
AD-flU 771 HORLONIDE DISTRIBUTIONS OF SHIPBOAhD SURFACE 1,7 METEOROLOGICAL OBSERVAT IONS FOR ENf PROPAGATION ANALYSIS
I (U) NAVAL OCEAN SYSTEMS CENTER SAN DIEGO CA

p WCLRSSIFIED KC D ANDERSON SEP S? NOSC/TD-F/04/2 N



1.8-

NATIONAL BU111 (1

II~f!~~5 I Jll ' 11111%

ez.



011C. FILE LUa
V, O

0.

z

R) Technical Document 1150
September 1987

Worldwide Distributions of
Shipboard Surface Meteorological

Observations for EM
Propagation Analysis

K. D. Anderson

00

o OTIC
1 S , ;; [- f .T

'.DEC 16 1987

Approved for public release, distribution is unlimited

~12 10 006

% %



NAVAL OCEAN SYSTEMS CENTER
San Diego, California 92152-5000

E. G. SCHWEIZER, CAPT, USN R. M. HILLYER
Commander Technical Director

ADMINISTRATIVE INFORMATION

The work described in this report was completed for the Office of Naval
Technology (ONT) by Code 543 of the Naval Ocean Systems Center.

Released by Under authority of
H.V. Hitney, Head J.H. Richter, Head
Tropospheric Branch Ocean and Atmospheric Sciences

Division

N

(.J

V

%'NN

J J 5'

0



A%

4 ~ ~ ~ ~ ~ RPR DOCUMENNTANTAIO EPR NMBRSF MNION RAIANR PAGE NME~S

1. 'FOR -SECRITY CN (RIAN,/ION r,015SY I.' NESTICIVE M ARNINS(RNIArN

Naproae Ocer Systeis Centerisrbuin uniitd

San iego AS5CAO DOW1RAING5000~t

F PEAM r OIN. IN(,ICCC U RCANIIAT N 6t O1FFICE Fy~o Nr5) AME OF M NI ORNIrN OANI A ION NC/ITE

Offvae Ocaa Sytecholg CentT

A AIIIES' Cr.IrA arrl IPIII I ) UHIF SI F,-1rNG NUM F

San igo, VA 22217250 6235 %X3 N8 1

Oficeid DisaalTbhtolofy Shpor OSraeMterlgclOevainfo rogaonAlys

If SORC OF FUNIN NNUMBERSFr

hing'o, IA 221 6235 XB D8N 1

Worlwid Diiriutins f SipbardSuraceMeteorological Observations frE1PoaainA ayi

1) perodoereorsonR

In ,.b TIM COV,. U ,.4 0.'. OF,, ,rr...rIt. F-r,1.,(, O N

1 r FTA cenSr'.rtsCner( C spnoe Rom NIton' Selimbtic 1987a Cete A6eilNrt aoiat

*.j rrrrl 'I~~r a R~t'8e5 analysis of its Stadar Tap Dec Famil 1(T) aaae

"Up. HOOP Marsen suare

meerloia observationsS

All>1 "W, N

I-IWli MI IIR,'

ArIrrr(614)225-247ZZ
'NM/rI N, C.rfl 'I.

DD FORM 1473, 84 JAN UN.,IC '(1, A SS I H F 1
I1 ,~rFSr,//,N I14rAr

Ill PA40~



p g
B K O .

CONTENTS "

p age .5 *
" -

'Sl..'

.7.--a

GENERAL l)UCT63 DATABASE IJES(RIPTION ............................. 3 .5,.'

L)UCT63 DATABASE QUANTITIES ....................................... 3

PauLus Evaporation DIuct IlCight ..................................... 4

Paulus Evaporation DIuct Ili0ht Crossed with Jeske I)uct eleight ............ 4

W ind Speed ......... .............................................. 4

Absolute Humidity .................................. ............. . 4

M odified Air-Sea lcl perature )ifferencc .............................. 4

Rain Rate ..........................................................

(Gasc(us Attenuation Rate at 35 G 'lz ................................. . . ... "

(,a'isous At cn ation Rate at 94 GII, .................................

T otal A\ttCnuation at 35 ( I; l .......................................

Total Attenuaion at 94 I 17....................... .............

Paulus I)uct IHeight Crossed with W ind Speed ........................... 0

RIL REN(IS ......................................................... 40

''

6..



BACKG ROUNI)

I li Naval Ocean Systems (enter ( NOS( sposrrcd the National Climatic Data
('enter. A\sheville. N orth Carolina to produce a subset analysis of' its Standard Tape Deck
laiik 11 (SI)D-] lIt database. Flhe S"l)- I11 database consists of over 150 years of worldwide

slrfi .cmeteorological observatiolns suIch a.' Winmd Speed. present weather, air temperatUre.
ardOther Inet COrOlOuical quanimtities. Thmese observations were assembled from ship logs,

'h ip \\elcer reportinug forms. ptiblished sli i observations, automatic buoys. teetype reports,
a rd crddecs u rfrased fro foreign miieteo)rological services.

HIre sub)set anlysis. knIown as 1)UCT63. covers 293 Mlarsden squares and spans
15 y ears of' surface observations froim 1970 throughl 1984. A Marsden square is a region of
thle earth's surface defined by a gr-id Of' 10 degrees latit rde by 10 degrees longitude and is
JasSjIInet a tlinJI iqir dent itficatil in i iurner. Figure I shows thle location and the m Unerical
assignmie nt of' all Mlarsden squnares. For example. MIarsden square I is de fined as thle region
bounded by the prime mnrd ian to I10 degrees west longitude and from thle eqluator to
I1) deerees, north lat it rde. Not all of' thle 648 possible M arsdenI squares are included in thle
IU )hi'Ib analysis for tw\o reasons. First. the analysis is specifically concerned with thle mari-
timne eniviromient. lkarsrLenI squares nt con taining a re-gioin of ocean are excluded from the
Lat a. Second. a requ iremuenit of' at least 1 00 valid obser-vations per mionthl was imposed to
rerl ncC tire effects of' ;11 spuriou s me teorological mneasurremen ts onl the rIistribritionS.
I i~nire l slirw' , t ie locat on of' t(lie MIarsden squiares conltainedl vithIiin thle DUCT ('I analysis

athe regionm eirnclosd by t lheav bordV herLI.
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GENERAL I)UCT63 I)ATABASL 1)ISCRIPTION

I he 1)1I (b3 Mullv'4 is .otitailiis dis tributions of' iietcirologci] qitati1titiCS 111d

sllrIfa.c-to-SurfAace attenuMAtionl raes for- freq~ueC11ies of .35 and 94 ( ;l1. ' lkesc distributions
are expressed ajs tables ot either a probabhilit\ or' a perenltagCet t ilii th1A the qkuantity is
ohserned wkithin a Specified ranl-c. I le diStribiit Otis1 inluIlde diurnal effects whelreC day% or1
davt ile ca .'gories iiply ai posit ye Solr alei %\ t 1inl thef Marsdcn sq uair a It the t ine of'
thle meiteorolog ical observat ion. \ ighti tcories are tfilltes o (obse rxatiJon bet weeni one hou r
atter the local sunset aid one honr bef'ore thle loca ,tmrise. 0bservations, taken ini the
interval between) the day and nli''lt CAteCories' arC e\elAded tromt the data set.

I here are two foriti of Listrilti44i. a prohbablit\ for percilt ol tirnet) ditribuiitionl

f I,] a p spcific (Itua I tIitI .-'.y f lS d) ed If (Id al j i IIIl t 1) pr b ilit \ 4
1st ribiti on of, tw ('' l uai-

fit ies. I lhe latter fortm, also called a c.ross, distribtill on. i0s speci ich deind o s
N( S( inl its research efforts.

aI pA IeL of tale ilbeled k ith the N\lsdlii sqlumre nuliibe and c thepeiod of'
reckord C1)(W). I ie P( )R is ex p ressed as ,Q(,R R-ss I F wher cQQ is t Ie s tart inw \C ear. R R is

the ;ta, rtinc'. itiotitli, SS is tliv eiidinc, year arid I I is the eniding, mlonth. (C etirall\ . the. PC)R
is 7001l-84 12 iiidiCAtin th1A the data is com1prised of observations taen bef\\een Janiimr\
1 970 aind D~eceiriber 1 984. [hec probability d istribuitions11 of'spectic (Ilian111tWi inlUde thec
MCi4.'Ill valueC Of theC qnanItx6 and the tutitiber of vallid observationis that theC distribultionl is
derived front. I lie cross iistriutions indicate the number of vaid observNations.

I)UCT63 DA.T ABASE QUANTITIES

I lte tollow~ill ti11111I' quaJiIes at4ltrIbuIe4. ,kithil thle I)1(Vtoh anlalysis and are- tabnl-
hariied on iiicr.1ol-ivli ill fthe sale oirder

" Pd(tillis4\altaiu dulct height I leters-

" l'alilils evah4'it4 1 ltIichgit c~rossed \\itl le-ske duict lieiclit

* \k Id speed me his per sconld

* \bs 11 t eliii hl in rrt clllis pet- clIN bicnetCI

* 'i \1I td ,ui- se llietatllle dIeren ho I dec

* I\ il . t i I i L1441i ii il (di tI/ ,ilc 1144111

* \I U,1i I Itii I I ] 1 ie IC~ ie 14 - 11 R ( Ill/ s. 41441 13 kill)I

* III, 11,111m I,: I 1 I Ii j (d1 11/ I,, 'l- 114 M4 1 kilIi

0 1 I , . ' Ilor I ( I i iIK'I')1 (11 1 411 \4il ill) 4

4 4 ~ '' .~ ili.'4 41! !. ~4 41'!,. [,4Illd III ". d.44'44I 1t4'4'14

4.41' :4 ,: ~ 4



.. . .--. "r Pa

PAULUS EVAPORATION IDUCT HEIGHT

IThe Pan lus f-orm u a tion of evaporation duct h eight calculations ( referenLc I ) is a
mod ification to tile clIassical Je.ske ruethod ( reference 2). The major d ifferenrce in the
approaches is that thle PaluIs techniqueI attemlpts to accouint for inaccuracies inl air teilpe ra-
tutre observations which are caused by thermnal infILuence Of thle Ship. Thie distributions of'
duct height are in 2 -me ter intervals from 0 to 40 meters and two additional catecories diuct
heights greater than 40 mneters and dulct heights that are not calculJable (liundefined l. FI-enrcs
2 through 4 are the results from Marsden square 1 . Note thle label indicat ing tile mean sub
squalre (mean sub sq ) 25. Marsden squares are subdivided into ]-degree sulb squares and this
label ( 25 ) shows the mean location of all of' thle observations within the analysis for t Iiis
sq uiare. Under each d istribut ion are the vaIlues Of thle me1anl height and the first thrrough
thiird quartile. From figure 2. a dulct height in the interval of' 1 0 to 12 meters for a J ailliarN
day is observed 14.4 percent of the tiuric thle probability is 0. 144). The mecan hieight oft hc
d uct for a March night period is I 1.0 meters. There were 2.229 valid observations found inl
constructing, thle distributionl for the April day period.

PAULUS EVAPORATION DUCT HEIGHT CROSSED) WITH
JESI(I D)UCT HEIGHT

Fieu res 5 through 7 tabulate thre joint probability of a dLuct height compu )Lted by thle
Palus and J eske mnethods for MIarsden squI~are I . lThe cI istribUtions are inl 2 meter intervals
aISLdescribed above. To obtain a reasonable forinat of' the tables, the true probability is
scaIld by a factor 10,000. For example, the joint probability of finding a PalLs and J eske
d tict he6ilt in thle interval of 10 to 1 2 meters in Marsden square I during day light h1ours is
given1 inl figure -5 as 0.0749. Also, the total ntiumber of valid observat ions uIsed to construict
figure 5 is given at the bottom of' the table and is 23,55 2.

WIND) SPEED)

FIVures 8 thr-ough 1 0 showA tire d ist ribut ions of' wind speed, inl met ers per second
(tins), for MIarsden square I . From figure 8. the: mean wind speedI tiring Jan nary niight
conditions is 3.7 ni/s which is derived from 1,.731) valid observat ions. A Wind speecd bet weciu
5' and 0 iris is observed 1 2.2, percent of' tile time during Februrary daylight hours.

ABSOLUTE HUM1IDITY

I wu res I I through 13 show% exairiples: oft absolute humidity distributiOnls. [lIe
categories aire in grams per cubic meter (g il). During Mairch daN light hours, the mean
a bsolute hlumidity is 22.6 g nil~ Absolute humilditN is observed 48.6 percent of thle timec for
le interxat 21 to 23 g m3-

mo ui)ili~i) mli-....k TLNIIN IiRATURI- l)IFFIIRL.NCIK

Referenlc I dinelis the mod ified iir-sc.i tettiperatutre. differenTce. Its prrome for
[ilk 1UNImn %\ thinl thle lDt( I ()3 datjbaNe Is to ,1id NOMS reac ftor- inl thek cimuatolouicall
dc',( 11igt011 (1f evapra~tiuurr dire; I iihiN I itnires" 14 thmti In Shro\\ e\atiilpls Mf tile disti-

* . .... .. %.......



RAIN RATE

I- igu res 1 7 through 11) show rain -rae (Iist ribUtionIS for %1arSdCen sq nare 1 . Rain rate
is not a kI iructly reported quantfityv inl the SF1 11 database. Rather, it is compu)Lted fromn the
present weather COdeC 1)w tch li(Iii nS dICeeoped by ( orochi referenlce 3 ). The Cat egories of'
distribn [ion ajrc tabutari/dscd S C1w a) fato 1Iof-01 100. From11 fig"Ure 1 7, thme rain rate is
reported to occur 0.4 percent of' time tinec inl the range of" 1 .26 to 1 .51 inilliieters per hIonr
imilihrI during~ a Janua.,rv day timie period. 'I le mleanl rain irate f*or a March dayi f ii period

is reported as 0.007 inin/hr and is derIived from .7 1 2 reports of' present weather.

G;ASEOUS ATTENUATION RATE AT 35 GH1

Figures 20 through 22 ire- the distributions ofunaseous atenuation01 rate at a f'requcyc
of 35 (JIH, for Marsden square 1. 1 his quLanltit\ Is derived from ohser ations of air
temperature, relative hurinildit\. and visibility,.

I hie reported visibility is used to calclakte ale JCof' the liquid \\ ater coniifCl ba1sed Oil the -

work of il son reported by C ook (CIefrece 4). Methiods described by Liebe i referen-Clce I
a're used to calculae thle attenuaIZtion rate. Sinlce I the meteCOr0oogical data k~ suirface datam. thme
aftenn1Aton rafec is vaid onily f'orI Smm~f'c-tO-Surf'ace propaga,,tion. I t is nlot aipplicable for
use will) skintf paths.

Ill the table1S, thle labeCIld attenuatIioi rates aie sCaIled 1w a faiclor ofI 1 '000. From
figure- 20, the! meanM attenuationl rate for aI Jaiiiarv ni-hint is 0.25')3 LIB kill. I hie disti'ibiition
inldicaes tHat an1 attenuationl rate beCtwremi 0.22 and (f.'5 I (113 kiii is obserxed to occur
26._', pcI-ent of~l thfinle.

GASEOUS .XTTENLATION RATE AT 94 Gli/

Ie diei IpItiomin above applies to the tab~ les shown ill figures 23through 25 w it Ii tmo
C\(&fPi'0iis. FI rst. ie frequenc\ is 04 ( Ill/ and scc-d. thec scaline f actor is 10f0,) not 1 tft0t

a bw'I ruin l'iguir 23 . the iimcel-r ace aifMVa ( rAt Q 4 (Il/1, is obser\ ed to

klI bet' \c,- IM I 11)( inl1 2() lB kinl 5',r .( IeiVC ofIt he timime duIIiiiie' a Ie'iry miihtpeiodI.
I l h' in ii '. lue i, 1 .24 di kil

I()I\I- \ I Il-NUAJ .'ION AT' Ar ( 'Ol/

I 1W 111t,11111 tls~ klICIl'el IA e ~cll i lLc d1121 dit~ni~ilii imlCd~~ tIm effct of~lil aIn
I'lc d l, IIC( 111(k i'l 111,1 111LI~ l t)I t I \r Il c 1ife 1c c ifl i'l"i , ( )1111

Jh4H! I t i in l3 k is blh x. IC 1 4 m W lLi.L~,1 11i dl 1.t ilLil th .' ' , il

ill !Il M -c ni~ lw i ; 1c 1,l i \ )11 (11\ cri o! 1 ()"'0 S d i k ll 11c 11 'L )Ii s d c , A c i h

Im H )m . I h 11 ,11 i")I~ m i'l I]),' ,111 11 ,11 1k 11

!;Ik d~ikm 1 Pc , lt (1 W C 11M
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TOTAL ATTENUATION AT 94 GHz

The comments of the preceding section are directly applicable for the total attenua-
tion rate at 94 GHz. Again, it should be stressed that the meteorological data are observed
at the surface and the attenuation rates described are strictly applicable to a surface-to-
surface path. That is, the data are not applicable to a slant path.

Figures 29 through 3 1 present tables of the total attenuation rate at a frequency Of
94 (;Hz for Marsden square 1. From figure 29, the attenuation rate for an April day period
is observed 53.1 percent of the time in the interval 1.01 to 1.26 dB/km. The mean attenua-
tion rate is 1.408 dB/km for the same period.

PAULUS DUCT HEIGHT CROSSED WITH WIND SPEED

Similar to the cross distribution discussed previously, figures 32 through 34 present
the cross distribution of the Paulus duct height and wind speed. These tables are designed
primarily for use by NOSC in the determination of evaporation ducting.
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