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1 . I N T R O D U C T I O N  -‘
This technical report summarizes the statistics and the

— finding s for Task One of NEPRF Technical Report TR 2-77 dated

April 1977 , a final report titled “Developme nt of a Synoptic

Climato logy of Tropospheric Refractive Condi tions for the Eastern

Pacifi c Ocean off the West Coast of the United States ” and hereafter

referred to as TR 2-77.

Tas k One i s de fi ned as “Statistical Organizations of the

Refractive Conditions , by Monthly Periods and Latitude Zones. ”

The present report considers only those data which are most

useful for fleet app lication. The curves and distributions

present ed herein are condensed from data given in TR 2-77. Also

included in the present report are some added analyses of the basic

data input to TR 2-77.

The statistical pres entation categorizes refractive structures

as one of the following :

No rmal -- Radar/radio prop agation is normal ; standard radar

horizon applies.

Ducting -- Radars/radios located within ducting layers

exper i ence ex ten ded ranges ;  “ ho les ,” or greatly

diminished coverage , occur i n re gi ons a bov e

ducting layer; multi -tr ip echoes possible.

Superrefractive -- Extended radar/radio horizon; extended

target track capab ility .

Su b re frac ti ve -- Decrease d ra dar /ra di o hor i zon ;  res tr i c te d

target track capability .

_ _ _ _ _ _   

.1
~~~~~~~~~~~~~~~~ 

2
’

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
. ,

~~~~~~ . 

_ _
~~~~~~~ / ~~~



2. DATA BASE

T he da ta used to d ev e l o p  thi s cl i ma to l o gy w ere ra di oson d e
soundi ngs plotted on WBAN -3 1A adiabatic charts. The radiosondes

were launched from radar pi cket shi ps stationed off the U.S. west

coast during the period 1956-65 .

The ships originally were assi gned to four stations in a line

roughly north -south along longitude 130°W with a fifth station at

about 33°N , l 24°W; these stations were moved further west about

midway in the reporting period . This reassignment, coupled with

th e v e s s e l s ’ normal 1-2° wandering to avoid bad weather , probably

accounts for the geographical spread of soundings indicated in

Fig. 1 . The extreme outliers apparently indi cate observations

taken while the ships were in transit to/from their assigned

stations.

Because  o f thi s sca tt er , reports were grouped into five

latitude zones for statistical anal ysis as shown in Fig. 1:

Zone 1 29°-34°30’N

Zone 2 34°30 ’ -37°3O ’N

Zone 3 37°30 ’ -41°N

Zone 4 4l°-46°N

Zone 5 46°—5 l °N

This summary does not include the surface duct statistics.

An anal ys i s o f the da ta rev eal ed tha t th e f requenc i es of occu r rence

of sur face ducts given in TR 2-77 do not seem reasonable when

com pared with other sources of data (e.g., fleet experience in the

SOCAL OPAREA ). Amon g several possible reasons for this disparity

I s  th e ra d l osonde ’s inherent inabi lity to assess the atmospheric

2
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Figure 1 . Geographical di stribution of rad iosonde
re por ts for al l mon th s , October 1956-June 1965.
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layer within approximately 1 00 m of the surface , a shortcoming

that mi ght cause it to miss some of the sha llow but operationally

significant ducts.

3 . PERCENTAGE FRE Q UENCIES OF OCCURRENCE

F ig ures 2 th rou gh 6 s how th e mon thly percen ta ge frequenc i es
of occu rrence of e l eva ted duc ts , superrefractive layers , and

su brefractive l ayers by latitude zones. The curves represent

three-month weighted averages of the data given in TR 2-77 , with

the weighting factor being the number of soundings used to generate

the monthly mean percentages. This weighting procedur e smoothed

out the more rapid fluctuations from month to month , giving

greater emphasis to the monthly means derived from the largest

num bers of sound i ngs.

Al l zones s h ow an i ncre ase i n fre q uenc y o f occurrence i n
summer , except for the superrefractive layers in Zone 1 where the

curve i s v i rtua lly fla t from summer to w i nter. The lowe r re gi ons

of the eastern Pacific are dominated by the subtropical Pacific

high pressure system during summer and early winter , which estab-

lishes condition c conducive to ducting and superrefraction.

Extratrop ica clones disrupt the domin ance of this high pressure

system in fal and winter , and this is reflected in the decrease

in the curves durin g October, Novem ber , December an d January .

This same summer high dominates the northern zones, but to a lesser

ex ten t .

The effects of latitude on percentage frequencies of occur-

rence are shown in Table 1. All three non -normal refractive

classifications show a general and steady decrease as the latitudes

4
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increase. This is to be expected , s i nce the nort hern zones are
more affected by the extratropica l storm systems that break down

the atmospheric stability necessary for ducting and superrefraction.

Ta bl e 1 . Percen tages o f o ccu r rence of
e l eva ted duc ts , superrefractive layers ,
and su brefractive layers , by latitude
zone , for all months.

Zone Duc t Su per Su b

1 53 64 34
2 36 64 32
3 23 59 30
4 15 50 29
5 9 40 22

4. PERCENTAGE FRE Q UENCY DISTRIBUTIONS

The percentage frequency distrib utions of base heights and

thickne sses of elevated ducts and superrefractive layers for the

five latitude zones are shown in Figures 7 through 1 1 . Only the

di stributions for the two extreme seasons of summer (June , July,

A ug us t ) and w i nter (Decem ber , Januar y, Feb ruar y ) are gi ven ,

because spring and fall are larg ely transition seasons between

the two extremes.

The heavy , dark line is the median of the distribution , which

is determined by ranking the observed values in ascending order

an d determining the one value that has an equal number of observa-

tions above and below it. The mean , which is the average value

o f all ob serva ti ons , is more affected by infrequent higher ducts

and thus is not a good statistic to use to quantify the distribu-

tion . The median , i n con tras t , is only very sli ghtly affected

by these rare events .
5
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The interquarti le range (IQR) is shown on the distributions

by the lines labeled 25% and 75%. The 25% line indicates the

point below which 25% of the observed heights occurred , and the

75% line is the point above which the upper 25% of the observed

heights occurred. The middle 50% (the IQR) provides an indication

of the spread in the distribution.

T he modes , which are the most frequently occurring groups ,

are readily visible as the tallest bars on the graphs.

The design of Figures 7-1 1 thus allows four values of the

refraction parameters of duct/layer base height/thickness to be

defined in one diagram: median , the midpoint value; IQR , an

indication of variation; mode , the values that occur most

frequently; and the percentage frequency of distribution.

5. ELEVATED DUCTS

5.1 Heights

The percentage frequency distributions for elevated duct

base heights (Figure 7) reveal broad interqua rti le ranges , and

somewhat flatter distributions. With the exception of Zone 1 , the

summer interquartile range is slightly larger , which indicates a

g rea ter d i s pers ion o f the ducts ’ heights during the summer months.

Most of the hei ght distributions reveal no one single dominant

mode , and some have several cells of equal frequency . The medians

show a general but sli ght increase in height with increasing

la titude. Conclus ions:

(1) Eleva ted duct base heights for all five zones vary

greatly, generally in the range 300-1400 m.

6
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(2) The winter IQR5 seem to have a narrowe r distributi on

(exce pt in Zone 1).

(3) Bases above 1500 m are unlikely.

(4) The median value should be used as a starting point to

check for anomalous propagation. A search 300-400 m each sid e

of this value sho uld be made , when real -time assessment is not

possible .

(5) Fewer ducts can be expected in the higher latitudes ,

Zones 4 and 5 (a lso  see Ta b le 1).

5.2 Thicknes ses

The thickness distributions of elevated ducts (Fig. 8) are

more peaked than those for the base heights. A narrow IQR and a

dominant mode are indicated by the data in most cases . Conc lusions:

(1) A slight but general decrease in median thickness occurs

with increasing lati tude .

(2) The symmetrical distribution about the mode and median

implies a preferred thickness centered on the median (with the

exception of summer in Zone 5).

(3) A range of the median plus and minus 100 m can be used

to estimate the probable thickness values.

6 . S U PERREFRACTIVE LAYERS

6.1 Base Hei ghts

The distributions (Fig. 9) are nearly flat (or uniform ) with

l ar ge IQ Rs.  Med i ans are sca ttere d a bo ut a ran ge of va lu es

1000-1400 m , with no apparent trend based on changing latitudes.

Conclus i ons:
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(1) Superrefraction can be expected at almost any altitude

below 2000 m.

( 2 )  No si gnif i cant change in the d i s t r i bu t i on  shou ld  be

e x p e c t e d  because of change in l a t i t u d e.

6 .2 T h i c k n e s s e s

The layer thickness distrbutions (Fi g. 10) have many of the

same c h a r a c t e r i s t i c s  as thos e for duct t h i c k n e s s .  C o n c l u s i o n s  are

b a s i c a l l y  the sam e , excep t  that no la t i tudina l  trend in the medi an

is i n d i c a t e d .

7. SUBREFRACTIVE LAYERS

7.1 Base Heights

The d i s t r i bu t i ons  for the s u b r e f r a c t i v e  layer  base he igh ts

are v i r t u a l l y  f la t  from above 50 m up to 3000 m , so the i r  p lo ts

are not i nc luded .  The Z QR is 1000- 1700 in , and the m e d i a n s  va r y  in

the range 1600-2200  m . The data sugges t  no p a r t i c u l a r  range of

base  he igh ts , wh ich  seem to occur  anywhere from 50 in up to 3500 in.

7 . 2  T h i c k n e s s e s

The th i ckness  d i s t r i bu t i ons  (F ig .  11) show a s l i gh t  s k e w n e s s .

IQRs are 150-250 m , w i t h  medians cen te red  around 150 - 200 m.

C o n c l u s i o n s :

( 1)  S u b r e f r a c t i v e  layers  a re equa l ly  l i ke l y  to occur  at any

hei ght be low  3500 m .

(2 )  T h i c k n e s s e s  of these layers will be in the range 50-300 m .

(3)  Layer occur rence  is not de pendent on e i ther  season  or

l a t i t u d e .
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8. SUMMARY

8.1 E leva ted  Ducts

E leva ted  duct base he ights  vary a rb i t ra r i l y  between 300 and

1400 m; bases above 1500 in are un l ike ly .  IQR5 for w in te r  seem

to hav e narrower d i s t r i bu t ion  than those for summer. Fewer ducts

occur as la t i tude i nc reases .

Duct thickness distributions are more pea ked than those of

the base heights . Median th ickness  decreases s l igh t ly  as la t i tude

i n c r e a s e s .

8 .2 Supe r re f rac t i ve  Layers

Height d i s t r i bu t i ons  are nearly unifo rm . Medians are sca t te red

about va lues  of 1000- 1400 in and apparent ly  are not l a t i t ude

dependent .

Th ickness  d i s t r i bu t i ons  are much the same as those for

e leva ted  ducts , except that no latitudinal trends in median are

ev iden t .

8.3 Subre f rac t i ve  Layers

Subre f rac t i ve  layer heights show a nearly unifo rm d i s t r i bu t i on

from about 50 m up to 3 km. IQ Rs are 1500-1700 in. Medians vary

in the range 1600-2200 m. No preferred base heights are evident

in the da ta .

Th ickness  d i s t r i bu t ions  show a s l igh t  p o s i t i v e  skewness , w i t h

a th ickness  va r ia t i on  of 50-300 in. No seasonal  or la t i tud ina l

de pen de nce are ev i den t in the data.
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Figure 6. Monthl y percen tage frequenci es of
occurrence in Zone 5 of (a) eleva ted ducts ,
(b) eleva ted superrefr active layers , and
(c) eleva ted subrefrac tive layers. Monthly
figure s = averages of three months weighted
by mon thly number of soundings.
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ranges indicate d by • and • .(See text , Para - 4.)
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