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Radio-Refractive-Index Climate Near the Ground
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, 1959)

The radio refractive index of air is a function of atmospheric pressure, temperature,

and humidity and is found to vary in a systematic fashion with climate.

It was found

that the surface value of the refractive index may be estimated four to five times more
accurately from charts of reduced-to-sea-level values than from similar sized charts of

surface index.

Worldwide maps of 5-year means of this reduced value are presented for

the months of February and August, for the minimum monthly mean value of the year

and for the range of monthly mean values.

Year-to-year variation of monthly means is

also considered. Applications of these data to the prediction of radio field strengths indicate
a possible 30-decibel difference in median level of identically equipped tropospheric com-

munications systems due to climate alone.

1. Introduction

The radio refractive index of air, n, is a function
of atmospheric pressure, temperature and humidity,
thus combining in one parameter, three of the normal
meteorological elements used to specify climate. In
the following sections we will examine the variability
of n during different seasons of the year and in
differing climatic regions. The systematic depend-
ence of 7 upon station elevation will make it neces-
sary to consider a method of expressing n in terms
of an equivalent sea-level value i order to see more
clearly the actual climatic differences of the various
parts of the world. After a consideration of the n
climate of the world, the application of this informa-
tion to such practical problems as the prediction of
radio field strength and the refraction of radio waves
will be discussed.

2. Presentation of Basic Data

Near the surface of the earth, for vhf and uhf
frequencies, n is a number of the order of 1. 0003.
Since, for air, 7 never exceeds unity by more than
a f(,w parts 111 1074 it 1s conv enient to consider the
c]imati(‘ variation of n in terms of

Ne(n—D101="7 6<],+_4810g) R

(M

where /2 is the total atmospheric station pressure in
millibars (mb), RH is the relative humidity in per-
cent, and e; the saturation vapor pressure in mb at
the temperature, 7', in deg Kelvin. The values of the
constants in (1) were determined [1]' from a con-
sideration of recent microwave and optical determi-
nations of the refractive index of air and are con-
sidered to be accurate to 0.5 percent in N for frequen-

1 Figures in brackets indicate the literature references at the end of this paper.

cies up to 30,000 Me in the ranges of temperature,
pressure and humidity normally encountered. The
notation N, is used to indicate that (1) has been
evaluated from standard surface weather observa-
tions.

To cbtain long-term average values of N one
should properly average individual observations
over many vears. This is difficult to do since, in
general, only summaries of weather observations are
readily available. However, long-term average
values of temperature, pressure and humidity are
available and may be converted into an “average”
ralue of N.  This “average” N differs from the true
average since the intercorrelation of pressure, tem-
perature, and humidity is neglected. This difference
was examined by an analysis of 2 yr of weather records
of the months of February and August at an arctic
location (Fairbanks, Alaska), a temperate zone loca-
tion (Washington, D.C.), and a tropical location
(Swan Island, W.I.). These data, given in table 1,
indicate that the difference between the two methods
was never more than 1.5 N units and the average
difference was less than 1 N unit which is small
compared to commonly observed seasonal and
geographic variations of 20 to 100 N units.

TasLE 1. Two-year average value of N. versus the value of N.
calculated from average temperature, pressure, and humidity

N. | N«(F,T,RH) | N—N,(P,T,RH)
|
Fairbanks: | |
February.. .. ______________ 314.0 | 313.0 1.0
AT ] YT ST S 320.5 320.0 | 055
W a:hmgton | |
February. ... 305. 5 304.5 | 1.0
August_ 356.0 b 55 1.5
Swan Island:
February. . . . 362.0 | 362.5 | 0.5
Auguast_ . ________________ 387.5 388.0 )
T e ‘ 0.83
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On this basis it was decided to use the long term
means given in the United Nations’ monthly publi-
cation, Climatic Data for the World. This publica-
tion is particularly advantageous for our present
study since 1t reports the fictitious value of the
relative humidity needed to obtain the actual
average vapor pressure from the saturated vapor
pressure of the reported mean temperature [2].

Data from 306 weather stations were obtained in
order to give reasonable geographical coverage. In
general, 5 yr of record were obtained for each station
from the period 1949 to 1958, preference being
given to the years 1954 through 1958. A noticeable
exception, however, was Russia for which only 1 yr
of data (IGY) is reported in Climatic Data for the
World and thus all charts are drawn with dashed
contours for Russia. There are vast expanses of
ocean for which there are no meteorological observ-
ing stations. Climatic atlases were utilized in order
to present estimates of world climate in these locales.
A reasonable coverage of the sparse data areas of
the world was made by estimating temperature from
sea surface 1sotherms [3] and humidity from charts
of seasonal average depression of the wet bulb tem-
perature [4]. Pressure was estimated for these
locations from average winter and summer pressure
charts.

When these data were converted to N [5] and
charts prepared, a pronounced altitude dependence

could be seen as in figure 1. Figure 1 plus the
following charts of N variations across the United
States are from an extensive N climatology now
being prepared at the Central Radio Propagation
Laboratory. Although the present study is pri-
marily aimed toward worldwide variations, it is felt
that the U.S. data better illustrate the height
dependence of N; and the subsequent reduction proc-
ess employed. It is noted that the coastal areas
display high values of N while the inland areas have
lower values. There are low values of N, corre-
sponding to the Appalachian and Adirondack
Mountains, a decrease with increasing elevation of
the Great Plains until the lowest values are observed
in the Rocky Mountain region and the high plateau
area of Nevada. A corresponding gradient is
observed from the West Coast eastward. Cross-
hatching encloses areas where the terrain changes
so rapidly that it was felt the data were inadequate
to obtain realistic contours of N.

The altitude dependence of N can be studied in
terms of the “dry” and “wet’” components of N.
The dry term, D,

77.6P

D=T

)

)

is proportional to air density and normally consti-
tutes at least 60 percent of V.

o MEAN
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Ficure 1.

Mean N,, August 0200 local time.
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' One would expect, from the hydrostatic equation
'in [6], that 72 would be an exponential function of
"height. Examination of ) at the earth’s surface
| versus station elevation shows this to be in fact true.
By assuming an exponential decay between the
cvalue of N at sea level and 8 km the height coefficient
of —0.1057/km was determined from the NACA
Ldry standard atmosphere [7] and was adopted for
"general use. Thus, the station value, I);, may be
‘reduced to a sea-level value, Dy, by the relationship

Dy=D; exp{0.1057 I}, (3)

"where & is in kilometers. Values of ), obtained in

this fashion as shown on figure 2 present a gradient
that is remarkably free of detail compared to the
N, chart and is easily drawn for all areas of the
country.

A similar investigation was made of the height
dependence of the surface “wet” term, Wy, evaluated
from

, 3.73X10%,RH

" = (4)

1
All the cases examined displayed low correlations of
log W, and height, indicating that W, is not a
marked exponential function of height. Thus W is
plotted alone as on figure 3. Again, contours of Wy
may be obtained easily for all sections of the country.

MEAN D,
AUG. 0200 “\_

At this point in the reduction process there are two
maps, one of 1)y and one of W,. A further simplifi-
cation is accomplished by introducing the approxi-
mation of reducing N; by the dry term height
correction to obtain a single reduced value, Ny;

No=(Ds+ W) exp {0.1057 h}- (5)

Figure 4 gives the N, contours for the same time as
the previous maps of 1)y and W,. The N, maps are
no more difficult to prepare than the W, maps and
have effectively removed the station height depend-
ence of N;. One might wonder at the advisability of
arbitrarily reducing the wet term by the dry term
correction. For the coastal areas of the country,
where the exponential height correction factor is
nearly one, this amounts simply to adding the D)y and
W, maps while for the mountain areas, where the
height correction factor is large, the W, values are
small with the result that the gradient of the N
isopleths obtained from the ), and W, maps is essen-
tially maintained on the N, maps. As an example,
for the series of maps under discussion, the (Do W)
difference between Reno, Nev. (1,340-m elevation)
and Oakland, Calif. (5.5-m elevation) is 21 N units,
while the N, difference is 19 N units.

The effects of this correction on the worldwide
values can be seen from figure 5 where N; is plotted
versus station elevation in km. A sample line illus-

FiGURE 2.

Mean D,, August 0200 local time.
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Ficure 3. Mean W,, August 0200 local time.

Ficure 4. Mean N ,, August 0200 local time.
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Frcure 5. Worldwide values of N versus height for Awgust.

trates the decay of N with height for Ny=348. The
value of N, for any other value of N, would be
obtained from a line parallel to the Ny;=2348 line but
having a zero intercept equal to the new value of Nj.
The advantage of adopting N, is illustrated by the
reduction in range from 190 N units for N to 115 N
units for /Ny, thus diminishing the number of contours
of the resulting maps.

It would appear that by removing the influence of
station elevation it would be more efficient to esti-
mate N, from N, charts rather than from charts of
N,. As a test of this hypothesis N, and N, contour
charts were prepared for both summer and winter
from only 42 of the 62 U.S. Weather Bureau stations
for which 8-yr means of N, are available. The re-
maining 20 stations, distributed at random about the
country, were used as a test sample by estimating
their 8-yr mean value of N, from the N, and N;
contours. Summertime examples of these charts are
given by figures 6 and 7. Note that due to the re-
duced range of N, the Ny charts are drawn every 5 N
units as compared to the 10-N-unit contours of the
N, charts. The individual deviations of the values
obtained from the contour maps with the actual 8-yr
means are listed in table 2. By comparing the root
mean square (rms) deviations of 10.7 N units in
winter and 13.0 N units in summer obtained by esti-
mating N, from the N, contours with the 2.7-N-unit
rms of estimating N; from N, contours, one concludes

that it is at least 4 times more accurate to estimate
N, from N, contours than from those of N,. An
inspection of the individual deviations in table 2 indi-
cates that the N, contour method is particularly
efficient at elevations in excess of 1,200 m or where
the terrain is changing rapidly with respect to hori-
zontal distance. As a further practical consequence
one notes the remarkable similarity between the N,
contours of figures 4 and 7, even though the latter
contours were derived from only two-thirds of the
original data. This indicates that any desired level
of accuracy may be maintained with fewer stations
(and less expense) by the use of N,.

TABLE 2.— Deviations of estimated 8-yr means of N« (calculated
from contour charts) from actual 8-yr means for 20 randomly
distributed U.S. Weather Bureaw stations

|
{ February 1400 August 0200
\ S .
Test station ‘ ITeight | Actual | Deviation » | Actual | Deviation =
yr | | 8yr |
| mean mean
| value N, No value N: | No
of Ns | map | map | of N | map | map
Meters | N units | Nunits| Nunits| N units | Nunits| Nunits
Sacramento, Calif__ 7| 3156 7.6 0.8 3 1.o| —1.8
Portland, Oreg._._ 8 316.2 | 4.2 —.5 3. 6.0
San Diego, Calif_______| 11 314.2 | —5.8 | —2.4 3.5
Mobile, Ala__.___._____| 66 326.6 | 6.6 4.8 0.6
Fresno, Calif.___ 86 | 310.6 9.6 3.4 4.2
Boston, Mass.._._.__--| 89 | 308.6 | —6.4 | —0.5 —0.4
Grand Rapids, Mich___| 210 | 304.4 0.4 | —5.9 .1
Columbia, Mo______ -| 239 | 300.8 —-.2 2. —2.5
Minneapolis, Minn_ _ ‘ 255 | 301.1 il 0.6 2.7
Cincinnati, Ohio-.._| 271 | 302.5| —.5 o4 —2.8
Des Moines, Towa_ ... | 294 2.3 —0.1
Pendleton, Oreg - 455 0.4 —3.1
Billings, Mont 2 ‘ 1,088 ol 1.2
Burns, Oreg._ ... _-- ‘ 1, 262 —3.2 —4.4
Salt Lake City, Utah__| 1,288 —0.8 4.4
1
Reno, Nev.._____. ---| 1,340 —6.8 .4 | .6
Pocatello, Idaho_ . | 35 0.4 343 ‘ 0.0
Denver, Colo. . = o7 .4 .3
Colorado Springs, Colo- —.6 5.6 | 1.1
Flagstafl, Ariz___ 2.3 5 | —2.2
Root mean square de- |
vigtion e = ESIN1007 20T == | 13.0 | 2.7
| | | |

a Deviation equals the actual long-term mean minus the value obtained from
map contours.

3. Worldwide Values of NV,

Mean values of N, were calculated at each of the
306 selected stations and charts were prepared for
each month of the year. The charts for February
and August are given on figures 8 and 9. 1t is seen
that the values of N, for sea-level stations vary from
390 in the maritime tropical areas to 290 in the deserts
and high plateaus. The interior of continents and
mountain chains in middle latitudes are reflected by
low values as compared to those of coastal areas.
Further, such pronounced climatic details as the
Indian monsoon and the effects of coastal mountain
ranges blocking prevailing winds and producing rain
shadows are indicated by these N, contours.

The annual variation of N, is indicated on figure
10 by contours of the difference between the maxi-
mum and minimum monthly means observed
throughout the year. It is quite remarkable how
clearly climatic differences are evidenced by the
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Freure 6. Test chart of mean N August 0200 local time.
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Ficure 7. Test chart of mean N, August 0200 local time.
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Frcure 10.  Annual ra

vearly range of N,. The prevailing transport of
moist maritime air inland over the west coasts of
North America and Europe is indicated by relatively
small annual ranges (20 to 30 N units), while, for
example, the east coast of the United States with a
range of 40 to 50 N units or more reflects the invasion
of that area from time to time by such diverse air-
masses as arctic continental and tropical maritime.
The largest annual ranges of N; (90 N units) are
observed in the Sudan of Africa and in connection
with the Indian monsoon.

An additional Ny map (fig. 11) was prepared from
the minimum monthly mean value of N; observed
throughout the year to supplement the range map
in order that an estimation might be made of both
the minimum and maximum monthly mean N
expected during the year.

A measure of the variability of the February and
August mean values of N is given by monthly range
maps (fig. 12 and 13) determined from monthly
averages from 5 yr of data. Ranges are given by
the maximum difference of the five individual
monthly mean values. In contouring the two vari-
ability maps only those terrestrial regions having
reasonable data coverage are included. Dashed
contours are shown for areas of sparse or unreliable
data. The general picture of the worldwide distri-
bution of N, variability is that of a number of con-
tinentally located cells of moderate range accompanied

nge of monthly mean N .

by somewhat random small-scale variations over
ocean arcas. Regions of large range, from 40 to as
much as 70 N units, are present, however, in Australia
and on islands of the adjoining oceans, on the African
equatorial plateau near the Cameroons and in the
Great Basin of the southwestern United States.
Common to all these areas of large year-to-year
variability, at least during the summer season, are
high mean temperatures ranging from about 25° to
30° C, the variability being due to relatively small
variations of humidity. It is felt that when a more
dense network of stations is available for a longer
period of record, say 10 yr, areas of high monthly
variability are likely to be more extensive in tropical
and desert areas than indicated on our present maps.

4. Climatic Classification by N,

The annual cycle of Ny at each station was exam-
ined for the purpose of deriving similarities of cli-
matic pattern. As one form of climatic classification,
the annual mean value of N, at each station was
plotted versus the annual range at the station.
When this was done, several distinct groupings of
data seemed evident. These groupings, described in
table 3, are intended to give a general idea of the
geographic and climatic character of the majority
of the stations found within given values of range
and yearly mean of N..
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Ficure 13.  Year-to-year range of monthly mean N for August.
TaBLeE 3. Characteristics of climatic types
Type Location Annual Annual Characteristics
mean N. | range of Ne
N units N units
I Midlatitude-coastal ._._______ Near the sea or in lowlands on lakes and rivers, in latitude | 300 to 350 30 to 60 | Generally subtropical with marine or
belts between 20° and 50°. modified marine climate.
II Subtropical-Savanna.___._._ Lowland stations between 30° N and 25° S lat., rarely far | 350 to 400 30 to 60 | Definite rainy and dry seasons, typical
from the ocean. | _of Savanna climate.
III Monsoon-Sudan_..._._______ Monsoon—generally between 20° and 40° N lat., Sudan— | 280 to 400 60 to 100 | Seasonal extremes of rainfall and temper-
across central Africa from 10° to 20° N lat. | __ature.
IV Semiarid-mountain__________ In desert and high steppe regions as well as mountainous | 240 to 300 0to 60 | Year-round dry climate.
regions above 3,000 ft.
V  Continental-Polar.....______ In middle latitudes and polar regions. (Mediterranean | 300 to 340 0to 30 | Moderate or low annual mean temper-
climates are included because of the low range resulting atures.
from characteristic dry summers.)
VI Isothermal-equatorial .._____ Tropical stations at low elevations between 20° N and 20° S | 340 to 400 0 to 30 | Monotonous rainy climates.
lat., almost exclusively along seacoasts or on islands.

For a given classification of refractive-index
climate, diverse meteorological climates and geo-
graphical regions may be represented. Note, for
example, that type V of table 3 includes stations
from Mediterranean and marine as well as polar
climates. Mediterranean stations in this category
fail to attain a high range because of the character-
istic dryness of the subtropical high-pressure pattern
that is generally found in this area during the sum-
mer months. Polar and marine climates in this
egroup maintain a low range due to suppressed
humidity effects as a result of low to moderate year-
around average temperatures.

Annual trends of N, for stations typical of each
climatic division are shown by figure 14.

Yet another facet of the climate is the year-to-year
variation of the monthly mean value of N,. Five
consecutive years of monthly means were prepared
for each of the six typical stations whose annual
cycles are shown in figure 14.  Then, for each month,
the absolute value of the difference between consecu-
tive years was obtained. These values were then
averaged for all months and are listed in the
second column of table 4.

Another measure of the variation of monthly mean
values of N;is obtained by differencing the maximum
and minimum values occurring for a given month
during the 5-yr period. These differences are also
given in table 4 for the months of February, May,
August, and November.
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Ficure 14.  Representative annual cycles of N, for the major

climatic types.

TasLe 4. Year-to-year differences of monthly mean N,

Difference between
monthly means in
successive years for

Maximum differences between monthly
means over a 5-yr period

Climatic type | thesamemonth, | | [
averaged for all B
seasons over a 5-yr Feb. Tay Aug. Nov.
period \
S _ N i SO | SR
5.7 6.0 . 16.5 | 17.0 7.0
5.4 8.5 | 6.5 | 8.0 11.0
8.9 16.5 | 14.5 20.0 6.5
5.4 10.5 | 11.5 | 13.5 6.5
4.7 5.5 | 11.5 | 10. 0 5.0
7l 9.5 25.5 } 8.5 8.5

5. Applications

The communications engineer usually has available
a small amount of measured field strength data from
limited tests of a particular system. He must then
estimate the expected signal level or practical range
of that system, or other systems, for other times of
the year, other years and in other areas. The varia-
tion of signal level from month to month and climate
to climate can be explained, in part, by its observed
correlation with N,.

Pickard and Stetson [8, 9] were among the first to
note the correlation of Ny and received field strengths.
The correlation of N, and field strength over a
particular path has been studied quantitatively [10,
11] and found to be highest (correlation coefficients
of 0.8 to 0.95) when the variables are averaged over
periods of a week to a month. This latter study has
shown that the regression coefficient (decibel change
in field strength per unit change in N;) varies diur-
nally from 0.14 db in the afternoon hours to 0.24 db
per unit change of N, in the early morning hours

This correlation is so sufficiently consistent that
Gray [12] and Norton [13] have utilized it in their
recent prediction methods of transmission loss in a
band from 100 to 50,000 Me. 1In addition, the co-
efficient 0.2 db per unit change in N has been tenta-
tively adopted by CCIR Study Gmup V in their
revision of the 30- to 300-Mec tropospheric-wave
propagation curves {o account for the "(‘0"’1&11)[11('
and seasonal variations of field strengths. The esti-
mates of field strength variations attributed to N,
given below are based upon the CCIR coefficient.

If one assumes, for comparison only, that the
worldwide average value of N, is 330 and that one
is able to estimate the field strength level of a partic-
ular ('ommuni(' ations system at a given distance and
for N,=330, then the above correlations would n-
dicate that the climatic var iations of fields given in
table 5 might be expected.

Tasre 5.—Climatic variation of hypothetical communications
system relative to predicted value for N;=330, assuming a
0 9-(1(; varmizon per unit chanqc in N

Expected yearly | Expected annual
Climatic type » mean field strength range on the
level relative to above
N, =330 assumption
db db
—6 to +4 6to 12
“+4 to +14 6to 12
- —10 to +14 12 to 20
- —18 to —6 0 to 12
—6 to 42 0to6
+2 to +14 0to6

a Climatic types are the same as those in table 3.

The data of table 5 indicate, for example, that
identically equipped tropospheric communications
systems could display as much as a 32-db difference
in mean signal-strength level due to the climatic
difference of say, Denver, Colorado and the tropics
Further one might expect the monthly mean field
strength of this hypothetical system to vary through-
out the year from less than 12 db in the high plains
near Denver to as much as 20 db in the African Sudan.

Under this same assumption, figures 10 and 11
allow the communications engineer to estimate the
expected maximum and minimum monthly mean
field strength expected throughout the year.

The year-to-year variations of the monthly mean
N listed in table 4 indicate that the monthly mean
of field strength for a particular month may differ
in successive years by as little as 1.0 db for climatic
category V in November or as much as 5.1 db for
category VI in May.

Another application of these worldwide charts is
to aid in estimating the refraction of radio waves.
The most convenient method of accounting for the
effects of atmospheric refraction is by means of the
effective-earth’s-radius concept of Schelling, Burrows,
and Ferrel [14]. The effective earth’s r: ulius, Wy, 18
determined from

1

adn a

o

=

(6)
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where @ is the true radius of the earth, n is the
refractive index, and dn/dh is the initial 7 gradient
with respect to height. A great simplification of
propagation calculations is accomplished by assuming
that dn/dh is a constant, thus allowing radio rays
to be drawn as straight rays over a fictitious earth
of radius a, rather than curved rays over the true
earth of radius a. This simplification allows, for
example, the distance to the radio horizon, d, of a
radio ray leaving an antenna of height, A, to be
calculated from

d=+2ah. (7)

One notes, however, that the determination of a,
involves dn/dh as well as n and that our N, charts
allow only an estimation of n. This disparity may
be resolved by utilizing the observation that N 1s
highly correlated with the value of N at 1 km above
the surface. The difference between N, and N at
1 km is denoted AN. It has been noted [15] that
the correlation coefficient between In |AN| and N,
is 0.926 for 888 sets of data from 45 U.S. weather
stations representing many diverse climates. The
regression equation

—AN=1.32 exp{0.005577 N, } (8)
results when both variables are averaged over 6 to 8
yr of record. Approximating dn/dh in (6) by AN
we may determine that the radio horizon distance of
an antenna located 150 m above the earth would
vary from 48 km when N;=200 to 59 km when
N,=400. Yet another application of the N, charts
is to the exponential models of the decrease of
refractive index with height which have been recently
proposed [15, 16]. These models are completely
specified by N; and may be used to account for
seasonal and geographic variations of such refraction
effects as radar range and elevation angle errors.

6. Critical Appraisal of Results

The world maps presented above were based upon
data from 306 weather stations. This number of
stations appears to be consistent with the scale of
map used. The map scale is so small, however, that
only large climatic differences can be expected to be
discerned. For the climate of any given area one
should refer to detailed studies of N such as those
currently in preparation for the United States at the
Central Radio Propagation Laboratory.

The accuracy of the present charts may be assessed
from the charts of maximum range, R, of monthly
means as given by figures 12 and 13. The standard
deviation of the individual monthly means may be
estimated from [17], 0.43 R, where the coefficient
0.43 is appropriate for five individual observations.
Since, in general, <20 N units, then 0.43 R<IN
units, although this standard deviation may be as
large as 26 N units for the month of February in
Australia and 17 N units in the southwest of the United

States during August, or in the African Sudan during
February.

Further, the standard error of estimating a five
year mean from five individual monthly values is
determined from

043 R

— )
\n

where n for our case is 5 and thus the error of the
5 yr mean would be 0.192 R. Remembering that
R <20 N units and assuming perfect skill in drawing
the contours, one would expect the standard error
of estimate to be less than 4 N units. This standard
error can be as large as 12 N units in Australia where
R=60 N units.

The value of N, at each of the 20 test stations of
section 2 was estimated from the N, contours with
an rms error of 5 N units which is consistent with the
standard error of estimate obtained from the range
charts. In the large areas of sparse data, such as
the oceans and Russia, this uncertainty rises to about
10 N units and thus the contours in these regions are
dashed.

At the time the present study was initiated it was
felt that IV, should be reduced to sea level by at least
the dry term correction factor as in eq (5). The
absence of published work on models of N structure
in the free atmosphere encouraged the decision to
rest on prudence and adopt this dry term correction
factor. Since that time several effective exponential
models of the free atmosphere have been demon-
strated [15, 16] and it now appears that it might be
better in future work to use the slightly larger
exponential coeflicient which corresponds to the
decay of N in the free atmosphere. If the free
atmosphere decay were adopted, then the range of
N, values on the world maps would be reduced from
115 to 110 N units, i.e., less than 5 percent. Since
this reduction in range is an order of magnitude less
than the original reduction accomplished by the use
of Ny, it appears that the basic advantage of the
adoption of the concept of a reduced value has been
realized with the initial correction. To produce a
significantly large reduction in the range of the
present map contours it would appear that the
seasonal and diurnal variation of the exponential
coefficient would have to be considered; a process
which appears at present to be unduly complex.

7. Conclusions

With the above ecritical appraisal in mind, the
salient conclusions of the present study are:

(a) The radio refractive index varies in a syste-
matic fashion with climate, and different climates
may be indentified by the range and mean values
of the refractive index.

(b) It is 4 or 5 times more accurate to estimate
the station value of the index from charts of the
reduced-to-sea-level index than from charts of the
station value. This improved accuracy results from
using a method that allows height dependence to be
accurately taken into account.
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(¢) Identically equipped tropospheric communica-
tions might be expected to vary as much as 3¢ db
in monthly mean signal level i different climatic
regions, and the annual range of monthly mean field
strength could be as high as 20 db in the Sudan of
Africa and as low as 0 to 6 db in the high plains of
the western United States.

The authors express their appreciation to Mrs.
G. E. Richmond, Mrs. P. C. Whittaker, and Mrs.
M. F. Fischer for their aid in the preparation of the
basic data, to A. M. Ozanich for cartographic as-
sistance, and to Miss G. Hoffmire for preparation
of the manuseript.
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