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ts predist, over & 24 hour period, the refractive profile

of the lower etrosphere. This thesis examines tre mof2l 3
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. The cthenomena faown as ductinz sccurs when refractive
2 layers cause electromsgnetic (TV) energy to tend toward tne

B
(@]
2

earth at a rate greater than »r equal to the curvature
the earth, Ducts ccecur in two formss (1) surfane-Yazsed

ducte cause? ty either & surface-tased lajer, Fisure !, or

*v an eleyvsted laysr, Figure 2, ead (2) ecleveted iu-~t:
‘ caused by an elevated leyer, TFizure 2. As <hewn  in '
Figures 1 through 3, duct types and thicknesses ars =asily

2.

s

etermined ty utilizing the profile for the rmodified iadex :

of refraction M which depends on temperature, pressure, znd
- specific humidity.

- Trhe Navy amploys the Iztegrated Refractive

ou

P

Predictisrn System (IRIPS) to identify ducting conditicrns

& aad to ascess the effects on various fleet emittere [Ref.
}i 1]. A drawtacx to IEDPS ucage, from a tantical standypoint,
; is that it depicts the ducting coaditions oaly at trhe tire
f; of the radiosonde sounding.

; From & tecticiens viewpoint, the M-profiles are 2
z valuatle ouvtput of tre Marine Atmospheric FTourdary Layer
E (MABL) model because of the ease with whica duct types ans
ié thicknesses are ottained. The frequeacies which are
3 trapped ty ducts are a function of duct thickness, xs
3 ?

LIPS
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Figure 2. Surface Duct Caused by Elevated Layer
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Figure 3. Elevated Duct Caused by Elevated Layer
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stated ty Terr (19%1). Theredy, znow duct thickaess
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ard type, tre tactician would te a
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frequeacy range which would be trapyred. In ord=r for 1t
EM enerzy t> bte trapped, the trancemitiinzg anteuna must tr
physically 1locat2d withia the duct. Antenna 1eights are
readily ottainatle from ship”s characteristic carde, rLence

the transmitters on board which would be affected 1ty thre

NEWRIIVEVEY T

duct could te quickly {identified. The atility te
accurately iredict tre evolutiza of the ducting corfitions

for a2 24 hour period would te & powerful tcol in the hznis

3]
3

¢ of today’s Carri Tattle Group Commanders. This
iaformation cculd te use? toc estatlish
(EMCON) policy and to estatlish effectiva, efet-tent

. frequency monitoring plans. T
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the ZEnvironmental Physics Group at thke Naval Foetgraduate
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School (NPS), may bte the mediur tzrougt

information zan te made availatle t2> the fleet tacticlens.

The tpurpose of this thesis is to perform a detailed
statistical/trend analysis of the MARL tc determine its
validity in predicting ducting conditions for a 24 *hour
period. Cnce this enalysis has teen completed, zcaclusioas
and recommendations will te made in order to previde 2

‘ foundation for further refinring of the WMABL rodel, |if

=
Ly
b

necessary, by the Fnvironmeatal Physics GSroup.
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The apzroach teken 12 this study differs fror p=st
J ¥
MARL rodel evaluations at NPS, {2 that this appr-achk i¢ 2
perferm an otjective examicetion of the rodel. The gral is
to extraist inforrmation atcut the model output fror 3 purel
¥ F

statistical/trend anelysis agproach, whichr hae =m2t Tes

b

one previosusly.
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mixed layer model. The ztrosphere lc essumed t3 corsist of
two layers: a well-mixed, *turtulent bouadary layer, zzd ths
relatively non-turbulent free atmosphere atrave. The

inversica (cr “traasition zone”) ceparates one laver frer

the other. In @ zero-corder model, the iavercion thicignirse
is assumeé to de zero, hence, a discontiauity cr

occurs in the profilec 2% the variatles at the inversion

POT Y

{Fef. ?]. -

.

Fewlett ©Packard 39245 de<ktop computer. The model uces 2

2Z-minute time step tc predict mixed layer temprerature,

e S I .-‘.‘ .

specifizc humidiiy, the jump 9% these values &% the
inversion, and cloud or fog formation.

The M profile is calculated from predicted T and ¢

values using Equation (1).

8 2

M =727.8(P/T) + 6 x 12 * (q * P/T ) + 2,157 = 7 ()

where 2 is pressure in rillibars, 7T is ‘terperaturs i-

degreec Kelvin, q is cspecific humidity, and Z is %height in

meters. The top of the durt corresponds to trhe height

atove the surface where the ™ value is minimum. The'raSP
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A major assurption in the verification 2f thics ~-iel

is thet tne radiosonde data is correct. This poiat will te

elatorated upon later in this pagper.

A. CRITERIA ¥OR CHCOSING EFYAMINATION PERIOTS
Forty cace¢ (examination perisds’

evaluets the MAEL rmodel. The radiosonie soundings used i=n

all 4?2 casecs were taken off tre coacst of Soutrern

(9]

Czlifornita in end arcund CSan Jlemeate Tslend, TRESe
examination greriods, whicr are 24 hours in length, wers
c.-O"l basei on the following criteria:

1. There had to be at least one radisscade soun

Ca

pte
3
oy

in the 26 hsur pericd precedinzg the examination perizd with
surface lzyer data, fromr the NPS research vessel, Arznis,
within 2 hours of that <counding. Tris requirement ic
needed to calculate ¥s (subsidence) with Leaschow’s {1373}
method.

2. There had to te surface leyer dzta within 2 neours

of the radiosonde <counding at tre ‘tregirning »f the

examinetion period, elso required in calculating ws.

e s e e, e A "'.-..'-'_ P ".." et e _.4_-. R T G .-__‘
LA S A - -.-’_-’_'-‘..- S \'. o « s, I YRR _--,'--. PR e .)\ N }
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A
2. There rad t9 e at least 2 ssundinge, 4n additicr
i toe the iaitial sounding, duriag the examination FeErLoY o
ti be used as verifications of the rodel’e preii~tioas, o
(- 4. ¥ind speeds haed to te evallatle within 2 hours of
ﬁ the initial sounding. If wind speeds are availa‘le withiz
% 3 hours of the 12 heur point or within 3 hours of <the P2 ?
»i Lour rpoint they will also te used. If these 2 values are S
- N
h not availabdble, the 1initiel valuve will te useé &néd  thel? . ’
- concstant during the exam period. ]
h
3 B. INITIALIZATICN RECUIRIMENTS FCR MOZLL PREITICTIONS
C .
t The rodel reguires as irput 23tz the following:
F.
3 1. Fadigssande Sewadirg lata o
Raw data frcer the racdiosonde launches mnst te ]

digitized for uce in the ¥ARL model. !

2. Suksidenze (¥s) Prediztion

-3
22
m
N

utsidence value used in the mocdel jredirtion
for all 42 casec was ottained from iategratior 9% the

Moisture Budget £EFquetien givea in Equetion ({2) This

method was developed end performed ty Lenschow (1372). It

is based on the assumption of well-mixed cspeci®ic rhuridity

(q) ir the boundary layer, and tkat cranges occur due o

fluxes at the sea surface and iaversioa only.

We = A(g+] dr/dt) - d(g+1)/4 + wig (™ ]
q+ + h/<

——~
ny
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liguid water contents, w'g  is the moisture flux, B is the

2¢ hour period pricr te &2 exeminatiecn gperiod NES

value of zerns wias used t2 initialize 4the model., & parsitive
value of subtsidence causes the modsl to Ylow=t, . Tre
reason for this has a0t beea determined at the tire of thic

writing,

- g - - fQoam
2 Surfeece Temperzture (297

_—— ememhlas Sawkbcoa oLl -

B
This walue was obtained from Aczaniz data. Tre
SST at tke teginning of the period was held constaent

throughsut trhe examination period.

4. Wind Speed
3. If wiad speed was not 3svailable withia 2 rours
¢f tre 12 hour point tut iz availatle at 24 raur point,
then 2 livear regression was perfarmed usiag  the initial

anrd 24 hour values,

15
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As rpreviously <stated, the main otisctive 28 <4hic cd
trhesis is to determine tre validity/accuracy of tre VAPRL iy

v oa
[y

madel’s atility te predict cucting cenditinsas cver

W
N
[

hour peried.

o VR

Of the 47 cases used in the verifi:étion. five rasec
were ~mitted ‘tecause durirng the examinetisn parindc  the
atmcsphere wae <stadble, therefore the redel physice do »zot
arply. Seven cases were oritted tecause the inversiar

height, Zi, was 1less then 2¢@ meters, for which rase, tre .

model physics do not apply. This left 25 cases t2 te uced .

for the model verification. These 292 cases contain a t-tel
of €0 rzdiosonde scundings used for verificsztion puricses.
Altrough tre medel predicts several parameters
(Tyq,21c1,2i) during the 24 hour prediction period, tue
parameter under evaluation in this tresis is the
temperature inversicen height, Zi, because this value is tke

height of the tor of the atmospheris duct. Ift

rie wvalue

-

cannot te predicted eccurately, the model is of littlie use
to the fleet tactician.
Tre current method employed ty Ceophysice Officers

afloat to predict T (temperature), q (specific humicity},

Zlel (lifting condencaticn  level), and 21, is

17
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“"Zersisteonca”, Percicteace means that 1sthing rhaassc.
For exarmple, % a rediossrde launch &t 28527 indicates thrat
the inversion height is £2¢ meters, then a persistence

nversio reigrt woulfd

[y
“wm
3

prediction  wonld state that thre
remain nnchenged, until the next lzunch at which tiqe 1t

wculcd e updated to the current value.

A. STATISTICAL/TPCNL ANATYSIS DATA AND ®TSULTS

Tre rrocedures and methods uses for *he
statistical/tread anelysis of the MLEL reiel ER

persistence will now e precented.., 211 of t*e recults
rreseated i1 this chapter will de discussed a1 the rheptsr
of conclusions,

1. Tvuct Trend Prediction

e et S e e e o e

erior to examining the inversion height

D

prediction, it ic important to determine how accrrately th
MABL model aad persistence predicts the treacd of existia,
ducts duriung tre 24 tour examinatior yperiod. Sredicting
the trend ty the model means, for exarple, if aa elevated

duct occurs at the initiasl <ounding anzs trter terares

(20}

surface ‘taced duct, doee the model predict thls trewnds
Predicting the trend 'y persistence iavolves lcoriag at the
radiosonde launch immediately prior to the initial sonnding

and o*servinz the trend. For example, 1if the irvercion

height is decreasing during this period then it 1s 2assupred,
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nel cinsiisr the 3cauracy, in melers, af ihe preii-tior,

e1ly the tread. Thic meaas there 2ould te a cirnificane
diffsrence =2t the verification time tetwesn ZL of tve

radioegnde a-~d Zi of the model or rpersictence, yet ¢ve
trend could hav=e teen sorrectly predicted.

Toncidering all 28 cases under examinatiosn, the
mcdel predisted the trend correctly £2.7% ¢ the ti-s,

s tercleience redicted the ¢

|

end carrectly in 57,17

me P2 cases were further cutdivided intay  slea-
sr n~leoudy sky conditions, -existing at the onset of 1=

evarination period,  to ﬁ}érﬁnine if the initial ey

condltiagne red any affect on the trend predictiorns. Thers
ver® 1% cloudy 223 (2 clear sky cases, 25th the melsl zant

aC
v -

n

17) of the clear sky ceses. Persisteance was correct ia

(3 of 1%) ¢f the cloudy sky cases, however, the imodel was

-~
o

correct in 23.7% (12 5% 18) of tre cloudy <ky caces.  This

i2ta is shown in Tatle I.
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Tuct Trend Zrediction
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=82 YRS hag

2% A1l 17 correct 2.7 1 zorrect 2Tt
s Tleviy 12 correct eE .7 2 correct N
12 Clear 7 zorrect ?%.2 ? correct 7e.7

Another ccneideration wes,
tte medel z2nd persistence predict sky condition
T.2a7) 2t th2 end of the 24 heur period? Tabl
t=at rercgietence predicted the ~orrect <ky ~cCn
22.7% of trpe casec (17 of 28) compared to 43.47

.....

TARLE II

Nurter Model Z Correzt  Persictexnce
2= 2 correct 4€ .2 17 correct

uced in  the analysis. Thic tadle gives tre
Number, aurter of hours since the izitial
ccundiag, the radisonde inversion height,

prediction of Zi, and persistence prediction »f
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TARLT III (cont.)

tate Cager Hours Since Eadiossonde Yodel Persistence
Initial
22 vay 24 4 922 722 egg |
1978 12.5 733 828 222 ‘
23.8 1518 325 723 |
21 Aug. 2% 14.5 282 187 478
1978 22.58 354 11c 282
22 Aug. 2% 12 423 424 LT
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cate Case® Hdours Since 2afissonds YMaisl Cersistsnos
faitisl
1% Aug. 322 £ 722 234 7 7c
- - ~ - - ~
137¢ 12 212 z22 gl<p
~ A I:
c4 7E7 248 e1r
23 Mev 42 7 482 322 1%
138¢ 1% 222 s -l
22.¢ age 237 rold
26 May 43 7.8 2z2 253 225
1282 12 50 c&as 2z
27 s 2=z 3y
23 May 44 e.¢ 28e aoz ey~
1352 24.8 254 ex7 221
In order t9 perfeorm cstatictical aaslycec e

~
3y
-

statisticral vz2lues. Thne gtrogre- n1eT2 w2s  Us
ascemtle ingut data2 sete in ascerdin
calculate the mean, standard deviation, and the rénge of

tre data set.  The program "FIN" was nuced to divide sann

The program “PLOTP  was used to enter 4Gata paire, thre=

TPLOT" was usei to make a scatter plot of the e=tera:

- points. Thece progrars are listed in Appeadix 2,
In an effort to odtatn more useful informetizn,

five particular situetions were evaluated. Tte five
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rainte witrk the nioh and 12w values from Catezory 1

excluded, 3) the tire when the vwverificzation wes talken

during tns T4 mour exzrsination rericd, i tre ssescn of Y
year wnen the yverificatoeon was tzken, 213 &) <he initizl syy

s - S .
conditione. ¥ithin categzories 2, 4, ani 7 trners were 4,

are rutuzlly evclusive. Categoriss 1 and 2 had cnly cne R
L
‘d
clacs eact. In all, there were eleven ~laczes evalivazted, g
each 21255 containing twe 4eta s=2ts, sae for rolel lzte ond -
one for persistence ZJata. The T catesories z22d 1 5
]

agscoiate? clagsesg z2re described in Tztle IV,

The Telta ™M aa1d2d Tel*2 P values for efach Catas cet

E 2re listed in Appendirx 2, in the output formzt of the =P-%F

b

f "TISTE" zrozram. Telta ¥ and Telta F were caloulzted

d -
4 subtracting the medel/persistence ypreiiction frer  the a
E radicsonde wvalue at that tire. The histagrame of thre .
g predictisn errors are in Appendix C. é
b.

E Taktle ¥ is a compilation »of tre data cet o
o

?ilenames, the numter 0% data points, N, in tre cet, an?

G i aal)

the mean and standard ceviation of the cet in reters.

Ideally, the decired €rror between tre

radicsonde  sounding and the predicticn value (rcéel cr

percistence) is zero, So, the decired mecn 0° fect cata

)

Bas i SR Su e SN et aul

set 1s zerc. The desired staadard deviation, of the

24




predictisn error, 1is, ideally, (plus or minus 52 reters

B
ji% “ (plus or xinus 12¢ neters will also be examined!.  Any
3%% inversisan hreighte whicky cenndt bte predicted within ;lus or
f%a minus 952 meters is of little or nc value to & tacticien.
Z}f This gpredicted value is critical tecause freguencies wri:on
;E; are trapped within a duct are a furction 9% duct thicqness
e {Xerr 13%1) 2nd the transritting/receiving catenna must te
o located within  tre duct for wmaximum  explcoitatizn.
~i Therefore, the stancard deviation is an impcrtant statisti-
-:ﬁ ir that it is & meesure of the precicisn 9f trne ireiiction
:?; ' In other words, it reveals hew rmuch fluctuaticn, ztout ths
%ﬁ; mean, occurs for a given data cet. The lerger the ctanderd
L ) deviation, the less precice the grediction.
i;j The given mean and standard deviatiorne do not
%;Z clearly reveal the precictive worth of either tasz rodel cor
522 persistence., In order to make more <ssacicse staterments
atout the two predictive methods, it will te wuseful tc
éﬁ; perfornm hypotheées tests utiliziag tais dets and e level of
':{: significzance,a, of Z2.01. )
&2&] a. Yypothesis Concerning Cne Mean
?3; Hypothesis testing is done to deterrine wrether or
» .
%gﬁ not a given statement concerning a data set can te acceptel
E?E . with ¢ probdatility a of risking a Type 1 error [R=f. 3t .
Ef? 125]. Thie is referred to as the null rypothesie, Fo.
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bours after injitial
leaunch

Radiocsonde souncéing
taken durines March,
April, &n?d Mey
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Figure 4. Type I Errecr
Given the cdistritution irn Figure ¢, & Type I
grror would te the probatility a of r=
hypothesis wren it is true.
The 1aull hypothesis <chosen Was, Hotp= p¢,

whick in words states, is the mean 2f Delta “/Telta F equal

]

to po, 2 specified value for the desired mean. Sinc

e
Ty
0

"elta M and Telta P are the erroars acscociated with

$2.

difference Ybetween the model or persistence prediction z2

the racioconde value and the desired errcr to te zero, then

K9 was chosen to equal zero. Anstker way of stating
this would te: Can it be said with reasosaadle confidence
(93%) trat the mean of the error for each predictive methrozd
be assumed tn te zero?

In order to carry out this test, the Student’s
t-test was used. The assumptions required for this test
are that the actual cstandard deviation, o , bYe unknown and
that the sample comes from a normal pcpulatien. The t

statistic is,
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REPRODUCED AT GOVERNMENT EXPENSLC

where x equzls the meaan of the sample, pmo= 2.2, ¢ is the
sample standard deviation, and n is the numter of data
points in the set, This calculated value ¢f t was cormpared
to & valus ottained from & t-statistic tatle. This value
was ottaired Py erntering the tatle with the naumter of
iegrees of freedom, {in this cese n-1, and = ¢.2¢5%
tecause this is a two-tail test. If trhe atsalute value of
t-célculated 1s greater than t-tatle than the hypothesis is
accepted. Figure 5 shows.the accertaace/rejection regions
for a two-tail test [Ref. 3: pp. 211-214].

The results of the hypothesis test, Ho: pu = po for

set are shewn in Table VI,
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Filenare

Modell
Persictl

Mocel?
Persict2

vodel
Fereistl

Meodeld
Persicte

ModelH
PercistsS

Model$s
Percicts

Mpiel?
rersist”?

vodels
Persistq

Model?
Persiste

Modell12
Persistl?d

Modelll
Persistil

€9

23
25

44
14

TABLE VI

Fo:s = o = 2.2
calce 1-tatle
1.542 2.857€
-2.123 -2.578
1.533 2.957F
-2 .445 -2,57€
-1.23¢ ~-2,282
-2.0G¢2 =-2.252
2.415 2.828
1.52¢ 2.E8&
1.652 3.12%
2.352 3.1¢2%
2.41F 2.772
-2.252 -2.77¢
2 .228 2.€%1
-1.122 -2.821
Z.927 2.57€
?2.22¢ 2.57¢8
1.3¢7 3.252
Z.254 2,727
-2 .577 -2.7c7
2.497 2.576
2.21¢ 2.87F
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¢ 2equal tc a specifizd concstaat (Ho: o= 0092). This test

is ~onductel ty calcvleting the Chi-Sgusre statistic,

2
2 §n-1!S
X = 2
o)
where n is the nurter of data croints ian the <camgle
2 ,
- . PN 2
populaticn, T ig the variance c¢f *trne csarple, azd oOc ic

the specified (decired) variance f{variance it tte ccuere =7
the stsndard deviation). The Chi-Square calrulated valus

(5]
[ d
+
[
-~
& ]
n
s}
L]
*3
(8]
3

i then corrared %9 a8 Chi-Square valuve z

table i1 Ref. 3, using n-1 degrees of freedom ani a= ¢.0%,

If the calculate? value is less than X a2 or gLreater than

[y

xbwyi s the rull hypothecis is accepted. The decired
standard ieviation was <chosen t3 te g0 = %2 nmetersz,
hiowever, 0o = 12¢ meters was also tested., The resvlts of
these tests are given ia Tadble VII [Pef. Z: or. 233;235].

¢c. Fypothesis Concerning Two Means

In order to cetermine if there ic a cignificant
difference tetween the 1twd means, the Todel an?
persisteace, the aull hypcthesis, Ho: um = uyp must te
examined. Along with the assumption 9f normelity, a
statement must te rade abtout the variances cf the two data

sets. Narely, can 1t %e ascsumed that the variarces om
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j ]

0! 0 = 09

00 = 82 ard 12¢ meters

i
.
5

Tileasre §l Xé:@lculalai xé&iblﬁ Ezczeypt/lejernt
_ Taz i 2 1zz
Madell 1.7x1€; 4572 1142 1722.2  Pelect Felect
: Sersistl 7.8x18 2123 522 122.3  Rejert Zasect
' voieiz  t.1x12)  zosz  mae 36.2  Peiest Teicay
] Persict2 4.7x19f 1259 312 ce. = Eriect Teiect
E Vodeld  2.9%10 141 25 23.8  Rejert Rejent
E Persist3 3.4x1e4 122 32 23.5 Feiezt Ceient
a Model4d 6.9x104 465 117 35.7 Rejest Fejec:s
Pcrsisté 4.4x1ﬂj 293 74 2E.? Feject FEeiecnt
vodel®  1.1x1¢ 428 122 22,8 Reiject 2eie-t
Persists 2.2x1®: 97 24 22,8 Feiect Accept
Mndels 1.5x1@: 153¢ 322 46,2 Reject Feject
Persicte 5.2x12 22 131 48,3 Reject Relect
vodel? 8.3x1@j €93 173 41.4  Reiect TFeject
Peresist? 4.1x1®; 245 54 41.4 Reject Reject %
ModelS  1.5z1¢ 207¢ 517 5€.1  Reject eject é
Persists 5.9x12j 726 .199 8.1 Feisct TFejert E
Model9  3.0t1d 141 33 22,6  Feiect Feject 3
Persisto 1.ex1z: €8 14 23,¢ Reject Acrcept :
Modielld 2.2x1¢ 1350 487 4¢.8 Reject Reject i
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TARLL VII (cont.)

________________ es X=table  Azgert/lelisct
53 122 527122

Percsistl? 1.1x12 1¢82 271 45.5 Feject Feject
5

Modelll 1.4x1°7 2792 5592 71.2 Reject Eeject
4

Persistll £.2x12 125@ 223 71.2 reiject Feiect

2 R 2 2
aad 0r are eqgual? The null hypothesis Ho: or = Ot

must be corpleted to znswer this. If it can be seid thet
they are equal, (i.e. accept the hypothesis), then a two-
sample t test can te used to test the means. If tre
hypotkresis that the variances are equal is rejected, then a
vaired-csample t test must te used to test the means.

In order to perform tke hypothesis test, &an F-

statistic was calculated ty,

[92) [92]
el I3N

L
where Sm is the variance of the mocdel data and S% is the

variance of the persicstence data. Using a= 2.21, if F-

calc was less than F-table then the hypothesis, Ho: o
pl

opr must te acrepted. Tre results are shown in Tetle

VIII.
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TARLT VIII
2 2

He: omr = Op
ata Set ¥ EF-calculated Iztalle Aczept/Fejec:
1 2.1¢ 1.F€ Teject
2 .22 1.8€ Fejeot
3 1.1¢2 5.2% tr-ept
4 1.8¢ 2.82 ACCELT
g g.¢e 1.54 Rejext
g 2.92 2.22 Fe ject
7 2.22 Z.28 rceept
s 2.32 2.22 Feject
2 2.82 5.3% tocept
12z 1.5%¢ 2.55 Acrcept

11 2.2% 2.2¢ :
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The  Jiya 22ty ests zgoce_ el 2¢ rnavite  somal
varlarcee were tren tecred Witk the Thryothecic, To
u~ - pur = 2.Z2. Tne twi-czirple test was use yrave,
- - =1
after reductizn 2% tre zeneral formule [TFef, Z: . 22121,
! \
(ur - pp )} 2i1-1)
t = F
<
\/(n-l)[S'ﬂ R E
with a@ = ¢2.21 3131 the A= rees of freedsr bsing & % (2-1)

22tz Setr# SE * ii t-cale  t-tatrle Acrept/ieiert

4

3 7.7%17 —z.71 -7.22 dnmart
:.

4 t.ixir 2.5 R tereypt
4

" 1.211¢ 1.27 2.8 Boaeyt
4

a 5.5“125 2.72 2.52 Errept

12 2.2x1¢@ 2.0 2.82 Acrept

Tre <ix data csets rejected for rnot teinz ebtle 1t )
make the assumptien thet the varian~es are equel hzi thelir

™

]
[

an te

wm
[ d

2]

te

for equality nsing th

an

palred-carple ¢t tect,
In order to conduct this test, 2 Zata set ~ontaining the

values, Telta M - Telta P, wacs compiled and 2 rean &né

’
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dodhind o holondn®,

standari cevizticon for ezch d2te set was calculzced  ys3ins

"rr1sTRT., The dosirsd mear, B2, cf e3a~n 3ata ¢st igs gnce i
agzain zero. Tre T stzlistic was ~maloulatel for =2z20n 38 the

£ cete a3s in Secticn 3. The ¢ix paired Tata <czte  are 3
listed in Arpendiix I ard the results of the nyrotnesis, q
o0 u = po = 2.2, are listed in Tadble X,

TAPLE X
Fe: B= po = 2.7
2ata Sat ¢ tzgalculated t-takle dzgert/ielen:
1 2.51 2.5¢ Re jort

1
(&}

»n
[
.
n
N

n W\ N
.
]
()]
>

b]

)
m
-
g

5 2.58 .73 Acrept
/
= 1.4 2.8 Aceept ]
11 2.75 2.38 Pejent i
» d. Prediction Frror ves. Verification Tiwe {
- L
. Figures £ and 7 asre plots of the Precdirtion Frreor #
™ . .. ' ;
= ve., Verification Time. With zers telng the decsircd error, ‘
(- i
. 9
- it 1is clear that &s tre model progresses further ints  the .
]
- . 3 : - s » 1
v. 24 hour prediction pericd, that the predizction error i
— L
f' increaces <iznificantly. The staadard deviatioa varies
- from 162.251 meters to 3£3%2.158 meters {(frem Takle V).
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The Persistence Predicticn ¥Frrer plet reysalcs
much less cscattering of the deta points, wrile trers ig a9
obvious tread to the preiiction error.

e. Predictica Frror vs. Mcnth of Olservatin

H

Figures 8 and 5 are plots of trhe &3

«)
[o%
[ 11
ad
vy
kel
(&)
[ 24
i3
.
V)

relative to tre month irn which they ere taken. Trer

it
f

v 7]

o

§ >
n

>
n

of these two figures are ladbeled by nurters, wh

‘D

>3

o
-

cor

3
D
wn
-3

ronds to January through 12 whichk is [Decemter. It ic¢

nhvy

e
=

cuUs *that ta=re is much mere scatter &ssociated withr tre

model’s prefiction error durinz the surmer nmenths then

(L
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cther times.
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V. CCNCLUSIONS

————m e AL

A, DUCT TREND Z2EDICTION

- Fror @ statisticel viewpoint there is no cisnificent
2ifference ‘tetween the MABL model aad persistenre in
pvredlcting tre duct trend or sky (cloude/no clzufe)
conditions. There are scme differences in their =ccrrest
predictisn percentages, however, nct eaough to chocse onf
rethod cver the other. The results clesrly indicete thnz:,

ziven <sky conditio clear at thre initial ctart tire,

ja ]
n
u
5]
D

5

b

the durt tread ce

i

éccurately rpredicted ty either

[

methol. Cioud formation appears to CiiiiNFerlems in tre

rodel’s  predictive atility and sheudd te  further

vrd

. UYPOTHFS¥S TESTS
Although the hypothesis test of Section Illa. showel

trat the mean of each data set had to te accepted as tein

&}

‘ equal to zero, this can prove to e wislezdines. Tric
f; result should bde easily expectei ceasideriag the lar.e
-E standard deviations in the data. The hypcthesis tect wrich
Té contains extremely importent results, from the tactisians
EE viewpoint, 1is the tect of Sectior IIIt. Remembering, trat
.

standard deviation 1is a measure of the precision of tro
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predictisn, it can te ctated quite assuredly that tre
iaversicn reizht canrst bte predicted accurately, either Ty
the model c¢r persisteace, to the <degree required oo
tactical emgployment. In all cases, the accyracy cf
persistence was tetter than the model, but still rot geof
enouzh for tactical ucse,

The hypothesis tests coaceraing the equzlity of the

means revealed that there is go <iznificaanat difference

between the populations. Qnce again, this cen he :
micleading due to the larze ctandiard devietizns }
encountered, i

C. PEFTICTION FREOR VYS. VFRIFICATION TIME
Figure & <clearly irdicetes the mciel’s predictive
atility decreases significantly the further it fprogrecsses

into the 24 rour period. Tigure 7 shows much less scatter

[ RN . | PR

associeted with tre persistence predictions. These 1ot

m

seem tc indicate that the model was expecting/predicting =2

much greater chenge in Z1 then actually occurred.

r. PFREPICTION ®2ROR VS. MOKNTH COF CRSEFRVATION

Figure © indicates the model’s predictive &dility 1is

™y
. 'I s

significantly reduced cduring the summer months. There is

v
AN

! much more scétler associated with the summer months thzan

ey

othere., Tre mcnth of obtservation had no disceraitle affect

on persistence as seen in Figure 9.
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SXY CONTZITIONS

i)

Initial <¢xy conditions nad no agprareat affect c2 the

model or persistence.

¥. GFNERAL CONCLUSIONS

The results appear to point toward a conclusion that
the MABL model 2nd persistence are not usezble, from =2
tactical viewpolnt., More testing and <cstatistical work
should te lone before a judgement cen te made about the
model phyeics. Tre next chapter deals with atircaches

whicn snould te taken in en effort to make & mere vyalis

evaluation ¢f the MARL model.
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. VI. PRICCMMINLATICNS

?roper experimental tplanning car zive & reascratle

assurance that the results of an experimeat will previie

clear-cut answers to guestions under inavestigation.

The exanization in this thesis made the major
assumpticn  that the radioconde data was perfect’ and thrat
any results would indicate the precision of the rodels’
predictive altility. However, it is widely known, ané
acceptedi, <13t radiosonde data are not perfect’ tecause
the radiosone igs not sensitive enough to atrupt changes in
atmospheric *“ogitions as it ascends. In c¢order tc
letermine 1f +dhe error contrituted by the radiosonde ic
significant éend if the radiosonde data differs
significantly from an alternate method of <collecting the
same type of data, an Anelysis of Variance (ANCVA) stuvidy
chovld te done involving three separate comparisons, A
complete discussion of this method caan te found ia Chrapter
12 of Fef, 3. The mathematics of this method will rot te

discussed here, but suggested procedures for conductinz ttre

necessary data ccllection will be elaborated upon.

AN JRAe SR SR SR LR RE ot SR Q) G A= s e s n < MR M Tl o

The three ANOVA comparisons recommended are delineated

in the followling subsections.

R I g5 S A N

08 VRN
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p. RACIDSONTE vS, ZATLIONSONDE
Te determine {f the 2ata received ty radioscndes {is
consistent, 3 test <hould b2 conducted ia  which twe
radiosondes are laurcred within minutes 58 each sther =2t
each odbservation time. ¥neuring that both racdioscndes are ;
identicelly <calitrated and launched from a weether deck
where there will te little possiblilty of «collision with

cther structures durlng ascent, the first radiosonée crzuld

te lavncred and tren +the cecxond leurchel ¢ few rmirutes 9
later, Tual launches srould be made at each ~meacurerent ‘
J

period. The purmter of dual launcres made shcould te limited

-

to betweea 5 and 12 tecause of cost and a large nurter of :

dua‘“}aunches will n>t te necesczary to check far .

coasistency in dete. It is imperative that the ANQOVA tests

wm

te carried out even if by obtserva ion the dats agiear
consisteat. This data can then e used to evaluate the
degree of consisteacy in received radiosornde data.

Fegardless whether the tests determine if the data from twe

differeat radiosondes 1is <consistent or nct rcoasistent,

- further t2sts will te necessary.

&

.- E. PRFFRACTOVETIR VS. RFFRACTOMETER
¢

The AN/AMF=-3 (YAN-5) Airborne Microwave Refractonmeter

——

(4“R) is currently used in some Navy aircraeft to ottain the

ML NS N A o
. ’

same typre of information which racdiosondes vrovide.

£
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4

Jinultaneous Aata should e collected y twa aircraft

to

jetermine  ths degree of coasistency 1ia refrz~tereter

meazurements, This tect will require the same aircraft

zarry t¥c iifferent refrectoreters or two aireraft

zarrying an AV and lauached within miautes of each
ani flying the szme patterai. As & result of the ANCVA
¢f this <data, if trhe consictency 1is gocd tren

te

test

)

+
el =4

Fefractometer can te vsed in a test comgaring i*s’ data t»

C. FAEZINSONTT VS. REFRACTOMETER

In order to determine if there ic¢ any si-nificent

difference tetween rediosonde deate 2nd refractometer

ta =srYould te collected within 22-f2 minutes of

2"
[+ 1}

other. If thnere is siepnificant difference in the deate

careful <coasideratica should te taken to deterrine wehich,

if either, method provides the more accurate data.

Once these tests have been done and the statistiral

result: determined, then much clearer ctatemente can

Te

made atout the model’s predictive atility berause more will

be known about the quality of the iaput cata.

T. GEINERAL FECOMMENDATIONS
The other parameters which are predicted ty the

should wundergo similar statistical analysis as trat

has bteen done on the paremeter Zi. This analysis

47

'''''''

model

wkich

is




AR A MRS LA A e A R M RGN MR EMCASEARA AR R R A |
e
s
4
;“ .
>
$ |
- : < <
- necessary <90 that a clearer understandiag of the model’s -

predictive atilities is gznowr,

Some cautlion and consideratioa c<hould bte givez to tre

o
results 2% the thrree tecsts suggested atove, tLteceuse thre b
results for any or all of the tests for on€é geographical )

location and/or 1time of year of the test may agree cor

disagree dces not necessarily mean the results will or will
10t agree for another location cr different tine,

Ne attempt <hould te mede to alter the MAEL rmodel

uatil the ANOVA tests are done. A gualitetive and
quentitetive eacssessment of the input dsata is impersztive
befcre a fair evaluationa of the MATL mocel can te made.

| *3
- 3
j
3 3
g )
b .
2
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APPENDIX &
FP-25 PRCGRAMS

The proegrars used in this thesics are listed on the
following pages. Fach program canrn te ﬁsed on an FP-£3 t
firet <starting the machine and placing a disk with the
programe on it into tre dick drive. Next type, MASS

STORAGT IS ":DU7¢2", thea hit the END LINE key, then type

LOAT “program name” &nd then the INT LINE key. The FNI LIAND
key musi be used after an entry. Once the ggrograrm is
ioaded, hit the FEUN key and the>program will prompt f€or
inputs. .

The program LISTR" will first prompt for a cata
filename. Upon entering tre filename, tke next prompt will

te to enter the number of data points. The data can te

ertered in any order. Once the last point has bteen entered

the program ranks the data in ascending order, computes tkhe

mean, standard deviation, maximum and minimum values af the

R S AR

daeta, and the range. It then prints the deta gplus the
results of the computations.

The program "PIN" is used to divide the data into tins
of equal width in order to make a histogram —clet. The
program prampts for the data filename, then tte

distribution filename. The data and distritution filenames

49
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nust differ, Tre next prompt ic¢ for the aumter of ‘tizs,
Trhis velue i< any iateger vaslue lecss than the npurter cf
data points. The purter of tins chosen chould te such that
there are at least two data gpointse fer bin whenever
possible.

Tpon completion of the "RIN" program, “TPLCT" can te
loaded 2or wuce in maxing a histogram plet, ™e first

prompt is for the date fileneme, however, enter tae

T

distritutisn filename for which a plet 1ic <desired.
prompt for the title ané suttitle of the plot are displayesd

next. If either or toth of these are not requirecd, hit tre

INLD TIMC key énd the unext prompt will 1ve disgplayesl, The
next eatriec are XMIN,XMAX,YMIN, YMAX. These are the

meximum and rinumum values €£or the horizoantal and verticel
éxis, respectively. The four values shcould be enterel on
the same line separated by commas tefore keying END LINF.
The next prompt is ¥ AXIS LOG SCALE INTLCR Y or N. Jpon
answering yes or no, the next prompt ie

XINTV,YINTV,XINTC,YINTC. These velues are the x eani vy

intervals far lateling of the x and y axis and thke x ard y

axis 1intercepts. The x ead y axis titles are requested

L e

-

next. Upon completing these entriec, a plot ic made on tre
screen. When the plot is done hit the CONTINUE key and the

numter & (for a hard copy) and it will plot sn the plotter,

50
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te used if x and y iaired
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1s required to The first prompt is for

w

et

wm

. Tre next guery is far the

1zta filenzre., The next prompt w#ill *e for the psired Aztz

taj

ater tre x ccordinate first fcoliowed ty 2 comnma

3
¢

then the y coordinete followed ty the ENI LIND <ey. 710

cempletion of enteriag the data sets, "TPLOT" can te nsed

make a :catter rlot.
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—

10
20
33
40
Sa
60
70
80
90
100
110
120
130
140
150
1690
170
180
130
200
<10
220
230
240
250
260
270
280
290
300
310
320
330
340

350
)

360
370
380
330

400
410

“n1sTtzR®"”

MASS STORAGE 1S *,D700°
DISP *DATA FILENAME®
INFUT Ds
0IM DC250)
DISP *NQ. OF DATA POINTS®
INPUT D(O)
B=(D(0)¢1) DIV 8oy
B-B¥g
CREATE D$,16,8

PRINT *DATA FILENAME °*,Ds3
FOR 1«1 TO D(O)

DISP *DATA PT 1

INPUT DCI)

NEXT 1|

FOR Je=1 TG D(0)

M=10000

FOR 1«3 TO D(O)

IF DCIDCM THEN M=DCI) & Laf
NEXT |

G=D(J) 8 DCJd=M 8 D(L)=G
NEXT J

S<0

S2a0

FOR 1=1 TO D(O)

$=SeDCI) ‘
PRINT D(I)

$24524D(1)42

NEXT 1

X=5/D(0)

PRINT *MEAN VALUE = *,x
Y=5QP(52/0(0)-X=2)

N~ — -

FRINT
PRINT
PRINT

PRINT

“SDEV. ;v
"MIN VALUE = *;D(1)
*MAX VALUE = *,;D(D(0))

*RANGE = *,D(D(0))-D(}

ASSIGNe 1 TO O
FOR 10 TO D(O)
PRINTS t , DCI)
NEXT |

ASSIGN? 1 TO =
END
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10
20
30
40
S50
60
s F
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
. P
220
230
0

240
So
260
270
280
290
300
310
320
330
340
350

OIm D(250),F(250)

DISP °DATA FILENAME®

INPUT D$

OISP °*DISTRIBUTION FILENAME®
INPUT F§

PRINT °"DISTRIBUTION FILENAME

s

DISP °NO OF BINS®
INPUT G

ASSIGNs 1 TO D¢

READes 1 4, DCO)
FOR 1=1 T0 D(CO)

READ? 1 ; DCD)
NEXT 1

B=(D(0)+1) DIV B8e1
B-06n8

CREATE F3,16,8
S«(D(DC0))-D(1))/G

F(0)=6

J=1 :

L=D(1)

PRINT °"BIN PT, NO., LIMIT, D
T.®

FOR 1=1 TD 2%G STEP 2

Lel+S 8 F(I)eL-5/2 & F{le1)=

1F J5DC0) THEN 300

1F DCJI>L THEN 290
FClel1d)=F(lel)eoy

PRINT FCI);F(l1+1)4LyJ
JeJel @ GOTO 240

NEXT 1

ASSIGNe 1 TO Fs

FOR 1=0 TO 2x6

PRINTe 1 §y F(I1)
NEXT 1

ASSIGNe § TO =
END
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10 REAL K1(8) ' LOG VALUES
20 DIM D(2500) ¢ THE DATA
J0 DIM AS$IS501,A181501,88(251,Csl

25) .
40 GCLEAR
S0 DISP "ANSWER PROMPTS WITH °*y?
OR ‘N°*
60 P=0
70 PLOTTER IS 1
80 GCLEAR
90 IF P=8 THEN 190 ! HARD COPY
10C IF P=1 THEN 190 ! REDRAW
110 IF P«2 THEM 160 ! CHG TITLES
é§° 1IF P=3 THEN 180 ! CHG X/Y AX
130 6G0SUB 670 ' READ DATA
140 IF P<4 THEN 200 ! MORE DATA
SAME PLOT _
150 IF P«S THEN 200 ' MULTIPLOT
160 60SUB 380 ! TITLES
170 IF P=2 THEN 190 ! CHG TITLES
180 GOSUB 440 ! X/Y AXES
130 GOSUB 770 ! DRAW AXES
200 GOSUB 1430 ! PLOT DATA
210 PAUSE
220 ! SELECT PLOT
230 OISP °*CHOOSE PARAMETER®
240 DISP * 1-REDRAW®
250 DISP * 2-CHG TITLES®
250 DISP * 3-CHG X/Y AXES®
270 DISP * 4-MORE DATA SAME
PLOT®
280 DISP * S-MULTIPLOT®
290 DISP ° 6-NEMW PLOT®
: 300 DISP * 7-END PLOTTING®
P 310 DiSP ° 8-HARD COPY"*
- 320 INPUT P
. 330 IF P4 THMEN 90
- 340 IF P=8 THEN PLOTTER 1S 705 @
- GOTO 80
-
[ |
R
..
-
-
-
-
>
.
L
g
%
5
4
IR, T L e S T T e T ST e e v

" Ls - « -~ N
AT I D RSP AR ISV IERENENGN &
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350 IF P=1 THEN PLOTTER 1S 705 @
GOTO 80

360 IF P=7 THEN 1680 ! END

370 60TO 70

380 ! TITLES

390 DISP °*TITLE®

400 INPUT AS

410 DISP °*SUBTITLE®

420 INPUT Al$

430 RETURN

440 ' X/Y AXES

450 DISP *INPUT XMIN,XMAX,YMIN,Y
MAX *

460 INPUT X1,X2,Y1,Y2 '

470 DISP °*X AX1S LOG SCALE?®.
480 DISP °*ENTER Y OR N°

430 INPUT GO$ .

S00 IF QO03<>°Y* THEN S60

S10 X30

520 X4=X1

S30 DISP °*YINTV,YINTC®

S40 INPUT Y3,Y4

550 GOTD €60 .
S60 DISP *INPUT XINTV,YINTV,XINT
C,YINTC®

570 INPUT X3,Y3,X4,Y4
S80 IF P=0 THEN €620

S30 DISP °®CHG AXIS LABELS? Y/N®
600 INPUT Q1s

610 IF Qis«"N° THEM 660
620 DISP °XAXIS TITLE®
630 INPUT BS

640 DISP °*YAXIS TITLE®
650 INPUT Cs

660 RETURNM

670 ' READ DATA

680 DISP °*DATA FILENAME®
690 INPUT Fs

700 ASSIGNe 1 TO Fs

710 READ? 1 3 N9

720 N9=2uN9

730 FOR 1=1 TO N9
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. "rpLOT" (cont.)
1140 RETURN
i 740 READs 1 , DCI) 11S0 ! DRAW LOGX-AXIS
- 750 NEXT 1 1160 LORG 6
- 760 RETURN 1170 IF Ls=*SET® THEN 1210
- 770 ' DRAW AXES 1180 L$=°"SET*
: 780 LOCATE 30,110,32,89 1190 X1=LOGTCX1)
790 CSI12€ 3 1200 X2=LGT(X2)
800 ' DRAW LINEAR? 1210 FOR =0 TO0 8
810 1F QO0s<>*Y® THEN GOSUB 1010 1220 K1CI)=LGT(]l+2)
820 ' OR DRAW SEMILOG 1230 NEXT 1
830 IF QO0s=°"Y®" THEN GOSUB 1160 1240 SCALE x1,Xx2,Y1,Y2
840 ! PUT LABELS 1250 MDVE X1,Y1
850 PLOT (X1+X2)/2,Y2+3u(Y2-Y1)7 1260 DRAW X2,Y1
26,.-2 1270 FOR 1=Xi TD X2
860 LORG 6 1280 MOVE 1,v1-(V2-Y1)/55
870 CSIZE 4 1290 LABEL USING *K* ;5 10*!
880 LABEL AS 1300 FOR J=0 YO ©
890 LABEL A1lS 1310 K2=K31(J)e}
900 PLOT (X1eX2)/2,Y1-(Y2-Y1)/8B, 1320 MOVE K2,Y1
-2 1330 DRAMW K2,Y1+(Y2-Y1)7100
910 LORG 4 1340 NEXT J
920 LABEL BS 1390 NEXT 1
930 DEG 1360 YAX1S x1,Y3
940 LOIR 90 1370 LORG 8
. 950 LORG 6 1380 FOR Y=Y1 TO Y2 STEP Y3
960 LORG S ’ 1390 PLOT X1-(X2-X1)/740,Y
970 PLOT X1-(X2¥X13/8,(Y1+¥2)/2, 1400 LABEL USING °K® § ¥
-2 1410 NEXT Vv
980 LABEL C¢ 1420 RETURN
990 LOIR O 1430 ! PLOT DATA
1000 RETURN 1440 DISP °*LINETYPE 2°
1010 * DRAM LINEAR AXIES 1450 DISP * 1 soOLID®
1020 SCALE X1,Xx2,Y1,Y2 1460 DISP ® 2 END PT ONLY®
1030 AXES X3,Y3,X4,Y4 1470 DISP * 3 DOTS®
1040 LORG S 1480 DISP * 4 SDASH® K
1050 FOR Xe=Xi TO X2 STEP X3 1490 DISP * S LDASH® R
1060 PLOT X,Y1-(Y2-Y1)/55 1500 DISP * & DASH DOT® <
1070 LABEL USING °K® 4 X 1510 DISP ®* 7 LDASH SDASH® :
1080 NEXT X 1520 DISP * 8 LDASH SDASH SDASH -
1090 LORG 8 . K
1100 FOR Y=Y1 TO Y2 STEP Y3 1530 INPUT L - .- X

1110 PLOT X1-(X2-X1)/40,Y
1126 LABEL USING °K* ; VY V-
1130 NEXT Y .

————
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(cont.)

1540 LINETYPE L

1550 IF Q08$<>°Y’ THENH 1580
1560 MOVE LGT(D(1)),D(2)
1570 GOTD 1590

1580 MOVE 0(1),D(2)

1590 FOR 1=1 TO M9 STEP 2
1600 IF QOs<>°Y* THEN 1630
1610 PLOT LGT(CC1))>,D(C1+1)
1620 GOTO 1640

1630 PLOT DC1),C(I+1)

1640 HEXT 1

1650 PENUP

1669 PENUP

1670 RETURH

1680 STOP

1630 END
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PLOTP

e e

10 DISP °*NO. OF POINTS®
20 INPUT N

30 DIM DC200)

40 DISP °DATA FILENAME®
S0 INPUT D$

€0 BeN DIV 8+%

70 BeBs8

80 CREATE D$,16,B

90 DC0) =N

100 FOR I=1 TO 2%N STEP 2
110 DISP *INPUT X,Y*
120 INPUT DCI),DCi+1)
130 NEXT 1

140 ASSIGNe 1 TO DS

150 FOR 1-0 TO 2N

160 PRINT# 1 4 DCI)

170 NEXT 1

180 ASSIGN? 1 TO x

190 END

PRI VPSR
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AP2ENDIX B

CELTA M/TELTA P VALUZES

The Telta ™ and Teltse P values for =sach cate set re

(7]

listed on the following pages in the output fecrmat of the
IP-35 "LISTE” program. The.Delta ¥ values were osbttained *y
subtracting the radiosoande value for Zi frem the value
predicted bty the model at that time, Tre Telte P values

were ottained by subtracting the curreant radicsonde value

from tre previous value.
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-203
-54€
-421
-252
-21¢
-164
-124
-29
-72
-1%8
-2
15
2R

— -

2e
111
180
271
2€8
321
378
446
5¢€¢
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TATA FILENAME MODEL1

=579
=332
=323
=234
=211
-179
-112
~84
=52
-7

9

1%
g€
a1
111
183
210
285
225
394
542
852
123¢€

MIAN VALJE = €0@.812
SDFV = 410.22¢

“IN VALUE = ~623
MAX VALUE = 1971
RANGE = 2574
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-8€¢
-422
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15
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-48 -45 -42
-22 ~332 . -2

-2% -22 -23
-17 -~12 -3
=< -4 =2
-2 22 22
2z 42 44
24 58 35
21 £e e
71 £l S2

el 93 g7
ele) 118 123
59 1€8 155
159 177 152
207 282 212
844 885 11£¢

MEAN VALCZ = -¢.5€3
SCEY = 279.752

MIN VALUE -1225
MAX VTALUE 11282
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CATA

FILENAME MODELZ

MCAN VALUT = 52.&2
SDEV = 335.42¢

¥IN VALJL = -573
MAX VALUE = 1268
EANGE = 1677




-782
=41x
-24¢
=214
-143
-112
-£g
=45
-2¢
=23

-2

-

32
42
g

£2
81
3
115
182
177
282

fAE

~ -

VAX VALUE

FILENAME

-577
-38¢€
-243
-133
-114
=197

=75

=42

123
1€98
13¢
312

MEAN VALUE =
217 .242

= —7e2
= 855
1447

€2

PFRSISTZ2

-4E4
-257
-z14
=155
-111
-122

-37
-39
=23
-12
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71

T
[

99
182
l1g¢c
2e7
544

Pk 'l o4

Y SR

S dcinad

a4,

RSB IREY T R




RS | PS SN

. - T e W Y - s
T T A L Al

A/ ALARN A Sun Sl g
CE IR

W ite slute Alnse Mias ibete Miag S Jnesy Jhute Shan 2heay vhost S

CATA FILENAME MODELZ

=528
=471
-172
-124
-£4
-83
~-5¢
13
73
150

MIAN VALUT = -121.1
SCEV = 1¢€.231

MIN VALUT = -5C8&
. MAX VALUE = 13¢€
RANGT = £F83

DATA FILENAME PERSISTZ

-484
=214
-152
=75
=32
-12 -
-4
82
1£8
169

MFAN VALUE = -57.€
SDEV = 182.547

MIN VALUE = -484
MAX VALUE = 1€¢©
RANGE = €353
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o TATA FILFNAMF MOIFL4

-211

- -173

\ -£9
p- - -5
5
12

15

38

8¢

81

82

111
221
; 321
D . 225
- 429
L £52
£12

By - ¢
' Sy,
i '

MEAN VALUT = 149.055
SIFV = 261.28¢

- MIN VALUE = -211

vAX VALUT = 812
RANGE = 1221

-

.....................




Praie= et e~ o

PN I
e At

Iy
.

v
&

2

AR TR A ]
ettt . . P
o S . .
R

v Vv Vvow

E.
b
o
b
A
t -

P T

S U A B S N s Y eun 4 -y i S amrian

CATA FILENAMF PERSIST4

-243
-1li4
=23
=25
=23
-5
c2
42
44
sS4
51
E?
71
39
153
2€2
544
£85

MEAN VALUE = 9
STEV = 229.622
MIN VALUE = -2
MEY VALUF = &€
RANGE = 922
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CATA FILINAMD MCTILLZ

-234
-214
-211
-72
~2%
-2
2172
285
255
447
549
€1

MIAN VALUT =
SDFV = 22Z.7
MIN VALUE =
MAY VALUE =
FANGT = 1115

82.917
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-
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34
1

CATA FILENAME PFESIST2

~2458
-11¢
-122
-57
=45
93
o3
G7
1135
123
192
312

hres e

]

O o L

MEAN VALUF¥ = 40.917
SPEV = 148.£7¢

MIN VALUT -24E
MAX VALUE 312
EANGE = E€2
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CAT: FILENAME MODELE

-273
-2£2
=848
-422
-283
=272
-252
-234
=194
-112
-07
-15
-7
1€
55
111
132
189
1839
235
255
251
378
294

R4

555
1298

MEAN VALUE = 32.704
SDEV = 353.165

MIN VALUE = -E£79
MAX VALUE = 1298
RANGE = 15677




TATA TILENAMT PIESISTS

923

-7&82
=377
-41S
=352
~-257
-214
~163
=142
-111
-127
-£3
-42
=22
=17
-3
et
-2
22
32
23
58
59
£1
g2
1€2
177
227

MEAN VALUT = -88,819
STCEV = 223.99¢

MIN VALUE = -782

MAX VALUF = 2@7
PANGT = Q€9
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PATA FILENAME MODEL”

-550
-401
-283
-252
-234
-172
-124
18
73
&e
81
92
152
152
189
212
266
325
351
324
443
543

MEAN VALUE = 2€.8F4
SDEV = 287.282

MIN VALUE = =552
MAX VALUF = 543
RANGE = 11€3
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TATA FILENAMYT PERSIST?

-782
-214
-214
-153
-158
-114
-111
-11¢
-7€
-57
-20
-23
-17
-3
22
54
£2
156
1€9
1€9
177
1902
R MFAN VALUE = -48,501
- SPLV = 223.037
: - MIN VALUE = -7€2
MAX VALUE = 19¢
RANGE = 972
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TATA FILENAMIZ MQLZILE

-573
-£4R
-sa8
-422
-272
-234
-214
-z11
-211
-179
-97
-£2
-£%
-2
-29
-15
-7
-3
-2
12
15
13
23
56
111
291
235
2S5
375
549
5¢€8
g8 2

(OROR 4

£1
881
1293

MLCAN VALUL = 61.286

320.058

MIN VALUE = =573

MAX VALUL =

——

1677
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DATA FILENAME PLRSISTE

-577
-4£4
-415
-355
-257
-243
-187
-122
-89
-45
-42
-29
-25
-12
-9
-5
-4
-z
32
32
22
44
59
339
81
£1
93
93
97
115
227
282
213
544
£€5

EAN VALUE = 2.2
SDEV = 241.252
MIN VALUF = =577
MAX VALUL = 565
RANGE = 1242
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DATA TILENAMD ¥CIELO

-194
-112
-82

-72
~

111
132
288
321
429

MEAN VALUE = 21.3
SDEV = 183.22°¢
MIN VALUL = -1G4
MAY VALUE = 429
EANGF = €23

DATA FILDNAMT PLESIST2

-243
-143
-25
42
67
71
92
83
153
168

MEAN VALUE = 27.2
SDEV = 124.982
MIN VALUE = -24f£
MAX VALUF = 1€f
RANG® = 416
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DATA FILENAME MOLEFL12

-£93
=542
=238
-422
-3£3
-272
-214
-211
-124
=173
-112
-G7
-84
=23
-7
-2

2

£1
155
325
579
552
£12
&E1
129&

MEAN VALUF = 22.¢Z2
SDEV = 45€.575

MIN VALUL = =523
MAX VALUR = 1e@¢s
EANGT = 1701




DATA FILENAME PERSIST12

-1¢@e5
-377
-4£%
-418
=257
-2473
~143
-111

-23
=25
=23
-12
-2
22
e7
£1
33
23
o7
153
138
165
282
544
555

MEAN VALUE =
SDFV = 2258.521
MIN VALUE = -1225

MAX VYALUE = FE&5
RANGE = 167¢
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DATA FIL¥NAME MOTEL11

-56¢ -421
-282 -234
-2%4 -211
-17¢ -124
-£9 -£32
-28 -15
-7 -5
12 15
15 15
g c€
73 ~ ge
o2 111
111 132
152 120
221 212
235 265
285 295
321 351
278 334
429 445
543 549
526 1971
MEAN VALUT = 14¢.222
STLV = 372.332
MIN VALUE = -562
MAY VALUF = 1971
PANGL = 2531
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TATE FILFNAME PERSIST1I k
y
-722 -358 )
-z49 -214 ;
-214 -1ez
-155 ~114 :
-11¢ -127 3
-122 -7€ ]
-57 -45 :
-42 -32 ‘
-20 -253 i
-17 -2 ;
-5 -4
-3 22
22 33
4¢ a4
c¢ G
=2 g1
€2 71
92 99
118 169
129 177
. 132 227
212 1182

MPAN VALJUE =
STLV = 248.59
VIN VALUE =
MEX VALUT =
EANGT = 1332
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APPLNTIX C

TISTOGRAMS D
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REZICTION ERRCRS

The £9llowing pages are kicstograms of the predicticn

errors. These plots shcw the distridution ¢f each d:zta

cet. The number of tins were chosen such that thers wers

at leacst two data poirts per tin whenever possibdle.
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