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BACKGROUND

The Naval Ocean Systems Center (NOSCy sponsored the National Climatic Data
Center. Asheville, North Carolina to produce a subset analysis ot its Standard Tape Deck
Pamily T1(STD-11) database. The STD-11 database consists of over 150 years of worldwide
surface meteorotogical observations suclt as wind speed. present weather, air temperature,
and other meteorological quantities. These observations were assembled from ship logs,

ship weather reporting tforms, published shin observations, automatic buoys. teletype reports,

and card decks purchased from toreign meteorological services.

I'he subset analysis. known as DUCT63. covers 293 Marsden squares and spans
15 vears of surface observations trom 1970 through 1984, A Marsden square is a region of
the carth's surtace defined by a grid ot 10 degrees latitude by 10 degrees longitude and is
assigned o unique identification number. Figure 1 shows the location and the numerical
assienment of all Marsden squares. For example, Marsden square 1 s defined as the region
hounded by the prime meridian to 10 degrees west longitude and from the equator to
10 degrees north latitude. Not all of the 648 possible Marsden squares are included in the
DUCTo3 analysis for two reasons. IFirst. the analysis is specitically concerned with the mari-
time environment. Marsden squares not containing a region of ocean are excluded from the
data. Sccond, a requirement of at least 100 valid observations per month was imposed to
reduce the effects of any spurious meteorological measurements on the distributions.
Vicure 1 shows the tocuation ot the Marsden squares contained within the DUCT 63 analysis
as the regton enclosed by the heavy border.
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GENERAL DUCT63 DATABASE DESCRIPTION :

Id

he DUCTO3 analysis contains distributions of meteorological quantities and '-

surface-to-surface attenuation rates for frequencies of 35 and 94 GHz. These distributions

are expressed as tables of cither g probability or a percentage of time that the quantity is K

observed within a specified range. The distributions include diurnal effects where day or g
davtime categories imply a positive solar angle within the Marsden square at the time of . s

the meteorological observation. Night categories are times of obsernvation between one hour R

i atter the local sunset and one hour betore the local sunrise. Observations tuken in the

interval between the day and might categories are excluded from the data set <

Fhere are two torms o distributions: a probability (or pereent of timed distribution

for a specitic quantity (e.g o wind speedh and ajoint probability distribution of two quan-
tities, The latter torm, also called a cross distnbution, is specitically designed Tor use by
NOSC in its research efforts.

o I NP R R

Iach page of tables is Labeled with the Marsden square number and the period ot hy,
record (PORY. The POR s expressed as QOQRR-SSTT where QQ is the starting vear, RR s .
the starting month, SS s thy ending yvear and 1T is the ending month, Generally . the POR N
is 7001-8412 indicating that the data is comprised of observations tuken between Januan :
1970 and December 1984 The probability distributions ot specific quantities include the I.
mean value of the quantity and the number of valid observations that the distribution s "R
derived trom, The cross distributions indicate the number of valid observations. .
DUCT63 DATABASE QUANTITIES 3
p
Fhe tollowing quantities are distributed withim the DUCTOR analyvsis and are tabu-
larized on microtiche i the same order: .
e Piulus evaporation duct height tmetersy
® Puulus evaporation doct height crossed with Jeske duct height
e Wind speed tmeters per second) v
® ADbsolwie hunudity cerams per cabic metern A
®  Moditied ir-sea temperature ditterence cdegree () o
. v
® R iuate (sodled midhimeters per houn o
® Attentiation rate teascoust at 33 Gz iscaled dB knn o
®  \ilonation rate Coascotsy at 94 Gz oscaled B Ko 9
® it otation tate etataly at S GHyz eacaded B Ko o
® N\t ogtion rate ooty ot 3 GHe s aled dB R
‘o
® b evaporation di therht crossed wath swond specd )
Pt by et et el cnd s cnodhiticd i sca temperatare ditference =
cho b e oo o te thee b ser o ke dat D et o the spocite qoantities \:
Y
oo o B et e e d et e e poraetaphie o
QI
L
’




PAULUS EVAPORATION DUCT HEIGHT

The Paulus formulation of evaporation duct hejght calculations (reference 1) is a
moditication to the classical Jeske method (reference 2). The major difference in the
approaches is that the Paulus technique attempts to account for inaccuracies in air tempera-
ture observations which are caused by thermal influence of the ship. The distributions of
duct height are in 2-meter intervals from 0 to 40 meters and two additional categories  duct
heights greater than 40 meters and duct heights that are not calculable (undetined). Figures
2 through 4 are the results from Marsden square 1. Note the fabel indicating the mean sub
square (mean sub sq) 25. Marsden squares are subdivided into 1-degree sub squuares and this
label (25) shows the mean location of all of the observations within the analysis tor this
squarce. Under each distribution are the values of the mean height and the first through
third quartile. From figure 2. a duct height in the interval of 10 to 12 meters for a January
day is observed 14,4 percent of the time (the probability is 0.144). The mean height of the
duct fora March night period is 11.0 meters. There were 2.229 valid observations found in
constructing the distribution tor the April day period.

PAULUS EVAPORATION DUCT HEIGHT CROSSED WITH
JESKE DUCT HEIGHT

IFigures 5 through 7 tabulate the joint probability of a duct height computed by the
Paulus and Jeske methods tor Marsden square 1. The distributions are in 2 meter intervals
as described above. To obtain a reasonable format of the tables, the true probability is
scaled by a factor 10.000. For example, the joint probability of finding a Paulus and Jeske
duct height in the interval of 10 to 12 meters in Marsden square 1 during daylight hours is
given in figure 5 as 0.0749. Also. the total number of valid observations used to construct
figure S is given at the bottom of the table and is 23.552.

WIND SPEED

Figures 8 through 10 show the distributions of wind speed., in meters per sccond
(m/s). tor Mursden square 1. From figure 8, the mean wind speed during January night
conditions is 3.7 m/s which is derived from 1.739 valid observations. A wind speed between
Sand o m/s is obsenved 122 percent of the time during February daylight hours.

ABSOLUTE HUMIDITY

Figures T through 13 show exumples of absolute humidity distributions. The
categories are in grams per cubic meter (g m?). During March daylight hours, the mean
absolute humidity is 22.6 ¢ mY. Absolute humidity is observed 48.6 percent of the time for
the mterval 21 to 23 g mi.

MODIFIED AIR-SEA TEMPERATURE DIFFERENCE

Reference Tdefines the moditied air-sea temperature ditference. [ts purpose tor
meluston withim the DUC T2 database s to aid NOSC rescarch eftorts m the chimatological
desarption of evaporation duct heights Figures 14 through 16 show examples of the distri-
hution format.
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RAIN RATE

Figures 17 through 19 show rain-rate distributions for Marsden square 1. Rain rate
is not a directly reported quantity in the STD-11 database. Rather. it is computed from the
present weather code by techniques developed by Goroch (reference 3). The categories of
distribution are tabularized scaled by a factor of 100, From tigure 17, the rain rate is
reported to oceur 0.4 pereent of the time in the range of 1.26 to 1.51 millimeters per hour
cmmy/hry during a January day time period. The mean rain rate for a March day time period
is reported as 0,067 mm/hr and is derived trom 1712 reports of present weather,

GASEOUS ATTENUATION RATE AT 35 GHz?

4

Figures 20 through 22 are the distributions of gaseous attenuation rate at a frequency

of 35 GH/ for Marsden square . This gquantity is derived from observations of air
temperature, relative hunudity, and visibihty.

I'he reported visibility is used to calculate a value of the liquid water content based on the
work of Johnson reported by Cook (reterence 4y, Methods deseribed by Licbe treference Sy
are used to calculate the attenuation rate. Since the meteorological duta is surtace data, the
attenuation rate is valid only for surfuce-to-surfyce propagation. 1t is not applicable tor

use with slant paths.

In the tables, the labeled attenuation rates are scaled by g tactor of 1.000, From
figure 20, the mean attenuation rate for a January night is 0.2593 dB 'km. The distribution
indicates that an attenuation rate between 0,226 and 0.251 dB km is observed to occur
207 percent ol the tme.

GASEOUS ATTENUATION RATE AT 94 GH/

Fhe deseription above applics to the tables shown in figures 23 through 235 with two
cxeepnons, barsts the trequencey is 94 G and secend, the scaling tactor is 100, not 1,000
as above  From figare 230 the sarface-to-sartace attenuatiHn rate (at 94 GHzy s obsenved to
fall between 1O and T 20 dB km 35,9 percent of the time daring o Febroory night period.
Fhe mean vadue s 124 dB ki,

TOTAL ATTENUATION AT 35 GH/

Fhe maror ditterence between the attennation rate desertbed tor this quantity and
e attenuation rate desenbed above s that the total attenuation includes the effects of rim
raie Phe contributions frons ram rate e modeled atter the work ot Falcone treterence o0,

Fare s Toothrongly 28 are the resalts tor Marsden square 1. From figure 260 the
iean ttenuation cte toran Aprl don period s 03028 dB km o cthe catecories are scaled by
chactorof D9y The distoibyanon oy the same penod mdicates an ottenmustion rate
Between O 231 and 0 2760 dB Kinoas observed 20 7 percant ot the time
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TOTAL ATTENUATION AT 94 GH:z

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 31 present tables of the total attenuation rate at a frequency of
94 GGHz 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 tor use by NOSC in the determination of evaporation ducting.
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FAUTLS DUCT HEIGHT DISTRIBUTION POR = 7001-8412
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