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 ABSTRACT

The purpose of this study is to examine network requirements that
»‘ , 4

would a]]ow the resolution of mesoscale phenomena, by: }hermodynam1c _
changes in the- atmosphere, from data obtained during radiosonde ascents. .

The existing global radiosonde network makes upper—air\soundings twice -
daily with a typical station"spacing of 500.km over the continents. in
the Northern Hemlsphere Synoptlc sca]e phenomena. with 1ife cycles of
d;vs and length scales of fUOd\km or more. are adequately resolved.

However even larger sub- synoptac phenomena such as mesoscale convect1ve

complexes can not be properly resolved.

To investigate thermodvnamic chanoes tn the atmosphere an upper-air
field studytwas conducted in centra} Alberta on three consecutive summer.
days (18, .19 and 20 August, 1981) by and withjn‘ the Albertafrhesearch.
Council Hail 'éroject. Five~upper-air sites, in a line with spacing of
40 km, made releases>everv 11/2 or 3 hours. Additionalty, comparison
‘tests between upper-air equlpment used in the study were carr1ed out on
- 14 October, 1981 at Red’ Deer//Alberta Prev10us comparlson tests are
rev1ewed and considered’ A\ong with the results of the Red Deer tests.

‘ An error analysis covering radiosondes and the extraction, proce551ng

rand'analysis of the data is discussed. . - o
‘The method used to examine*changes’infthe upper-air -data‘Awas_ to

I'calculate and compare values from a number_of stabvlity indices. They

{Tarev means. to 1ncorporate the thermodynam1c varlables reported by»

S

;_rad}osondes (pressure temperdﬁure and. moISture) and are also a ’_Ens of.'

’ predlctlng mesoscale convectlve act1v1ty J//.ﬂ ) )‘5;f

"ﬂ?‘g e oy
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which significantr;éhaqus‘ in stability indices occurrqd on days with
» #,‘T"’v.. .-'“».'-“ ) i N _ / .
weak thunderstorms. ;ﬁ_ change in the the value an index was

cons idered 'signifféaqf~“jf . the difference between (two soundings was

greater than the sum}éf7ihe.uncértainties. ' - '

-,

»

This study was:able to-determine intervals in space and: time over

.....
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CHAPTER 1

INTRODUCTION

Radiosondes are released twice daily, at 0000 and 1200 UCT, from

. ’ N
synoptic upper-air stations around the globe. Data are collected to
determine the condition of the atmosphere and are used for objective

analyses at various levels and for forecasting. Forecast uses include

[}

local weather prediction as well as initialization of numerical models.
: |

These upper-air stations are typicé]ly spaced an average’ 6} 500
kilometerg (km) apart.oVer the continents. The resolution and accuracy
of these data adéquately describe synoptic scale weather systems bﬁﬁ are
" too sparse, both temporally and spatially, to hefine sub-synoptic scaie
phenomena such as thyndersfsrms. Various smaller sta]e.networks have
been operated to sUpportfmesdscale researéh objettives v(for example,

there have been NSSL, GATE, SESAME, CCOPE and LIMEX-85"1). These:

-ngtworks have had qyerage)spacingsfof é5-256 km, and soﬁ “i&g ‘1nferva]s
of - 1-6 hours .’ ‘Network requirements are_dicfated b&/f:e%scq1e of the
- phenomenon Being.studied. Thezgpace and time‘intervé]s of such networks
gré ultimately Jimitéd by sensor acéuracy,\weather conditions, human

~capabilities and cost.  " R ’ . -

.e . -

*1 NSSL - Nat%ional] Severe Storms Laboratdry, Norman, 'Ok 1ahoma; -
GATE - Global Atmospheric Tropical Experiment, South Atlantic;
- SESAME - Severe Environmental Storms and Mesoscale Experiment,
Okalahoma; ‘ v R ; o
. CCOPE-.- Cooperative Convective Precipitation Experiment, -
-, Montana; . : . ~
- LIMEX-85 - LImestorie Mountain EXperiment 1985, Alberta.

o



1.1 Purpose And Objective:

The problem then, is to find space and time intervals which can be
used for the design of research upper-air networks to study mesoscale

phenomena. The. purpose of ‘this thesis is te ‘nrestigate network

requirements for resolving thermodynamic changes in‘the atmosphere from

data obtained during upper—air soundings. The® results may then be

. . . 7 .
incorporated into the design of optimized mesoscale upper-air networks

in the future. The ‘term optimized is wused to denote the miniﬁum

interval for which measurements will y1e1d non-redundant data with

respect to the Timits of sensor accurac? and to the type of weather -

£

conditions to be encountered. '
' ‘ . 4
. . Tt

To study thermodynamic change of the atmosphere, seueral variables’

must be nincorporateé. Pressure, temperature and .moisture, are' the
‘ B . ‘ §
parameters obtained from. atmospheric sounding devices. Stab{1ity
indices are a means to do this and are also a means‘of'predicting
_ et a : ‘ ?

. . . B . . . . L
mesoscale convective intensity. A stability .index 1is a numerical

measure of the stability of the qtmosphere, assumed to be in hydrostatic

. ’ .
. equilibrium, and usually based on  temperature and moisture at two

levels.

Some 1nd1ces a]so f%ke winds.in - addatlon to thermodynamacs into-

account. The approach used 'in thls study was to Jnmestigate the

. variation of severa1~stabi1it& indices in-space, and time ’using"fteld

S
"
~

Pl

¢

-data obtained in sefial«line releises Not all stability in&ices are h'

cons1dered su1table for pred1ct1ng all ranges of thunderstorm intensityr~'

.

51nce_ some were des1gned to dascr1m1nate severe thunderstorms M1ller

et al. (1971) suggest that 1nd1ces such as the “L1fted Index" or |



\,“Totai-Totafs" would be more'_applicable for predictingoless ‘intense

thunderstorms.

This is a simpler approach than other prediction techniques, such’

as’ the Synoptic Index of .Convection (SC4, Strong and Wilson, 1983),
which combines both the- thermodynamic* and kinematic fields into a

composite state of the atmosphere This current study, however, is

limited to 1nvest1gat1ng the thermodynam1c aspects of pred1ct10n, using.

simpler, derived stab1lity 1nd1ces “In this way,_an_opt1mum upper-air
‘network density. may be ‘inferred by usingq;st&ndard"North Amer ican
"synoptic” radiosondes and a newly developed sounding,system (AIR*2

sonde) for the study of small-scale atmospheric features in Alberta.

\

The existing global network of rad1osonde stations is designed to

~

ob}a1n 1nformat1on on. synopt1c scale phenomena in the atmosphere These

1.2 Upper-air Data

nfeatures. several thoUsand k1lometers in horizontal- extent with life

cycles measured in - days, are adeqUate]y resolved (Oort, 1978) with T

station spacings of the order;of 500 km and 12-hour témporal resolution.

Atmospheric' phenomena of smaller scales, such as mesoscale™

) / ) . Y ) . .
‘convective compiexes (Maddox, 1980), squall lines and COnveetive storms

are poor1y resolved or not at all. If these 'mesoscale features of
length scales as. smatl as tens of k1lometers can be adequately measured,.
then theoretlcally, they can be pred1cted -The~ ab1lrty to- measure 'is
vultimately °11m1ted ‘by.1nstrument-capab11]t1esi The study of phenomena

°

*Z‘Atmosphertc Instrumentatwon Research (AIR)

'Q?

&
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such as squal] lvnes or convectlve storms requrre ah»1ncrease 1n network

denSIty both in space and trme

The ma jor atmospheri; phenomena, during summer in Alberta, are

mesoscale convective features that range from small non-precipitating

cumulus clouds to large hail-producing thundergtdrm tomplexes. Hence,

an Alberta study 1in particular may require denser network§ because of

podsible stronger local pressure and temperéture gradients”5 that - occur
during the summer‘cohvective,ktorm season. These .stronger gradients may
result from Alberta's position 4n the westerlies and’ from short wave

disturbances' which normally occur at this Jlatitude. In any event,
¥ . . !

bz
]

opfimizing a network with respect to the number of stations and to the
K .
~ number bf'_releasps .made is a requirement for studyid@”ﬁmalﬁ—tcg]e

convective features. ﬁ

At bresent, even the current synoptic tupper-air network over

‘western Canéda and the United States. is inadequate for sub-synoptic -

analyses over Alberta. It consists.of Stony Plain, Alberta, Ft. Smith,
- North West Territories, Prince George and Vernon, BritiSh4Columbia.
S _

Great Falls, Montana and Spokane, Washingtoh. ' There is no upper air

site  located within the province of Saskétchewan.‘ 0ccastonal snundxngs“

4are carried out at Cold Lake and Wainwright. Alberta.  For this reason,‘

the Alberta ﬁeséarchv Cbunci]' Héiiv Prbjétt'?oberatés two add1twona1

| radlosonde sites, at Calgary and Red Deer, to obta1n more representative

data for convect1ve research and c1oud seéﬁlng operat1ons

1@3 PreVibus’Studies B : j‘“‘ '  - ‘,J‘. _ ' l‘;_r
'.' . . . T . . te N . ’

R}
13

" There have’qbeeh,-yari6u§1 studieskécbhductéd to'zdetgrminé“'jhdw,'



representative an upper-air sounding vas of the surroundtng area. These
studtes have used e1ther single-station sequent1a1 ascents (Cherry and
Rogers, 1973) or' networks with minimum average station spac1ngs down to
the order of 25 km (1969 N6SL network). However, a station spacing of
25 km proved to be too dense in early studies, since the errors inherent
in upper-air systems proved to be greater than the magnitude of ‘the
atmospheric gradients measured. Gleeson (1959) examined the probabi1ity

r

of detecting an atmospheric feature as a function of the area of the
feature and the number of stations randomly spaced throughout the

region. House (1960) used a theoretical atmospheric model to define an

optimum time and space distribution of upper-air sounding observations.
. . T . - v
He concluded that the synoptic-scale network was inadequate for properly ™

defining a squall line, let alone a single convective storm. Kre1tzberg

.(1968) analyzed data from Prbject Stormy Spring, a.1965 pilot study of

mesoscale featuresq in e;tnatfbpica1, cyclones. It consisted of ten
upper-air:sites*spaced about\lOO km apart. He concluded that there are
mesoscale features which have large “amplitudes . with. respect to
_rawinsonde data erro‘rs‘.6 Thus the accuracy of calculations, of wind and-
temperature gradients, was 11m1ted ﬁpt by 1nstrument accuracy but the -

non- llnear1ty of the data in t1me and space. "Cherry and Rogers (1973) -

;anaJyzed . t1me—hemght vvar1at1ons of such" parameters 'hs potential

vtemperature,imdisture,’;convective stability,’ and w1nd ve]oc1ty for

‘serfaj 'ravjnsgnde ascents from Red. Deer, A1berta Though 11m1ted By'
sinple-station analysis; they were able to ver1fy two cond1t1ons
descrwbed by N)nom1ya (1971) as being favourable to the development of
’severe 10cal storms.; These two condItlons were convectlve -1nstah111ty o o

and’ strong winds in both lower_and uppernlevels. ‘They also concluded

S



that the 50undin§ most representative of the air close to but unmodif ied
by c¢onvection, is one released about two heurs~ahead of the storm.#\The
National Severe Storms taboratory headquartered vin Norman, Oklahoma,
conﬁwnced\ in 1966 to operate Spectal upper-air networks to study
sub-synoptic scale features (Barnes, et al., 1971). Fankhauser (1969,
1874) studied convective processes ustng data from a rawinsonde network
with station spacing of 60 to 90. kilometers. He .concluded ' that

kinematic and dynamic features resolved in the study were a function of

observational spacing and did not.necessarity pertain to the individual

convective processes. .

tad
R

1.4 Summer weather.Conditions In A]berta - Synoptic-scale Gradients

A check was made to confirm that' sy?opticiscale feetures are
adequately resolved oyer North America hy thevexisttng4upper—ajr netuork
with average stattgn“spacing of 500 km Summer months generally provide
- the ‘weakest Synoptic gradﬁents when sub- synopt1c scale phenomena. such
as 1arge conyect1ve comp]exes, are common. Geopotent1al he\ght and
temperature gradients were analyzed for July. 1980 at 700”gnd 500 mb.
The results are summarnzed in Table 1 (from Sack1w and S%Pﬁhg. i983)
A g assumed that pressure-height and temperature me:sures j Bach

. x
synoptlc stat1on are correct to 5 meters and, 0. 4°C respectlvekf Thus.

uncerta1nt1es 1n the gradwents are of the ‘order of +/-1. 4 m/100 km for

geopotent1al he1ght, and +/-0.1°C for temperature ) _ o .

Y ‘ . Lo - . L
Table. 1 shows the maximum grad1ents between any~'tWO rawinSonde

t stat1ons for each day, 51nce the minima (abSOIute values) would be closet'

a

’ to.(orlequal to) zero. .For temperdture,grad1ents. the -smallest daily**5'~w

w
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TABLE 1. Absolute valu-es of maximum (synopt1c scale) ho'rlzontal
gradlents of geopotential height and temperature at 700 and 500 mb over
western Canada during July, 1980.

Al

(1980) | HEIGHT GRADIENT (m/100 km) | TEMP. GRADIENT (°c1100 km)

, - . — : e 7
pAY | 700 mb 500 mb 700 mb 500 mb
July 02 8 13 0.7 0.8
03 7 13 0.8 0.8
04 T 11 1.4 - 0.5
05. Co12 25 2.2 1.8
R 06, =~ 14 R R 1.5
07 16 44 0.9 2.3
] o8 | 9 17 N 0.5
N 09 9 15 1.3 1.2
B s 11 18 1.8 - - 0.8
11 10 | 22 S 1.3 4.1
12— 8 20 0.8 1.5
13 8 s 1.8 1.5
_ 14 s | 22 | 0.5 L 0.7
15 6 | 9 0.8 1.2 .
16 11 27 - 1.2 1.2
17 14 29 - 1.3° 2.1
18 16 25 0.7 1:5
19 11 22 ' 1.5 0.8
20 8 .17 S 0.8 0.8
21 10 15 0.5 0.6 o
22 13 1 ~.20 . 0.8 0.8
23 - \\\37\\\ - ., 0.8
24 11 25 1.6 1.0
25 7 18 1.1 1.4
26 12 - 22 : 1.2 1.1 -
27 13 30 > 2.6 1.0
28 15 217 | t.e 0.9
29 14 24 2k 1.5
30 ‘14 29 1.3 1.0
. 31 13 27 | 1.7 1.5
uG. 01 1 - 20 1.3 0.5
Min.4 /-6 9 0.5 0.5
Max. 16 44 2.7 4.1
MEAN |  10.9 21.7 1.3 .3
5.D 2.9 7.0 0:6 0.7
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maximum value for any given day (dur1ng July. 1980) is 0.5°C/10h42n

(2.5°C/500 km), with an average about double this. Thus i t mean\

square (RMS) sensor accuracy of 0.49C (VIZ radioso(/;;), one may resojyn/
' [
~ atmospheric features with length scales of 1000 km with 500-km spacings

-(e.g., the synoptic upper-air networks).

-
-
- ) e

Table 1 provides insight into the spatial resolution possible Wwith
VIZ radiosondes and standard data extraction pro:edures. For examplé,

" by using VIZ radiosondes with a temperature unceczﬁ?hty of 0.4°C, one is
o . ‘ 4] o ' .
only assured of resolving a 0.8°C temperatureféifference.( This suggests
[ . '
that a 51te spac1ng ‘of 160 km is plausiblg for the weakest maximum

700 mb temperature gradlent condition, 6? July 1980 Vsince 0.5°C/100 km

Ve .
is 0.8°C/160 km. An average site spaging of '80-90 km was used for the
early NSSL rawinsonde network (Fankhauser, 1969). 'The mean maximum

700 mb temperature gradlent (1. 3°C/t90 km) suggests a stat1on spacwng of -

69 km is feas1b1e on days favourable for convectlon

¢

During summer, severe convective weathef (large thunderstorms, -

hail, tornadoes) temds to accur on synoptically aottﬁemdays when .strong

.gradient'COnditions ‘existb~(5trong.( 1979). ~This has made possible

\ - - . N - -

studies involviﬁg‘ sub-synoptic 'sca]e' analyses of 'seVere conveCtiVevh

weather us1ng data from upper -air networks of this scale (Tsu1 and Kung,

1977 Fuelberg and Scogg1ns,‘1978) SRR S

. '\\ L
4

A\, _ The gradients 0f=Tab1e'1 were derived us1ng only synoptic scalef

'data (}t-1s conceivable that gfadxents around severe thunderstorm.,.3“W'

ﬁsystems may be more 1ntense over shorter d1stances and t1meA periods;

[

'Th1s comp]rcates the problem of network slte1-spacing’and;Soundih6h'

‘drelease t1me 1nterva1 even: further An.exanple;“from»fthe‘ 1979;hSESAﬁ£f’f'ff§

PR | : : . o
. Ny P



.(Qk]ahoma) network bf 20 sites with 100 km spaéing was Chosen; Using
the AVE-V data set (Sienkiewicz et al., 1980) of 20 May, 1979
(tornado-producing thunderstorm complex), height gradients as large as

60 m/100 km were measured. Thisi?fso—scale height gradient is almost 50

—

Fe

qurcent -larger ‘than 'the -maximhm synoptic height gradient“found in
Table 1 and thus, suggests that gradients around severe ‘convection are

more intense.

L4



CHAPTER 2

UPPER-AIR MEASUREMENT SYSTEMS -

-

2.1 History - L

The first upper-air measurements, other than pilot balleon yind_

measurements, were made by Hermite and Besancon (Middleton and Spilhaus,

1953) in 1892. A number‘ of means and instrument types! have been -
et . .

éﬁployed to make upper-air measurements. Transport mechanisms used have

included free balloons, aircraft and rockets. Manned bal]oons'were‘used

for a-time, and severalvdedicated researchers and technicians lost their"
lives during severe weather ascents. In order tuﬁiliminate this hazard.,
and obtain 'informatibnl at greater altitudes, inétruments called ‘

meteorographs were devised to collect and record data. The earlieat‘
. R » ‘

meieorographs used ar c]ock mechanism and a comb1nat1on barograph

thermograph and hygrograph that was 11ght enough to be carr1ed aloft by

a balloon. Since clock mechan1sms had d1ff1cu1ty operatlng atnvery_low“ {~ul

temperatures, anerbid-based Systems were deveIOped‘ whlch :fecurded'“

‘temperature and reiatiyefhunidity‘as a functlpn'of-pressure;

- N

As far back as 1868, Buys Balldt (MIddleton and Sp1lhaus. 1953)
. advocated that meteoro?og1cal 1nformat1on be transmatted automat1cally
1:5Hearth and Robltysch (Middleton and Sptlhaus, 1953).“ i 1917 f1rst

‘ftransmxtted sagnals from a meteorogrﬂph att°°h°d t° a k”¢° It "‘s\"°t

‘-5fwiunt11 the developmentqof the vacuum~tube oscxl?ator fhat 1t became

iejffeas1ble to transm1t s1gnals from an’ 1nstrument carried by a baIloon. f;

Tﬁ:ifThIS was accompllshed by Idrac and Bureau i 1922 (ulddleton and o

.

1




-are vto be calculated), a radio receiver and

P K . rd B

LY o o LR
Spilhaus, -1953). . Since them many radiosonde desjgns have been

.4
LI 3 : . ’ ' .
2 cSmmerciali; developed. Radiosondes have a ?reat advantage over~balloon

. & <
f*meteorographs ,1n thet 1he 3ata are, avar]ab]e shortly after the ascent,

l

whereas the recovery of meteorographs cou4d take ,days, weeks or even

) . L S
years before they were found and returnqg.
: R A a » '_.,‘,' . ) .
3 4 ' : et ' e
During the next decades, the study ‘of"the upper levels of the
- atmosphere mcreased,i and by the 1940s the first extens1ve ‘radiosonde
g
networks became operat1onal Prlor to this, the thermal structure of
0&- . -

thee atmosphere cou1d only be deduced ﬁrom‘ surfaceiycharts, a few
A
scattered balloon and meteorograph ascents, and mountain _observations.

L3

11

AN

The " term raw1nsonde isl used to indicate that the»ground_statﬁon also
tracks the'sonde so that wind 1hformatipn,may be calculated. ‘
: . . ‘{( . . ] ] n
s . N ‘ . ° ’ .~ § ‘ a . o
. L T ) s s N
2.2 JMpper-air Systems Around The World e '
2.2.1 Radiosondes . | ‘}
‘Radiosonde  instruments consist of five parts:  housing,

'meteorologjcal sensors, radio transmitter, antenna, and batteries. The

... ground_receiving equipment consists of an antenpd (directional if winds
w7

cording device (usua]ly

_a.chart recorder). There are four classes;of rad1050ndes +
. ' ! .

*. -

a) time-interva1:-;sighals<are transmitted as puises spaced in time,

: with the meteorological parameters evaluated from the pulse

intervals, .- . . ~



0/,.‘ ‘

. .
b) code-type: signals are transmitted in a code which is interpreted

- as meteorological values,

c) variable-radio-frequency: the chaﬁgé in radio frequency from the

transmitter is related to the values of the meteorological elements,

o
d), vaniablé-audio-fréquency: the variation of an audio signal, which
is related {o tﬁe meteorological values, is used to modulate the
"Acarrier‘wave by pulses. The meteorological information is the time
bet&een; these pulses. Thus the problem of electrdnic drift of the
carrier sfgnai, causing data errors, is eliminated.

The meteorological section of a radiosonde is composed of presgure
(e.qg. aneroid or hypsometer), t%%perature Qe.g.. bimetal strip or
thermistor) and moisture (e.gi hair or goldbeater's skin hygrdmeter. wet
bulb or hygristor) sensors. The temperafgre and moﬁsturefelements must

y |
be ekposed to the air but shielded from the sun.

[y

A majof'improvement in radiosondes occurred in the mid-seventies
. . :

‘with jthe 1ncorpofafibn of solid-state circuitry. the elimination of the
vacuum, tube reduced the voltage and power requirements, while providing

o

o _ o
more stable operation. -

12



2.2.2 AIR Sonde

Atﬁospheric Instrumentation Research (AIR) produced the AIR sonde
Data Acquisition System (ADAS) basea on a tethered sounding system
developed at the National Center for Atmospheric Reseafch (ﬁorris, et
al., 1975). Unlike‘most existihg radiosonde systems, the ground station
consisted of a shall receiver and mitroprocessor combination that

received the sonde's [ signal (pressure, temperature, wet-bulb

~

temperature, and reference signals) and output user-selectable

parameters - to one or more devices. The AIR sonde system*3 (model 3A)

-

was a new instrument system. If* winds are desired, an optical
] .

theodolite must be used'to tracﬂ the balloon™®. The type of AIR sonde
used .in this study had two wings that housed the dry and wet  thermistor
'beads énd caused the unit to Spig, thus increasing thé ven;ilati;n rate
of the thgrmistors ébove that provided by the nominal _ascent raté of
three meters per second. : : .

-

. 2.2.3 Radiation Effects Upon Instruments

McInturff et al. ({979) determfned that radiation effects cbuld

.cause errors of up to +0.65°C at the surface, and more than 2°C at the

,height of normal balloon burst (<10b mb). Radiosonde’ manufacturers

2

- - -

*3 AIR continues updating the ground unit, software and sondes.

13

Several designs and models are currently available including the .
most recent sonde version which employs a VIZ hygristor for the
humidity sensor. This AIR sonde model *is also similar to

- conventional VIZ sondes with the thermistor on an outrigger and
the hygristor inside a duct running through the sonde. ~

*4 A later mode haS‘the'proVision to automaticai1y record data

\\ from a specially-equipped optical theodolite and can output wind,

information along with thermodynamic data levels.



v

handie the effects pf solar radiation by different means. While some
]

rely on reflective coatings on thermistors (e.g., VIZ sondes) or

radiation shields (e.g., Vaisala sondes), others provide pre- or

post-flight software corrections (Phillips et al. 1981).

Problems occur ,when combﬁning data fromv the mény_ types of
radiosondes wused routinely around the world, due to'different sensor
response time; and accufacies (McInturff et al., 1979)f' Rﬁwinsonde data
in forecast‘of%ices are not corfected for’§ensor response time and’solgr
radiation effects. ~ The stebility indices used in this study were
developed and used with data primérily from VIZ sondes and withoﬁt these

corrections. Therefore, no corrections of this type have been

incorporated into the data analysis made here.

2.3 North American Radiosbnde

The radiosonde used routinely by weather.services in North America

is .of the variable-audio-frequency tlass. Pressure information is

14

)

derived from the chart trace at ‘the poihts where switching between

sensors occur. Switching from temperature to humidity is called

contact.  A féctony pressure*calibration strip accompaniés each sonde

A4 ‘

-and consists. of a pressure value specified for every contact. The
temperature sensor is a thin ceramic semi-conductor rod called a

‘thermistor which has a reflective coating to help minimize solar

radiation effects. An outrigger holds the thermistor up and away “from

the radiosonde to_énsure“ihﬁtvthevsensor will nbt be inf Tuenced by-aﬁy

instrument effects upon;the environmental air (e.g. thermal warming due

to radiative effects on the sonde housing). The humidity element’ is a



[
nan-conducting plastic strip that is coated with a thin film composed

mainly of carbon. Resistance of this carbon film varies inversely with

the relative humidity. -This sensor is positioned in a duct atop the

sonde to protect it from both solar radiation and rain.

A directional .antenna receives the transmitted signal. The signal
is converted from frequency tp'voltagé and finaily output on a chart
recorder. The chart paper is divided into 100 divisions called

: 3

ordinates. An observe} reads the chart to +/-0.1 ordinate.

The thermodynamic and kinematic data are linked through time. A
timing strip is used to obtain the time of each data level from the
chart while the balloon angle data are re%orded;every minute or fraction

thereof. ' . ‘ -

5
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CHAPTER 3

DATA PROCESSING
3.1 Data Sourcés

Daté used for this study were first collected in a field experiment
‘an&‘subsequent]y from radipspnde comparison tests. Norﬁallyf’ihstrument
comparison tests are ;onducted on equipment befoge it is used in the
Pfield.” However, '&Le- to the late date of acquisition of the Resear;h
Councii‘s .AIR sonde gystem,’ this. was not possible. “Therefore.
comparison tests‘ of the eAuipment did not take place until after the~
Vf_ievld.‘ study‘. - Budgetary énd manpo;ver , Timi"tions restricted these
comparison pests to the simultaneous releasevaf‘threé‘radioéondes twice «

4

during one day. @

- N -

3.1.1 Comparison Fiight Data

Comparison flight§ weré madé tqhverify‘ the manufacturers'; stafgd’>
specif?cations,“ and to investigate uncgrtainties among d{ffereht énd
- similar radiosond; sx§tems‘$ Two comparison flights were made on ‘14‘
:October' 1981 at the zﬂnqustfial' airport ~of Red Deer, Alberta. Each |
" release consisted of two VIZ sondes (1680 MHz and 403 MHz) and an AIR
sonde (403.5 MHz). ‘Fdf the first fjight;>a1] tﬁrébvradfosonqes vgfé o

| at{ached‘with,fwine to the same bélloqh.<‘The two VIZ sondes were placed .

1,

side - by side and tied together about 20 meﬁers,from‘the.ba1loon, Since

_the AIR sondejrequﬁréd,freedom.tb Sbin, -it.'was,»attachcd to the VIZ :. :,'

_sondes ‘with a‘shOrtﬁlengfh of twine about 5 Metefsllbnc% :To maintain a.
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nomin@l -ascent rate of five meters per second, the palloon was tanated.
wtth addittqnal helium to compensate for the weight of the extra;sonde -
The large difference in frequencies of the VIZ sondes do not po:;\w
» interference prpblemsb with each other. The AIR sonde trequency is
\crystal controlled and can not be adjusted, hence, the 403 MHz VIZ sonde
r was off-tuned to' an e;treme of its frequency range to prevent
tnterferemcejbetween the two: Avfive-meter per second ascent rate is f,
standard practice for VIZ.radiosbnde flights but the nominal ascent rate _
:during and’AIR sonde flight is three.meters per second. To Qheck‘if any ﬂ
noticeable differences in the measurement of moisture of the AIR sonde é
resuited from this difference inrasceﬁt rate, the secomd release was
made with the AIR sonék attached to a separate balloon free to ascend at
its nominal rate.r No noticeable difference in humidity was apparent
petween‘ the two fltghts. The VIZ - 403 MHz sonde was“tracked with a
single METOX ground‘statton, and the1;i5i1680 MHz sonde py two separate
5A) ’

ground stations (an_RD-65M~and an RDZ

3.1.2 Field Experiment Data

The experimentat data used for thts study were collected"durfmg a
? short fleld study called the Spat1a1/Tempora] RESolut1on Study (STRESS)
STRESS was des1gned as ‘an attempt to def1ne the . spat1al and tempdral'
resolutton capab111ty of upper air data systems used dur1ng the summer ~
f1eld program of the A!berta Hail PrOJect The results from thrs test
program were to be ut1l1zed in the des1gn of -a mesoscale upper alr and

1] U

surfa#e network whtch would be swtuated in central Alberta.

) ) e
) 4 . L4 ’ . o N N ) "
ER - . . R . ' ) : hé
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The study area was situated within the Alberta Hail Project
operations area (Figure 1). Two possible lines of sites were chosen and
surveyed. This_was‘dohe so that for a given day a 1line of stations

) . : 3 _
could be chosen “which would be roughly aligned perpendicular to the

18

500 mb flow. Two fixed rawinsonde sites were .incorporated into each -

line:

a) "north-south" line - Calgary and Red Deer (AQF),

'b) “east-westt line - Rocky Mountain House (YRM) and Red Deer.

A third mobile rawinsonde system (Robitaille, 1977; éackiw and Bergwall,

1977) . was positioned to be an endpoint of the line chosen for the day..

The other two sites had AIR sonde systems and were located between the-

rawinsonde stations. Station -spacing was nominally 40 km for the A

"north-south” line and 38 km for the "east-west" line.

Due to budget, manpower and time constraints, operations for the

L

study' had to be restricted to.only three cohsecutive'days (18, 19, and

(ADAS 2), on loan from ‘the Unlvers1ty of Calgary Unfortunately. this

,,,,

" unit did not a11ow s1mu1taneous ‘output to a d1splay and a tape recorder

20 Augusf;”lesl) 0ne AIR sonde unit was an older version, Model 2A

Many fllghts were thought to have been recorded, but subsequent attemptsLI

f11ght data cou1d not be used in th1s study for two reasons. The fjrst

was’ severe s1gnal loss prob]ems that caused large port1ons of ~some .

ascents--to be -1ost : Secondly, although thxs system was not ava]lable

“to extract data from the tapes 'paoved 'tb be fut%1e' ' The"remaioind =

for the compar1son tests, it became obvxous when the ascents were c

p]otted that large measurement errors: “had occurred as well. /_f‘ R

-
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Since the ADAS-2 flight data were not used in this study. reference to
ADAS or AIR sonde \réfers to the Model 3A (ADAS-3) which w;sﬂlocafed
between YRM and AQF in the ST%ESS liné. Similar signalxﬂos; problems
also occurred with the model 3A and‘not all fﬁidhts could be used.
Several releases at the mobile rawinsonde site were not made due to
power problems oﬁ the 19 August. Table 2 cﬁntains a list of all the

ascents used in this study.

TABLE 2. Table of STRESS soundings used in analysis.

L | FLIGHTS ON 19 AUGUST 1981
(utc) | YRM | ADAS-3| QF | MORAS
1130 * * *
1430 | * * * 3
1730} * * * hourly
2030 | * u
2330 | * * x
0100 | * * x 1 1/2
0230 | * * x hourly
0400 | *° * »
FLIGHTS ON 20 AUGUST 1981

(dc) | YRM | ADAs-3| QF ‘| MORAS

: 1730 X K- .* * . ‘

1 1900] = x * * 11/2-
2030 | * < * * hourly
2200-|- * * *
2330 | * * *

Flights were made eifher _every, one and-one;hélf hours"br eVefy _

"l_three hOUFS during times that appeared most favourab1e for the formation l_'

'cond1t19ns whwch were hoped to form or pass through the 11ne of sites. f‘

v'dnfoétuhately, never~mater1allzed.‘ Two _weak storqs formed _along "the

A"iof severe weather durlng the three day perlod ~The severe weather?
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STRESS 1line during the afternoon of 19 August when operations had been

called off. On 20 August, a storm was reported at YRM afte~ operations

ended.

3.2 Calibration Of The Instrument Sondes

Standard VIZ‘radiosondes must be calibrated before each flight.
The chart recorder is first set to zero and then a sensitivity check
performed. A pressure reading is obtained and the‘baﬂqswitch is set to
_ correspondm to this. pressure. The radiosonde. is then placed into.a
calibration chamber called a baseline box, and is automatically cycled
through ‘each of the radiosonde circuits_(high reference, temperature,/
low reference and.relative humidity). Air inside the baseline box is/
allowed to stabilize for e short time before the actual ca]1bratlon
‘starts. - The baseline box contains a set of dry and- wet-bulb
thermometers. a fan which circulates the air to ensure that it is wel1”
'mixed,'and~desiccant tovkeep the relative humidity‘within-al]owed Timits
ddrimz calibration After the operator checks that the air within the)
'base11ne box has "stab1l1zed" the ce11brat1on procedure heg1ns. .Data
transmltted’by the sonde are outputkto a chart recorder The conditions
‘ ‘wh1ch must be met for calibration are two constant temperature tracesb
- and three constant re1et1§e hum1d1ty traces (or more typ1cally, a
~consta‘nt trend)- Add1t1ona11y, dr1ft of the low reference szgnalv must
~ be less than 0 1 of anﬂordinate durlng the whole procedure ‘If'not,”the.

- Jow reference is re- adJusted and calibration started over. After

fcalibretion,‘ the sonde s set outside to allow 1t to acc11matlze before-

Y

" release. .
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Pre-release preparations for AIR sondes differ from that of VIZ .

sondes. These sondes are factory calibrated and only the output from
the pressure sensor may be adjusted in the field. The factory
calibration coefficients, time, station altitude and pressure were

entered 1into the rece1ver/processor ~ground _station. A thermistdr

attached to a small water reservoir by means of a wick was the moisture

sensor used in th1s type of AIR sonde. The manufgiturer claimed that

’

“the, latent heat of freezing given off by the liquid water of the wick

was used-ae an additional automatic calibration for the moisture ,sensor
during flight.. After' the wick froze,'hovever. moisture values became
progressive]y woroe ‘compared to similar measurements | hade by
radiosondes. These sondes were calibrated up to 300 mb, although feﬁ

/
ever made it up to this altitude.

3.3 Pata Collection

Rawwnsonde systems (e.g. GMD 1 and ADRES) employ1ng VL% sondes have

been used for many years. These systems make use of analog electronic

technology and rely on manua] ‘extraction of dafa from chart recorder

traces. A recent deve]opment the AIR' sonde uses diglta] technology to
el1m1nate both the chart recorder and the manual extraction of data.

» v

3.3.1 Radiosonde Data Collection:

All the data transmitted by the. conde' *.ir“e' recorde’d"f”by a chart

' recorder Norma]ly. standard data extract1on procedures (MANUPP 1975)

"

| are used in the North Amer1can network and . 1nvolve manual extract1on of';‘

| -<\;/

s1gn1f1cant level data from the chart recorder trace Data between"'vr'f



these levels do not deviate from l1near1ty by more - than +/-0. 5 of an

ord1nate (roughly one degree) For th1s study, thermodynamic data were

23

manually extracted for each pressure contact Tybacally, soundlngs were,

termvnated at thev 150-mb level wh1ch corresponds to about 90 data

N

: levels‘ Lﬁe number of data levels 1s 1ndependent of the ascent rate of

the balloon (nbmrnally 5 m/sec} A dlrect1onal antenna was used at each.

site. to track-the sonde and the a21muth and elevat10n anele- data were

recorded every 30 seconds :

3.3.2 -Axnfsoh&a!pataécol1éctfaa

The AIR sonde ground equlpment (Model 3A) provided simultaneous

outputs to both a llne printer and a tape recorder This allerd the

operators to v1ew a hardcopy of data from the sonde in real time_ wh1le,

&
stor1ng data on a cassette These cassettes were later: dumped onto d1sc

forﬁcomputer error edttlng and data process1ng

: Data transg??slon from the AIR sonde is based on tlme rather than‘

on pressure The frequency of data output from the ground un1t 1s user‘

' selectable- A ‘10 second rnterval was chosen 1n order to max1mzze theru"

7‘number of data levels and to ma1nta1n dependable cdssette record1ngs

o Th1s rate of data collectlon y1elds 2 much greater number of data levels T

Lthan are obta1ned from a rad1osonde fltght At the time, these sondesa;,

weqe often lost between 500.and‘4001mb.-~'

An optlcal theodol1te was . used to track the AIR sonde v However,ff..f"

. the balloon was eas1ly lost 1f it moved out of the fleld of v1ew L

ii‘Tracklng the balloon and recordlng the angle data every 30 seconds 1s ‘a

i two-man Job unless the observer has been hlghly tra1ned Durrng =



24

soundings, a loss of signal required - the attention of one of the

observers. The result was often. loss of the‘baltoon. ;Additional.losseS‘

occurred because of clouds or the close proximity of the balloon to the -

sun.

3.4 Data Reduction

A rad1osonde data reductlon computer program (Phillips, 1980)4 -was _of»

‘ obtarned and *emod1f1ed to run’-on 4the Alberta Q@search Cohnc1l
Atmospher1c Sc1ences, comput1ng system. .~ This part1cular programf was

chosen because of its modular structure. The use of the program allowed - | S

quick’ reca]culation of * flights as mxstakes were d1scovered agd.\,' :
. . /’ "

corrected All data files were manually checked agaInst recorder cbarts_ :

and 1nformat1on conta1ned on the computat1on forms f1lled out by the
operators >pr1or to and dur1ng the fl]ght Check1ng~rout1nes containedf

1n the program uncovered some operator transcr&ption'vmistakes- The

a

authdr added other algor)thms to check for proper dr1ft correct1ons and
s A

sonde pressure cal1brat1on - s .

/e

_ The AIR sonde ground stat1on automat1cal1y outputs user-setectedﬁ?:';f=
">meteorolog1cal parameters inﬂ englneer1ng un1ts and thereby el1mnnatesfu
operator transcr1pt1on m1stakes The manufacturer d1d not release theih.jﬂ,?i
:"2 equat1ons : used. - for. these calcu]at1ons g Therefore, to m1n1m1zefiea\”i
d1fferences due to calcu1at1ons, only the 'output va]ues of pressure,fr:;a?\i
temperature and wet bulb temperature were used to calcu]ate otherlf {aﬂ??

- requxrequuant1t1es ,ffli‘j1f’ - m73 ;'~;ff'. . . EE




' Tephigrams of siénificant'level data for all flights were plotted

by hand. This allowed visual identification of transcription errors by

a comparison of s§(5a1 soundings at ‘each  site. Recently, software

capabilities at thg:’Résearch Counci] have improved significantly,
alTowing all data levels to be computer plotted. Additional errors in
the manual transéription of data were fourd visually from plots~of

temperature and dewpoint values for al]ldata levels and corrected.

—~
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,  CHAPTER 4

ERROR ANALYSIS
It is impossiqlévto measure anything exactly since no instrument s
capable ‘ofldi5p1aying infinite brecision. ‘Therefore, every measurement
has some uncertainty associated with it. Error is defined as tpe
uncertainty in‘ a ‘measurement and doe$ not mean a mistakedgnade by an
observer that could have been prevented by more careful procedures

.

(Gibbs, 1929).

The data used in this-study have been cofrected for all human’
mistakes that ‘were detected, for "example, ‘mistakes that coulid Se
verified py:checking data charts or heteorologita] data from nearby

surface stationﬁ. ‘Any data that did not seem to fit were left untobched
if thefe' was . no means of verification. Finally, some data were’
.e1iminated if it was obvious that equipment had ma]functioned. thus

causing spurious differences between soundirgs or loss of one or more ‘of

the measured parameters.

v . . :
4.1 Definitions R | !

~
.

It may be useful to review a few definitions of error analysis
befofe p?ocgeding further; N ARD ahd Hexter (1972) compiled a. list of

definitibns which they propdsed‘ be used as a standérd and thereb&

eliminate misunderstandings in the literature:

.
- . .

26
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s

a) Resolution: the smallest change in the environment that will cause

a detectable change in the value disp]ayéd by the instrument.

A

b) Accuracy: the degree to which the instrument will measure the

variable in terms of some accepted standard or true value.

3} .
c¢) Reference accuracy: the limit that errors will not exceed during

27

stdndard operating conditions. It is recommended that reference

_accuracy be assumed for the term accuracy in  performance

L 4

specifications.

Errors are composed of both random and systematic ;ompbﬁents.

Unlike random errors, there 1is no way to treat systematic errors

’ statistically. For example, if a timing device consistently runs slow,

no amount of repetition of an exberimentai triallwill uncover this

problem. Only a comparison with another timer would allow detection and

agsessment of the magnitude of this. systematic error. The only "theory"

and reducéd, qntil they are“neg]igible compared to the respective

. observation. (Taylor, 1982)

One type of systematicm error can ‘be called a personal error,

Y

whereby an observer consistently tends to overestimate or underestimate

readings;- This type is self-co;recting if diffgrences'between readings
are considered. In the case of ;radiosondes, if the_initial calibration
feadingsvwéreximpréperfy estimated?rand!the,fest 6f the chart dat;' read
iSihilérly, thén no bias.would occur in the data sgtL However, during

the calibration procedure, if the dry and wet-bulb thermometers were

improperly read, then the data would have aﬁgystematic and uncdrrectableﬁ

. for the treatment of systematic errors is that they should be identified



error.

4.2 Error Sources In Measured Parameters (Data Uncertainty)

It is important to note that this discussion refers to random

errors and does not consider systematic or biasing errors such as the’

*effect of solar radiation on the sonde sensors (Lenhard, 1973).

A

4.2.1 Psychrometric Uncertainty

Psychrometric measurements were used to set the “"absolute" values
‘of ;ehperature and relative humidity reported by the .instrument.

Therefore, error at this point will shift .all values of the flight.

28

Reference accuracy of a VIZ sonde was +/-0.4°C for temperature and w/-d%i

for relative hdmidify. That is,. all values reported should have. been
within the§e>Jimits if the whole radiosonde data ca]ﬁbrafion. extraction
and reductiqn procedure had been faithfnlly fo]lowed; The relative data
atcuraey, tnat “is from level to level, was petter than the stated

reference accnracy (personal communication with M. Friedman of VIZ,

1984).
) \

Measuremenf\of relative hunidity by‘the psychrometric technique i

~more sénsitive‘& to wet-bulb depression  than to dry or \wetébulb,

\
!

temperatures. The\wet and dry bulb measurements made to ca11brate the

radiosonde’were reau to the nearest 0.1°C Thus, the uncertalnty in the,‘

' wet- bulb depressxon that was used to calcu]ate the dewp01nt temperature'

was no more than 0\2°C A difference of 0. 2°C w1th1n-the temperature

range encountered dur1ng STRESS gave an uncerta1nty in relat1ve hum1d1ty

of 2to 3 percent Th 3 corresponds to a dewp01nt uncertatnty of about



c

0.5°C. The same was true of the psychrometric measurements used to
obtain conditions at releaee and also used for the surface value of the
soundings. Even.though sondes are white, if left .to sit in ‘the sun;
erroneously high temperature readings cank occur because there is no

ventilation of the sensors while on the ground.

4.2.2 Pressure Uncertainty

Each field site used~§g‘/precnsion digital barometer to obtain

station sUrface/ pressure; except for Rocky Mountain House which used a-

standard mercury barometer. Before the start of‘the field season all
- \
the digital units were checked for accuracy by Atmospheric Environment

Service {AES) personnel in Edmonton.  Surface pressure readings,

therefore, had uncertainties of +/-0.1 mb (1 kPa = 10 mb). This was, of .

course, relative pressure accuracy, since absolute pressure at a quality

pressure standard,has an uncertainty of 0.25 mb (Pike, 1984).

©4.2.3 RadioSonde System -

29

- An important uncertainty . in radiosonde data was the observer's t

reading of the‘recorder.chart. ~The observer estimated both temperature

and relative -humidity ~values to 'a tenth of an ordinate ~(allowed“‘

;uncertainty of observer‘S’estimate'is +/-0.1 ordinate)» "The conversron"

from chart ordlnates 1nto temperature var1es along the chart scale One
tenth of ‘an ord1nate converts to between 0. 13°C to 0. 28°C, a]though for

the temperature range of thlS study (<500 mb), it was rough]y 0. 15°C

»For‘ relat1ve hum1d1ty,~ a tenth of an ord1nate amounted to as much as -

[

'0 5% for the ‘worst case (RH from 20% to 30%) and convert1ng,-1nto ;Td.

9 13
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Y

amounted to 0.4°C." For relative humidity over. 30%, the conversion into

Td amounts to about half,-or 0.2°C. Aside from the _possible personal

1

0

error previously mentioned, which is self-correcting for any ‘one -

observer, the errors from these estimates are random.
4

‘Chart paper ordinates were not always uniformly spaced, but this

amounts to an error of less than 0.1 ordinate and may be ignored. High

values of humidity affect the‘chart paper, but since the 1low ureference

trace was wused to correct the span of the measurements, any stretch\ng'

of the paper was compensated for and may alsé be 1gnored Changes in

temperature* cause -the gain of the electronic components of the sonde to

.
LY

drift as it ascends and this drift must be compensated for. Every fifth

_contact is a reference and of these the low references a]lowed the

operator to correct for this drift. The magnltude of  the dr1ft

correction“ must then be interpolated between reference levels before

“being app11ed to each data level. These corrections, although

'teﬁth of an ’ordlnate dr1ft correct1on was requ1red the full. 0.1

correctlon would be applled to any data‘value above the 47.5th %rdlnate

: cont1nuous, were only app11ed in d1screte 0.1 increments. That is, if a

and 1gnored for any data p01nts be]ow -The_ error, in this kind of

: correct1on¢ then would amount to +/-0.05 of an ordinate around the
midpoint of 47. 5 however, since lt is small compared to ‘the +/-0.1

observer "1naccuracy“;'1t may be. 1gnored

T

‘The reference accuracy for the pressure sensor ’was +/-2 mb and

)

a]though surface pressure measurements were recorded to a tenth of a -

m1111bar, the baroswitch assembly w1th1n VIZ sondes aIlowed pressure to,J

- be adJusted on]y in. 1ncrements of’ roughly 0.5 mb.



4.2.4 AIR Sonde System

G

[

AIR sondes eliminate the possibility of . human mistakes affecting

" data quality with the one exception of setting the pressure. With
o,
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factory calibration and no way of adjusting the’ temperature or moisture -

v

values, the observer was only able to check that the data transmitted by
the sonde before release were reasonably close; to ,the psychrometric
data. The temperature'reported by the AIR sonde was usual]y higher than
the psychrometer readings, typically on the‘order of half a"degree - A
query was d1rect?ﬂ~\to the manufacturer, | who noted that this was an

/

endpoin ison)/while the calibration coeff1c1ents supplwed were
‘ NG ' :

-

gned to optimiz& data for the whole flight. Aithough the'dry~and

\
AN

ulb sensors were claimed to be accurate to +/-0.20C, the

manufacturer ‘haintained 'tbat the circuitry was designed to assure a

depression accurate to within +/-0.1°C. This suggested that humidity

measurements . from AIR sondes should have been more accurate than from

VIZ sondes. I - . .

The tAIRr sonde system .outputs pressure to 0.1 mb but often

instability in the output was evident. A slow oscillation of up to,

about a millibar was sometimes evident over several» tens of seconds.
The manufacturer . clavmed that the reference accuracy of pressure was

_‘w1th1n +/-3 mb if the factory calrbrat1on was used. If a hlgh qua11ty

t

pressure reference was used to set the pressure before release, then a .

reference accuracy of +/ 1 mb was supposedly ach1evab1e The »magn1tude
cof the 1nstab111ty in pressure observed before release supports the

_manufacturers spec1f1cat1ons



4.3 Comparison Flights

<

Comparison of different radiosonde fypes and the publication of
re;digg is encouraéed- by' the Wor 1d Meteorological Organization.
Unfoi;unately, these types of experiments are not carried out very
frequently nor *in the' same manner.‘ This tends to make direct

comparisqns and conclusions between tests difficult. Hoehne (1980) made

32

recommendations on 'comparison of instruments to ensure reliable results. °

1

These included separation of sondes by.no more than one meter verticdlly

and _ten meters hOrizohtally and that measurements be made
A ! .

simu]faneouslyu Only the Bou]dér Low-Level intercomparison' Exper iment

(BLIE) experiment appears to have followed this procedure for all tests

conducted. - . ’ . }1

7

" The BLIE and SONDEX*S experiments were intercomparisons between

- different systems, while the Red Deer tests, besides comparing two

radiospnde,types, also qompared‘similar VIZ sondes. The smaller RMS

 differences, betweeq VIZ sondes reflect the similarity of measurément by'

. similar sondes. Whehfthe'AIR sbhde was compared .to the VIZ sonde,
greatef RMS“differences'were expected. If comparisons were to Be‘made

between two‘or’ more- AIR. sondes, )then‘ their RMS differences would

probably  be 'Tess thanl,Whenr compared intﬁ' other,.radiothdes. A

" comparison between AIR sondes would have required a second system and

 ther§fohe could not be carried out.

}*5 Ihe'intertomﬁaEiSOn of ten ,types_.Of"radiosbnde' aty Payerne,
- Switzerland from-20-29 April, 1981. - . = o



4.3.1 Red Deer Comparison Flights

On 14 October, 1981 two sjhultanequs releases consisttng of three
radiosondes were made to compare. the upper-air instrumentation of the
Research Council. The>ra;hns;h e ground equipment consisted of a METOX
for the -VIZ 403 MHz sonde and \tbo\ RD65s (one manual and one auto-
tracking) for the VIZ 1680 MHz sonde. The ADAS received thermodynamic
transmission data but had‘no provision for recording the tracking data
from the optical theodolite. Data yere,’extﬁacted,_at 25 mb intervals
from these two flights. The anaJysis of the Red Deer intercomparison
flights.ﬁas based on pressure rather than time. This did not allow a
" comparison . of pressure sensors "but rather, it included the pressuhe
error within the temperature and moisture errors. The reason for this

'is. that field data can only be extracted according to pressure.

Therefore, the "temperature errors” actually contain both the pressure

{

+
[
¢
!

Figure 2 depicts the temperature d{fferences of each soundlng

and temperature sensor errors.

- system from - the reference sounding for  the 2200 UTC release The
reference sounding'is'composed of averaged'data from the two VIZ sondes

(tracked by three ground statvons) 1nterpolated every 25 mb, start1ng

33

from the 900-mb -level. The AIR sonde was not averaged‘ info the

'reference"souhdingv betause cof - its: proportionate1y larger standard

deviatIOn 5 and extreme values than “the other sondes (in SONDEX f1ve of

.ten-sondes w1th the lgwest standard dev1at1on~were ‘chosen tonbe used forr.

eaehfreferenée'aata set). Since the data from the RD-65 systems ~ were

. *6 Standard dev1atlon is defined as the square root of the ‘
“arithmetic averages of the squares of the deviations from the

. mean (a]so called the "root mean square dev1at10n")
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from the same sonde, using both in calculating the average temperature

35

of a level would overweight the average in that sonde‘'s favour.

Therefore, the data from the RD-65A and RD-65M were first averaged
togetrer, anq then averaged again. with the data from the METOX.
Variations between the two RD-65 system§ were generally within +/-0.1°C.
~The maximum uncertainty of the dry bulb temperature for a siﬁg]e reading
was within +/-0.39C for oVI‘Z sondes. iTpe AIR sonde hed max imum

discrepancies over double those of theé&lzvsondes (-0.80°C and 0.95°C).
» 5’

On the 2000 UTC flight, AIR sonde temperature data were found to be

erratic above 400 mb and so comparieon was ﬁade with data up to 500 mb: -

The ‘erratic values were probably due to pressure sensor.problems. From

‘Hpersonal experience; some - sondes _have. suddenly become unstable and

transmit pre sures that fluctuate wildly or monotonically increase or

A
NN ;1 2

decrease. On“ one occasion, a sonde reported steadily increasing

pressure from the point of release!. Maximum uncertainty in temperature'

S~

from VIZ sondes was slightly larger (+/-0.4°C) while the AIR sonde

; IUpcertajnty_ranged,from +0.59C to -1.1°C. The standard deviations for .

“these flights are summarized in Table 3.

~Larger errors are to be expected in dewpotnt temperature, since this

perameter‘ is calculated vfroh»both the temperature-and moisture sensor -

4

- 'data. "Figure 3 showsA the. dewpo1nt temperature d1fferences qf".the»

- 2200.1 UTC f11ght forgplhta extracted every 25 mb. The AIR-sonde.waS’A

designed to ensure accurate. depress1on, but dewpo1nts were typ1cally

h1gher than those transm1tted by the other sondes even in the lower . |

-levels.pf the fljght. After the wlck froze,, Qewpo1nt readings' were -

:genera11y unre1iab]e{'\ This .'is not surprising since this sonde was

-

' 4
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.

initially, designed for low—lewel soundings.  AIR sbode dewpoint data

were useable %%R\ to 500 mb and 650 mb for the 2000 UTC and 2200 UTC

flights, respectiéely . Table 3 lists the dewp01nt standard deviations

/

of the comparison flights. ~

- TABLE 3. Standard devwatlons of temperature and dewpoint temperature for
VIZ and "AIR sondes for the Red Deer comparison flights on 14 October
1981, 2000 UTC and 2200 UIC

2000 UTC
-------- METOX RD-66M RD-65A ADAS |
2200 UTC -
0.13 0.13 0.18. 0.42
G Y ESCUCRE e e
0.12 [ 0.8 | 0.13 0.47
| 0.22 | No.2a™{ o0.28 . 0.89 -
1d (Oc) ______ Semmmm R ﬁ:\“
015 | 020 | o018 | 003
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The standard dev1at10n of data for all sonde% from the referenceh

'vsound1ng, 1nclud1ng the AIR sonde, ranged from 0. 12°C to 0. 47°C for. B

temperature and from 0. 15°C to 0. 89°C for ‘gewp01nt ' There was no

d1scern1b]e “dlfference between the two R065 systems themselves and,

1ndeed betwe{h\;:: METOX system and the RDGS systems \s1nce a]]owed:* B 5
ﬁobserver- error */ 0 1 Ehart” ord1nates, or about +/ 0*ﬂ5°c A]] dry'

kbulb temperatures from the ViZ sondes were w1th1n +/ 0. 4°C of the_i“
,'reference soundlng Hodge and Harmantas (1965) concluded that "thea _.

‘major portion of- the scatter orlgﬁgates from sources ot er than~ the-ﬁ'

;ifradnosonde 1tself“' and - these test comparisons,,although not a large;

Sy

1'samp1e number. support the1r conclus1on‘ : The.' AiRl' sonde ]hadt7:1;

';519n1f1cantly larger §tandard dev1attons‘thaﬂ=the VIZ sondes Ly

S



4.3.2 Other Comparison Tests

The Boulder Low-Level Intercompar?ﬁgﬂ Experiment (Kaimal et al

r980) 1nc1uded extensive tests of four rad1osonde systems:
S * - a) . VIZ (1680 MHz)

.~ b) Vaisala (403 MHz)

3 iiﬁf

‘c) TOFS (403 MHz) - - o /F'

d) AIR (403.5 MHz).

, Somé results of these tesfs for balloon dene .sondeS‘ in f11ghts

-

. evaluated from 10 meters to 3 k11ometers for the VIZ and AIR sondes are

found in Table 4. The obJect1ves of the BLIE. experlments were to make

no attempt made to rate_berformancé:of.thé instrumentation.

.

temperature? re]at1ve humldlty and dewp01nt temperature*

_\ .

v12 SONDE R ‘;v°- AIR SONDE N

“DEVIATION e rMs - | pEviaTION | RMs
FROM MEAN | DIFFERENCE ‘| FROM MEAN | DIFFERENCE

Jreo] com | oss ._o;-*a_s{i“ w071
CRH (%) - 1.9} 360 | os276 ) Tas |

o

-resylts available 1n_stat]st1cal‘summar1es and sqatter plots. There vas_f'b

TABLE 4. BLIE comparison results of VIZ and . AIR rad1osondes 'f%br ’

s a0 -0.82 _}[1;31"'f7< EEY 47 .jf‘}vxgéggi?ff{;;"'*57?'“
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Philiips ano Richner‘(1983) reported on an‘jptercomparison of ten
radiosondes (SONDEX) used by over 50f/nationa1 weather services.
Included in. these tests were both AHR and VIZ radiosondes. | The
‘temperature data of the VIZ sondes were corrected for radiation effects
(McInturff. et al., 1979) before being used in the comparison (as were
all sondes with software radi;tion corrections). Pressure data from the
VIZ (and most other;sohde types) varied from the mean by less than one
millibar. The AIR sonde, however, had a‘ negative difference that

increased almost linearly with heigit to about -3.5mb by the 500-mb

level.- Correspondingiy, starting at an initial positive temperature

difference from the sondes’ mean at release (about 0.49C), the

temperdture difference also decreased almost iineariy‘with height to

39

-0.39C at 500 mb, This'fits with the BLIE tests, as the AIR sonde

L
reported the highest temperatures reiative to the average of the sondes.

The Red Deer flights also suggest a negative temperature trend. Both
AIR sondes used in the Red Deer tests developed problems during.fiight.

In the latter part of the 2000 UTC f]ight~ flight very ]arge_ negative

' temperature_ﬂdifferences were reported (greater than 10°C at 300 mb).

Higher temperatures than the viz. sondes were also reported after

approXimateiy 550 mb during the 2200 uTcC f]ight

The relative humidity of the AIR sonde was higher than the SONDEX.

average at the surface and continued to increase. 50 that by 700 mb, it

J

was about 13% greater (Td would be. 2°C to. 6°C higher). This appears to

I3

pe somewhat higher than the resuits from BLIE, which gave a mean of
aimost 3% higher than average. It was noted in the BLIE experiment

-

that one to two minutes after release, proper wet- buib depression was

. 4

‘ achieved' This ‘would suggest that RH difference from the AIR sonse .



should have been much higher than the sondes' average at release and
then diminish witﬁ height. The only explanation offered is that the
sensors may have been ventilated before release to eliminate this
problem. The Red Deer tests basically agree with the SONDEX results as

dewpoint temperatures from the AIR sonde were generally higher than the

VIZ sondes' average.

4.4 Stability Indices

4

'A stability index is an objective way of analyzing and quantifying
the stabf]ity of the: athosbhere' It is often described in térms of
1nstébility The f1rst stability 1nd1c§3 were devised in the 19405 when
upper-air data became available w1th the development and rout1ne use’ of
the rawinsonde network. Some‘ indices are based on the algebraic
difference of temperature and moisture betweeﬁ qu reference 1eve1§

(e.g. the Total-Totals Index).- Others are based on parcel theory, which

40 .

involves the theoretical vertical‘disp]acement of a "parcel” of air to a

reference level, fo]]owed~by'the algebraic differente between the parcel
and environmental témperétures. There aré two simplifying assumptions
made: a) there are'no compenéating-air'motibns and b) the parcel does
not mix with its enyiroﬁmenf.

o

'4.4.1,-Stabjlity'(Instabi]ity) Indices Used In This Study

]

/

Miller introduced three stability indices*’ in 1967: . >

-

*7 The definitions of the “TOTALS" and "SWEAT" indices are taken
from Johnson, 1982, since the original.references are difficult
to obtain. . ¢
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?

a) Vertical-Totals Index (VTI) - temperature lapse rate (change in
temperature divided by change in height) between 850 and 500 mb with

-

no moisture involved:
VII = 1850 - 7500 (°C) " ' *

where 1850 is the 850 mb'temperature.,

and T500 is the 500 mb temperature.

4 Index values greater than about 26 indicate thunderstorm

development. N

b) Cross-Totals Index (CTI) - takes moisture into account:

4 *

»

CTI = TdB50 - T500 (°C)
where TdB50 is the 850 mb dewpoint.
N : .
The threshold value for severe weather is typically about 18.

c¢) Total-Totals Index (TTI) - is the arithmetic sum of the previous two

indices and, therefore, combines both lapse rate and moisture:

- .
TTI = (7850 + Td850) - 2(7500) (°C)
The minimum threshold is abbut 44, with 50 or\greafer indicating the
poséibi]ity of widespreaa and severe convective activity.
" (" " . V . ’ .

The K-index (KI) was devaloped in 1960 by Whiting and documentea by’
.George (1960). It is used.to forecast air;mass thunderstorms when winds
are light and there is no frontal or cyclonic influence. This index

~incorporates temperature lapse rate (7850 - 7500), low level moisture



. (T7d850) and an indication of the vertical extent of moisture (700 mb

dewpoint spread):
KI = (7850 - T500) + Td850 - (7700 - Td700) (°C)

where T700 1s the 700 mb temperature,

and 1d700 is the 700 mb dewpoint.

Values in the range 20 to 25 indicate 1isolated thunderstorms with . a

probabi]ify\of formatibn up to 40%: A value of, more than 35 indicates a

high probability (greater than 80%) of numerous storms.

r

In 1570 the'U.S. Air ?orce Global weatﬁer Central pfesented an
index for forecasting potentially severe conVectivé‘weather such ast
severe thunderstorms and tornadoes. The Severe Weather Threat’ (SWEAT)
index was subjectively derived frdm a study of 328 severe storm
sound}ngs, and is baséd‘on weighted, empirical EZrametprs at the 850 and

(A

'500-mb levels:

" SWEAT = 12(Td850) + 20(TTI - 49) + 2(WS850) + WS500

~N ' .
~ where WS850 is the 850 .mb wihd speed (knots),

e and WS500 is the 500 mb wind speed (knots).
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" This iﬁdex is always positive since nd individual term may be negative.“

If the 850 mb dewpé?nt temperatpré,is negative, it is'sét.edual to zero.

' Similarly, if the Total-Totals Index is less than 49, then the sécond‘

“term 'iS'also set equal to zero.  The threshold for severe thunderstorms

a

t s about 250.



There are a number of indices based on parcel theory. The 1lifted
index (LI).used in this study is based on a parcel of air with the same
surface temperature and moisture that was measured at the time of
balloon release. The parcel is theoretically lifted vertically, .first

dry adiabatically until condensation occurs, then pseudo-adiabatically

until the 500-mb level is reached. Finally, the difference befween the

. ) '
temperature of the environment and that of the 1lifted parcel is

;
1

determined:
LI = Tparcel - T500 (°C)

Unstable conditions are indicated when the index s positive, with

targer .positive values denoting greater instability.

4.5 Sensitivity Analysis
4 A limitation of stabiiity indices is that'they are based on only

two or three ]eve]s-ofaan extensive tropospheriC'sounding‘and‘therefore

P
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much of the detail obtained is not used. Their advantage' lies ﬁn‘ the

fact that they are elther not affected by or not as sens1t1ve to the

—

absolute value of temperature, as they are to the temperature d1fference

“between leve]s Thus a bias error, such as an 1mproper1y cal1brated

v

instrument, w11l not have as much effect on the value of an _1ndex that

Cis based on one sound1ng, than if a compar1son of a var1ab1e were to be
 made between two or more soundings w1th bias errors. If RMS d1fferences

are m1n1m1zed by us1ng one type of sonde in a study, such as VIZ sondes,

the uncerta1nty in the values obtained from stab1l1ty indices will also

be,ysma]l. ~Unfortunately,-)og1st1cs.oftenkd1ctatefusing djff@rent sonde

? types. . 1f one has a'trend-(]ike‘the'negative temperature trend of the
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AIR sonde) then the uncertainty in the data obtained from stations using

this type of sonde will be larger. 0

Thé ‘relative accuracy of VIZ sondes is better than the
manufacturer's stated reference acéuracy and the AIR sonde was comparédr
to VIZ sondes. Hence, the.values determined from the Red Deer tests
have been used to determine the uncertainty of index values for each
sonde type. Table 5 lists the maximum standard deviation from the two
Red Deer tests for both VIZ and AIR sondes.‘ .

TABLE 6. Maximum standard-deviation (°C) in Temperature and Dewpoint
Temperature from the Red Deer comparison tests for VIZ and AIR sondes.

Y AIR .

T | 0.2 0.5

‘14| 0.3 | 0.9

The values in Table 5 were used to determine the uhtqgtainties» of

éach type of,'stabi]ity vindex used in this §}udy.v_The K and SHEA{
indices are not simply_differehces between levels, and so bias- errors
A ‘ h ok

will- have some effect. Wind errors are complex and depend on tracking

geometry as well as thermodynamic data. Hindsgwere'of the order of 'tph
o S o ' 0. S v .
\second. at 500 mb and the RMS errors used.here (Fuelberg,

meters per

1974) are 0\ mis  and fZ.ij(s for "the 850 and  500-mb levels.

" respecTIvETY. ‘SNEAI .iﬁdiéés were not té]culated f;r.AIR soﬁde sites,
sihce winds are‘requiféﬁ;”but wére.:ndf computed fér’,the_jAIR sonde
sysfeﬁ.'.Tabfe 6 Tistﬁ‘the uncpftaintjes for each'%ndé; and,SOndé typé;

¥
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-

TABLE 6. Uncertainty in‘ Index Values ‘for Data from VIZ and AIR sondes.

VIl cT1 111 KI SWEAT | LI

vz 0.3 0.4 0.5 0.6 3.3 | 0.3
- /]

AIR 0.7 - 1.0 1.3 1.5 - - 0.9

45



CHAPTER 5 , o “

ANALYSIS

Data collected from the STRESS line were plotted on teph\grams and
by pressure levels od\ tlme-sectlon plots. The graphs d1splay1ng_
variables in time are called time-section plotsfand consist of the fixed
station sites along the absciss versus time along the ordinate.
"Time-section plots were produced for(the four 1levels from which data
were wused in the calculation of the indices These four levele were:
a) surface b) 850 mb c) 700 mb d) 500 mb. These time-section d/?ts were
contoured obJect1yely by computer, thus el1m1nat1ng the possibility of
SubJectlve contour1ng bias by the aughor. The problem of possible bias
of the tomputer countouring package (SURFACE I1) was uot addressed in
thiS-stddy; Compesite tephigrams were plotted for all release times for
each station (to display temporal changes) and for alil statlons for each
scheduled release time (to ‘display spatlal changes). These provedh

useful dhring'error checking and analysis.

- ANY fl\ghts are referred to by their scheduled release t1me rather
than the actual releasev.tlme (e. g an actual release at 1748 UTC is
;referred to as 6‘1730 utc flight) The change in value of an lndex s
'cons1dered sighificant if the magn1tude of the d1fference between the

two sound1ngs, is greater than the sum-of the uncertalnttes

% -
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5.1 STRESS Case Study: 19 August 1981
5.1.1 Synoptic Summary 19'Au3%st
At the 500-mb level, 1200 uTC 19 August (Figure 4) a trough lay off
~the west and a broad rldge extended over the prairie prov1nces

coast

Associated with the upper level trough, surface troughing extended ‘from

the territories,' through B.C., and down into Oregon Cﬁigure 5). The

.axis of a short-wave thickness ridge at 500 mb 1lay along the western

boundary of Alberta. Through the day, the upper trough off the coast

Stowly filled; while the ridge strengthened. These large-scale features

RS . ZU ™ / T — . —
.. \ . 48 — ]
AN
N
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Figure 4. 500 mb analysis for 1200 UTC on 19 August 1981.
'mofed eastward“during;the:day.with a speéd‘of B‘to' 10 m/s’ so- that by
-0000 UTC (Figure 6) the thermal r1dge axis lay through central Alberta,‘
and about two degrees of warmlng had occurred over the STRESS line. *ﬁ

Upper winds

: yinds»were i,Ft and southwesterly along the foothmlls}%

were moderate, 10 15 m/s from the southwest wh1le surface



Figure 5. Surface analysis for 1200 UTC on 19 August 1981.
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o
The surface pressure pattern, a trough with axis running rdughly

parallel to the divide, remained virtually unchanged over the southern
half of Alberta'during the whole day. Figure 7 is a surface map gfor
2200 UTC corresponding to the time a cumulo-nimbus (CB) was reported at

the Rocky Mountain.House station.

) : '
Thunderstorms wete reported at Red Deer (AQF) at 2100 UTC and YRM

at 2200 UTC. Satellite photos displayed convective c1ou$»both along the

divide and northwest of the STRESS line during the latter part of “the

day. : » . | ¢
L3
, vy
; I o
Yu
i
1 1006
y ‘Ll'.,
)
Bt
[y 7
mel N »
LYY ’ P
k5 YR ;]
Q Muw
)
|y
vk
10
1° .
\w
|
e
'Y :
: L. Loo " tracs 50

. Figure 7. Surface ada]ysis'for 2200 UTClohf19 August 1981.
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5.1.2 Time-section Analgses

Figure 8 is a plot of the 500 mb pressure-heights on 19 Abgust

50

1981. Three of the foyr ADAS flights had lower heights than the

adjacent stations while the fourth was greater. "The flight 41porting
éreater heights closely matcheqf YRM's temperature trace, but had
consistenfly vhiéher dewpoint temperatures. This . results in ~an
overestﬁméte of the actual height of pressure levels above the station,
since moist air is less denseAthén dry air. Moisture wvalues for each
data 'level reported by the AIRlsondes were often‘greater.than values
from the adjacent VIZ sondes. The pressure sensor error; resulting in
the negative temperature trend reported in SONDEX, and hence, lower

4

pressure-heights, was noticeable in two of the flights on this day.

T T T s v

YRM U | s I W) 7m0 ‘ﬂnl.Q.s.

ADAS

AQFE

MRS

CTIME (UTC) -

B ; ‘ ‘ . ) “,/,A \\\ . . . - ‘ ”;\ ) . . .

Figure 8. Time-section plot of 500 mb EF;ssure—heights'\uq‘ 19 August
1981 . : . i . ’i:' S . ) - / . .' \ , : S
“ ‘ : S o : L

[ i
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The operations commenced at 1130 UTC but -were called -off at
1730 UTC and  no further flights (except those at YRM) were made until
2330 UTC. The MRS site had only one mornﬁng release at 1130 UTC on this

day due to ppwer‘vproblems. Contours in the centralﬂand left-central

".bottom of the time-section plots on this day are based' on data

51

interpolafed over grid‘ points that do, not contain data values (no

flights were made during this -part of the day) and are therefore,

unreliable. Thus, the following discussion ignores these areas.

_ The surface temperétﬁre‘ (Figure 9) showed a weak temperature
. v

gradiént along the " STRESS line. The <contours displayed a.general

warming trénd from insolation at each station in the morning, * followed

by ‘Cooling in the evening. A lower temperature for YRM at 2330 UTC was

YRM
ADAS b/

. AQF

MRS|  *

L TIME )

AN

'i Figut¢ 9,:Time;;éction‘b1ot:6f_%urf;cé temperature on 19 August 1981,



associated with increased cloud cover and the CB reported oa “the
2206 UTC  surface observation.‘ A peculiar But apparently real
temperature difference'occurred at the ‘ADAS site for the - 0230 and
OyﬁD‘UTC ZO‘Auguﬁt flights. ;The surface temperature was Severa] degreeé
_lower‘than at the adjacent sites, yet from the 850-mb level';(Figure 10)
upward “the . ADAS f11ght temperatures lay between .the values of the

adjacent stat1ons

\ ‘ ' :
The soundings for the 2330 UTC release dlsp]ay marked d1fferences

: above 550 mb " in both temperature and dewpo1ﬂt (F1gure 11) In .
comparison; YRM f11ghts bracket1ng the time of the storm d1sp1ay less

.var1at1on above 550 mb (F1gure 12).

YRM
. ADAS

AQF ¢

MRS

COTELQUIE) .,
‘Figure 10. Time-section plot of 850.mb temperature on 19-Augisst 1981.
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5.1.2.1 Vertical-totals

Significant differences of the value of the vertica]-?otals index

at  (Figure 155 some stations were exhibited both spatially and

’ tempora{ly. These can be ascribed to warming in the 1low levels
(fhsolation) during the.morning and cooling in the evening (mosf notable

- at the mobile rawinsonde site (MRS), the farthest from the foothills).

T T L] T T

+38 .0

YRM

+85 .0 +35.8 -

ADAS

+58.4 38.0 +35 .8 +55.9

AQF

MRS

TIME (UTC)

Figure '13. Time-section plot of Vertical Totals on 19 August 1981.

)

The thresho1d leQel for this index is about 26 and while values
w;re all over,32. the gradients-Qére weak. A CB was reported at YRM at
2200 ufc and a significant change in the two YRM»'VTIs bracketing ghis:\
storm ,dre},noted‘ (threé-hour{ spacing). The storm at “YRM was not

'(?;dicatédﬂby a‘significant iﬁcreage in the index 1‘1/2 hours befﬁre it

' was reported and three hdurs; after the index had returned to the

prepstorm value. . Only broad area ihstability’ was indicated by this



index. Except for the first flight early in the morning, no significant

differences occurred between YRM and AQF (76 km spdcing).

\

Between YRM and MRS (152 km), the earliest and latest reteases
displayed significant differences. Thig was dfR to heating at the
850-mb level in the morning and the advection of cooler air at 500 mb in
the evening. The 2330 UTC flights had a difference just slightly
greater than the uncertainty and it probably is not significant.

.

5.1.2.2 Cross-totals 4

4

Most changes in the cross-totals index are significant for three

hourly and’ one and one-half hourly temporal flights and for 76 km

(33

spatial separation (Figure 14). The largest change occurred between YRM

and AQF after the CB was reported at YRM.X Index values for all flights

YRM
ADAS

AQF

MRS

TIME "(UTC)

" Figure 14. Time-section plot of Cross-Totals Ipdexkon 19 August 1981.
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between YRM and MRS (152 km) were significantly different. The ADAS
index values lay between the values of the adjacent stations. This
index is rather strdngly dependent on the moisture variable and so the
pattern of the index contour plot bears very strong‘resemb]ance to the
dewpoint contour plot at 850 mb (Figure 15). Trends'of index Va}ues in

time generally agreed for each station.

(//’;RM- -
ADAS -
AQF F\y¢s.4
MRSF. ¢
"2
T “ . TIME (uTC)

- 1981.

¢

Th1s index had its strongest gradlent between YRM and AQF from
2330 UTC. .on and the h1ghest index value was-reported at YRM 1 1/2 hours

after the storm The threshold value of 18 was reached at VRM early in

the mornlng and remained in the twentles for: most of the day It is

lnteresting to note that the lndex decreased durlng the mornwng at . AQF’

A CB was reported at AQF at 2100,U7C, 3 1/2 hours after the last mornrng

F]gure 15. Tlme sect10n plot of 850 mb dewpoint temgerature on 19 August>
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sounding.  This contrasts ~with .the vTI yhich, increased'_and then.



/

decreased slightly. One would expect that a sounding closer in t ime
would have yielded a much‘higher valde. Due to the influenceg\:f /fhe
. . . /
variable 850 mb dewpoint field after 2400 UTC, some index values a&kAOF

were less than values at MRS.

5.1.2.3 Total-totals

The pattern of the total-totals index, -1ike the CTI also bears a
strong resemblance to the 850 mb dewpoint plot_(Figure‘IG). This was
expected, as the VII plot had much weaker gfadients than the CTI ‘énd

since the TTI is the sum of the two, they shodld be similar.

YRM
ADAS
1

AQF

. MRS

TIME (UTC) -

e

Figure 16.- Time-sectioh plot of Total-Totals Index on 19 August 1981.

 .A11 but one index value was greater‘thanlso, the level ’indiégting :
numerous énd” severe fstorm§._ Index&vaibés at YRM increésgd'befpfe the
‘storm was reported and the ma(imum-vélﬁe"occurréd' 1'1/2 hour s ‘ifter;.ﬁ» g

7

i ¥
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Almost all _spatial and"femporal intgrvals from VIZ sites di;played
significaﬁt change. The ihaex values at the ADAS site seemed to fit
with values from the VIZ sites qui£é well. Between YRM and ADAS, the
index values of the flight'precéding and the two flights following the
storm fluctuated by—;ignificdnt amounts.
o y

5.1.2.4 K Index S

Two moisture parameters‘ are Jncorporafgd into the ‘xK index
(#igure 17),' the .850 mb déwpoint and the 700 mb dewpoint depression.
The 700 mb data gave an indication of the vertical extent of moisture, .
hence, the . K index patterﬁ still retained some of the features o? the .
850 mbvdewpoint field. A value of 33, 1 1/2 hours before the YRM storm,
indicétgd a 60-80% probabifity of scattered CBs. Al]\KI va]ueskwere

4

significantly different between YRM and AQF. Like the "totals" indices,
_ e o

YRM
. ADAS

AGF

TIME (UTe) - °

1

fFjgu;eflzf Time-section plot of K Index on 19 August 1981.
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some<of the values at AQF were less than at MRS late in the day.
-t — ’ : ) '

5.1.2.5 SWEAT

The SWEAT index relies heavily on the TTI and 850 mb dewpoint and
so essentially gives a pattern similar to that of the 850 mb dewpoint

but with an exaggerated scale (Figure 18). Al 3 and 1 1/2 hourly

temporal_'and‘ 76 kn% spatia] intervals had significant changes. Since

SWEAT cbuld not be calculated for the ADAS sites' and one of the .AQF

-

flights (1430 UTC) due to lack of.wind data, the contouring package did

. not contour over the whole plot because minimum data criteria were - not

met.

"'YRM} +ill.o

T

ADAS

: AQF - si.e

MRS +251.3

- TIME . (UTC) S

minimum data den51ty criteria) . : : R,

60

. Figure 18. Time- sectian plot of SWEAT Index on 19 August "1981.. (Note
that the ‘contouring packagec° will not ¢ontour areas that do meet its
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5.1.2,6 Lifted Index

- A
A

Temperature and moisture data at the surface_arg\izfgzgorated “into

the lifted index and it ‘showed increased instability because of
insolation during the morning but with a weak gradient of instability
along the STRESS 1line (Figure 19). The highest value occurred at YRM

(8.8) and it preceded the storm reported there. A1l the other indices

61

reported theis highest valués after the storm. AQF also had a high -

index value at 730 UTC which was 3 1/2 hours prior to a CB reported at
. ot . .

the site. Tﬁé"gvening cooling at the surface and at 500 mb is readily

apparent as index values began to fall rapidly after 0100 UTC 20 August.

X

- . TIME (UTC)

,.FigureiiS.jTime-séction plot ‘of Lifted Index on 19 AUgust'1981,

1.

20 '.? o0 N2 kv
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: Vlﬂd speed was, llghtilq moderate (Fvgure 22)

' by 1800 UTC a surface low had developed northeast ]

'wlnd d1rectlon along the the STRESS llne

62
5.2 STRESS Case Study: 20 August 1981
5.2.l Synoptic Summary 20 August

The . 500 mb features continued their eastward progression so that by

1200 UTC 20 August, the upper-level trough axis had reached the coast

‘(Fxgure 20). It continued to weaken and fill throughout the day. The

< u-\ =Y
- | -11]
. Figure 20. 500 mb-analysis’for 120b UTC‘ZO«August 1981.
surface trough and an assoc1ated cold front moved from untains
1nto Alberta (Flgure 21) Thesf features were at flrst i »efihedfhutj‘-

‘dmonton It

‘remalned almost qua51 stationary and - deepened durlng the afternoon :

‘Upper- ‘winds’ remalned southwesterly throughout the day and atthough therew -

was. cooler alr upstream. no srggillcant change in temperature at 500 mb'f'~

had occurred by 0000 UTC at the. Edmonton Z;:;r -air station. lhe surfaceff

l g v‘
as ge ,ral- _NNNl’.nwhil-e the - -
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Rocky Mountain House reported CB tops NNW at 2100 UTC and very
light rain showers at 2300 UTC. From satellite photos, convectlve
activity was seen to have occurred during .the day in a line from Jasper

[}
to the northeast corner of Alberta, and also along the ¢dld front.

&

5.2.2 Time-section Analyses

On 20 August, the 500 mb pressure-heights (Figuref:;) derived" from
the AIR sonde data fell between those of the adjacent stations, although
they appear to be slightly high. There yas‘a stronger height gradient
between YRM and AuF, than between AQF and MRS at 1730 UTC,Mthe start of
operations.\ Bj the end of operations, 2400 UTC,’ the gradient was almost
linear_ along the Qhole line. A strong surface temperature gradient was
evident along the STRE?S line and persisted .throughout the “day
\fFlgure 24).. No storms occurred along the STRESS Tine during

operations; CB tops were reported NNW of YRM at 2100 UTC and at 0200 UTC

64

21 August a CBb was reported west of the station. Another storm was -

reported at Coronation, about 90 km east of the MRS S1te. 1 1/2 hours

@.

after ‘the flnal release.

The YRM surface pressure was found to have been 1mproperly recorded'

~for  a number of releases and therefore a pressure~b1as was lntroducedo

‘ fnto the fhgth data. - Fortunately, th1s svte was located at a regular' :1

" AES surface wstatfon and 1t was: pos'ible to-obtain the correct pressure.;"

: -values and mod1>§ the fl1ghts A misfake in the surface temperature was

ev1dent on the 2200 UTC flfght (Fagure 25) It was apparently due to L

mtsreadfng of the psychrometer and may also 1nclude temperature jjb

calfbratlon problems. Although much of theAfl1ghti§Q¢ms to fif'withlthaflt o

o
.
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Figure 23. Time- sectwn plot of 500 mb pressure helghts on' 20 August"

1981. A | o
L

TIME (UTC)

Flgure 24 Time sectmn plo\ of V,surface :gemperature on 20 August 1981
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adjacent temporal soundings, the SQ;fétF temperatq&e was ‘about threé
. , S . f/é : ’
degrees less than that of /th(tempory"ly adjacent soundings and the YRM

AES station reported a tér/nperatu/rfc ‘of 20°C at this time. ‘Modifying the
. (o V. _ _
surface temperature to that/pf’the AES station produced a superadiabatic

lapse rate from the surf?'ce to the first .level, so it was Aeft-

. -

unmodified for this study, ' o : {
. ; _ o0 . :
. _ b R
5.2.2.1 Vertical-totals , ‘ o,
‘ . \ ) _ _\‘ N .

AN

. T 3 AN .- .
The gradient of the \.}ITI‘,'/;/‘aS“ bet’,t'er defined than on the previous day

- (Figure 26). ~"No i\ndic‘atior)_f—by'é ‘chan'ge in the gradient, was gi;/en for

.' . ' A3 . ) \\ . ) - -
the storm reported west of Y_RM 2 1/2 hours after the final release .of
the day.- -Index values at the MRS site remained the same (within the
limits -of/ u;nc‘er_t'aint_y) until tﬁe last release, which then indicated a

' -
Y -
‘ el A

N o N

significdnt positive change.

- Figure 26. Time-sect ion plot of )Zgrt'ical—iota_ls Index -on- 20 August 1981.
. o 'u - . ') - . i : .vr. ) K -".

+
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. The gradient of index values was greater between AQF and MRS' than
_between YRM and AQF, where it was\yeak. and generally not significant.
The magnitude of the index values on this was lower than on the

previous day but still above the threshold of 26.

5.2.2.2 Cross-totals

The cross-totals index pattern- (Figure 27) exhibited some

resemblance to the 850 mb dewpoint pattern (Figure 28). Gradients were
. ’ ol .

not strong and values were not much larger than the threshold (lB)T

hence, no area of storm formation was indicated.

YRM
© ADAS

AQF K

MRS

“TIME (UTC)

Figure 27. Time-section plot of Cross-Totals Indexvqh_zo Auéust 1981.

' f'.InStahjlify increased and gradient; beqamewWeak,tOWards the end '6},‘ '
 operations., For the iast flighfs} ;he indgx_Qalues wgré,thé same along

the line and storms did occur near YRM -and Coronation, several:hours

[R P

11
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after operations ceased. This index gave np clear indication of change,
either spatially or temporally, which could have been used to predict

tqe area of storm formation.

YRM
.ADAS

AQF

MRS

TIME (UTC)

Figure 28. T1me sect1on plot of 850 mb ¢ewpo1nt temperature on 20 August

1981. .
»

. 5.2.2.3 Total-tptals ‘ .

Genera]ly, a SIinflcant dlfference in the TTIY exvstéd ‘between YRM

"y

..aqd MRS - (152 km spac1ng) but not for a; statlonfspac1ng of 76 km
. (Figure 29), Alljindeirvalues,yere greater,thah“tﬁe threshold;(lﬂ) and .
the MRS site valﬁe'intreased at.2330 utc While botﬁ AQF and- YRM were/ﬁét/ﬂ_—_f\\

¢
slgnlflcantly d1fferent\ A CB was reported at Coronatxon 1 1/2 hours "

.

*-after the last filght No 1nd1catlon for the CB which occurred. west of |
YRM after bhe last fltght was ev1dent in the data



YRM
ADAS

- AQF

MRS

 TIME (UTC)

Fﬁgure 29. Time-section plot of_Tota}—Totale Index on 20 Augusf.1981..

1

5.2.2.4 K Index

\
-— \

Excluding the 1730 UTC release there was~geneP§41y no significant
difference spatia]ly in the K 1ndex between the VIZ statlons untll the

last release (Flgure 30) AQF did not have va srgn1f\cant temporal

'd1fference between, the 2200 UTC and the 2330 UTC release but both YRM.

and MRS did. Therefore,gth1s index was better able ta def1ne the

A

10

“location of storm formation as. it 1nd1cated changes at both of these'

sites, several hours before act1v1ty was reported

. 4 s AN
B

"TW%-ADAS Flights, esoecia4ly’d€ 1900 UTC, had ‘higher values thanfv‘

| would be expecteé and th1s was probably due to thé greater amount of.

. mo1sture reported at 700 mb

BT



TIME (UTC)

h“igure‘3“0. Time-section plot of K Index on 2Q August 1981.

]

.5.2.2.5 SWEAT Index

1>

A]l vaIUes of. the SNEAT index, except one, .Eere ~significantly .

different from each. other for 1 i/2\'hoﬁr1y and '76 km intérvals

(F1gure 31) ‘MRS 1ndex va]ues 1ncreased dur1ng operations: and .the '

¥

’\hvghest value {\\1) occurred at 2330 UTC ~ The threshold for a severe,

thunderstorm is aboqt 250, .50 the lndex 1nd1cated COnvect1ve act1v1ty,'

~ although. not severe, 1172 hours before ity occurrence No szgn1f1cantf

Change'occurred 1n the 1ndex va]ues for the last two ’relea?’:‘ at"YRM
fYRM also had the 1owest 1ndex value of the STRESS l1ne s. last fl1ght
' hence. thls 1ndex dld not. 1nd1cate the poss1bllity of the storm that

'*occurred to the west 2 1/2 hours ]ater - . h R ;v‘_ g

v“_, ‘ 1
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YRM} +118.0 s10e8 +11s.8 - : » 125;;;,‘_]_\-‘
\25./.@“ |
‘ : . 150 7
» AQF- +109.0 ‘ ' . l +189.4 | +158.8 -
MRS 178.3
N ;
17 22
* ] a;’{’._w
Figure 31. Time-section/plot of SWEAT Index on 20 August 1981.
5.2.2.6 Lifted Index . : .
‘Both AQF and MRS had ma imum'LI values be!ore:;ZIOO’UTC.ljﬁhile at’
YRM it . occurred at 2330 UTCL the final.reléase (Figure -32). - There was

" “no.significant change in the findex between the last two flights at” both

@

YRM and MRS, whereas at AQF significant~negativeSdifférence occqrred;'l

Spatially, almost all index 3 ﬁé51?were"signifjﬁantly< diffg?chgf for .
. 76 km spacing. . | | B
76 km spacing. .

. e A S . . | f
~ . . . . N}
. - . Nl A
St - . - ‘e

a7
T
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YRM|
- ADAS

AGF

MRS

S TME(uTT)

Figure,32. Time-section plot of Lifted Index on- 20 August 1981.
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‘CHAPTER 6 ' ‘ .

" RESULTS AND RECOMMENDATIONS

The overa]l goal of. this thesis was to examine the resolution in°
time and space of an uSter—a1r “network for the study of mesoscale
phenomena. Thisfstudy was afljle to detecm1ne 1ntervals. both spatially

and temporally, over which significant changes in stability indices

occurred on days with weak thunderstorms. A change in the value df an

‘index "between the .two s undwngs was cons1dered 51gp1f1capt if the

i
magn1tude of the d1fference - was greater than "the sum of the

;.. uncertainties.

_6.i General Results ; . —

.

The Red Deer compar1son tests 1nd1cated that most of the relative

‘ error in data from VIZ sondes was a result of the hu@an 11m1tat1on of

data extraction»procedures. The AIR>sonde, howeverl demonstratedlerrors
which were more than a factor of two larger than those of the VIZ
sondes The standard dev1at1pn of temperature and dewpo1nt temperature'

from the VIZ sonde ‘mean was 0. 2°C and. 0. 3°C for VIZ sondes. and 0. 5°C

and'0.9°C for AIR sondes,

Stab1]1ty 1nd1ces were - used, as a means .to study thfimodynamzc i;

tchange of the atmdsphere for three ‘reasons: flrst to 1ncorporate the

’ N

E parameters that are measured by radxosondes ‘ (pressure.'_ dry—bul&’i]la"
“:f~temperature and mo1sture); second to numer1cally quant1fy atmospheric gy

f '1nstab111ty, and th1rd these 1ndﬂggs—were e1ther unaffected by ori not o

B ;:'3a§7;;. o
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'

véry sensitive to bias error (such as improper calibration of a a

)
radiosonde).

The Vertical-Totals index does not take moisture into accouot, so
that it tende to give jUSt’ a broad areal indication of' thermal
instabi{ity. Little indication of epatiat or temporal changg was
observed in 'the indey values erouod storms: fhis index did oot prove
usefu] for determ1n1ng spatlal or temporal resolut1on near convection in

this study , ' : . - X

The time-section ahalyses of Cross-Totals,‘ Total—Totals; K, and
SHEAT"indices, all bore - a etrong resemblance'to the 850 mb dewpoint
pattern 52119 August .Significantrteﬁporak changes‘ in these jnddces\
were found to occur over periods as small as lw;/a.hoors,»the mihimom

”intervat'between releases., This was due to- their: high dependence on
moisture whichl‘is the.most variable parameter meﬁsoﬁed bymradiosondes.
-For examplie, the moisture ftuctuated.cohsdderably following the ~storms
on toe efternooovof_IQ Aoguet. It is possible that;theseAfluctuatﬁons
were-an artifact of‘the change in releese interval from 3 hours durlng
the pre-storm per10d to 1 1/2"hours dur1ng the post -storm per1od

V However. the releases on Zo‘iﬁouet were que every 1 1/2 hours and. no

'3 - . ) e ——

._such»var1ab111ty was observed ‘ ‘@11 I L e
‘ It'was.more difficu]t‘ to determine 519n1f1cant chahge in the_

-

ihdiees 'fdf, stat1on spac1ng, ‘since the AIR sonde s:te generally seemed

4

to have h\gher index values than the adJacent s1tes and. 1t was m1551ng N
during many of the line releases Néwertheless, s1gn15'£ant dlfferences
r in wndex values were noted over statron Spac1ng of the. order of 40 km on

| 19 August.‘.after the ,storms -had d1sslpatedv-at YRM-and’AQEt Qn 20

3



19 August, after the storms had dissipated at YRM and AQF. On 20

August, the:850-mb‘level dewpoint pattern was less variable, while the

Cross-Totals, . Total—lotalst and K indices yielded no significant
. -~
differences even for 150 km station spacing.

BN

6.2 Significance Of Results To Mesoscale Studies

[
) ¢

The relative accuracy obtainable from carefully checked radiosonde

data is very good, about 0.2°C for tehperature. Other studies have used

76

data reduced by different personnel’ ‘at each upper-air sife, thereby

,resulting in. data extraction errors of the same magnitude as those
, ' .. ) . - 'Y .
inherent in the instrument. This is the sifuation for the synoptic

- upper-air network, where each s1te éxtracts and reduces wts own data,
aa ‘

using pFescribed rules. The soundlngs in this. study have had the"

benefit of being verified by one.person, and therefore should be more

consistent than_soundjngs from the synoptic upper-air network. Any [

mesoscale studies should endeavor to m1n1m12e the number of d)fferent

people extractlng and check1ng data It is 1nterest1ng to :note. that'

trends of 1ndex values 1n tlme generally agreidjgetween statlons. even-" »‘;

when the changes were w1th1n the measurement un erta1nty

S)gn1f1cant changes 1n 1ndex values were observed over d1stances ofv

s

the order of 40. km and time scales as small as 1 1/2 hours Hence. a

network spac1ng of th1s order of magnltude is. not only feaszble. but.’»f" n

necessary »1n order.to-resolve mesoscale features. lemporal changes ofl:,. B

1ndex values hear convectlon can also occur rap1dly This suggests that"'”h

releases could*be made ‘more frequently than 1 1/2 hours. and still yield )

S

' ‘non- redundant data A typvcal fl1ght takes about 23/4" of an hour to
- » R L .

-

Sﬁ.;;




£
. . ’ \/l . .
attain the 150-mb levgql, not including the preparation timé for the
U v

. A

sounding, about 1/4 hour| Thus, with the standard VIZ sondes, " the

-

77

limits of temporal r so]ut1on for flights released from one upper-air

.\

' system is about one hour Fhls tlme interval could- be decreased by

term1nat1ng the fllght at a lower level, say at 400 mb. However, this

is reasonable only if one wtshes to study the 1lewer part of thel.

atmosphere. .Soundings ~to higher elevations would be requtred for some

"expenlments, such as the study of mesoscale features of jet streams
-

. for the calculation of vertlca] velocities using the khnematlc method'

Another way to decrease the release- time 1nterval from one site, if cost
LI
.were no obJeCt would be to locate more than one upper- a1r system at a
»>
site. Soundtngs could then be made alternat1ve]y beé@een_the systems.
¢ ° s A : ‘ . P : \*‘
b ‘.. { - ) . »,‘ y v. -

6.3 sRecommendagéhns For Future Study - r",

v IR ;

v ;u,

Radiosondes are continuatiy being quified- to improVe A t{eir

oerformance, alghough little information on these changes is -published

oA

" in the literature.- Hence, 1t is 1mportant that comparlson tests be made

- -

-w1th all equ1pment and expendab1es that are to be used for an operatlon

For example, s1nce 1981, atll VvIZ sondes ‘use solld state electron1cs,

xhygr1;to. of sl1ght1y dvfferent tompps1tion, and more prec1se pressure‘

1des1gn, wh1ch lncorporates the VIZ hygr1stor for mo1sture measurement

.
T e e e i

1981.5 were based on data extracted every 25 m1111bars It 1s suggested;ﬁ*i’

~components R has now.. developed a new sonde 51m11ar tc the VI?7

The stat1st1cs from the Red Deer compar1son f1tghts ‘on 14 October;‘.:"d'

that for future compar:sons, fllghts be made w1th matchgd sondes (VIZ'd'

type)

«

'fthat:’is; ones vhere the pressure va}ues of the contacts are

, .
Y .

o

I3
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. similar. In this way, comparisons can be made with simultaneousrvdata

rather than with interpolated values. . , Ss
T Other investigators have reported differences due- to instrument
" error, rather _thanAactual changes in the atmoSphere (M. Friedman, VIZ,

personal communication, 1984) The VIZ company makes premium sondes
w1th reference’ accuracy of 0.19C temperature and 2% relative hum)dity
; iedman recommends that this type of sonde should be used in mesoscale
| *ud{es, but ‘no ground station equrlpment ensts to take advantage of the

" .4 increased sonde accdracy. Standard - upper-air procedures -with manual
: ' ' -@\ s oL ' e . . ’ . ' N .
"data “extraction are currently unable to_make use of the precision of .

-

* these sondes. Afo cjrcumyent this~prob1em,ia‘data acdujsition system .is

presently being ‘deveioped_'at the “Alberta Researchytoanci] (Kataray;‘

zp 1985) to digitally record-- analog "data from 'VIZ radiosondes ' In

N

4

‘ conJunctlon 'with this, a computer process1ng package is concurrently

zbelng deve}opid which will 1dent1fy and process these data without human

) 1ntervent1on Th1s will speed up - data process1ng. el1m1nate humanr;
transcrwptlon mlstakes, and improve - the precxsion of the data-w ‘if{;
upper-axr- data st11l exh1b1t drscrepanc1es even after the use of the;:‘
data acqu151t1on system belng deveﬁoped then “more extens1ve test1ng ,ﬂ/f
,wlll requ1red A serles of matched sonde pa1rs at twd or more :

c

stat1ons would not on]y a]low comparlsons to be made, but ensure more *-“

\

":, conf1dence 1n the observed temporal qnd spat1al changes of temperature

?i and hum1d1ty S e Ca T S S b;_ﬁ_vej“ e

',' po at al] possrb]e, 1t is adv\sable to cont1nue operatlons on days

'» that ar@ deemed synopt)cally favqprable for convect1on. rather than to

O
cease operations_early An upper -air llne of even five stations qurckly -

Ee T .

a2




9
expends a large~ number of sohdes,yhen the re]ease inteivai is 11/2
hours. The temptation is to try to conserve expendables by basihg
Operatfonal decisions 'on _hourly weather trends. For exampfe, on 19
August, 1981, operations were terminated near noon, because;ﬁt did not
seem jikely that convect ion woujd oecur. However,-two small stgrms
formed and the'éTRﬁSS operation coutd not 'he reactivated uqtt] aéter
‘these had dtssipated. No more’storms'octurred'hear the line duning the

.

evening. o .-
. ' ‘ e o PR .
" Qne important matter to consider for future work i the real»time

verification of .theé surface data at each site Ideally; each site

79

\
~should transm1t its pressure temperature and wet bulb temperature to a |

base or central locat1on where all network datg can be va]1dated before

>
. releases are made

It is suggested that a network, rather than a line of stat1ons be

. used in- the future to ctudy spat1al ‘and tempora] reso]ut1on of upper~e1r

: data, 1f enough equ1pment 1s avatlable The Alberta Research Counc11 =

N nQw . has a tota] of nine upper air. systems . A new mesoscale study,

ca]led the“LImestone Mountaln EXper1ment (LIMEX 85) was qonducted oveQN“

the A1berta foothvlls dur1ng a three week per1od 1n the.summer of 1985

~a;Its purpose was to study the effect of low-1eve1 cappfng 1nverslons .on

'vyv,

'ffthe formatwon of thunderstorms AIT nlne upper air systems were used'g

.‘

"’-'rf.;for this network,. and the datagﬁconected should prove to hold some‘w |

linterestlng features for the type of ana1y51s env1510ned for th1s study

';Through such studIe;f

,,:1ncrease and o1mprovements 1n the f:eld of mesoscale forecast1ng Vil]' o

S (Lf-g - R P

fthe understandlng of ‘mesosca]e processes V‘l*ai.



' House,. D.C.,- 1960:

e

N

_REFERENCES

Barnes, S.L., J.H. Henéerson, and "-R.J. Ketchum, ' 1971 Rawinsonde -
observatlbn and processing techntques at the Nat!onal Severe Storms
Laboratory NOAA Tech. Memo. ERL’ NSSL 53 246 pp.

Cherry, N.J., . and R R. Rogers, 1973: Mesosgale Effects. of Hatlstorms,
on the Env1ronmenta1wA1r Atmosp re, 11, 1- 12 L

-

Fankhauser, J.Cu 1969: Convective processes r;solved by a meSosCiﬂe ﬁ.

rawinsonde‘network J. Appl Meteor.; 78-798.

) Fankhau;er,‘J.c. '1974: The Derlvatlon of Consrstent Flelds of Wind and

Geopotential Height from Mesoscal_-
J App1. Meteor y 13, 637 646.

ay1nsonde Data.
‘.‘_ .
Fuelberg, H. E , and J.R. Scogg1ns, 1978 Klnet1c enerdy budgets “during
- the 1life .cycle of intense convectlve act1v1ty Mon. Wea. Rev.[ _
106 637-653. . ' :

George. J.J. 1960 weather Forecastang for ~Aeronauiics. ~ New. York:
Academ1c Press, pp. 409-415. : . :

G1bbs, R.W.M., 1929: ' The Adjustment of Err6rs in Praction] Scieﬁ%?.
Oxford, University Press, 112 pp. ‘

Gill, 6.C., and P.H. Hexter, 1972: Some 1nstrumentat1on def1n1thbn§ for T
use by meteorologis#i ‘and eng1neers Bultl. Amer Meteor ., Soe S
53, No ‘9, 846-851.. . . 7 o w . e

) o

" .

_Gleeson, T.A., 1959: Observat1onal Probébilliieﬁ - and Uncefta1ntyﬁ, “

Relations for Meteorology J App] Meteor ' 16 149 154

Hodge, m.w}, and C. Harmantas,‘ 1965 Compat1b111ty of . Un1ted State5~.
radrosondes Mon Wea Rev , 93, No.’ 4 253-266. -

2 - L3

Hoehne, W.E., 1980 Prec1 ion of- Nat1ona1 Heather Serv' =§ﬁbpér' di} qi_*]'
‘ meqsurements NOAA Tgch. Memo. NHS TandED 16, 23 p

|

‘emarks on the 0pt1mum Spac1
0bservat1ons M n Wea Rev » 88 97 100° "

Katarey, R. K , 1985 'Data Acqu1svt1on System'for “&admosonde SyStQM»,,:;gj
© " Dod¥mentatiion | anual. . ‘Alberta Research: Council IKFhouse eport ey
30 pp. - 1':. L ,“,, T B L ,5 AR

v,'f

Johnson, D. L y 1982 A stab111ty analys1s of AVE IV‘

5»9'f097w€§thérffff~ii
sound1ngs NASA Tp.2045; 126 pp are weather

Kaimal, J.C.. H.W. Baynton, - and  J. ‘. Gaynor, “ToB0: ’Thc - Bou]der i
o Tow-]eve1 ntercomparison experiment Prepr1nt of HNO report 189'_-“
' e - g , _

e .
S E RO - % SRS . . R
et . : R L e ol L SR . e R R
PENEAEY B [ 7. E : - A L PRSI,
) S . ' o T B o { :




~—

Kreitzberg, C.W., 1968:-The mesoscale 'wind field in .an occlusion.
J. Appl. Meteor., 7, 53-67. '

Lenhard, R.W., 1973:’A revised assessment of radiosonde accuracy.
Bull. Amer. Meteor. Soc., 54, No. 7, 691-693.

© . Maddox, R.A., ;1980} Mesoscale convective ‘complexes.  Bull. Amer.
~ Meteor. Soc., 61, 1374-1387. S
© MANUPP,, T1375:-Manual of Upper Air observations. Environment Cansaa.
Atmospheric  Environment Serv1ce. Queen's printer for . Canada,

Ottawa, Canada, 312°pp.
11

McInturff R.M. .F.G. Finger, K.N.‘thnson, and J.b.llaver, 1979:

8»‘1 K

Day-night di??srences in .radiosonde’ observations of the

stratosphere and ~troposphere.  NOAA: Techn. Memo NWS NMC ) 63,
Washington D. C '

Middleton, W.E.K. and A. F Sp\lhaus, 1953: Meteorologital Instruments
Un1ver51ty “of Toronto Press, Toronto, 286 PP.

Miller, R.C., A. Bidner,-and R.A. Maddox,r1971: The Use of - Computer,

Products in Severe MWeather Forecasting (The SWEAT Index).
- Preprints of AMS 7th. Conf. on Severe Local Storms, Oct. 5-7
T ‘Kansas City, Missouri. ' : :

Morris, A.L.;D.B. Call, R.B. McBeth, 1975: A small tethered balloon
\E _ soundi?g_system Bull. Amer. Meteor. Soc., 56, 964-969.

Nlnom1ya, K., 1971: Mesoscale Mod1f1cat10n of Synoptic S1tuat10ns from
Thunderstorm ~ Development as Revealed by ATS.III and Agfologlcal
Data) J. Appl. Meteef-— 10,1103~ 1121 ’ .

Oort, A.H., 1978: Adequacy of the raw1nsonde network for globa)
" circulation. studies - tested  through numerical model output Mon.
< Wea. Rev., 106,. 174 195. - »

'Phil]iﬁs, P.D., 1980: Fortran programs for analysing VIZ rad1osonde'

ascents and for der1v1ng temp messages from any upper -air data.
Report of Labrator1um Fur AtmOSpharenphys1k Eth Zur1ch Scheweiz,
98 pages. ‘ .

¥

o

Phillips, P.D., and H. Richner, 1983: souoex D The 'ALPEX Radiosoﬁde

tercomparison. Preprints’ of AMS 5th. - Symposium  on
Meteorological 0bservat1ons and Instrumentatlon, Apr11 11 :15, 1983
Toronto Ontarlo

‘Ph111)ps, P.D., H. R1chner, J. Joss, anq,A 0hmura,;1981 ASOND 8: An
1ntercoﬁbar1$on of - Va1sa1a, VIZ and Sw1ss'r’d1osondes Pure Appl
Geophys , 119 259~ 2717. ' s

ngke, J.M., 1984: Real1§t1c uhceftainties'in.pres§Ure ’ahdj'témberatufe

calibration reference values. J. Atm. 0. Tech., 1, 115-119. °

*



A

s

Robitaille, F.E., 1977: Development and use of a MObile RAwinSonde

System. Alta. Res. Council Report, 77-1, 25 pp..

Sackiw, C.M. and F. Bergwall, 1977: MObile RAwinSonde Tra1n1ng and
Reference Manual. Alta. Res. Council Report, 77-2, 37 pp.

Sackiw, C.M. and G.S. Strong, 1983: The spatial/tempora] resolution
study (STRESS)A of upper air data. Alta. Res. Counciﬁ Report,
13-25. ‘

n .

SienkiewiczyM.E., L. P Gilchrist, and R.E. Turner, 1981: AVE-SESAME V:
25-mb sounding data, NASA report TM -82417, 409 pp.

82

Strong, G.S., 1979: Convect1ve weathar prediction based on synoptié'

parameters. Preprints A.M.S. 11th Conf. Sev. Loc. Storms, Kansas
City, Mo., Oct. 79 608-615.

Strong, G.S. and’ W. D W1lson 1983, The Synopt1c Index of Convection:.

"~ Application to the Fort Co]TWns hailstgrm of 30 July 1979.
Prepr1nts A.M.S. 13th Conf. Sev. LocT Storms, Tulsé&', Okla., 17-20

13

;Taylor, +J.R., 1982: An . introduction to error analysis. Oxford -

Un1ver51ty Press, 270 pp.

Vs

Tsui, T.L., and E.Cl Kung, 1977: Subsynoptic-scale  engrgy
- transformations in various ~severe storm situations. J. Atmos. .

.Sci., 34, 98-110.

AN

-




