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ABSTRACT

Trans-isio.n and reoeption cf electrcm.-e:tc (_.

energy ty communications, weapons, anl active,'passive

sensor systemrs is known to te strongly influen-e. hy ar

a trr.ospher ic phenomena known as ducting, cause- td

refractive layers in the atmosphere of marine environ.ents.

The Naval Postgraduate School (NPS) has develozed z 1,ir -i

At ro phei' P ondary Layer (MABL) :odel which cen tE- LsS

tz preditt, over a 24 hour period, the refractivf :of'il

of the lower atm-osphere. This thesis examines t. 7Orel

froi. the statistical/trend analysis appreach tc exa, iqe

whether the Todel can be usel as a valid ,rpdict .

refract ive/luct ing conditions.
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1 1 'T

The heno-.ena Known as dutin? occurF when rr::mv'

layers cause eotromenetic (7,*) energy to bend tooard the

earth at a rate greater than or equal to the curvaturF o

the earth. Ducts occur in two forms (1) s1rf_- as~:

ducts caused by either a _urface-based layer, Figure 1, o-

.V an eleva ted layer, F iure 2, ad, (2) slev ted du-

caused by an elevated layer, Fi-ure Z. As s'-cwn i n

Figures 1 through 3, duct types :-nd thicknesses art -. siLy>,

determined ty utilizing the profile for the Todifie. i:::e.

of refraction M which depends on temperature. pressure, znd

specific humidity.

The y employs the Integrated Re.0ra tiv e Ff e"s

Predictior Sys t- (IPEPS' to identify ,luctind co nltcr. . . - s

and to assess the effects on various fleet emitters ['Ref.

1]. A drawback to IREPS usage, from a tactical stand olnt,

is that it depicts the ducting conditions oni- at the tire

of the radiosonde sounding.

From a tacticians viewpoint, the M-profiles are a

valuable output of the Marine Atmospheric Fourddr.' LayFr

(MABL) modpl because of the ease with which duct types anJ

thicknesses are obtained. The frequencies which are

trapped by ducts arp a function of duct thiclness, as

7
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Figure 1. Surface Duct Caused by Surface-Based Layerz
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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 by Kerr (1951). Thereby, .nw; the uct ickess

and type, t I-e tactician would be able t: dFterT!.ie t .

frequency range which would be trapped. 'n order for the

E* enery to be trapped, the trans-7iitti-:. antenna must bF

physically located within the duct. Antenna heiChts :re

readily obtainable from ship's characteristic car 5., hence

the trdnsritters on board which would be affectep, ty the

duct could be quickly identifiej. Th abilit v

accurately redict the evoluti n of the Dctin conrPI r.

for a 24 hour period would be a powerful tcol in the h:z. _

of today's Carrier ?ettle Group Comrmand er s. T Cs

information could be used to estali.h Iissirn Coitrl

(EpCoN) olicy and to estat.lh. _- . effective, e i t

frequency monitoring plans. The "AL ede!, developed b

the Environmental Physics Group at the Naval P.rat=

School (NPS), may be the Tediur through whi -h thils

information can be made available to the fleet tacticians.

The purpose of this thesis is to perform, a dptaile!

statistical/trend analysis of the 'AL to determine its

validity in predicting ducting conditions for a 24 hour

period. Cnce this analysis has been completed, :onclusions

and recommendations will be made in order to provide i

foundation for further refining of the N'ABL rFodel, if

necessary, by the Fnvironmental Physics Group. T-

.. . .. . . . . . .. p ...
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overall objective i s tc Provi4 = rFlizb' s re- 4ct ive

:rode',, av3113'cie for d"Isseriration an inDorpcratior 4n tl-

fleet

The 3;j roalch taken i~this stu~dy differs froT ~:

YABL rode' eva u~ktion5 it NPS , i th-a', this a ;r"a-h

performn an oljective exarrlration of th, -rode!. 7he i

to extract 1Thformration alcut the rodel outj~ut ra

statistical/trend a n a 1y s is a~proach, wlz' I~ c 1, 3

!one previously.

ie



Th MA- modz 4- --- er tw--y

mixed tae ode!.: :h topeeI s~mjt os._

inversion (cr "transition zone") separatesoe1-:rfc,

is asume tobe zero, hence , a discontinuity or 2jir

ocus the profiles of' the variatles at the irversl,!

The N~PS model of' the mixed-layer is imp-lerrente on i

*Fewlett Packard 9.?45 desktop computer. The rmcde1A ucrs a

* :2-mintite t re s te 1 to predict rixed lay~i' te~iretu.rp,

specif 1iz humidity, t h c ju 7:p of tb ese values a t t e

inversion, anid cloud or fog formation.

The M profile Is calculated from iredicted ai q

values using Equation (1).

5 2
M' 77.96(P/T) + 6 x 10 (q "PIT )+ 7.157 ' I

- where ? is pressure In rillibars, 'r Is terperature i

Kdegrees Kelvin, q is specific humidity, and Z Is Ihei-lt 1r

meters. The top of the duct corresponds to the? helftt

atove the surface whr-re the value is mininum. ThF as&-

.. . . . . .
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of the duct is the height at whi 'h a verticz I-1 r_',

downward from the point where 1 Is a rin4:um value t: where

it first intersects a point of equal Y-unlt_ or thE

surface, W n '.hv er ') r5 C : r s f. _ -

where tere iP a temperature inversio whi h acAi e

trappin- layer, refracting FM energy toward. the e.arh,

Inversions typically exist in 7arine surfi.P high rer

regions where weil-mixed, stable layers -re fcl r41 tween,

warr dry air above eid cooler r:ist aIr 1-oP . a ) w

of low level strati;s clouds often inr.irte are- , f t

ocurence. Ducting is experted to be ri ital I .r c .

and areas Of :_jveCtivp zioujinesS. renti, w4t t

associated upward motion, often dissipate the inlrer.icns

the whole air column becomes rnixed. Area- f cnl -

activity, discernible by the p rre sece cC curulus cl: o ,

are also nornally inversion free [Ref. 1].

12
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C: -ZITrPIA AN: ASStTYDTCj .( YAPL K'-E V:nIT:2A-1-c

A major asur'ption in the verification oF ti.s .- E

Is that the radiosonde lata is correct. This point will

elaborated upon later in this paper.

A . 'CRITIRIA FOR CH,0COSlN1 FXAMINA.T!ON ?7ThoniO

Forty cases (exa~rinadtion periods' wErp c.osr. to

evaluete the MAE L mode!. The ra4idosonle :oundin c usez in

all 42 cases were taken off t.e coA_ of szthern

California in and arcun4 d an C e mte Tsla... Th s a -

examination ;eriods, which arp 24 hours in length, w~r=

cho * basel on the following criteria:

1. There had to be at least one radioscnie soun !r.-

ir the 26 hour period precedini t1e exani.i tion -eioc-i w U

surface layer data, from the NS research vessel, Ar-nia,

within ? hours of that sounding. This requirp:rmnt i

needed to calculate Ws (subsidence) with Lenschcw's (11?73'

method.

2. There had to be surface layar data within ? hours

of the ral.loson.e sounding at t.e teginnr . n; of -

* examination paerio, also required in calculatinF 's.

.. I
.. ". . . . . . . .



3. There had to te at least 2 su n ad.tiz,

to the initial souniing, during the exa-,ination ; erl o t:

be used as verifications of the model's ;rei~tiois.

4. Wind speeds had to be availatie within 7 hours of

the initial sounding. If wind speeds ire available withir.

3 hours of the 12 hcur point or within 3 hours of t'he 24

hour point they will also be used. If these 2 values -re

not available, the initial value will te used and he!2

constant during the exam period.

1?. INITIALIZATICN R IrEETS FCR L OXn L PrnICTIc\S

The model requires as inpjut data thp follcwi:"

1. Pad ios nde Zjja J~t

Raw data from the radiosonde launches rnu.t ',e

* 9 digitized for use in the "kL model.

2. Subsidece (._.i ?Kredii-on

The subsidence value used in the mrodel predition

for all 40 cases was obtained from integration of th

Moisture Bu.dget Equation given in Equation (2). This

method was developed and performed by LEnschow (1973). It

is based on the assumption of well-mixed secific huidity

(q) in the boundary layer, and that cianges occur due to

fluxes at the sea surface ane iaversion only.

Ws= &(1+l) (d/dt) - h[dS+Ql)/dt] w''{,)
Akq+l) + (tBhl2) 2

14

I#

. * , . * . . * ~ * ~ ~ ' . - . . . . . . * * .
...'4'.J. ' '. ,'..P " 

.A ... '-'.', '. ' J.P" - ''' ", '" . . . . - '. " ".''- ". • . " "•-.' - .. "."-" " " - ".* - . - '".



*1
.I

liqul i wat-r c ~ntents, s the moisture ux is ,

_ s th h ..... en tfta = rs-r-: it te e w"i ed nay,-

and~ Lota!~ -olsture :,,r e b1v t n~ . T

this evaluati.on, the linear trend in Subsi I rce d 'r- +

24 hour perIo pricr to n examination pro: a

calculated, and the regression line apljlie_. at th 7 -,,,

start t "to f in th suhsionze,, v lue usel t r ;' .. th.E

tdsince vai e was rosittve. ter. a

value of zert was used to init Ci e " noie1. z e - oii vp

value of subsidence causes the iod4 to " l1w- .

reason for this has not been !eternined at the tire cf t ,

writing.

7 e S- f ae T -e~'r -,

This value was obtained from Aoaaia data. The

SST at the teginning of the period was held constin*t

throughout the examination period.

4. Wind Sreed

a. If wind speed was not available within 3 hours

of the 12 hour point b'ut is avaiiatll at 24 hv'r .o itn

then a linear regression was performed i'sing the itl

and 24 hour values.

15



Pct.nt but is at the 1? ur ,oint, a 11.nea r r h

:onstan* he last 7ours c0 the ter od.

c -I i ::d s ee! as 5 ect a e I e t' ' i n hc v

of the 1? or 24 hour poits, the. ;he r ini i - a 1,; E ....

c onsta nt throughout.

, a,

+ .1
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ISATISTICALLTEnJT

-------------------------la 27~Xi~O T~i? M AFL ~~~

As previusly stated, the main o ". .itive f s-i

thesis is to determine t.e valillity/accur3cy of t f vA}'.

rmodel's ability to ,predict ductin 9 conditins ever i

hour pericd.

Of the 42 cases used in the verification, five -a s.

were imitted because eurirn the examination r-rl'-

atmosphere was stable, therefore the rrcdel physics dc z'

arply. Seven case! were omritted because t 'e inve rs!--.r

height, Zi, was less than no meters, for whi.h -ase, tne

model physics do not apply. Thi left 2C cases to "ce j.E4

for the model verification. These 29 cases contain a tta]

of 69 radiosonde soundings use! for verification purjcss.

Although tl-e model predicts several parameters

(T,q,Zlcl,Zi) during the 24 hour prediction period, th-

parameter under evaluation in this thesis is th,

temperature Inversion height, Zi, because this value is the

height of the top of the atmospheric duct. If this value

cannot be predicted accurately, the model is of litti i~sp

to the fleet tactician.

The current method employed by -ouhysics rf rIr5

afloat to predict T (temperatire), q (specific humidity),

Zlcl (lifting condens.tion level), an! Zi, is

. 17 .
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'-er sistene" . Persl.tenze means that nothing, rha. 4

For exarmle, if a radiosorde launch at 2,."? indicates the:

the inversion height is 5. meters, then a peis e

predictior would state tat the Inversion h ei t woul ,

rem3In unchernged, until the next launch at whirh ti,-E .t

wculd be updated to the current value.

k. STATISTICA:/Tpr!'r ANALYSIS DATA AND 'S:rTT -

The procedures and methods use f r

statistice/tren analysts of the FABL cl -

persistence will now be presente, . All f t' e -

presented in this chapter will be discu.ssed in the rha t.--

of concl'isions.

1 . 1uct Trend Predict ion

Prior to examining the inversion height

prediction, it is important t) determine how accrte'y the

'1ABL model and persistence predicts the trend of existin

ducts during the 24 hour examination pFriod. ?redictiri

the trend by the model means, for exacrFle, if an elevated

duct occurs at the initial soundlng anr t. er bero!=r s

surface based duct, does the odel predict this tr'Ad

Predicting the trend by persistence involves loo'kinp at the

radiosonde launch immediately prior to the initial soundiu

and observing the trend. For example, if the !-version

height is decreasing during this period then it is assured,

S%
'-,.,. -'- ...' ,, ". --, ..'2 -- ". , -. ... -" , ... ".,.'. --.. .-,- .- .: .-• .: ... i', -i -..-<i: ,. ".
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-~~~ 1, 7- -VC-1 ~ 1Ct~des~-

ea1.istlon peri ol. ThI s s F pm e nt o f t h - e vraIua t I n S

c n2 t e t re--i. ThI- c ans therr- could tbe aF :r C

!!ff 'cp -=t "he verif'iCatioi time tetween Z f th

r ad osnde a-d Zi of the rodlel or persiste~icE y et t1

tre'1! -:cu1- hv teen : orrectly predicted.

Consieerin-~ all 2S cases tunArr pxamini ~t~ >

-"cde I predi-7tod tthe t-end c orrect ly 4 17 of t h i ti-~

.n' rea s :ei *e-ce Ired icted the trend 7irrcc' y in

cf the -a Ss

Th~' ?~caSes were firther sitdividei tn vies

r V cu dy sky conditions, r-istin,6 at the onset 0" th

exarination zeriod, t o rm me i OA the in'."ial 'A y

cond it ions 1-ad any af'f ect on the trend pred ic t4,o.s. C~rr

* codya- leer siky cases ' oth the ,rcd=' n

.rsisterce tDredi.ted the duct trend correc-tly in 7P'% (9 o

1)of' the clear iky cases. Persistence was correct ii 51'

(P of i -) of the Cloudy sky cases, however, the rodpl was

correct in 537 (12 o" 1-C) of tho cloudy s&Y casr-F. Fhi

4ata is shown in Tatle I.



TAIZ I

Duct Trend ?rediction

... "-if -z Io = %Correc Frrcistcn,- '- '

2 All 17 correct 2.7 I£ ^orrect

c_.- a 'y 12 correct 6.7 ? correct .
lear 7 correct 7,7 2 7 Porect

Another ccnsi eration was, how e-: oret= I , r! _

* he mcAme 1 n persl& tence re.,it sky -onJitin

e:a r s i t e-,ce pre 4i ,ted tYe -orre-t cky -cnit on s

f ~rthe~-~

TABLE I I

Prediction of Sky Coadtions

.. Nuclear Model Correct Persistpnce PCirrect

.2E 13 correct 46.4 17 correct .2.7

2. Inversion Heit (Z _j ?red_tL'2

Table III is a complete listing of the r w t

usee in the analysis. Thi. table ives tbe Tate. Cse

N'ube, nwrber of hours since the initial r itosc..

s cund1ng, the radisonde inversion height, "?, frer r

prediction of Z1, and persistence predlction if Zi.

P _.



TAKE2 III

Complete Data Listin.g for Zi

Initial

25 Se. 2 12 1448 1559 14SE
1975 25 13-5 1497 144C

29 Sep. 3 11 12P4 1723 13.5
1975 24 114 2027 12V4

03 Oct. 7 9 3e7 224 47
1979 21 154 84 30

24 1e- 6 ja4

1e Oct. 10 11.5 193 193 25
1979 24 336 142 I1:5

11 Oct. 11 ii.r5 237 556 339
1975 22.5 45 77? 237

20 July 12 I6.5 18 747 51P
1977 24 315 E71 19

21 July 1, I,. 5 19 0
1P77 23 546 539 19?

24 339 574 54g

11ii ay 17 5.5 455 471 42'
197r 11 401 493 459

21 232 4;F 401

14 May 20 12.5 179 503 337
178 15.5 1183 F'? 17P

24 11 7B90 113

19 Iay 21 12.5 24e 321 217
1978 23.5 351 510 24Q

2e May 22 11.5 465 54 1
1979 24 628 61 , 65

21 May 23 15.5 685 895 F29
19Th 24 68E 12 15

21
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TAELI: III (cont)

T-ate "a see S~r incE .ail0_ onif voatj P-,,cill-c

22 y ?4 4 922 732 SEE
1979 10.5 733 E? 92

23.5 1915 955 7z3

21 Aug. ?5 14.5 382 S 47a5
19 23.5 394 112 39?

22 Au. 2 12 429 424 :10= -- ~ 4 2'P_.1975 24.5 35 451 479

~?3Ai~.2712 31q 3
!e79 23. 357 345 I

24 Aug. 2S 12.5 29 53
1,75 29 241 -Z :

75 Au?. 29 12 197 235
1979 24.5 156 232 197

"9 Au:. 32 12.5 319 314 29?

197E 19 354 335 219

24.5 334 35'

29 Aug. a 3 3 2%E 74
19Th 1A 343 254

19.5 445 234 343

24 15i 222 !4V

1F Aug. 34 5 32E 242 314
1979 14 233 231 325

24 -22 225 23

11 Aug. 35 12 565 35 322
1970 24 9E3 439 5

12 Aug. 3F 12 2c2 I2' c45

19Th 21 E5' 14 2

13 Aug. 37 12 31;3 7
1979 19 21= 17 31

24.5 135 123 215
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:a te Caset H~ours Since 7 asr e M.~

15 AU. 7C 792 2=4

71 717 7 4E

23 !~a 2 7 4E253
09S 15 2c2 77Z

24 ~ay 13 7'.5= 2:;, 22,

5, "a., 44 4-

1 n order tio lerf - r Static al v--l

the pred-ctive accuracy of the v=L rcdel an ,r

the qewle t t-Paccar~ :TP-S E was used t co ot t a I ce s ry

statist i ,a v lu es . The 9r r e - IST?" Was us5!

assp-btle iI;X+ dat a s6te i n a Ec ar n- rP

calculate the mean., standard deviition, Pnd theF renie s

the data set. 7Te program "'IN" was 53se to Jivie '

dat2 set into bins of eq25al wi2th to forr, a bi t ra 6

the dete set. .- )LCT' was then used to plot va,:fl ete2 sct

The pro-ra- *PLOTP" was use2 to enter "ta pai thn

1 TPLCT was u 2se to make a scatter plot ."f thE er

points. Th~sP programs are listedi in Appenl.ix P

In ar effort to obtat more seful in i. nci.

five particular situations were evdluated. e rivE

23
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KIN N

't erpcr ies --- 05?2 wpre: 7~:1: e.t -

tOirts with te hd I Iu E r a t-

eroluded ) the ti?-e ,vhen the verification -w as s"

vear when the erificeton was t-ken, ant K the iritii sky

contitions. Within cateories 3, -- , ani there were ,

, ar ! 2 classes, reFpectively. Classes within rtc .::rics

are mutually =rclusive. Categories 1 a.d 2 hai caly c,-

class each. In all thre w r e v a c..s.

each class cort aininr- two dota sets, Ic for 7'c.

one or persistence "aa. The 5 - e.r... _ 0

associeted classes are described i, Table EV.

The elta M and Delta P value' for each dett so t

are listed in Appendir ?, in the output format of the WZ-C

"IST' :rran. elta M and Delta P were cal1,llte: U.

subtracti n% the 7ode1/pers ist enc-- r'e r ect i on fr-c- th,

radiosonde "alue at that tire. The histoera.s of' the

'prediction errors are in kppendix C.

Tab le V Is a conpilation of' the ata seF t

filenames, the number of data points, N, in the set, an.,.

the mean and standard deviation of the set in reters.

Ideally, the des Ired error betw~en the

radIosonde soundi'g and the prediction value (Cdre r r

persistence) is zero. So, the desir ic me0n oFd data

set is zero. The dEsired standard deviation, of the

24
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prediction error, is, il eally, plus or minus 2 rFet.rE

(plus or xinus 10.0 meters will also be examinedi. Any

inversion heights which cannot be predicted within 71s or

a minus 50 eters is of little or ic ualue t: a tactIcien.

Thi's predicted value is critical becausE frequenic.es w-.hi.

are trapped within a duct are a function of duct thic &r e5s

(Kerr 151) 1nd the transrrittini/receivinR ante.ne must be

located within the duct for ":.axinum explcitatin.

Therefore, the standard deviation is an ipcrtn! statisti

i. that it is a measure of the precision of the re i-ction.

In other words, it reveals hcw rmuch flttctuation, about th-

"mean, occurs for a given data set. The lar4er t-- standa r d

deviation, the less precise the prediction.

The given mean and standard deviations do not

-learly reveal the predictive worth of either the rodol cr

persistence. In order to make more concise state.-ents

a 1, out the two predictive methods, it will te useful tc

perform hypotheses tests utilizing this data and a level of

sigr.ifizanre, a , of e.01.

a. !Fypothesis Concerning Cne M'ean

.' Hypothesis testing is done to determine whether or

not a given staterent concerning a data set can te accept,-"

* . with a probability a of risking a Type I error [Ref. 3 1.

195). This is referred to as the null hyjothesis, Fo.

,)£.

-5
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I r MCItW a - -- ~' *,* ~-, % , 1 1-%~~ - -

TAELE IV

Catemory/Class Description
_C-+Qor t,,_1r Class Number Descr itio

1 1 All 59 data points used

. 22 157 date points usad.
The high and !cw
value! from 4ata pt :
were Pxclude!.

-RadiosondF sz^un05--.i s
which occurred 4 to
.0.=: hours efter
initial launch

O 4 adicsonfe sotn- ins
which occurred 11 tc
13 hours after
initia launch

5 Radiosonde soundi-c
which oz-.urrepX 1.71
to 22.9 hours after
initial Idunch

3 "Radiosonde soun~in-,s
* which occurred 23 to 25

hours after initial
launch

7 Radiosonde soundings
taken durlnm, parch,
April, and May

4 Radiosonde soundi-r.-
taken dring June,
July, and August

4 0adiosonde soundin s
taken during Setterber,
Octo -er, and 'Ncverber

1- Sky conditions clear

1i Sky conditions clculy

"~ E£
i S
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TAFLF V

Ve~a and Standard reviatica

:atS Se N Mean Standard avi=ti.
FilenarE

Vod= i 80 . E12 4 1Z -2.2
F 31~t -4.5e5

Mode 12 P7 C2.S2;2! 335.425
P ri st2 7-11.21 217-1 .

vo~e"-. 1 I -121.1221£.c
erist3 12 -57.30 123.947

Y d014 13 14c.205 26.
P.rSist4 c2 3.27,z

* 112 152 717 7.0
Persit5 12 40.917 1,-- .=7Z

Iode1.-  27 3?.72 43.3.1S.
:ers is tOF 27 -EE.519 227 .

Vo c17 2i 56. -54: 2e7. 2-2

Persist7 22 -4. 203.

"odele 35 51.2.5 39.752
?ersis9 35 0.000 241.?52

Model9 11 .1.907 198 .22S
Perstst9 10 27.300 124.9P2

%odF 117 25 22.920 450.5S?
Pe rs t s t 1O 25 -3E.720 335.52

Mode 111 44 140.23 372.737
Perststll l4 7.870 242.522.
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... SIIMaea areA a

II

Figure 4. Type I Errcr

given the distribution in Figure 4. a Type I

error would be the probability a of r ci t-1 S e

hypothesis when it is true.

The null hypothesis chosen was, .: A= IAc,

which in words states, is the mean of Delta Y/-elta P equa'

to go, a specified value for the desired mean. Since

Flta M and Delta P are the errors associated with the

difference between the model or persistence prediction end

the radiosonde value and the desired error to be zero, then

9o was chosen to equal zero. Another way of stating

this would be: Can it be said with reasonable confidence

(99) that the mean of the error for each predictive method

be assumed to be zero?

In order to carry out this test, the Student's

t-test was used. The assumptions required for this test
0

are that the actual standard deviation, a . be unknown and

that the sample comes from a normal pcpulaticn. The t

statistic is,

2r



REPRODUCED AT GOVERNMENT EXPENSE

t =

where x equals the mean of the sample, po= 0. ., S is the

sample standard deviation, and n is the nurber of data

points in the Fet. This calculated value of t was compared

to a value obtained frorm a t-statistic tatle. This value

was oltaired by entering the table with the number of

*egres of freedom, in this case n-1, and a /2 = 'e5

becaus. this is a two-tail test. If the absolute value of

t-calculated is greater than t-tatle than the hypothesis is

accepted. Figure 5 shows the acceptance/rejection regions

for a two-tail test [Pef. 3: pp. 211-214].

The results of the hypothesis test, Ho: i*= g±o for

each data set are shown in Table VI.

Reject Accept Reject

Figure 5. Acceptane/Rejection Regions

29
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T.ABLE VI

Fo: g= Mo =

Filenare r, I ~ -a l .c ~

Mode1l 69 1.e4o 2.56 Pccept
Persistl 69 -. 135 -2.576 Accept

Mode12 67 1.533 2.576 Accept
Persist2 67 -0.449 -2.57e Accept

•Od P 17 -1.3 .25 Ace
Persist" 1, -e.992 - .250 P ccePt

lode11 1F 2. 15 2. _95  .rcept
Persist -  1% 1i._e9 2.E9e r .

Persist5 12 1.652 3.10 Acce pt

Mode1 27 0.41F 2.779 Accept
Persit5 27 -2 .25? -2.779 Accep.t

'oie17 22 0 .32E 2.E1 Accept

Per ist7  22 -1.122 -2.63 1 Ac-ept

ode18 35 0.927 2.576 Accept
Persist9 35 2.00e 2.57F Accept

Model9 10 1.307 3.250 Accept
Persist9 10 q.=91 3.250 Accet

Mode11, 25 .. 254 2.797 A,-_pt
PersistlO 25 -f.577 -2.797 Ac-7ept

Modelil 44 2.492 2.576 Accept
Persistll 14 0.210 2.57f Accept

30
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b. 5yne_. Con cerni:z C ne Variace

The n'.ull hy;:t' ; , _is considered in this serti

w ill be *c determine if the jopulation sta. .rd 4e-i=ti--

15 eqal to a sIecifiid constdn-t (a{: a= a0). THis test

c cy c lculatinp, the Chi-Scuere statistic,

2 n-1 )
X= 2O0

where n is the nurmter of data roints in the .am~le
2

populaticn, 2 i5 the variance of the sarple, af d 0c

the steci.iei (desired) variance (variance iS the square

the st ndard dviati on). The Chi-Square cilrt.tet vali-

iS then co areL to a Chi-Squarp value btA'ned f rz

table in Ref. 3, using n-i degrees of freedor an a = .o.

If the calculate value is less than a12 or greator than

7the- null hypothesis is accepted. The esirc

standard aeviation wa5 chosen to be ,o = , neter5,

however, o = 17- meters was also tested. The results of

these tests are given in Table V-II [Ref. 1: pp. 217-2351.

C. lypothesis Concernln_ Two Means

In order to determine if there is a significant

difference tetween the two means, the Todel an.

persistpnce, the null hypcthesls, Ho: pm = p ust he

examined. Along with the assumption of normality, a

statement must be rade about the variances of the two data
ssets. Narrely, can it be assumed that the variance.s om

31
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TABL- VII

H{o: a0'a

ao =52 an~d 10e m~eters

__el~ . __ X2 =___ 16aX =l 2Z

4
?ers istl1 7 .QxJ0 21 1 53 2 1212.3 Rejie t FRe et

4
Per s ist2 A. 7x1 1250 312 9 9c F +pej f t

4
Perts3 .4Xlg 122 30 23. 5 F E,4t +

4
mode14 r,.C1x 10 4e9 117 35.7? Pejet F e E t

P rrs ist 4 4. 4xl 0 299 74 35.7 Fpij t F.4 r--:7t

Perstst65 2.2x10 97 24 2 -CS ?el p t Accpp

Yodel5 1.5xlZ 153e 3E 2 4E.-- Reject F~jFCt

?ersistc9 5.Oxl2 t22 131 ACe.3 Reject Reject

PersiSt? 4.1Ix10 346 S9 41.4 Reject Re~ect

modelS 1.5xlO 2070 517 5e.1 Reject Reject

PersistS 5.9xiZ 796 199 56.1 Ee. ec t Rejert
4

Model9 3.9irlO 141 3-3 23. Feect Ee j cct
4

?earsist9 1.exlO 56 14 23.F Reject Acce.
5

Model110 2.exle 1 "50 4S7 4 C- Rej ect, Re jec t

32



T.PLBE VII (cont.)

a .2
-. .. .. --ta b , A e t _ _/ e

PersistlZ 1.1x1O 12es 271 45.5 Reject .e,ie ct
5

1ode111 1.4xl 2 92 599 71.2 Reject Relect

4
Persistl1 I. 2x 10 1OF0 25 71.2 Reject ie Cict

ani Op are equal? The null hypothesis Ho: ar a r

Mrust be co7pleted to answer this. If it can be said thdt

they are equa!, (i.e. accept the hypothesis), then a two-

sample t test can be used to test the means. If t e

hypothesis that the variances are equal is rejected, then a

paired-sample t test must be used to test the means.

In order to perform the hypothesis test. an F-

statistic was calculated by,

SmF=

SPa

where Sm is the variance of the model data and Sp is the

variance of the persistence data. Using a = ?.?I, if F-
,z

calc was less than ?-table then the hypothesis, H o: a --

ap must be accepted. The results are shown in Table

33
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TABL: VIII

qO: art = a.

1 2.15 1 .6F t

3 F. 15 3 Acept
4 1 .5 = == 2 -4c r~

4.54 ?oi.-t

2.93 2.52 E jevt

7 2.00 A.e A~t

2.50 2.3 l F jct

2.52 5. - Apt

17 1.5Z 2.56 Acce-t

I 2.25 2. e c ?ject

IN.

[-4
" 3 4
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v-3 riarc= s w Fr t t~-' tested ~t, t& c

a tEr ...uct . he _,neral 'o.pula [e . : .

n - 1 SI m /-

with a = ?,1 an, the ecrees fr e "ed b -I

'-_e resu.lts are giver. In Tatle TI.

Hio: L - 1: = ?

Teta Set" ST + ::Cl ' ttab-e A,=t/e 't

4
"5 7. .IC- .71-_. 2- = t

a .xi2 - -=,e t

7 . 2x1 1.37 2.% Sce t
4

:.5x 1 0.70 2.92 AF ; t
5

..2xl 2.Z2 .ccept

The six data sets rejected for no:t teing atle tc

make the assupticn that the variances ere ehual her ther

rea .. .. tested fcr equality is ing the paire-_ar-,ple t 't.

In order to conduct this test, - data set r ntainire the

values, Telta M - Telta P, was corirlled nd a r ean idc

0



i s a r i c nf c r ~c 3 a s~ -w s e 1 C,; 1 IU'as:

TT R. T ; os ire -'e~ a L~ n oD f ea~ -2-' -:ia Set is C-

ag-ain zero. T e E tisi .;as -!3 ltF- f r h f h

t ~ es a s in 'Ptici A* . T!7ie si y i red 'ir t- St5 r

listed in Ajipe i a er te r e s uIt s ofte hyro Itae 5 is

§ ~ ~ Ii:j L o K~ are listed in Tzble X.

Jo A JA 0L .

1 2 S Re J---t

.-. ,

Iz -1

3i .7 2 . SE

d. Pre.iction .rror vs. Verification ie

Fisure s anr 7 are plots of the "rreditin .rror

vs. Verification Timp. With zero teing the desirpi Frror,

it is cledr that as the molel propressms further IntD t !YF

2 4 hour pr e i ct ion periCd, the t thE, prpdi-Ition error

increases significantly. The- stdndard d~viation varit-

fro 1.^1 meters to 3 .15 me4t.r res firem Ta be V

........................... _e~ ,=,_t" ]"l =  -. l -'t. ,-= _.__

1Z r 2
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REPRODUCED AT GOVERNIMENT EX.PENJSE
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Th ersistence Prediction Frrcr -1lct reveals

*mich less scattering of the dataL points, while t-h-rz s n-

*obvious trpn:! to the pri-'iction error.

e. Pre,-4cticcn Frror vs. Mo nth of C01s rv~tion

Fiegures 8 and ? are plots of the dS; p o~ ~in5

relat ive to theP month in which they Pre tah~en. T)hF Y-axic

of these two fie-ures are labeled by nurrbers, where

corres~orvis to January through 12 which is Decemter. It il

obvicus that there is much more scatter associate with tl &

rrodel 's pre!ictioi arror during~ the swirrer mcrths than

o t her ties
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V. cOc I Vs i ONS

A.DUCT TREND 74 EDI CTION

Fror a statistical viewpoint there Is no s n I c an T

ifferpnce tetween the MABI model and per i st en- e i

predirting the duct trend or sky (Cloudis/nc lu)

conditions. T 'nr e are some !if ferences in their c cr r e t

predict i^n jperzen ta,-es h owe v, r n ct eno u .7 t o c .Cc s e o -r-

retho)d cv r thm other. The results cle,-rly injicate t:

~1vn sy cndtions are clear at t~e init~ai, start ti re,

'!Ie luct t ren~ can te accura3trly 1,r E di t e t" y cithe!

methuo. Cl otid formation~ ap~pears to c - rclens int'. '

rtodel 's predictivfe abi lity and s~iculd t c furthcr

H. YPOTHYSTS TESTS

Although the hypothesis test of Section Ila. showej

that the mean of each dati set had to be accepted as teinp

eqnal to zero, this can prove to be 7risleadine. This

result should be easily expected ccisiderinF the lar e

standard deviations in the data. The hypcthesis test whi:h

6contains extremrely important results, from the tacti-tans

viewpoint, is the test of Section Iltb. Rerembpring, that

standard deviation is a measure of the ].recision of ti-c

42



prediclion, it can le stated quite assureily that th-e

inversion hei-ht cannrot be .relictei accurately, eith. "'-

the mod el or persistence, to the degree req vired : r

tactical employment. In all cases, the accuracy of

persistence was better than the '.odel, but still not gcc

enough for tactical use.

The h3ypothesis tests concerning the equality of the

"means revedled that there is no siYnificant difference

between the popu1lations. Once again, this can b
,lsleading d,,e to the large standard devati .s

encoun tered.

C. PBF2ICTION FROE VS. VFFIFICATION TII'E

Figure 6 clearly indicates the model's predictivE

ability decreases s5inificantly the further it prcgresses

into the 24 hour period. Figure 7 shows much less scatter

associeted with the persistence predictions. These .lst5

seem to indicate that the mrodel was expecting/predicting -

much greater change in Zi than actually occurred.

r. PREUICTION FRROR VS. MONTH OF OBSERVATION

Figure 0 indicates the model's predictive ability is

significantly reduced during the summer months. There is

much more scatter associated with the summer months than

others. The mcnth of observation had no discernile affect

on persistence as seen in Figure 9.
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F. S Y CC'NI 11'TNS.

Ini t ia1 sky conditions hal nio apparent aff'ect cai t he

model or persistence.

Y.GF NERAL CONCLUSIONS

The results appear to point toward a conclus:Ion that

the MARL model and persistence are not useable, fromr a

tactical viewpoint. M ore t est ing and statistical w,,r k

sh ou 1d b e done before a judgement can be m,.ade about the

rrodel1 phys ics. The next chapter deals with az-roact~s

which should b tkn na effort to rmake a more vAli1

eviluation of the M A RL model .

-
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VI.P CCIMtNrAT I CNS

Proper experimental planning can give a reasor atle

* assurance that the results of an experiment will prcvile

clear-cut answers to questions under investigation.

The exa-rination in this thesis made the -a ior

assumpticn that the radiosonde data was perfect" and that

any results would indicate the precision of the rmodels"

predictive atility. 9owever, it is widely known, an

accepted, t'hat radiosonde data are not perfect because

the radiosone is not sensitive enough to abrupt changes in

atmospheric - itions as it ascends. In order to

determine If ne error contributed by the radiosonde is

significant and if the radiosonde data differs

significantly from an alternate method. of collecting the

same type of data, an Analysis of Variance (ANOVA) study

should be done involving three separate comparisons. A

complete discussion of this method can be found in Chapter

12 of Fef. 3. The mathematics of this method will not le

discussed here, but suggested procedures for conducting the

necessary data collection will be elaborated upon.

The three ANOVA comparisons recommended are delineatep

in the following subsections.

45
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A. RA :IOSONrE VS. ?.ArI'" sO"l,_

To deter.ine if the iata received by radioscndes Js

consistent, a test should be conducted in which tw:!

radiosondes are lauvched within minutes of each Ither at

each observation time. Fnsuring that both radioscndos are

identically calibrated and launched from a weather dec I

where there will be little possiblilty of collision with

other structures during ascent, the first radiosonde should

te a-nched and then the second laurCh E , a few ir'2e

Sater. ual launches snould be m-ade at each -easlurer-et

;period. The primber of d4al launches made I-h-l b l;-i-

to between 5 and 1Z because of cost and a large number of

duataunces_ will not be necessary to zhpck for

conist-mncy in data. It is imperative that the AN7OVA tests

be carried out even if by observa ion the data appears

consistent. This data can then be used to evaluate the

degree 0  consistency in received radiosonde data.

Fgardless whether the tests determine if the data from two

different radiosondes is consistent or nct consistent,

further tests will be necessary.

E. RFRACTO'ETFR VS. RFFRACTOMETER
The AN/AMF-3 (XAN-5) Airborne Microwave Refractometer

(..) is currently used in some Navy aircraft to obtain the

same type of information which radiosondes provide.

45
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i:I, I ,taeous ata'should 'e collected 1.y two aircraft t3

,Jetermine the degree of consistency in ref'ra-'t cre tFr

Mea-ure.ents. This test will require the sa.T. e aircraft to

iarry t o jiAfere t refracto.-eters or two aircraft -- n

carryin an AR anC launched within minutes of each 'other

-nd flying the sare patter-,. As a result of the A"VIVA test

c 1f this dat, if' the consistency is zocd then the

F efracto-eter can be used in a test comparing i's' data to

the radiosonde.

C. F -ISO N0 _7 VS. REFRACTOmETER

In order to determine if there is a ny 5:--ican

differcnce between radiosonde data and refractometer late,

data should be collected within 7-67 minutes of eacr

other. If there is sipnificant difference in the data thcn

careful consideration should be taken to determine which.

if either, ethod provides the more accurate data.

Once these tests have been done and the statistipal

result- dptermined, then much clearer statements can be

mede about the model's predictive ability because more will

be known about the quality of the input data.

. CENEPAL FECO MmENDATIONS

The other parameters which are predicted by the odel

should undergo similar statistical analysis as that which

has been done on the parameter Zi. This analysis is

47
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necessary so that a clearer understanding of the >del

predictive atilitie_ is cnown.

Snne caution and consideration should be given to the

results of the three tests suggested above, because t h-

results for any or all of the tests for one geographicaI

location and/or time of year of the test, may agree .r

disaeree does not necessarily mean the results will or will

not agree for another location or different tine.

Mc attempt should be rrade to alter the AEL ode,
until the ANOVA tests are done. A qualitative *nl

quantitative assessment of the input data is irnperative

before a fair evaluation of the MA'L model can be 7ade.
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APPENDIX A

£P-B5 PRCGRAMS

The programs used in this thesis are listed on the

following pages. Each program can be used on an FP-E5 ty

first starting the machine and placing a disk with the

progrars on it into the disk drive. Next type, "ASS

STORAGF IS ":D~e ", then hit the FtiIj LINE key, then type.

LOA: "program name and then the ENr LINE key. The _FN" LINE

key must be used after an entry. Once the zrogra, is

loaded, hit the ARUN key and the program will prompt f'r

inputs.

The program "rISTR" will first prompt for a data

filename. Upon entering the filename, the next rompt will

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

entered in any order. Once the last point has been entered

the program ranks the data in ascending order, computes the

mean, standard deviation, maximum and minimum values of the

*eta, and the range. It then prints the data plus the

results of the computations.

The program "PIN" is used to divide the data into bins

of equal width in order to make a histogram plot. The

program prompts for the data filename, then the

distribution filename. The data and distribution filenames

49
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must differ. The next promz.,t is for the numter of bins.

Thir value is any integer value Less than the arvrber cf

data points. The nurber of bins chosen should be such that

there are at least two data points ;er bin whe.evE.

poss i bl e.

"pon completion of the "PIN" program, "TPLCT" can IF

loaded for use in making a histogram plct. The first

prompt is for the data filename, however, enter the

distribution filename for which a plot is desired. 

prompt for the title and subtitle of the plot are displayed

n ext. if either or both of these are not reqpzire , hit the

ND TIE .key and the n~ext prompt will be displaye . The

next entries are X'1IN,XMAX,YMIN,YMAX. These are the

maximum and minumum values for the horizontal and vertical

axis, respectively. The four values should be entered or.

the same line separated by commas before keying EN LINE.

The next prompt is X AXIS LOG SCALE ENTrR Y or N. Upon

answering yes or no, the next prompt is

XINTV,YINTV,XINTC,YINTC. These values are the x and y

intervals for lateling of the x and y axis and the x ar.d y

axis intercepts. The x and y axis titles are requested

next. Upon completing these entries, a plot is made on the

screen. Wher the plot is done hit the CONTINUE key and the

number ( (for a hard copy) and it will plot on the plotter.

50
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'T-E "PLT?' ~r C r a~r o u c- u Se -if X a~ nar

at a is required to be plotted. The first prorpt is f c

t mnu rb Fr c'f p a i ~ed a ta 8se ts. T'e next crery is- I-- th -

'~aa f~e~'e.The next pronpt wdill be for the peired 4-ta

S et s. Fn t er th-e x -ccrdinate first followed by a c rrrai

the n the y cordinate fol.lowed by the EN: 7LIE <e,;.

comrpl et ion of enterinF the data sets, TLODT" can bE isel;

to irdke, a -:catt(-r .,lct.
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" ISTR"

10 MASS STORAGE IS "0700020 DISP 'DATA FILENAME'
33 INPUT DS
40 DIM D(250)
50 DISP 'NO. OF DATA POINTS@
60 INPUT D(O)
70 8'(DCO)*I) DIV 8*1
80 0-85890 CREATE D$,16,9
10C PRIT "DATA FILENAME 'IDS

10FOR 1-1 TO D(0)
120 DISP 'DATA PT @It
130 INPUT D(1)
140 NEXT I
150 FOR J-1 TO D(O)
160 M-10000
170 FOR I-J TO D(O)
180 IF D(I)<M THEN M-D(1) 0 L-I
190 NEXT I
200 O-(J) * D(J)-M * D(L)-G
410 NEXT J
220 S-O
230 S2-0
240 FOR I11 TO D(O)
250 S-SO(I)
260 PRINT D(I)
270 t2.S2D(I32
280 NEXT I
290 X'S/D(O) %
300 PRINT 'MEAN VALUE *"X N
310 Y-SQPCSZ/D(0)-X-2)320 PRINT "5DEV- "jy
330 PRINT MIN VALUE -;DCI)
340 PRINT &MAX VALUE - ;D(DC0))

-350 PRINT ORANGE * "IDCDCO))-DC1

360 ASSIGN* I TO Ot
370 FOR 1-0 TO D(0)
380 PRINT, 1 D(1)
390 NEXT I
400 ASSIGN# I TO u
410 EIID

52
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B I N

BIN

10 DIM D(250).FC250)
20 DISP "DATA FILENAME"
30 INPUT DS
40 DISP "DISTRIBUTION FILEHAME*
50 INPUT FS
60 PRINT ODISTRIBUTION FILENAME
0 ,FS
70 DISP °NO OF BINS °

80 INPUT G
90 ASSIGN# 1 TO DS
100 READ# 1 D(O)
110 FOR I-1 TO D(O)
120 READ'# 1 1 D(I)
130 NEXT I
140 B-CDCO)ot) DIV 8*1
150 B-8O8
160 CREATE F1,16,8
170 S-CD(D(O))-DC1))/G
180 F(O)-G
190 J-1
200 LD(1)
210 PRINT -SIN PT, NO., LIMIT, D

PT."
220 FOR 1-1 TO 25G STEP 2
230 L-L#S 0 F(I)-L-S/2 0 FCI#1)-
0
240 IF J)D(O) THEN 300
25aO IF P(J))L THEN 290
260 F(lo*)-F(I1*)*l
270 PRINT F(I);F(I*I)iLsJ
280 J-J*1 (6 GOTO 240
290 NEXT I
300 ASSIGN* I TO FS
310 FOR 1-0 TO 2wg
320 PRINT* I F(I)
330 NEXT I
340 ASSIGN# I TO
350 END

A3
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TPLDT"

350 IF P-I THEN PLOTTER IS 705 *
10 REAL KIM) ' LOG VALUES GOTO 80
20 DIM D(2500) 6 THE DATA 360 IF P-7 THEN 1680 ' END
20 DIM A$S50],A1S(50],8S125],C$[ 370 GOTO 70
251 380 ! TITLES
40 OCLEAR 390 DISP 'TITLE"
50 DISP "ANSWER PROMPTS WITH 'VY 400 INPUT AS
OR *H •  410 DISP *SUBTITLE*
60 P-0 420 INPUT All
70 PLOTTER IS 1 430 RETURN
80 OCLEAR 440 ! X/Y AXES
90 IF P-8 THEN 190 ' HARD COPY 450 DISP 'INPUT XMINXMAXYMINY
IOC IF P-i THEN 190 REDRAW MAX6
110 IF P-2 THEN 160 ! CHG TITLES 460 INPUT X1,X2,Y1,Y2

470 DISP @X AXIS LOG SCALE?'..
120 IF P-3 THEN 180 CHO X/Y AX 480 DISP OENTER Y OR N'
ES 490 INPUT GO$
130 GOSUB 670 ' READ DATA 500 IF 00S('Y" THEN 560
140 IF P-4 THEN 200 * MORE DATA 510 X3-0
SAME PLOT 520 X4-Xl
150 IF P=5 THEM 200 ' MULTIPLOT 530 DISP 'YINTV,YIHTC*
160 GOSUB 380 f TITLES 540 INPUT Y3,Y4
170 IF P-2 THEM 190 ! CHO TITLES 550 GOTO 660

560 DISP *INPUT XINTVYINTVXINT
180 GOSUB 440 * X/Y AXES C,YINTC*
190 GOSUB 770 DRAW AXES 570 INPUT X3,Y3,X4,Y4
200 GOSUB 1430 ! PLOT DATA 580 IF P-0 THEN 620
210 PAUSE 590 DISP 'CHG AXIS LABELS? YIN'
220 ! SELECT PLOT 600 INPUT Gi5
230 DISP 'CHOOSE PARAMETER' 610 IF 0it-'NH THEN 660
240 DISP m 1-REDRAW' 620 DISP "XAXIS TITLE'
250 DISP * 2-CHG TITLES' 630 INPUT BS
2G0 DISP a 3-CHG X/Y AXES' 640 DISP 'YAXIS TITLE'
270 DISP a 4-MORE DATA SAME 650 INPUT CS

PLOT' 660 RETURN
280 DISP s 5-MULTIPLOT' 670 ! READ DATA
290 DISP ' 6-NEW PLOT' 680 DISP 'DATA FILENAME'
300 DISP a 7-END PLOTTING' 690 INPUT FS
310 DISP @ 8-HARD COPY' 700 ASSIGN* I TO FS
320 INPUT P 710 READ# I 19
330 IF P-4 THEN 90 720 H9-2'N9
340 IF P-8 THEN PLOTTER IS 705 * 730 FOR 1-1 TO H9
GOTO 80
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T P L 0 T (cont.)

740 READ 1 DMI) 1140 RETURN

1150 ! DRAW LOGX-AXIS
750 NEXT I 1180 LORG 6
760 RETURN 1170 IF LS-'SET" THEN 1210
770 ! DRAW AXES 1180 L$-*SET"
780 LOCATE 30,110.32,89 1190 XI-LGT(XI)
790 CSIZE 1200 X2-LGT(X2)
800 1 DRAW L|MEAPI 1210 FOR 1-0 TO 9
810 IF QO$S<)Y" THEN GOSUB 1010 1220 KICI)-LGT(i#2)
820 ! OR DRAW SEMILOG 1230 NEXT I
830 IF 0O$o-Y" THEN GOSUB 1160 1240 SCALE X1,X2,Y1,Y2

840 ! PUT LABELS 1250 MOVE XI,Y1
850 PLOT (XI*X2)/2,Y2#3ECY2-Y1)I 1260 DRAW X2,Y1
26,-2 1270 FOR I-XI TO X2
860 LORG 6 1280 MOVE I,YI-(Y2-YI)/55
870 CSIZE 4 1290 LABEL USING OK* 1 001
880 LABEL AS 1300 FOR J-0 TO 8
890 LABEL All 1310 K2-KlCJ)#I
900 PLOT (XIX2)/2,Y1-(Y2-YI)/q, 1320 MOVE K2,Yt
-2 1330 DRAW K2,Yl*(Y2-Y1)/100
910 LORG 4 1340 NEXT J
920 LABEL BS 1350 NEXT I

* 930 DEG I ;O YAX|S XlY3
940 LDIR 90 1370 LORG 8
950 LORG 6 1380 FOR Y-Y1 TO Y2 STEP Y3
960 LORG 5 _ 1390 PLOT XI-(X2-X1)/40,Y
970 PLOT X 1)/8(YI.Y2)/2- 1400 LABEL USING "K" j Y
-2 1410 NEXT V

* 980 LABEL CS 1420 RETURN
990 LDIR 0 1430 ! PLOT DATA
1000 RETURN 1440 DISP "LINETYPE 1@
1010 1 DRAW LINEAR AXlES 1450 DISP 9 1 SOLIDO
1020 SCALE XI,X2,Y1,Y2 1460 DISP 8 2 END PT ONLYO
1030 AXES X3,Y3,X4,Y4 1470 DISP 0 3 DOTSO
1040 LORG 5 1480 DISP 9 4 SDASH*
1050 FOR X-XI TO X2 STEP X3 1490 DISP 0 5 LDASHs
1060 PLOT X,YI-CY2-YI)/55 150 DISP 9 6 DASH DOT,
1070 LABEL USING OK- i X 1510 DISP a 7 LDASH SOASHN
1080 NEXT X 1520 DISP 8 LDASH SDASH SDASH
1090 LORG 8 S
1100 FOR V-Y1 TO Y2 STEP Y3 1530 INPUT L
1110 PLOT XI-CX2-X1)/40,Y
1120 LABEL USING "Ke Y
1130 NEXT V
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T P L 0 T (cont.)

1540 LINETYPE L
1550 IF QO0$<'Y' THEN 1580
1560 MOVE LGTCD(1)) D(2)
1570 GOTO 1590
1580 MOVE DCI),DC2)
1590 FOR 1-1 TO H9 STEP 2
1600 IF 000 Y" THEN 1630
1610 PLOT LGT(CCI)),DCI*I)
1620 GOTO 1640
1630 PLOT D(|).CCI*I)
1640 HNXT I
1650 PENUP
166) PEHUIP
1670 PETURK
1680 STOP
1690 END

7
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P L 0 T P

10 DISP *NO. OF POINTS@
20 INPUT H
30 DIM D(200)
40 DISP ODATA FILENAMEO
50 114PUT DS
60 9-N DIV 8.1
70 9-6.8
80 CREATE DS,16.8
90 D(O)-H
100 FOR 1-1 TO 2wN STEP 2
110 DISP 'INPUT X,Y-
120 INPUT DCI),D(I.1)
130 NEXT I
140 ASShIGN# I TO DS
150 FOR 1-0 TO 21N

4160 PRINT* 1 DCI)
170 NEXT I
180 ASSIGN# I TO x
190 END

I5
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A?PENDIX B

TLTA M/DELTA P VALUES

The relta " and telta P values for each data set arE

listed on the following pages in the output fcrrat of the

17P-:5 "rISTE" program. The relta Y values were obtained by

subtracting the radiosonde value for Zi fron the value

predicted by the model at that time. The lelta P value

were obtained by subtracting the current radiosonde value

from the previouS value.
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DATA FILENAME MODFLl

-603 -579 -6
-54_ -53E -422
-401 -323 -2?2
-252 -234: -234
-214 -211 -211
-194 -179 -170
-124 -112 -97
-2g -84 -23
-70 -50 -22
-15 -7 -5

-2 0 12
15 16 15
3=. gr 73
F_ Q1 92

*_ 111 111 132

150 159 1F9
201 210 2 '75
2c66 285 295
321 325 1
3783 394 429
446 543 549

r56 552 810
Eel 109E 1971

MEAN VALUE = 80.812

SDFV = 410.026
vIN VALUE = -603
MAX VALUE = 1971
RANGE = 2574

0

.S"

6 -

0..
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1AT A -:I:,FN A PERSIST1

105-7e2 -577
-4E4 -355 -257
-24. -243 -214
-214 -153 -1 55
-143 -114 -111
-110 -107 -102

-00 -75-57
-42 -45 -42

-~-30 -29
2m-25 -23

-17 -12 -9
-5 -
-2 2

40 44
54 5s 5
51 52 e7
71 92

93 97
99115 153

159 152 159
159 177 190
207 2F2 712
514 6r5 1162

MEAN VALUE =

SrFV = 279.752
MIN VALUE =-1?05
MAX VALUE =1180

1,0.
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DATA ?ILENAM' " MODEL2

-5e -548
-53. -422 -42.1
-393 -272 -252
-234 -234 -214
-211 -211 -194
-179 -170 -124
-112 -97 -C9
-?4 -- 7
-52 -2e -15
-7 -5 -2
2 12 15

16 16 32

El 92 ill
111 132 15e
15 1P91 2e1
210 235 256
2S5 295 321
325 351 37
94 429 446
543 549 566
652 81

109P

iEAN VALUE = 52.80
SDEV = 335.426
"IN VALUE = -579
MAX VALUE = 1098
FANGY : 1677

I£

.



DATA FILFNAE PrRSIST2

-v -5-4e4

-41 -356 -257
-24F -243 -214
-214: -133 -155
-143 -114 -111
-11 -107 -102

-£9 -75 -57
-45 -42 -30
-29 -26 -25
-23 -17 -12
-9 -5 -4
-3 -2 22
32 32
42 44 54
5 59 51
62 7 71
1 92 9-

93 97 99
115 153 159
1!! 169 169
177 190 207
292 312 544
665

MEAN VALUE = -11.8E1
SDEV = 217.242
MIN VALUE = -7e2
WAX VALUE = 555

RANGF = 1447

C2
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rATA FILENAME MODEL3

-53£

-4Z1
-170
-124-,
-E4

-50
16
73

150

MEAN VALUE = -121.1
SD]EV = I98.091
MIN VALU_ = -5'C
mAX VALUE = 15e
RANGE = 6FS

rATA FILENAME PERSIST3

-484
-214
-155

-75
-30
-12

-4
62
168

169

MFAN VALUE = -57.6
SDEV = 183.947
MIN VALUE = -4E4
MAX VALUE = 169
RANGE = 653

'53

42



ATA FILFNAMF MO:FL4

-21

-179
-89

12
15
3Be

c-81
92

111

201
321
3 25
429
!52
F1o

"TAN VALUEl = 149.056
SDFV = 261.980
MIN VALUY = -211
6AX VALUE = 810
RANIE 1021

e4



DATA FILFNAVIF ?ERSIST4

-24
-114

-29
-25
-23

32

54
51

71
99

* 159-
262
544
55

MEAN VALUE = 93.27P
IrEV = 209.622

'!IN VALUE = -243
" AY VALUE = 655
RANGYE =902
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DATA FILflNAf.E CtL5

-234
-214
-211

-25-70

210
2P5
295
449
549
eei

_EAN VALUT = 155.917

* srFv = 173 .733
"IN VALUE = -234
%JAX VALUE = qEl
F.A4G_ = 1115

rATA FILENA- PFRSIST5

-24F
-110
-102
-57

-45
93
93

97
115
153
190
312

MEAN VALUF = 40.917
SDEV = 148.57_
vIN VALUE = -245
'!AX VALUE = 312
RANGE 560

. , : . .. :.: .-



DATA FILENAMF 'AODEL9-

-422

-272
-252
-234
-194
-112

-97
-15
-7
1e
55

189
235
255

37e

556
1098

MEAN VALUE = 30.704
SDEV = 363.165
MIN VALUE = -579
MAX VALUE = 1099
RANGE =1677
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rATA ?-ILrkN.Ar ?rrSIST6

-7e2
-577
-41S
-356

-257
-214
-163
-143
-111
-1217

~-42

-17

-3
-2
22)
30

5s
59
8.1
92

169
177
207

MEPN VALU? = -88.519
SrEV = 223.996
MIN VALUE = -782
MAX VALUF = 207
PANGD = 9E9

F 8
4|



DATA FILENAME MODEL?

-550
-401

-252
-234
-170
-124
16
73
60
81
92

150
15
1 99

210
265
325
351
324
445
543

MEAN VALUE = 5r.824
SDEV = 281.2P2
!'IN VALUE = -560
MAX VALUF = 543
RANGE = 1103

4
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DATA FILFNAm? PERSIST7

-7S2
-214
-214
-153
-155
-114
-111
-110

-76
-57-30
-23
-17
-3
22

4 2?,54
C2

159
19
169
177
190

MFPN VALUE = -46.591
SrEV = 2e3.037
MIN VALUE = -782
MAX VALUE = 190
RANGE = 972

. 41

4 

.70

"." " ".. '.."I,. j .- .' . - , ",- " "' " " - .-." ' " -. - . .. - - - -'. -" ", ."J ." %,.% , ; .



rATA FILENAMr MODELS

-5 79 .I

-422
-272
-234
-214
-211
-211
-179
-97

-5 3
-2£9
-15

-7&

-5
-2
12
-15
16

36

-5

201
235
295
376

54956
650

ILO

81
1

MEAN VALUE =51.086

SDEV = 390.05S
MIN VALUE =-579-4
MAX VALUE =1098
RANGE = 1677

71
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DATA FILFNAmE PEPSISTE

-577
-41

-356
-257
-243
-107
-1 ,2
-9

-45
-42
-29
-25
-12
-9
-5
-4
-2
30
323-t

44
59
59
61

93
93
97

115
207
282
213
544
£65

TEAN VALUE =.0
SDFV = 241.952
MIN VALUF = -577
YAX VALUE = 565
RAN3E = 1242

72
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DATA VILENA m: vrEi9

-194
-112

-70

111

132
2e5
321
129

MEAN VALUE = e1.3
SDEV = 19S.221.
,YIN VALUE = -194.
"AX VALUE = 429
RANGF = F23

DATP. ?ILE:Nk' R. SIST9

-24B
-143

-26
40
67
71
92
99

153
168

MEAN VALUE = 27.3
SDEV = 124.982
TMIN VALUE = -249
MAX VALUF = 16-A
RANG? = 416

L3



DATA FILENAME MODFL10

-'503

-422
-3C-3
-272
-214
-211
-194
-17 3
-112
-97

-70
-

159
325
579
552

10 96

MFAN VAL'JE = 22.92
SDEV = 45e.575
IIIN VALUE = 6"
MAX VALUV. = 109S
FANG! =1701

F 74



DATA FILENAMF PERSIST10

-577

-41S
-25?
-24.
-143
-111
-89

-23
-12

2
*93

93
23
97

153
159
168

"-" 544

MEAN VALUE = -3?.72
"" SDFV = 335 521

VIN VALUE = -1005
MAX VALUE =
RPNGE = 167e

0

9
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DATA FILFNAvE MODELil

-560 -401
-252 -234
-234 -211
-170 -124

c -5
-20 -15

-7 -5

12 15
16 16

73 F-0
1- 2 ill

111Iii 13?

150 1e9
201 210
235 206
2e5 225
321 351
378 324
429 446
513 549
5E6 1971

M MFAN VALUE 140.023
SrEV = 372.330
MIN VALUE = -512
MAY VALUF 1971

FANGE = 2531

.[I
[-i
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DATA FILFNAE PERSIST11

-7F2 -356
-24 -214
-214 -19.
-155 -114
-11 -107
-122 -79

-57 -45
-42 -70

-29 -25
-17 -9

-5 -4
-3 32
32 33.
42 44

591
-2 71
92 9g

115 16 9
I_99 177
190 2z7
312 11e0

FAN VALUE 7. E
srEV = 24e.501
'I, VALUE = -7F2

MAX VALUE = iiE-
FA = 1952

77
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APPrNrIX C

HI TOGR A"!S OF ??E!CTION E??.ORS

The following pages are histograms of the prpd ition

errors. These plots show the distribution of each ta

set. The number of tins were chosen such thiat there we r

at least two data points per bin whenever possible.
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DFLTA - DELTA P VALUIS

The following pages contain the data sEts . ed in the

paired sample t test. These values were obtatne. ,

suttracting fro.' Delta the correspn..in, Delta P valui.
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rPTA FILFNAM.F ?AIFFE1

- 4 93 -423 -325
-307 -270 -251

23 -225 -223
-165 -130 -124
-- 4: -72

-54 -51
-46 -20 -14

-C - 17
24 27 2
31 33 -

-1 40 44
4- 52 4
71 ES 97
1Z4 1oe 142145 16 152-.I ,

194 222 222
237 25F ? 7
270 2 349
352 35S 36-
397 402 53
565 573 7S4
791 1017 1159

MFAN VALUE = 1e6.594
Sr:V = 3e4.526
MIN VALUF = -493
MAX VALUE = 115F
VANGE = 1649
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r'ATA FILENAm r PAIR2

-42' 3 -325 -307
-272 -251 -235
-225 -223 -5
-130 -124 -109
-96 -95 -S5
-e4 -72 -57
-54 -51 -46
-20 -14 -9

-e 1" 24
27 29 31
33 3L 4
40 44 49
52 54: 71

ice44 Q8 147 174

19 14£ 14
222 222 237
257 2 271
32.0 334 52

•358 366 39-7
402 533 5e5
673 784 791

1017

MEAN VALUE = 99.91
SflEV = 271.3PP
"IN VALUE = -w,
MAX VALUE = 1017
PANGE - 1420
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ATA FILENAYE PAIRErD

-223
-124

190
237
255
257
402
533

764:

MEAN "ALTU Z = !3 9.4
S.vV = 105.344
"MIN VALUE = -307
MAX VALUE = 724
FANGE low~
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rATA FILENAMF ?AIIr4

-403
-272
-235
-225
-165
-130,

-85
-51
-14

-S
27

29I

33
40
52
9?

222
270
320
349
365

397
565
673
791
1017
1153

MEAN VALUE = 184.571
SrEV = 377.412
MIN VALUE =--403

MAX VALUE = 1156
RANGE = 1559
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i :: _"ATA FILENAMF ?AI .E[

-493

-270
-225
-155
-130
-109
-95

-72

-20

21
28

33
40

352

1S
V 140

RANGE 2 64
1 e5

349
r- 673

9 764

< .' 1 1 5 c ,

MEPN VALUE =94.171
SrrV = 310.108 .

@ MIN VALUE = -493

M AX VALUE = 1156
RANGE --1549



rATA FILFNAME PAIRF

. -325 -235
-223 -124-log-9
-24 -4

-14
- 17
24 27
28 31
33 3e
40 40
44 4F
52 71
t8 97

140 1 ET
194 222
222 2 725 2a 7

322 34-9
32 35S

3C7
533 565
e73 7?1

MPAN VALUF = 132.162
Sr 2 = 231.151
MINC VALUE = -325
MAX VALUE = 791
RANGE 5= 1
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