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1. INTRODUCTION

The a tmosphere adjacen t to the ocean surface is generally
characterized by ~ strong vertical gradient in water vapor
press ure due to the process of evaporati on from the ocean surface.
This gradient can cause trapping of microwave energy und er certain
combinations of microwave system parameters and atmospheric

• ~onditions. Known as evaporation ducts , these near -surface
trapping regions are nearly always present in varying depths In
the maritime environment .

The degree to ~.uich an evaporation duct affects signal
prop agation depends not only on duct thickness , but also on the
emitter ’s frequency and antenna and the height of the target.
Generally, however , the thicker the duct , the greater the bending
of the rays (wave fronts) -- hence the greater the tracking range.
Knowledge of the thickness of the evaporation duct gives a great
advantage to any surface unit that uses radar or radio equi pment
in the micr owave frequenc y region . As an exampl e , Figure 1 depicts
a s i tua t ion  in wh ich  the presence of an evapora t ion  duct g reat ly
e x t e n d s  t h e  smaller vessel ‘ s radar detection capability , while the
carr ier ’ s radar exper iences  no extended range due to i ts antenna
frequency and hei ght .

Figure 2 shows a typical refractivit y profile for the case
of a sha l l ow  evapora t ion  duct .  This is the region of sharp
decrease in N with hei ght in which radar/radio rays are refracted
wi th  a curvature greater  than that of the ea r th ’ s su r face .  Af ter
they reflect upward from the ocean surface , the rays refract

downward until they again reflect upward off the ocean surface --
this cycle continues unt il attenuation diminishes the signal belo w

a usabl e va lue , or the ray escapes * , or the duct d i sa ppears .
The purpose of this report is to provide a c l imato logy of

evapora t ion  duct occurre nce for se lec ted  regions In the North
A t l an t i c  Ocean . This in format ion is expected to be useful to the
Fleet in operat iona l  p lanning as we l l  as in the development of
meteoro log ical input to war game s c e n a r i os .

*These ducts are not perfect  wave  guides ; some energy escapes .
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Evaporation Duct Top

Figure 1. Near—surface emitter experiences
extended radar range due to presence of
an evaporation duct.
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Figure 2. Typical refractivity profile of
N vs. height when a shallow evaporation
duct is present.
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Data are provided for 10 ocean stations at the locations
defined in Fi gure 3 and Tab le  1.

2. DUCT HEI GHT CALCULATIONS

The hel ght of an evapo ra t i on  duct is the cal cul a ted d i s t ance
from the ocean sur face  to the top of the duct .  The procedure for
determining duct hei ght , based on a method originated by Jeske
(1971) and mo dified by Hitney (1975), uses boundary layer theory to
parame terize the physical processes and requires four surface -
observed measurements -- air temperature , dew point temperature ,
surface wind speed , and sea surface temperature -- as inputs to the
calculation. (Because of their number and complexity , the calcula-
tion equations are not given here.)

As g iven in this memorandum , duct height calculations used all
the surface observations except for those nearest to 1200 and 1500
local time. In these latter cases~ preliminary computations
revealed that a diurnal van ation in duct hei ght resul ted if
statistics were generated from observations during the warm part

of the day; these diurnal var iations were generally strong and
statistically significant. * Such diurnal variations appear to be

caused by the mass of the shi p itself , which , acting like an island ,

tends to bias air temperature measurements by warming durin g the

day and cooling at night.

3. TABLES AND FIGURES

3.1 Tables

Data for the 10 ocean stations are listed by station and by

month in Tables 2-11 . Grou ped frequencies of occurrence (in %)

a r e  g i ven  for duct he ights  in 3 m increments  up to 21 m; the larger
heights 21-30 m and >30 m are given to contain the less frequent

occurrences. The undefined group (UNDEF) is for those observations

with zero or nearl y zero surface winds. The first colu mn under each

month g ives the percent frequency distribution of the particular

* Based  on a Ch i -Squa re  t e s t .
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Figure 3. Ocean stations in the North Atlantic.

Table 1. Ocean station locations .

Station Loc ation

ALF A 62 ° N , 33 °W

BRAVO 56 °N , 5 1 ° W
CHARL IE  52 °N , 35°W
DELT A 44 °N , 4 1 ° W
ECHO 35 °N , 48 ° W
HOTEL 39°N , 7 1°W
INDIA 58° N , 1 9 ° W
JUL IETT 52 °N , 2 0 °W
KILO 45 °N , l 8 ° W
MIKE 66°N , 2° E
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d u c t  h e i g ht , and the second  col umn g i v e s  the c u m u l a t i v e  d is t r i  but ion
percen tage .  The mean , med ian , i n t e r q u a rt i l e  range ( I Q R ) ,  and to ta l
number of o b s e r v a t i o n s  for the month appear  in descend ing  order
under each  month .

The mean is the ave rage  of the duct hei ghts for t he g i v e n

month , and the re fo re  can be s t rong ly i n f l u e n c e d  by a few hi gh

d u c t s . The med ian  is the hei g ht va lue  at w h i c h  ha l f  of the duct
he igh ts  are be low and half above . The me dian value , l e s s
influenced by Such rare events , is a more mean in g ful s tat i st i c .

For exam p le , Ju l y of ocean  s t a t i o n  ECHO shows a mean of 20.7 m
and a med ian of 14.7 rn (Table 6). The frequency distribution shows

a mo d e be tween 9 and 15 rn . The median t h erefor e i s a more
re presentative indicator (statistic) than the mean in this case

(not ice also the relatively hi gher frequency of duct  hei ghts a b o v e
30 m)

The IQR r e p r e s e n t s  the lower and upper bounds for the mid d l e

50% of  the duc t he ig h t s , i .e., 25% of the ducts have hei ghts below

the lower number and 75% have heights below the upper number.

There fore , the IQR can be viewed as an indicator of the spread ,

or var i a ti on , of the duct hei ght .
Table 12 is a summar y of the median values of duct hei g hts

for each month at each of the 10 ocean stations.

3 .2  Fi gures
Histograms of duct occurrence for the mid-months of each of

the four seasons at each of the ocean stations are shown in

Fi gures 4-13. The horizontal axis g i ves duct he ig hts i n the n ine
increments (from 0-3 throu g h >30 m) use d in Tables 2- 11 ; the

ver tical axis is percentage frequency of occurrence.

The mo de (group that occurs most frequently) can be determ ined

easil y from the histogram s; for example , ocean s ta t ion CHARL IE
(F ig ure  6 )  has a w in te r /J anuary  mode of 6-9  m , nea r l y  a dual  mode .
The h i s tog rams  p r o v i d e  a q u i c k - l o o k  o v e r v i e w  of d i s t r i bu t i on
shapes and the seasona l  chan ges  in these d i s t r i b u t i o n s .  Us ing
the sing le mid-month to re present a season g i ves g rea te r  accen t

to the s h i f t  in the d i s t r i b u t i o n  from s e a s o n  to s e a s o n , m o r e s o

than would a three- month average. The table s of distributions can

be used d i r ec t ly  for those months not p l o t t ed  on the h is tograms .

• • • _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _
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4. SUMMARY $

Evapora t ion  duct height s t a t i s t i c s  were generated for the
10 ocean s ta t i ons  in the North A t l a n t i c .  The o bj e c t i v e  of th is
climatology is to provide guidance to operational planners and
data input to war gaming, regarding the expected evaporation
duct heights in the ocean areas addressed. Seasonal variations
can be determined from the histograms (Figures 4-13) showing
mid -mo nths ’ percentages of occurrence of duct heights for the
10 ocean stations. The information given in this report can be
used as input to NOSC TD-144 to determine effects on specific
radars .

REF E REN C E S

Jeske , H., 1971: The state of radar range prediction over sea.
Tropospheric Radio Wave Propagation - Part II . NATO -AGARD.

Hicney , H .V ., 1975: Propagation modeling in the evaporation duct.
NELC TR 1947. Naval Electronics Laboratory Center , San Diego ,
CA 92152.

Hitney , H.V., 1978: Surface duct effects on fleet radars (U).
Naval Ocean Systems Center , San Diego , CA 92152. (Report
classified CONFIDENTIAL)
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OCEAN STAT ION ALFA
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Figure 4. Percentages of occurrence of duct
heights , ocean station ALFA, for mid-months
of the four seasons (winter-Jan , spring-Apr ,
sunimer—Jul , fall—Oct) a-
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OCEAN STATION BRAVO
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Figure 5. Percentages of occurrence of duct
heights , ocean station BRAVO, for mid-months
of the four seasons (winter-Jan , spring-Apr ,
summer-Jul , fall-Oct).
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OCEAN STATION CHARLIE
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Figure 6. Percentages of occurrence of duct
heights, ocean station CHARLIE , for mid-months
of the four seasons (winter-Jan , spring-Apr ,
suituner—Jul , fall-Oct).
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OCEAN STATION DELTA
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Figure 7. Percentages of occurrence of duct
heights , ocean station DELTA , for mid-months
of the four seasons (winter-Jan , spring-Apr ,
sumxner-Jul , fall-Oct)

31

_ _ _- -a- - 5’ - ‘ 

-- 

- 

-



OCEAN STATION ECHO
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Figure 8. Percentages of occurrence of duct
heights , ocean station ECHO, for mid-months
of the four seasons (winter-Jan , spring-Apr ,
summer-Jul , fall—Oct) a-
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OCEAN STATION HOTEL
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Figure 9 Percentages of occurrence of duct
heights, ocean station HOTEL, for mid-months
of the four seasons (winter-Jan , spring-Apr ,
summer—Jul , fall-Oct) -
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OCEAN STATION INDIA
50 50

~Lrj ’L1 _ _

0 3 6 9 12 1 5 1 8 2 1 30 w 0 3 6 9 1 2 1 5 1 8 2 1 30 w
Meters Meters

January Apr il

50 50

40 40

% 3 0  % 3 0

o 3 6 9 1 2 1 5 1 8 2 1 30 w 0 3 6 9 1 2 1 5 1 8 2 1 30 ~Meters Meters
July October

Figure 10
_

a Percentages of occurrence of duct
heights, ocean station INDIA , for mid-months
of the four seasons (winter-Jan , spring-Apr ,
summer—Jul , fall—Oct) a 
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OCEAN STATION JULIETT
50 50

40 40

• % 3o  % 30

o 3 6 9 12 151821 30 w 0 3 6 9 12 15 1 8 2 1 30 w
Meters  Meters

January April

50 50

40 40

% 3 o  % 3 0

0 3 6 9 1 2 1 5 1 8 2 1 30 w 0 3 6 9 1 2 1 5 1 8 2 1 30 ~
a Meters Meters

July October

Figure 11. Percentages of occurrence of duct
heights, ocean station JULIETT , for mid-months
of the four seasons (winter-Jan , spring-Apr ,
suxnmer—Jul , fall-Oct). a
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OCEAN STATION KILO
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Figure 12. Percentages of occurrence of duct *

heights , ocean station KILO , for mid-months
of the four seasons (winter-Jan , spring-Apr ,
summer-Jul , fall-Oct) a
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Figure 13. Percentages of occurrence of duct
heights , ocean station MIKE , for mid-mon ths
of the four seasons (winter—Jan , spring-Apr,
summer-Jul , fall-Oct)
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1 . Subject reports in which pen and ink changes should be made are :

TR 79-01 , June 1979: Monthl y climatology for evaporation
duc t occurrence in the North Atlantic Ocean

b. TR 79-02 , Jul y 1979: Summa ry of an EASTPAC refractive
structure climatol ogy

C. TR 80-01 , February 1980: Anomalou s microwave propagation .

assessment in the lower troposphere using a bu lk
meteorolo gical parameter

d. TR 80-02 , July 1980: Mete orological factors affecting
evaporati on duct height climato logies

e. TR 80-05, October 1980: Assessment/forecastin g of anomalous
microwave propagation In the troposphere using model output

2. On DD Forms 147 3 of all subject reports listed in Para. 1 above,

Block 10 should read • • • PE62759N
Block 11 should read . • . Naval Ocean Systems Center

San Di ego , CA 92152
Block 14 should rea d • • • Naval Material Command

Department of the Navy
Washington, DC 20360

3. On p. 5 of TR 80-05,

Eq. (1) should read AN N
~
(Ta)_N

~
(Td)

Eq. (2) shoul d read AN BL e(T~
) 

- 
e(T~)~

Ta Id Ta

adding A In Eq. (1), and deleting repeated express ion ~~~~~~~~~~~~~~~~ 
~ fl

Eq. (2). Ta
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