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NAVAL AIR DEVELOPMENT CENTER
AERO ELECTRONIC TECHNOLOGY DEPARTMENT
WARMINSTER, PENNSYLVANIA 18974

24 Feb 1973

TECHNICAL MEMORANDUM NADC-20203:PMM

Subject: Annual Absolute Humidity Probabilities for Selected
Marine Locations

References: (a) AIRTASK A360360C/001B/3F32343604
(b) NAVAIRDEVCEN Tech Memo NADC-20203;:GBL/PMM,
'"Monthly Absolute Humidity Probabilities for Selected
Marine Locations" of 28 Dec 1972
(c) NAVAIRDEVCEN Tech Memo,NADC-20203:PMM,

""Mathematical Model of FLIR Performance'" of 19 Oct 1972~"¢“31‘V7

(d) Naval Weather Service Command Summary of Synoptic
Meteorological Observations

(e) Handbook of Chemistry and Physics, 37th Editionm,
Chemical Rubber Publishing Company (1955)

(f) NAVAIRDEVCEN Tech Memo NADC-20203:PMM,
"Predictions of FLIR Performance Against Ships"
of 12 Dec 1972

I. BACKGROUND

Reference (a) assigned NAVAIRDEVCEN the task of performing
operational and system analyses and state-of-the-art technolopy surveys
and projections as a first effort in the development of FLIR (forward
looking infrared) equipments which would be affordable in large quanti~
ties and optimized for the missions of single-place attack aircraft.

One phase of this task is the calculation of the FLIR performance
characteristics (resolution, sensitivity, field of view and frame rate)
necessary to meet operational range requirements as a function of atmos-
pheric conditions, aircraft altitude and target size, orientation, and
effective thermal contrast. In these calculations, one of the crucial
factors is the attenuation by the intervening atmosphere of the infrared
radiation emitted by the target and received by the sensor.

Although the composition of the atmosphere is quite constant with
regard to most of its constituents, it is quite variable over time and
place with respect to water vapor, which is a principal absorber of
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infrared radiation cover the spectral range of interest (3 to 14 micro-
meters). Numerous studies of the transmission of infrared radiation as

a function of the quantity of water vapor in the path have been reported

in the literature and several methods of computation have been published
which enable one to calculate atmospheric spectral transmission as a
function of absolute humidity and path length. Unfortunately, there is

a dearth of statistical data providing probabilities of occurrence of
values of absolute humidity within given increments, and probabilities

that given values of absolute humidity will not be exceeded in given

times and places. Reference (b) provides a collection of 228 graphs
representing the cumulative frequencies of occurrence of given concen-
trations of atmospheric water vapor for 19 marine locations for each of

the 12 months of the year. These northern hemisphere sites were selected
as being representative of the types of climate in which future naval
operations might be expected to take place. This technical memorandum
extends the earlier treatment by providing absolute humidity statistics

on an annual basis in the form of absolute humidity histograms and cumu-~
lative frequency of occurrence curves for all of the sites both individually
and collectively. The latter composite data will be taken as being 4
representative of the marine absolute humidity environment of the world
and will be used as an input to the FLIR mathematical model of reference

(c). In the present study two additional sites, Atlantic City, New Jersey,

and Key West, Florida, have been included to permit interpolating/ 1
extrapolating the results of NAVAIRDEVCEN FLIR evaluations in these
areas to the other sites. The principal purpose of generating these
statistics is to enable one to determine the absolute humidity for
which a FLIR must be designed if it is not to be prevented, to any
preselected degree of probability, from achieving its operational range
requirements because of atmospheric water vapor.

II. METHOD OF CALCULATION

Reference (d) provides monthly and annual statistical weather
data for a large number of maritime areas throughout the northern
hemisphere based largely on reports from ships. Typical reporting areas
are rectangular in shape and cover latitude and longitude intervals
of the order of two to four degrees. Each area is given a descriptive
name which is usually that of an adjacent city or island. The 21 sites
covered in this study are described in table I.

A representative page from Volume 2 of reference (d), which
gives annual data for Atlantic City, is reproduced here as table II.
Of particular interest on that page is 'table 13" which gives the
percent frequency that the relative humidity fell within each of eight
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intervals of relative humidity while simultaneously the air temperature
fell within each of 18 intervals of temperature over the recording period.
If one takes the values of relative humidity and temperature at the
center of each respective interval as being representative of the whole
interval, one can then compute an "average'" value of absolute humidity
for each of the 144 two-dimensional relative humidity - temperature
intervals. Reference (c) provides the basis for the formula

3
Hr gm/m

3|

Absolute Humidity = 288.9
A

P TIT Tar FN T

in which P is the vapor pressure of water in mm of Hg, T, is the absolute
temperature of the air in °K, and H_. is the dimensionless relative

: humidity expressed in decimal form. Values of the vapor pressure of
water over liquid water from reference (e) corresponding to values of

Ty at the center of each temperature interval and values of H, correspond-
ing to the center of each relative humidity interval were used to compute
the matrix of "average' values of absolute humidity given in table III.
These values of absolute humidity, in conjunction with the percent
frequencies of occurrence given in reference (d) for each site, were used
to determine the values of frequency density for each 1.0—gm/m3 absolute
humidity interval and values of the cumulative frequency of occurrence
given in tables IV and V for each of the 21 sites. In addition, these
frequency data were summed and normalized to provide the composite dis-
tributions over the 21 sites also given in tables IV and V. A Hewlett-
Packard HP-35 Pocket Calculator was used in performing the computations.
The data of tables IV and V were subsequently hand plotted in figures 1
through 22, which are arranged in order of decreasing site latitude.
Because reference (d) gives percent frequencies rounded off to the
nearest 0.1%, the maximum values of the cumulative frequencies usually
do not equal 100%. There may be some bias in the original data because
of a preference of the reporting ships to avoid extremes of bad weather
and because of a preference to work during the day rather than at night.

S

] Figure 23 is a graph that enables cne conveniently to convert

d the values of absolute humidity (gm/m3) ugsed in this technical memorandum
% to those (cm of precipitable water/nmi) used in reference (c). The
composite data for the 21 selected sites in figure 22 were replotted

in figure 24 with the absolute humidity expressed in centimeters of
precipitable water vapor per nautical mile. This graph enables one

to interpret the FLIR range predictions of reference (f) in prob-
abilistic terms with respect to atmospheric water vapor concentration.

S bl i
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In reference (f), “high," "medium" and "low" values of absolute humidity
of 5.5, 2.6 and 1.0 cm of precipitable water per nmi, respectively, were
assumed in performing the calculations. Figure 24 shows that, averaged
over the 21 selected sites, these values are not exceeded 99.57, 447 and

10% of the time, respectively.
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SITE LOCATIONS AXD DESCRIPTIONS

SITE NO, LATIT!UDE LONGITUDE SITE DESCRIPTION
1 56 N-Coast 151-157 W Kodiak, Alaska (NE Pacific Ocean)
2 45-47 N 53-56 W Argentia, Newfoundland (Atlantic Ocean
SE of Newfoundland)
3 42 N-Coast 66 W-Coast Boston, Mass. (Atlantic Ocean E of
central Macs.)
4 39.7 N 129.4 £ Wonsan, North Korea (Sea of Japan)
5 38-40 N 72 W-Coast Atlantic City, N.J. (Atlantic Ocean
E of S N.J., Del. and N Md.)
6 36-38 N Coast-126 W San Francisco, Calif. (Pacific Ocean
S and W of central Calif.)
7 37.9 N 25.1 E South Aegean Sea (E of Athens, Greece)
8 36.0 N 3.4 W Malaga, Spain (W end of Mediterranean)
9 36.0 N 133.2 E Matsue, Japan (S end of Sea of Japan)
10 32.2 N 33.3 E Port Said, Egypt (SE Mediterranean)
11 27.2 N 50.2 E NW Persian Gulf (between Saudi Arabia
and Iran)
12 25.0 N 57.8 E N Gulf of Oman (between Iran and Oman)
X3 23-25 N 79-83 W Key West, Fla. (Gulf of Mexico &
Atlantic Ocean between Florida & Cuba)
14 29.9 N 67.8 E Karachi, Pakistan (N Arablan Sea)
15 20.4 N 158.3 W Hawaiian Leeward (Pacific Ocean S
of Oahu)
16 18-20 N 74-76 W Cuantanamo, Cuba (Caribbean S of F
Cuba)
17 17-22 N 110 E-Coast S China Sea Area VII (E of North
Vietnam)
18 17.9 N 85.2 E Vishakhapatnam, India (Bay of Bengal
E of § India)
19 14,2 N 73.0 E Panjim, Goa (Ares“ian Sea W of S
India)
20 11-14 N 111 E-Coast S China Sea Area I (E of Zouth
Vietnam)
21 7-11 N 102 & 103 E- S. China Sea Area VI (Gulf of Siam
Coast ad joining Malaysia)

b o gl i R R

LT R, AT RTINS S

— -

e s sl

o gnctm s s



-

TR
" mar -
oW ety
.- = g

g2 T
Cc2 e
ﬁ- O-
ﬁ- o.
n- o.
”. o‘
& o°
) & .
¢ c*
£ L]
£l 0
& &
: £ *
€’ *
S* *
&4 -
) 4 -
: - s
3 0 Oo
o o*
AV ¥VA

|

Wb s b

M.

%* ON
. 0

L Y
L e BV I )

O # A NOVDO ADNUNO —F e
.

MN

Q29 39%V¢

SNOILVANESEO TVOIO0TONOALAN OILAONAS A0 AUVWHAS ANVWWOD ADIAYES YAHLVAM TYAVN WOdd

1286
L L8
8'9
1401
ST

Q3oNCOoNdAY ‘XFSYAL MAN ‘ALID OIINVILY 04 VIVQ TVANNV 40 3DVd ZAILVINASZUdTY

001=06 68=-08

ol grel

o

=
L)
-
Led
=

9*

. .

NONO~2MO 20N

DO~
. e

M

1

g TN M

v
L
S
&
8
6

L=0L

91 318vd

gest
L5696
0°
0*
*

*

1
m.
0°1
91
61
61
6°1
91
92
2°2
L
ﬂ—
*

O.

L33

0°L1
0z6s

* OO0
. . .

w O A DONO~MOC ¥ O~
.

41 378Vl

15V3o=-M2L
ALID JIINVALY LOO Vv3wv

NO»=8C

6705
€y
¢
8¢
Tt

69=09

L &
0252
0*
0°*
0*
*

*
e
e
9
01
6°
8
&*
T
&Y
2
1°

*
0°
EN

62-0

¥AZOH AS ALICQIWNH 3AILVI3Y 40 AININO3¥4 LIN3Ju3Id

€01

o ®
-@®
w
-

e s ® o s o 0 0 e .
P e L e e ]

P RN~ OOT AN N B w

EL

dW3l A8 NOIL33¥IQ ONIM 40 AON3NO3IN4 thuxwm

eSS

i04
12%17
§1321
60390
€030C
{1W9)

YNUH

Qisiey
661%
L

®* O
> v e e .

-
B e R i IR I I R

=z OF # —~ONMOMOIIND O~
.

11 3719Vl
L§O%S % LS 21 G2 113 LS LL 28 €6 Si
YLLEY 065 #? 92 43 0% 28 1] -E6 T2391
22001 ¢°96 21 92 S€E LS L 18 28 st321
$LG81 1°9¢ 21 14 e LS LL 08 28 60739
98011 0*gs +1 8¢ SE &S 6L €S €6 go:co
s&0 (1n%)
TYLCL NV3W  NIW %1 %S %06 %66 %66  XVH iNCH
YNOH AE (3 930) dW3L 40 SITILNIZYId CNY SInZYLXISNVIW
s 378vd
0°82 6°L2 6°02 #*421 2% 6*1 5 2 193¢
0¢001 168%€ 69L& O0GL6 182.L O0€0§ 6912 0OL9  6h1 6L wisl
* 4 » 0° 0 04 c* * o* o* »1/01
£ 9 * *” o * c* 0* (ol 5" o.ﬁxma
¢* 28 154 * * = * * » * $2/¢C2
6° 10€ 2° T 2y 18 1* = » . 62/52
§*¢ 8¢8 - 95 S L Ad e 1° * * $E/CE
'S psBl 01 2 (5 21 2°r e 1* ® * 6E/GE
B 2EYE . W0%e M2 . etz she g 2 G " 9%/0%
L1 erdy  Lr2 et dYE el 6* £ 4 * 69/54
6°T1 ¢gol4 L%C 6°¢€ 22 0*¢ 8"’ £° qe = $g/C¢
9°01 &ILE §°2 LA A 91 e A . * 65/6¢
6°01 L18€ 1ve  g2e £'z gl 9° g ) * 55/C¢
2°01 ¢uS¢€ el o'e 8'1 01 s i * * 65756
CrET ©ClY  ¥°S st £z Sl §° 1° - » HL/TL
26 Lele €*E 0g 6°1 9 £ ; & & = eL/SL
g2 LLB ) 6° i v 1 » . L bg/C8
9 941 ] & e® (& * * L * 68/6¢
18 12 0* - * » 0 * * 0* »e/06
» 1 0°* 0 0°* 0* 0* 0 * 0* 66/56
L FEF] s80 001=06 68-08 6L=0L 66-09 £¢=-0g 6%20h 6E=0¢ 620 4 dwW3l
124 1wvioL
dW3Ll AS ALIQIWNH 3ATAVISY 40 AIN3NO3xd IN3DJ¥3d
€1 378Ve
8961=5681 (17v=¥3A0)
8951=64951 (A¥VwIgd) t0CI1¥3d
AVANNY

e, i s




9€°1 61°1 S0°1 16°0 LLeo €9°0 6%°0 0¢'0 L*9%= 14 %/0
99°1 87°1 1/ | €1°1 $6°0 8L°0 09°0 S¢°0 6 El= L 6/S
90°Z €8°1 9°1 0%l 81°1 L6°0 <L°o 0 G ) o 41 71/01
ss°T e -00°2 €Lt 91 61°1 £6°0 6£°0 £°8- L 61/S1
or°¢ 9Lz £%°2 otz 8L°1 %1 F g § i7°0 Ba5= 4 4 %Z/0T
6L°¢ L% L6°2 Ls°z 81°2 8L°1 8t 1 8S°0 82~ Lz 62/52
09°% 60°Y% 19°¢ 4 6 9°2 L i 4 9°1 80 0 € wE 7 0L
8S°¢ 96°Y Le°y 6L°¢E 0z°e 19°2 €0°¢ $8°0 8°z A 6€/SE
LS L6°S Lz°s 9§y 5 4 A o T £0°1 9°¢ (4 w%/0%
10°8 &1L 8Z'9 wh°s 65°Y Lt 16°2 (g | '8 LY 6%/SY
LS°6 15°8 0S¢ 05°9 6%°¢ gy (5l 991 "1t 149 75/0S
8E°11 Z1°ot £€6°8 €L°L €69 €E°S €1y il 6°¢C1 49 6S/SS Ww
0S°€l 10°21 65°01 L1°6 7L L e°9 06°% 90°¢ £*91 29 %9/09 %
$8°s1 o171 ey et 9L°01 60°6 L 9L T °61 L9 69/59 w
$9°81 65°91 29° %1 99 21 0L°01 9L°8 [458°] $8°¢ (A4 144 2L/0L M
8°12 S%°61 ST L1 S8 %1 ssel %2°01 6°L €t 0°¢2Z s 6L/SL m
§§°se TLeee €0°02 vet Ll 99°%1 L6°11 82°6 06°¢€ 8°L2 8 %8/08 i3
SL 62 9%°92 EE'ET 0z°0z 9G° L1 €6°€1 08°01 "y 9°0¢ (8 68/58 W
9€ " %€ 95°0¢ $6°92 €EET 1L°61 01°91 8%°C1 sz°s Rk 6 %6/06
i 9L°6€ 9€°SE 81°1¢ 6697 1822 79°81 w99l L0°9 1°3¢ {6 66756
W L8°SY 08°0% 16°S¢€ 71°1¢€ 1€°92 6%°12 99°91 +00°¢L 6°8¢ 201 01/001
S6 [T} S YL S°%9 S°HS STy S vE (21 (Do) (do) (do)
(%) 1®A193ul jJo AJJpPJuUnH IAF3IB]3Y ITeiaay 1eAaza3jul {vAaIa3u] 1®AI93U]
001-06 68-08  6L-0L 69-09 65-0S 6%-0% 6£-0¢ 62-0 3o jo s1njeaadway
(%) 1eA193ul A3FpIuny dAFIR(Y ?an2eiedwa], 2anieiadwa]
#8vaaay «Sevaxaay

STVANAZINI FUNLVHIAWIL - ALIAIAOH FAIIVIZY SNOINVA OL
ONIGNOJSTNUO0D (@/®8) ALIQIWAH ALNIOSAY JO SANIVA ,AIVHIAV,,
. 111 F18v1




TABLE IV
ANNJAL FREQUENCY DENSITIES OF OCCURRENCE WITHIN GIVEN ABSOLUTE

HUMIDITY INTERVALS FOR SELECTED MARINE SITES (PERCENT)
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