véried between 10-5 sec”! to 104 sec’l. The number of
satellite-derived wind vectors which were required to. describe the kinemetic propertieskof the
low level atmosphere was adequate before numerous cximtxloniinbus cells formed. This technique .

is limited in areas of advanced convection.
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IMPACT OF SHORT INTERVAL SMS DIGITAL DATA ON WIND VECTOR
DETERMINATION FOR A SEVERE LOCAL STORMS AREA

1. * Introduction

Cloud tracking on geosynchronous satellite images to derive kinematic properties of severe
local storms is based on the assumption that cloud motions approximate the environmental winds.
The best low level tracers appear to be cumulus turrets (0.5-3.0km diameters) using brightness
centers as the tracking point (Fujita et al., 1975). A cloud will not move precisely with the en-
vironmental wind because it,S(xj;iOti_OI'lS are affected by entrainment, vertical wind shear, and it’s
““own vertical developfnent. However, previous studies have shown that a level exists whereby
cloud motions approximate environmental winds. An earlier study by Hubert and Whitney (1971
c.empared ATS-1 and ATS-3 cloud motiens with rawinsonde winds and determined that a level
of b’est fit (LBF) existed for their sampled low clouds between 0.9km and 1.5km. The median

vector deviation between the cloud motions and rawinsonde winds was 4.6msec™! fpr 600 lowf

cloud tracers.

A number of studies have been done to compare aircraft~measured winds and cloud motions.
| ‘Wagner and Telford (1976) measured air moticn in and near small cumuli over land using the
NCAR Buffalo aircraft inertial navigation system. The results showed that cloud motions corre-
sponded very closely kwith the magnitude and direction of the wind in the sub cloﬁd layer. For
three clouds, differencesrof 0.8msec™L 0.6msec™!, and 1.5msec™! were found between the cloud |
drift relative to the ground and the embedding wind below cloud base. The clo’ud base heights
varied between 700m and 110m thrqugheut the 2% hour flight. Hasler et al. (1977a) devel-
oped an improved method vfor the verification of satellite-derived cloud motions using in situ
Av“vind measurements. ‘Aircraft equipped with inertial navigation systems were used-to determine

the motion of selected tropical cumuli and ‘to measure the environmental wind field. These re-

* sults were cempared with cloud moti'ons_ derived from Synchronous Meteorologieai Satellite _(SMS)




Vir'(nagery.y The magnitude of the vector difference between the aircraft-measured cloud motions

.«':/

and the ambient clo'od base wind was < 1.3msec™] for 67% of the cases with track lengths >1
hour. These results vtere for long-lived maritime and undisturbed atmospheric conditions. Rodgers
et al. (1978) compared cloud motions derived from SMS-2 and GOES~1 limited scan imagery on
AOIPS and winds observed from NOAA research aircraft within the disturbed environments of
hurricanes Eloise and Caroline. The results showed that the average drift in absolute speeds of

winds by these two methods was approximately 2.5msec™! for both storms.

The objective of this paper is to examine the unique capabilities and inherent llmitati011s of
satellite-derived wind fields in describing the atmospheric conditions which precede and occur
during severe local storm development.‘) Six satellite image sets of wind vectors and their associ-
ated dlvergence f1elds are exammed for the following tlme periods on 6 May 1975: 1758.-1808
GMT, 1813 1823 GMT 1828- ]838 GMT, 1903-1913 GMT, 1918-1928 GMT, and 2002~ 2012
GMT. Fwe mmute interval images are used to compute cloud velocities from lmage 1 to 1magle,

3 in the sequence (total period within each sequence: 10 Aminlu_tes)‘.

2. Wind Extraction Techniques

Wind extraction from cloud motions on geOsynchronous satellit_c digital image data 1s per-
formed on the Goddard Space Flight Center Atmospheric and chanographic Information Pro-
cessing System (AOIPS). A computer graphics termmal a joystick lever, and numerous func-

tion control switches permit interaction between the user, a television monitor, and a PDP

-11/70 Processor (Blllmgsley', 197 6). The cloud trackmg is done using an mteractwe software sys-

tem called the Meteorology Data Processmg Package (METPAK) The METPAK d1rects several

i -funct1ons mcludmg landmark selectlon, navlgatlon, and cloud top height measurement wluch allow'

: 'the user to modlfy satellite digital image da_ta-.

‘a.  Landmark Selection and Navigation

The navigation algorithm is adapted from the University of Wisconsin’s McIDAS navigation -

model (Smith, 1975). The landmark selection and navigation functions provide the cap_ability for



the transformation between image coordinates (line, pixel) and earth coordinates (latitude,

longitude).

To determine navigation accuracy, a coordinate transformation technique is used to compute
iandmark residuals (Mottershead and Philips, 1976). The line (pixel) residuals are defined as the
difference between the measured and recomputed image line (pixel) numbers of the landmarks.

A landmark point is initially selected on the base image and automatically defined on the same
poinf for every image in the sequence by shifting the images relative to the base image. Spin at-
titude and centering parameters are adjusted to make the calculated landmark positions agree
with the initially measured landmark points. The navigation solution for the image sequences in
this paper reproduced the landmark plane trajectory to within 0.00 + 0.13 lines, 0.00 £ 0.15
pixels for the first landmark and 0.24 = 0.39 lines, 1.97 % 0.29 pixels for the second landmark.
(The first group is the mean, and the second group is the standard deviation of the cofresponding

residuals.) In general, these residual statistics indicate an image alignment accurate to within 1

visible picture element or 1km in earth-location. The corresponding velocity resolution is <3msec™!

for 5 minute interval images and <1.7msec™! for the vectors in the image 1 to image 3

sequence.

b.v ) Cloud Top Height Measurement

A éloud top height algorithm developed by Mosher (Suomi, 1975) is u‘sed to differentiate
~ between loW, mfddle, and high douds. Corrections are applied to the satellite viewing angles and
_’s<._)‘1_ér zenith angles in the modeL The ph_ysical thickness of the clouds and the number density
-lo_f “droplets are parameterized to determine the cldud’s optical thickness. The opticai -thick_nes's
is’used to calculate the infraréd emissivity usi.ng' Kirchoff’s Law. Cloud top temﬁerature is. calcu-
léfed using the emissivity and the pércentage bf ,cvlyo'udv(‘:over from the visiblg'imz‘lge; Finally, the
: ‘, cloud top heigh‘é is determinedfrom ‘a standard atmbspﬁefe of temperaf_ute vs: height, correc’:teid’

for latitude and date.




5 The absolute accuracy of this cloud top height algorithm has not been determined, Prelimi-
‘Pary estimates by Smith (1975) have indicated an accuracy of £50mb for low clouds.’ Errors are
due to (1) an assumption that the clouds have no horizontal boundaries, (2) the utlhzatlon of
pcean albedo values instead of land albedo values in the calculation of surface flux, and (3) the
éise of standard soundings instead of local soundings. An independent evaluation of the algorithm
by Lo (1975) concluded that this method was the most efficient technique presently available for
the purpose of estimating cloud top heights on the AOIPS. Lo stated two reasons for this con-
clusion: (1) the method was based on physical laws rather than statistics, and (2) the results

were consistent with ¢onventional measurements,

For this case study, selected low level cumuli have cloud top heights between 1.0km and
2.8km. It was assumed that clouds within this range would be moving at approximately the
same level of flow. If the height difference between eny two consecutive cloud top heights in '

the image sequence was =0.5km, the cloud was disregarded as an acceptable tracer.

¢. . Cloud Tracking

To. measure.cloud motion, a sequence of images is continuously time lapsed on a television:
monitor.. Cloud displacement on successive images is divided by elapsed time to obtain velocity.
Two methods of cloﬁd tracking are available in the METPAK software: singlé: lpixel trecking and
image correlation tracking. In single pixel tracking, a cursor defines the cloud location on suc-
cessive images. The 1mage coordmates are computed and a ground speed calculatlon is performed

to obtam velocxty Elther the brightness or geometnc centroid of the cloud is chosen as the
trackmg pomt to decrease the mﬂuence of the Acloud’s own deyelopment or d1551pat10n. In the
image corr‘elzi‘tien mode, a “box” cursoij Sufreunds the.cldud area and an Euclide_an Norm corre-
lation is per‘fokrme‘d on adjacent pairs of .are.a_s. ’, Tﬁ;ef-eoordinafes ovf the best matching points are
used as th‘e cdordidates of the tracer, ’ | o

“The cloﬁdtr”a'c'km;g~ iiﬁlﬂiisﬂetudy was done with the image correlation method. If the dif-

~ ference in magnitude between any two consecutive vectors in the image sequence was >5msec™},
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the cloud was disregarded as an acceptable tracer. It was assumed that a cloud’s motion would not

change radically over 5 minute intervals.

3. Objective Analysis
The METPAK provides the capability to select an objective analysis function which produces

interpolated wind fields and the kinematic parameters calculated from them for television display

“and film output. The current objective analysis is a modified Cressman (1959) technique which
uses a circular weighting function to determine the value of the wind component at a grid point
(Robinson and Gross, 1977); The weighting function consists of three factors: distance weight-
ing, implicit axis proximity weighting, and shadowing. The distance weighting factor gives more
importance to data which are located closer than farther away from a grid point. The implicit
axis proximity factor gives more weight to data which are closer to a preferred axis. The shad-
owing factor assigns a smaller weighting value to a datum in the shadow of another measurement.
The modified Cressman version Aincludeé an empirical adjustment process to provide for internal
cousistency: in the data. In this case study, the interpolated u and v components are calculated

at 0.3° grid point intervals and are used to derive divergence of the flow in spherical coordinates.

4. 6 May 1975 Case Study’

On 6 May 1975, the immediate vicinity of ah eastward moving dry line in the Central Plains
became a highly preferred zone for thunderstorm development and squall line organization. - Fig-
ure 1 shows an 1800 GMT satellite image of the two areas where clouds were tracked over sec-
tions of Nebraska, Iowa, Kansas, Missouri, Oklahoma, and Arkansas. Abundant low level moisture
and 'dry air aloft coupled with a steep lapse rate created a potentially unstable atmoksphere which’
displayed signs of convective development as early as 1600 GMT in South ‘Dakota. By 2100 GMT,

thunderstorm activity extended southward into eastern Texas.

A conventional meteorological analysis was performed to determine what conditions were

- present for severe local storm development. The analysis indicated favorable conditions for severe o




weather. The 1200 GMT Omaha sounding showed a mean surface mixing ratio (W) of 13g kg‘l
and a W of 0.9g kgl at 700mb. The air was nearly saturated up to 800mb and very dry between
790mb and 550mb. The stability indices showed a moderate chance of severe weather: Showaiter
Index = -3, K Index = 10, and FM Index = -4.2. Figure 2 shows a 1200 GMT composite chart

of the significant features influencing thunderstorm development ahead of the dry line.

A meteorological feature which appeared to influence the initiation of severe thunderstorms
along fhe dry line at 1815 GMT in the Omaha region was the advection of a cloud system shaped
like a comma which is usually associated with areas of positive vorticity advection at mid and up-
per tropospheric levels.! = According to Miller, an important prerequisite for storm formation

often is the development or advection of these cloud systems.

According to NOAA Storm Data and the National Severe Storm Forecast Center (NSSFC)
SELS Log, there wefe 54 reports of severe weather between 1900 GMT and 0200 GMT ahead of
the dry line: 11 tornadoes, 34 cases of =23/4" hail, and 9 cases of winds which had speeds >50.

knots.”

5.} Resysits
a.  Introduction

Cloud tracking was performed for two 500 x 500km? areas (Fig. 1) using 0.9km visible
SMS-2 5§ minute interval data. Area | includes southeastern Nebraska, southwestern Iowa, north-
eastern Kansas, and northwestern Missouri. Area 2 includes southeastern Kansas, eastern Okla-
homa, southwestern Missouri, western Arkansas, and northeastern Texas. Five hail-producing
(hail diameter =3/4'") thunderstorms occurred within these areas: one event in Area 1 and 4

k everts in Area 2 between 1900 GMT and 2205 GMT.

‘1. Miller, Robert C., 1977: Personal communication.
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Satellite-derived cloud velocities and associated divergence fields were computed forv‘\gix time
periods: 1758-1808 GMT, 1813-1823 GMT, 1828-1838 GMT, 1903-1913 GMT, 1918-1928
GMT, and 2002-2012 GMT. The divergence ficlds were superimpﬁosed on their respective satellite
images, Since the objective analysis program performs contouring to the edges of the satellite
images, contours are often created in vector-free areas. Low level cumulus clouds in Areas 1 and
2 were surrounded by cloud-free areas to the west behind the dry line and were obscured by
middle and upper level clouds to the east, Contours of divergence were removed in these data-
void areas to emphasize adequate vector density regions. Contours were also removed from areas

where the vector density was less than 8 vectors per 1° latitude/longitude square.

b. Cloud Vector Statistics

The satellite-derived cloud vectors and cloud top heights appeared to be reasonable and con-
sistent within the 12 data sets for both areas. A statistical summary of the cloud motion vectors
is shown in Table 1 These data are summarized for number of tracked clouds, mean wind speeds

and directions, and mean cloud top heights.

Ih general, the number of tracked low level cumuli decreases with time due to’ cumulus
cloud vertical development and obscuration of the low level cloud tracers by middle and upper
level clouds. The number of vectors decreases by 82% in Area 1 and by 53% in Area 2 over a
two hour period. Cloud ve]ocitieé afe about 3msec™! faster on the average in Area 1 than in
Area 2. The clouds in Area 1 are initially small, low levei cumuli which develop 1'apid1y“ge e&-
tent over two hours. A haﬂ—prodecing thunderstorm occurred in this area between 2030 GMT

and 2130 GMT. In Area 2,’major thunderstorms have alreadyrdeveloped ’by 1800 GMT. Small,

- trackable low level cumuli are located south and east of these thunderstorms. They are fairly

quiescent and do not develop into thunderstorms. Their cloud top heights are about 0.5km lower

on the average than the heights in Area 1.

RSN SR
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Small differences between the maximum and minimum values of clouél speejcilt‘gnd direction
and cloud top height fer the two hour period indicate consistency within the satellite-derived
cloud vector data. If V., is the maximum mean cloud speed and V,;; is the minimum mean
cloud speed then AV = V., ~ Vi, = 0.7msec™! for Area 1. If G,y \is the maximum mean
cloud direction and &,j, is the minimum mean cloud direction then Aoz amax - Tpin = l,1°
for Area 1. Similarly, if CTH is mean cloud top height, then ACTH = CTI—Imax - CTHmln =0.2
km for Area l. For Area 2, AV = 1.8msec”!, A@ = 6°, and ACTH = 0.4km. Consistency within
the cloud vector data is significyant since the clopd vectors must be. located at tlle same level to

obtain a meaningful time history of kinematic parameters within each asea,

A comparison was made B’ietween the cloud vectors and rawinsonde winds, which were ac-
quired from the Afmospheric Vz;fkiability Experiment (AVE) II, to determine a LBF for the cloud
vectors. Thirteen cloud vectors were tracked within 1/2° radius of a rawinsonde station located

at Topeka, Kansas (39. 04°N 95.38°W). There was a 45 minute time dlfference between the”

1715 GMT rawinsonde sounding and the 1800 GMT satellite image used in the comparison.

Table 2 shows the comparison between the cloud vectors and the rawinsonde data at levels

"',“;:;’Of 950mb, 925mb, 900mb, 8 75mb, and 850mb. Differences in velocity (both speed and direction)

are calculated and mean differences are found for vectors which are located within 1/4° and 1/2°

radius of the rawinsonde statiomn.

The satellite derived kc](:)"ud ‘veemrs appear to have a LBF between 925mb and 900mb. At
1/4° radius, the mean speed: differences are smallest for the 950-925mb levels. Hewever, the

mean directional differences are very large there in comparison with the 900—875mb levels. " Since

the mean speed dxfference at 900mb is 81m11ar to the mean speed d1fference at 925mb and the

mean d1rect1ona1 dlfference is smallest for 900mb the LBF is probably closest to 900mb At 1/2°

radius,. the mean speed differences are similar between the. 950-925mb levels and the 900mb level.

" The mean directional difference is again smallest at 900mb. Surface reports and sounding analyses
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place cloud bases between 925-900mb and the Hans-Suring formula for cloud base height [z =
220 (T - Td)] computes a cloud base height of 900mb. These results indicate that clouds appear

to be moving at the velocity of the environmental wind at cloud base levels.

For this case study, an LBF of 900mb implies mean differences of 3.6msec™! and 6° between
the rawinsonde winds and the 13 cloud vectors. Hubert and Whitney (1971) found a median
vector deviation of 4.6msec™! between cloud motions and rawinsonde winds for 600 clouds. A
2( larger sample of cloud vectors and rawinsonde winds is currently being examined on AOIPS to
determine the similarity of the two methods (rawinsonde vs. satellite) in measurihg atmosp}ieric

motions.

¢. Time Sequence of Divergence (Convergence)

Figures 3-12 show the time sequence of cloud‘vectors for Area 1 and their associated di-
Qergence fields for the period 1‘758—1928 GMT. These fields are superimposed on the SMS-2
visible images for the same period. The arrows represent the cloud vectors which are used to de-
rive the divergence fields. They ére orientedrin the direction of flow and their lengths are pro-
pbrtional to the magnitude of their speeds. The dashed lines are contbur values of convergence;

the smooth lines are contours of ‘divergence. All contour values of divergence (convergence) have

units .of 10-6 sec-1.

An examination of the time sequence of the divergence fields reveals a consistent pattern of
convergence which is located ahead of the dry line. Table 3 shows how the absolute maximum
value of the convergent pattern changes with time for Area 1. The maximum value of the con-
vergence generally increases with time in the area of potential thunderstorm development and
varies within the range of 107 sec! to 10+ sec!. Thesé values reflect the consistency in the
convergent pétterhs dver the 2 hour tiﬁe period. According to Houghton (1977), similar con- |

“vergen'ce distributions were obtained for 6 Mbay 1975 at selected peﬁbds using cloud tracking

RNt
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Table ")
Maximum Value of the Convergence for Area | from 1758 GMT to 2012 GMT

" Time (GMT) | - Maximum Value of the Convergence

’ (x 10-5 sec™) S
1758-1808 o 4.3
1813-1823 | - 7.2
1828-1838 ' 4.7
1903-1913 | - 6.1
1918-1928 | ) - ' 7.9

20022012 g . 10.0

techniques on the McIDAS facility at the University of Wisconsin.2 This result shows that similar

cloud vectors can be acquired from satellite data by two independent groups.

One should exercise caution in interpreting convérgence patterns from wind vectors when

B ‘. . ; . . ér" hY ) {‘ 3 -
thunderstorms exist in the cloud tracking areas. Data-void' areas are created in the vector field

AN

since thunderstorm anvils obscure the lower level clouds. This'sitdation becomes critical in Area

1 with the devrelopr‘ne‘n‘t of ‘a' hail-producing thunderstorm cell after 2000 GMT. Co’hVe‘rgence,

patterns for 2002 GMT, Area 1 and Area 2 are not showh because thunderstorms created critical

" data-void areas in the low level vector field. An ideal situation would be to acquire as many in

situ wind measurements from aircraft flights to determine the wind field within the immediate

: vicihity of a thunderstorm ceil. Since this situation is usually infeasible, the problem of data-

‘voyid areas will be best eliminated ”by limjting cloud tracking in large areas to the time period pre-

“ceding thunderstorm anvil expansion. |

2. Houghton, David, 1977: ‘Personal comm‘unication’.v'

i
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~d.  Combined Rawinsonde and Satellite-Derived Divergence

A divergence field was recalculated for the 1758-1808 GMT time period using the cloud vec-
tors and the 1800 GMT rawinsonde wind vector for Topeka, Kansés. Figure 13 shows the loca-
tion of this point (marked by an x) and the recalculated divergence field. This divergence field
‘wasb calculated using the original objective analysis parameters and was found to be similar to the
original convergence pattern in Figure 3. The position of the patterns remained the same and
the magnitudes were only slightly different in the value of the maximum convergence. The orig-

inal value of the maximum convergence was -4.3 x 105 sec’! while the recalculated value was

-5.0 x 10-5 sec!,

. The inclusion of one rawinsonde wind did not greatly affect the distribution of divergence

‘patterns. Since the measurements of divergence are sensitive to small differences of wind. speed

and direction, it is important to test the sensitivity of these fields to the addition and deletion
: L
of wind vectors. Future case studies will incorporate a larger combined sample of rawinsonde

and satellite-derived winds to determine how much these fields will change under various conditions.

‘e.  Effect of Random Errors on the Cloud Fields

Hasler and Rodgers (1977b) have developed a technique to measure the effect of random
errors oh the cloud vectors and associated kinematic parameters using a Monte‘Carlo error analy-
sis. ‘A normally distributed error with a standard deviation Which may be varied is applied to the
start and end coordinates of each cloud vector by a random- number generator. The unperturbed
and perturbed cloud vectors are subtracted to determine the effect of the errors on the cloud

velocity and associated kinematic parameters. This technique evaluates the effects of time inter-

- val, image resolution, grid spacing and degree of smoothing. It can not evaluate systematic errors

due to selection of cloud vectors not,r‘épresentative of a selected level.

13
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Hasler applied this technique to 81 low level cloud vectors which were tracked for the 1813-
1823 GMT time period on 6 May 1975.3 These vectors were‘independently remeasured and the
| magnitude of the vector difference (MVD) was computed between the original and remeasured
vectors. These MVD’s were ranked and vthe 67% largest were determined. The repeatability error

ery small: [V -V o = .15msec™!
was very small: remeasured 679 = .15msec™.

The start and end coordinates of the original
vectors were perturbed with a ¢ = 1.0 pixel and 2/3rd’s of the differences between the original
and perturbed vector’s were equal to or less than 2.3msec™! (|V - Vperturbedlm% = 2.3msec™!),
1ue periurbed dna unpei'turbed cloud vectors were tlien interpoiated to uniform grid points using
the Cressman (1959) téchnique. The difference between the unperturbed and perturbed analyzed
wind fields resulted in a random error of V- Vperturbedlors = 1.4msec™’. When the unperturbed
and perturbed divergence fields were subtracted from each other, IDIV - DlVéezturbed'M% =4.4
x 1076 sec’t, This result is only 7% of the maximum value of the unperturbed field and implies

that contours greater than 4.4 x 106 sec-! have significance at the 67% level or better.

T.hc; ébove results indicate that randoxﬁ erfors of 0.6 x image resolution + total time interval
can be expected in the initial cloud vectors. The random erfor of 2.3msecf1 in the initial vectors
can be improf/ed to 1.4msec™! by performing an objective analysis of the wind field. Thié im-

' prdVemént is possible since random errors cancel each other when more than one vector contrib-
utes to the wind at a grid point. The cloud vectors in this specific time period appear to be ac- |
~ ceptable to infer the 'yektm,bienkt wind field. Additional exror analyses ‘Wﬂl be done to d.e;"cerx‘nine‘ '

random errors in other cloud vector sets.

‘3. Hasler, Fritz A., 1978: Personal communication.
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Impact of Longer Image Intervals on Cloud Tracking Severe Local Storm Events
J

f.
A brief study was done on the impact of using satellite data with different image intervals

for cloud tracking in severe local storms. Table 4 shows the number of acceptable cloud tracers

¢

i
3
]

for Area 1 at 5, 10, and 15 minute intervals. An attempt was made in the comparison to use

satellite images which were very close in time to avoid changes in the cloud field due to substan-
/

tial cloud growth.' Similar cloud tracking techniques were utilized for all three sets.

: ’fhe comparison shows that frequent interval satellite data are necessary to acquire reason-
able cloud vector fields in a severe local storm situation. There was a 69% reduction in the num-
ber of tracers at 10 minute intervals and a 98% reduction at 15 minute intervals. Many cloud /
elements disappeared after 10 or 15 minutes or grew too large to be considered acceptable 10}52/

level wind tracers. Smaller time intervals (X5 minutes) allowed the continuous recognition g‘;f,
specific, rapidly-changing cumulus tracers. Additional case studies will be done to determi;ie

whether these percentages are unique or average values for cloud tracking severe local stogj}n
:

events.

6. Summary
An examination of frequent interval satellite digital image data demonstrates the feasibility

of using satellite~derived cloud vectors in conjunction with conventional wind data to describe

mesoscale features which are connected to severe local storm events. These features in the

Table 4
Number of Cloud Tracers for Varied Image Intervals
Time Interval ; - Image Sequence S - Number of Low Level
(Minutes) " Period (GMT) . Cloud Tracers
5 1758—1803—1808 137
42

10 . 1808-1818-1828
15 1758-1813-1828 ' 3

15
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atmospheric flow appear to be related to the subsequent occurrence of severe weather. Satellite-
derived cloud vector fields are extremely consistent and approximately represent t’he ambient
wind when they are placed at their correct level in the atmosphere. For this cése study, a signif-
icant feature, which is revealed by the satellite-derived cloud vectors, is a consistent pattern of
convergence located ahéad of a dry line — a pfefcrential area for strong convective activity.
Satéilite—derived cloud vectors can probably be used to localize areas of mesoscale convergence
before the appearance of thunderstorm ceﬂs. These cloud vectors will certainly need to be ac-
quired usmg very irequent mnterval saveilite images preferably at iess than or equal to 5 mmute

intervals.

There is enormous potentiai in these wihd extraction techniqges to improve real—time fore-
casting of severe local storms. One of tl}e current limitations in the operational synoptic network
is the léck of v}?inds to describe the basic kinematics of severe local storm environments. With
improvements in the assignmient of levels to the satellite~derived cloud vectors and the adjustment

of satellite “winds” to conventional wind levels, an increased application of combined satellite

and conventional data can advance our lead-time in forecasting the occurrence of severe weather..

16
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Figure 4. Cloud Vector Field for 1758-1808 GMT, Area 1
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Figure 5. Divergence Field (x 107® sec™!) for 1813-1823 GMT, Area |

Figure 6. Cloud Vector Field for 1812-1823 GMT, .“rea 1



Figure 8. Cloud Vector Field for 1828-1838 GMT, Area 1
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Figure 10. Cloud Vector Field for 1903-1913 GMT, Area |
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Figure 12. Cloud Vector Field for 1918-1928 GMT, Area 1
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Figure 13. Divergence Field (x 107 sec™!) for the Combined Cloud
Vectors and Rawinsonde Wind at 1758-1808 GMT
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FIGURE CAPTIONS

Figure 1. Cloud Tracking Areas for 6 May 1975

Figure 2. Composite Chart of Significant Surface and 850mb Meteorological Features for 6 May
1975 at 1200 GMT

Figure 3.  Divergence Field (x 10 sec™!) for 1758-1808 GMT, Area |
Figure 4. Cloud Vector Field for 1758-1808 GMT, Area |
Figure 5.  Divergence Field (x 10 sec!) for 1813-1823 GMT, Area 1
Figure 6. Cloud Vector Field for 1813-1823 GMT, Area 1
Figure 7.  Divergence Field (x 10 sec!) for 1828-1838 GMT, Area |
Figure 8.  Cloud Vector Field for 1828-1838 GMT, Area 1
Figure 9.  Divergence Field (x 10 sec’!) for 1903-1913 GMT, Area |
Figure 10. Cloud Vector Field for 1903-1913 GMT, Area 1
Figure 11. Divergence Field (x 10 sec’!) for 1918-1928 GMT, Area 1
Figure 12. Cloud Vector Field for 1918-1928 GMT, Area |

Figure 13. Divergence Field (x 10 sec!) for the Combined Cloud Vectors and Rawinsonde
Wind at 1758-1808 GMT
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TABLES

Statistical Summary of Satellite-Derived Cloud Vectors

Velocity Differences (AV) Between the 1715 GMT Rawinsonde Data and the 1800 GMT

Satellite Cloud Vectors at Various Pressure Levels
Maximum Value of the Convergence For Area 1 from 1758 GMT to 2012 GMT

Number of Cloud Tracers for Varied Image Intervals
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