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FOREWORD

The objective of the four-dimensional atmospheric modeling task
is to provide world-wide profiles of pressure, temperature, density,
and moisture from the surface to 25 km altitude. The model gives mean
monthly values and daily variations of the four parameters by homo-
geneous moisture region. This model can then serve as input for attenu-
ation models that predict the degree of atmospheric attentation likely
to be encountered by satellite or air-borne electromagnetic sensors
engaged in earth resources observations,

The four-dimensional atmospheric model is being improved by the
addition of atmospheric data and by changing the basic computer sub- -
routine so that the acquisition of an atmospheric profile at any
requested latitude, longitude, and month can be obtained., The model *
is to ultimately present pressure, temperature, density, moisture, and
cloud cover as one attenuation model for earth resources problems. It
can also be used as mean model atmospheres in trajectory and vehicle
heating analyses,

Associated work has been and is still being done in this field,
For example, Allied Research Associates, Inc., under Contracts NAS8-21040
and NAS8~25812, has developed a world-wide cloud cover model (NASA
CR 61226 and NASA CR 61345), and Environmental Research Technology,
under Contract NA §£8-26275, has developed an interaction model involving
microwave energy and atmospheric variables (NASA CR 61348),
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1. INTRODUCTION

Observations of earth resources from satellites and aircraft, equipped with
sophisticated electromagnetic sensors, will be of considerable interest to many
users groups in the near future. NASA and others have recognized‘that it is impor-
tant to consider the effects of atmospheric attenuation on the earth resources data
being received. Users of these data will need to know the degree to which the data
have been degraded by the atmosphere. This information may be supplied by atmos-
pheric attenuation models.

Experience has shown that moisture in the form of water vapor or liquid
water is the principle contributor to the attenuation of electromagnetic energy
passing through the atmosphere. Temperature and density of the air also have an
influence on the accuracy of the remote sensing instruments, but to a much lesser

extent than moisture.

The major objectives of this study were:

1, To develop statistics {monthly means and variances applicable to daily
values) of vertical profiles of moisture, temperature, density and pressure at 1 km

intervals from the surface to 25 km on a global grid network for all months of the

year,

2. To derive atmospheric profile models based on these statistics that may
be used as the input to atmospheric attenuation models planned to be developed at a
future time. These models will provide information on the expected electromagnetic

sensor degradation effects for a particular location and time of the year.

In addition, detailed radiosonde data from Burrwood and Boothville, Louisiana
and Norfolk and Wallops Island, Virginia were available for processing and analysis
of moisture content. The specific goals of the moisture analysis at these stations
were to (1) generate 12 and 24 hour conditional tables of moisture content at each
height level up to 10 km and (2) to investigate the feasibility of developing frequency

distributions of moisture content profiles.

The approach to satisfying the major objectives of this study is to define homo-
geneous regions (based on moisture data) and to fit analytic functions to the mean
profile and variance statistics for each region and month.

Details of the data processing, approach and results follow,






2. DATA AND DATA PROCESSING

2.1 Data

The data available to develop the required global statistics consists of

magnetic tapes obtained from several sources.

® Northern hemisphere monthly means and variances of temperature
(T), dewpoint (Td) and constant pressure surface height (Z) at 59
latitude-longitude grid points for standard constant pressure sur-
faces to 100 mb for all months of the year. (Dewpoints provided
only to 500 mb.) Also included are means for the sea-level pressure
T and Td. These data were obtained from Dr. Harold Crutcher of
the National Climatic Center (NCC) and are on one standard reel of

magnetic tape.

e Daily values of T and Z at constant pressure surfaces from 100
to 10 mb for a seven-year period for the northern hemisphere
on the National Meteorological Center (NMC) 1977 point octagonal
grid which extends to approximately 10°N (Figure 1). (7 reels of
tape provided by Mr. Roy Jenne of NCAR.)

® Daily values of T, dewpoint depression (DFPD) and D-values
(departure from reference height) from standard constant pressure
surface height fields from 1000- to 300-mb for the northern hemi-
sphere NMC grid, for an eight-year period (except DPD values are
not given for 1000 mb and 300 mb). (24 reels of tape provided by
Mr. Frank Lewis of NOAA.)

e Southern hemisphere monthly means of T, Td and Z for constanto
pressure surfaces up to 100 mb for all months of the year ona 5
latitude-longitude grid. In addition, mean sea level P, T, and Td
are given for all months. (1 reel of tape provided by Dr. Crutcher
of NCC.)

The four data sources represent approximately 67 million pieces of data.
Despite the enormous amount of data available, certain data was missing., Tables
1 and 2 present schematically the data that were not available to us for processing
for the northern and southern hemispheres, respectively. In general, although the
dewpoint data were not available above 500 mb, the contribution of the moisture
above 500 mb to the total moisture in a column above the surface is known to be
relatively small (less than 10% (Peixoto, 1970) ). (A method for accurately estimat-
ing moisture above 500 mb using an analytic function with the data below 500 mb is

discussed in Section 3.0,)



Northern Hemisphere NMC 1977-Point Octagonal Grid

Figure 1

[ 1173



TABLE 1

NORTHERN HEMISPHERE MISSING DATA

Temperature and Height

Moisture

Means Variances

Means Variances

Surface

850, 700, 500 mb

—_— Equator to ~ 15°N

e All latitudes

300 mb ——— —— “All latitudes
200 mb — All latitudes
100 mb _—
50 mb Equator to ~ 15°N
30 mb l l 1} \
TABLE 2
SOUTHERN HEMISPHERE MISSING DATA
Temperature and Height Moisture
Means Variances Means Variances
Surface e All latitudes All latiltudes

850, 700, 500 mb
300 mb
200 mb
100 mb
50 mb

30 mb

All latitudes

| r

All latitudes




The varied sources of data (all in different formats) were processed with the
aim of filling in the data gaps and producing, at 1 km intervals from the surface to
25 km, global statistics of the means and variances (of daily values) of temperature
(T), absolute humidity (pw), pressure (P) and density (p).

Major data problems seen by examining Tables 1 and 2 that needed to be

overcome to meet the required objectives were;

1. The northern hemisphere 5° latitude-longitude tape contained
variances computed from monthly means only, while variances

applicable to daily values are required,

2. The data provided for the southern hemisphere extended only to

the 100-mb level (~16 km) while profiles are required to 25 km, Y
3. Variances were unavailable on tape for the southern hemisphere,

A partial solution to the first problem was to use the northern hemisphere
daily tropospheric data on the NMC grid to generate variances applicable to daily
values, However, surface dewpoint, dewpoint above 500 mb and data at 200 mb
were not available on these tapes.

Several other minor problems are also evident (e. g., no data above 100 mb
from ~ 15°N to the equator).

Complete solutions to all the data problems were formulated and are given
in the next section describing the computational and processing procedures in

some detail.
2.2 Data Processing

The basic computations required include:

1. Linear jnterpolation of temperature and dewpoint (dewpoint depression

converted to dewpoint) from the constant pressure surfaces to 1 km intervals.

2, Conversion of dewpoint to absolute humidity (pW) from the following

standard relationships: .
1

P = 216.7 = (g/m’) (1)
w T Ft
T
where
Bw is the mean monthly absolute humidity
T  is the mean monthly temperature in °Absolute
and ‘e is the mean monthly vapor pressure given by the empirical

formula of Tetens (1930):



( aTd )

< = 6.11 x 10
(mb)
a = 7.5
b = 237.3

and
_T-d is the mean monthly dewpoint in OCenﬂ:igrade.

3. To insure hydrostatic consistency, the computation of pressure, P,

is given by the hypsometric equation

= P
o= BLjeg-20 3)
g P
1
where
h  is the mean monthly thickness of a layer of the atmosphere
between two levels Po and P1
R is the gas constant
g is the gravity force
R - 47,402
g
and
T is the monthly mean of the mean temperature of the layer
between P and P
o 1
?o is the mean monthly pressure at the lower level (mandatory
constant pressure surface) bounding the layer
_131 is to be computed and is the mean monthly pressure at the

upper level bounding the layer.

Solving for _ﬁl

log B, = 1logP _—h . (4)

o —
(mb) 67.442 (T)

4, Computation of density (p) follows from equation of state (5)

(g/m°) (5)

= 348,3

Wl ol



where

ol

is the mean monthly density

P is the mean monthly pressure

and
T is the mean monthly temperature.

The objective of the processing was to combine all the data sources and
perform the interpolations and computations described above to arrive at a set of
hydrostatically consistent global statistics for monthly means and daily variances
of the profiles of the four parameters from the surface to 25 km. The processing
proceeded according to the flow diagram shown in Figure 2,

Procedures and assumptions necessary to overcome the data gaps shown in
Tables 1 and 2 are self-contained within the flow diagram.

The vertical extrapolation regression equations referred to in Figure 2 (for
generating data above 16 km where data was missing) were originally derived for the
northern hemisphere to generate data at the 50 mb and 30 mb levels (Lea, 1961). We
used them for the northern hemisphere in the region from the equator to 10°N and
for the entire southern hemisphere. Although the equations were developed from a
data sample from the northern hemisphere, the assumption was made that the climat-
ology of temperature and height for stratospheric constant pressure surfaces is
similar for both hemispheres at similar latitudes and seasons. A study by Finger
and Woolf (1967) supports this assumption.

The equations are of the form:

Zgg = a5 ta; (Z1gg) + 2, (T (6)
T5o = a5 T21 (Z1gg) * 2, (T1g0) (7)
Z3g= 35tap(Zgg) 2, (Tgy) (8)
T30=  235%2) (Z5) *+3, (Tgp) (9)

where
Z and T are height (meters) and temperature (OC) and the
subscripts refer to the standard constant pressure

surface

a2 and a, are coefficients that are a function of latitude and

month of the year.

The final output from the processing consists of three sets of data that
comprise the global statistics of moisture, temperature, pressure and density

at 1 km'intervals from the surface to 25 km.

0y
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1. Northern hemisphere monthly means and variances (of daily
values) on the NMC grid (Figure 1) which extend to approximately

10°N near the outermost grid points.

2. Northern hemisphere monthly means and daily variances at 5°

latitude-longitude intersections from 15°N to the equator.

3. Southern hemisphere monthly means and daily variances at 5°

latitude-longitude intersections.

The amount of data represented by the three sets of tapes though reduced from the

original ~ 67 million values was still formidable:

26 levels (surface to 25 km) x 4 parameters x 2 values/per level (mean
and variance) x 12 months x 2265 grid points notrthern hemisphere (1977
point NMC grid + 288 point 5° latitude-longitude grid) = 5, 653, 440
pieces of data. On the 1368 point southern hemisphere grid, 3, 414, 528
pieces of data for total global data base of 9, 067, 968 values.
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3. THE FOUR-DIMENSIONAL ATMOSPHERIC MODELS

The purpose of modeling atmospheric profiles is to reduce the enormous amount
of data to a2 manageable size for such practical applications as input to future atmos-
pheric attenuation models. As part of this task we used the concept of ""homogeneous
regions' over the globe (Sherr et al, 1968) and fitted analytic functions to the stati-
stical profiles within the homogeneous regions; i.e., we derived the atmospheric
models based on the tabulated statistical values of moisture, temperature, pressure

and density at each of the 25 km levels and at the surface.
3.1 The ""Homogeneous' Moisture Regions

Moisture in the atmosphere has the most pronounced effect on electromag-
netic sensor data, while the influence of temperature and density is considerably
less than that of moisture., Dewpoint was the measure of moisture given in the
original data, but dewpoint was converted to absolute humidity in g m"3 to facilitate
its eventual use in atmospheric attenuation models. The atmosphere's ability to
hold moisture is a function of temperature., Because of the relationships between
absolute humidity and temperature and between temperature, density and pressure,
the ""homogeneous' regions defined on the basis of a detailed analysis of moisture
are also relatively homogeneous with respect to the other parameters.

Four sources of information were used as an aid in defining the homogeneous

regions.

1. Mean precipitable water grids for the year and each season (5-year
data sample) as given on the '""water balance! data tape obtained
through the courtesy of Professor V. Starr of the Massachusetts
Institute of Technology (MIT) (who developed the information under
an NSF grant).

2. Homogeneous moisture regions specified by ARA in a previous study

on cloud statistics (Sherr et al, 1968).
3. The mean moisture profile statistics at selected points over the globe.
4. The U. S. Navy Climatic Atlas (Crutcher and Davis, 1969).

The criteria used inthe analysis of the moisture data for defining the regions

were:;

The annual average moisture
The degree of seasonal change

The degree of variability across the region

The geographic location

11



A description of the above characteristics for each of the 36 regions is given in
Table 3 and the regions are shown in Figure 3.

Regions were defined with the objective of minimizing the variability across
the region. For some portions of the globe and seasons of the year, it was not pos-
sible to completely satisfy this objective due to the existence of rather large moisture
gradients. The annual variation in precipitable water and areas of strong moisture
gradients are illustrated by Figures 4 and 5 which show mean precipitable water
values for the three-month periods, December, January and February; June, July
and August, respectively. Because the absolute moisture is temperature dependent,
large moisture gradients exist near the mean position of the polar front, These
gradients shift from the subtropical-tropical border in late fall, winter and early
spring, to near the high mid-latitudes in summer. Thus, some of the homogeneous
regions (with respect to annual average moisture) are transition regions with rela-
tively large moisture variability during some seasons of the year; e.g., Region 7
(high mid-latitude, continent) exhibits relatively large variability across the region
in the summer and Region 19 (subtropical-tropical border) has large variability
during the spring and fall.

In addition to relatively low average annual moisture in mountain and desert
regions (compared to regions at the same latitudes and adjacent longitudes), there
are also significant moisture differences within the same latitude belts from continent
to ocean and from western portions of oceans to eastern portions of oceans; i.e.,
the eastern continental regions generally have lower moisture amounts than adjacent
ocean regions and the eastern ocean regions have lower amounts than western por-
tions of oceans. The physical explanations for these moisture differences across

longitudes along similar latitudes is simple and straightforward:

The underlying surface makes continental air inherently drier (mostly in

the lower 2 km) than air over ocean areas at the same latitudes.

‘ The semipermanent subtropical ocean anticyclone circulation causes general
rising air in the western portion of the anticyclone enhancing convective instability
with relatively deep moist layers (particularly in summer and early fall) while sub-
siding air in the eastern portion of the anticyclone inhibits convection. The result

is lower mean moisture profile values in the eastern oceans than at the same lati-

tudes in the western ocean areas.

The next two sections discuss the profile statistics and the methodology for

fitting these statistics with analytic functions,

12



TABLE

3
HOMOGENEOUS MOISTURE REGIONS

Regi Al i1s
ng;:: Averazzuﬁoismrn Seasonal Change Variability Across Region Location Remarks
1 Extremely low Small Small Arctic
2 Very low Srall to moderate Smail, except moderate in Subarctic and Arctic -
summer continent
3 Low Small Small, except moderate in | Subarctic ocean Very low moisture late fall to
summer early spring
4 Low Moderate to large Small, except large in Polar - continent Moderate moisture summer
summer
5 Low Moderate to large Small, except moderate in | Subpolar Very low moisture winter
surnmer
6 Low Small Small, except large in Polar ocean
N summer
K Low to moderate Moderate Small fall, winter and High mid-latitude - conti- | Summer maximum higher, and
early spring, large in nent winter minimum lower than
summer Regions 8, 9 and 10
8 Low to moderate Small to moderate Small to moderate High mid-latitude - ocean
9 Low to moderate Small to moderate Small, except moderate High mid-latitude - ocean | Winter maximum lower than
summer Region 8
10 Low to moderate Small Small High mid-latitude - ocean | Moisture higher than Regions 8 & 9
11 Moderate Small to moderate Moderate, except large in Mid-latitudé ~ ocean
summer
12 Moderate Small to moderate Small to moderate Eastern low mid-latitude | Higher winter moisture than
oceans Region 11
13 Moderate Large Moderate, except small Mid-latitude continent
in winter and large early
fall
14 Moderate Large Moderate, except large in Lower mid-latitude conti-] Somewhat higher average than
fall nent Regions 11-13.
15 Moderate Moderate to large Moderate, except large in Lower mid-latitude Very high summer and early fall
fall oceans moisture; winter moisture higher
than Region 14 (lowest 2 km)
16 Moderate Small to moderate Moderate Subtropical eastern por-
tion.of oceans
17 Moderate to high Moderate Moderate to large Subtropica including
western 2/3 of oceans
18 Moderate to high Small Small, except small to Eastern subtropical and Winter moisture higher than
moderate in summer and tropical oceans Region 17
fall
19 High Small to ‘moderate Moderate, except large Subtropical-tropical
in spring and fall border
20 High Small Small, except moderate Tropical eastern portion
in sumrher and fall of oceans
21 Very high Small to moderate Moderate, except large in Tropical
spring
22 Very high Small Moderate Tropical oceans except
near Eq. in E, oceans
23 Moderate Moderate Moderate, except small Tropical interior conti-
in spring nent region
24 Extremely high Very small Small Equatorial oceans for
parts of globe
25 Moderate to high Small to moderate Small, except moderate Equatorial continent Lower winter moisture than Region
in winter and spring 24
26 Low Small to moderate Small to moderate Major mountain ranges
average elev. ~2-3 km
27 Very low Small Small to moderate Major mountain ranges
average elev. ~4-7 km
28 Low Small Small Border of mountains mid
and high latitudes
29 Low to moderate Moderate to large Moderate, except largein Border of mountains sub-
sumrner tropics and tropics
30 low Smnall Small, except moderate Deserts
in summer
31 Low Small to moderate Small Border of desert
32 Low to moderate Moderate Small to moderate . Border of desert
33 Low to moderate Moderate Moderate, except large in Border of desert Average moisture similar to Region
fall - {tropical and equatorial) | 23
34 Moderate Very large Very large, except small Mid-latitude - E. coast
in summer Asia
35 Moderate to high Small to moderate Moderate to large, except Tropics - near. continents | Similar to Region 19, except lower
small in fall moisture in spring
36 Moderate to high Large

Moderate, except small in
summer

India and Indian Ocean

Extremely high late spring and
summer moisture
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3.2 The Profile Statistics

For each of the 36 regions, mean monthly profiles and variances of mois-

ture, temperature, pressure and density were computed at 1-km intervals from

the surface to 25 km for each month of the year.

Because the seasons are reversed

between hemispheres, it was necessary to take the seasonal reversal into account

in computing the means and variances for those regions that appear in both hemis-

pheres, Thus, for example, the regional means for ' January" were computed

from January northern hemisphere data and July southern hemisphere data. In

application, if one wanted to determine the mean January profiles and variances

of a northern hemisphere location, he would use the January statistics.

If means

and variances for a southern hemisphere location for Winter Time conditions are

required, the June, July, or Aug, etc. statistics are used. Table 4 illustrates

this point. In practice, the computer program provides the necessary manipulations

to arrive at the correct data set.

The mean monthly profile and variance statistics for all data points, as well

as the mean regional profile and variance statistics are avaijlable on magnetic tape

for all months.

TABLE 4

KEY TO SELECTION OF PROFILE STATISTICS FOR HOMOGENEOUS REGIONS

Profiles Desired in
Northern Hemisphere

Month Selected
Profiles Desired in
Southern Hemisphere

Month Selected

Month l
Jan| Feb | Mar | Apr | May | Jun | Jul JAug | Sep | Oct |Nov | Dec
1 2 3 4 5 61 7 8 9 i0{ 11 12
Jan] Feb | Mar | Apr | May | Jun { Jul {Aug | Sep | Oct {Nov | Dec
7 8 9 10 1111211 2 3 41 5 6

Representative examples of mean moisture profiles are shown by @'s in Fig-

ures 6 through 13 for homogeneous regions from the Arctic to the equator and for

mountain and desert areas (solid line is complete profile from curve fit and extrapola-

tion procedures, see Section 3.3 for details).

indicate:

Examination of these moisture profiles

] The majority of mean profiles exhibit an exponential decrease with

height (nearly straight lines on semi logarithmic paper).
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e  Highest annual average moisture is found in equatorial regions
(Region 24, Figure 10) with mean surface moisture consistently
over 20 g m-3 and lowest annual average moisture in the Arctic
(Region 1, Figure 6) with surface values consistently less than 4

g m-3. (Smallest seasonal variation is also evident in these regions. )

° Moderate to large seasonal variation occurs in mid-latitude regions

(Regions 7, 14 and 34; Figures 7, 8 and 13, respectively).

® Total mean moisture in the column from the surface to 5 km is
higher for July in the mid-latitude (Region 34, Figure 13) than it

is for the equatorial region (Region 24, Figure 10).

e Average moisture is higher for the desert (Region 30, Figure 12)
for most of the year, except summer, than it is for the high mid-

latitude continent {(Region 7, Figure 7).

) Eastern subtropical and tropical ocean areas (Region 18, Figure 9)
show only minor seasonal changes with lowest moisture in winter

and spring.

e  Moisture from 2 km to 5 km is noticeably higher for mountain
regions (Region 26, Figure 11) than it is for the desert areas

{Region 30, Figure 12).

The gradient of moisture across a region for a particular month is related,
in part, to the mean variance value for the region. It is possible, however, to have
a relatively high daily variance in a region where the moisture gradient is small;
e.g., in the tropical (high moisture) regions, Conversely, it is also possible to have
relatively small mean daily variance values in a region where there is a strong
moisture gradient for a particular month (due to little movement of the moisture
gradient from day to day). For example, mid latitude Regions 6 and 7 in July have
fairly strong moisture gradients, but mean variance values are not high,

Although moisture data were not available above 5 km and are therefore not
part of the statistics at each data point, fitting points on the moisture profiles for
each month and each region with the exponential functions (described in the next sec-
tion) result in complete moisture profiles. Examples of the complete profile curves
from fitting exponential functions to the data are shown in Figures 6 through 13.
Differences between '"actual' and 'curve fitted" profiles in the lower 5 km are nearly
negligible,. :

Moisture profiles for all the homogeneous regions are given in Appendix A.
The highest mean moisture profile values in the world are over India and the north

Indian Ocean (Region 36) during the monsoon season (late spring through summer).
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Mean temperature profiles for each region (shown for selected regions and
months in Appendix A behave as expected with the usual Arctic to equatorial increase
and with an annual cycle for most of the globe. The exceptions are highest tempera-
tures observed over the desert regions of the world in the summer months and lower
temperatures in Regions 4 and 5 (polar continent and subpolar) than in Region 3 (sub-
arctic oceans),

Mean monthly pressure is not very meaningful across some of the high lati-
tude regions, because of the strong mean pressure gradient across these regions,
particularly in the winter months. Mean pressure values for the surface in some
non-ocean regions may consist of values computed from locations that are at differ-
ent elevations above sea level, Thus the mean surface pressure values as given in
the statistics for these regions are not really representative of the value at any speci~
fic location., This is particularly true in mountainous regions (26 and 27) where
elevations vary widely over short distances. For Region 27, any data below 3 km
should be disregarded,

The analytic functions, however, provide for computations of surface pres-
sure from the hydrostatic equation using temperature data at the surface and 1 km
above the surface. Thus, the computed surface pressures for these regions are
hydrostatically consistent with the temperature data. Mean monthly density is nearly
the inverse of the temperature distributions because of the relationship given by the
equation of state; i,e.,, maximum densities in the cold season and colder regions,
lowest densities in the high temperature regions and the summer season. Selected

density curves are shown in Appendix A,

3.3 Analytical Representation of Atmospheric Profiles

The statistics comprising mean monthly values and variances of the atmos-
pheric variables developed for each region and month at 1-km intervals from the
surface to 25 km were fitted by analytical functions in a manner designed to mini-
mize the number of numerical coefficients.

All variables and their standard deviations, except means for pressure and
density, were represented as simple power series, multiplied by a single exponen-

tial term (for the more rapidly decaying variables), according to Eq. (10)*.

*For the special case of the water vapor variable, for altitudes above 5 km (for
which no data were available), instead of using Eq.(10), extrapolated estimates of
water vapor were made from the equation Y = Y5 exp (-G(z-5) ), where Y_ is the
computed value of Y at 5 km.
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N M
Y = exp(-Gz)|¥ a, z 71 (10)
n=1
where
Y is the atmospheric variable
N is the number of terms in the power series for each variable
G is a constant to be determined for each region and month
a, are coefficients to be computed for each region and month
z  is altitude above sea level in km
and M is +1 or -1 (see Table 5)

Some values and bounds of values for G, M and N for each variable are listed in
Table 5. Note that temperature has been represented as the reciprocal of a power
series (M = -1) rather than as a direct series (M = 1) because this has the advantage

of permitting use of the same coefficients to compute temperature, pressure and

density. ,
Specifically, the pressure follows from the hydrostatic equation (dp/dz = - og):

Z
P = P, exp[—f (g/RT) dz]
o

Substituting for T from Eq. (10), we have

N
P, expE(g/R) ) anz"/n] (11)

n=1

P

The density follows from the ideal gas law (p = PR'T)
p = p/RT)

Substituting for T and p from Eqs. (10) and (11), we have

N n-1 N n
[ (PO/R) (n2=:1 a z ) exp -(g/R)nz:1 a, z/n (12)

where
P is preasure

is pressure at sea level

g

g is the acceleration of gravity
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R is the gas constant
t is temperature
p is density
and where the values of the a ' s are those determined for the temperature series

according to Eq. (10).

TABLE 5
VALUES FOR CONSTANTS IN EQUATION (10)

Variable G M N
Temperature 0 -1 9
Absolute humidity >0 6
Standard deviation of pressure 1 9
Standard deviation of temperature i 9
Standard deviation of density 1 9
Standard deviation of absolute humidity >0 1 1

To evaluate the coefficients for Eq. (10), first the constant G (if not taken
as zero) was determined. For water vapor and its variance, the data, in general,
varied exponentially with altitude. Thus, a good estimate of G could be established
without much ambiguity,

The a, coefficients for temperature, temperature variance, pressure vari-
ance and density variance were obtained by the least squares method for an 8th degree
polynomial (resulting in 9 coefficients).

The a coefficients for the water vapor variable were determined exactly by
fitting the lowest possible degree polynomial to the not more than 6 data points used
as a basis for each set of calculations.

For all of the variables, for at least some conditions, it was found by appli-
cation of techniques described by Lanczos (1956) that lower degree polynomials than
are indicated by the N-values in Table 5 could be systematically fitted to the data
without serious loss of accuracy. This systematic procedure was incorporated in
the computer program used to determine the a, coefficients in our study. It was
used primarily as an internal check on the reliability of the a, coefficients deter-
mined by the least squares method, but it also permitted us to eliminate coefficients

of higher degree in the power series for the water vapor variables.
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This curve fitting procedure produced profiles of the various parameters and
their variances that, in general, were very near the input values from the profile
statistics; i.e., note that @®'s on Figures 6 through 13 fall either on or very close
to solid curves. Also, compare actual vs curve fit profiles of temperature shown
in Appendix A. For density, actual and curve fit profiles were nearly identical when
plotted on semilog paper.

For operational purposes, the coefficients for generating mean profiles and
variances for all variables, months and regions are available on both punched cards
and magnetic tape. This library of coefficients is to be used with the computer pro-

gram that selects the appropriate coefficients given the latitude, longitude, and
month.
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4. DETAILED MOISTURE ANALYSES

Using individual radiosonde observations, more detailed analyses were
performed for two sites. Temporal conditional tables at 12 and 24 hour intervals
were computed for the moisture content (expressed in absolute humidity) at kilo-
meter levels. In addition, the feasibility of developing frequency distributions of
categorized moisture content profiles was investigated. By suitably combining the
temporal conditionals for moisture with the frequency distributions, it should be
possible to develop unconditional and temporal conditional descriptions of the water
vapor field as has recently been done with cloud-amount statistics (Sherr et al, 1968).
The next logical step would be the incorporation of simulation routines to predict the
attenuation characteristics likely to be encountered as a function of location and time

of year and/or time of day.
4.1 Conditional Probability Relationships

Two magnetic tapes containing daily (0000 and 1200 GMT) radiosonde data
for homogeneous moisture regions 11 and 17 were acquired from NASA/MSFC,
The individual stations and their corresponding periods of record are shown in
Table 6. The data were in the Card Deck 645 format at standard pressure levels
up to 1 mb. At each pressure level, the height, temperature, relative humidity,
wind direction and wind speed are recorded. For the surface observations, the

atmospheric pressure is recorded in those columns otherwise reserved for height

values,
TABLE 6
STATIONS USED FOR DETAILED MOISTURE ANALYSES
Region Station Name Station Number Period of Record T
11 Norfolk, Va. 13737 1/1/61 - 8/2/65
11 Wallops Island, Va. 93739 8/3/65 - 6/3/70
17 Burrwood, La. 12863 1/1/61 - 2/12/65
17 Boothville, La. 12884 2/13/65 - 8/10/69

A computer program was written to do the following:

1) Use the relative humidity and temperature data to calculate

absolute humidities at the indicated pressure levels.

2) Linearly interpolate these values to generate absolute humidities

at kilometer levels (11 levels, surface through 10 km).

3) Output these data onto magnetic tape for subsequent processing.
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In the linear interpolations of Step 2 above, ''motor-boating" values were
assigned an absolute humidity of zero. In setting up the desired 12 and 24 hour
conditional tables, a separate '"zero' water vapor content category was established
which is to be interpreted as motor-boating data rather than a complete absence of
water vapor. The output tape of Step 3 has been preserved and can be used for
developing conditional relationships other than those described here.

Because of the rapid decrease of water vapor with height, no single set of
water vapor categories can work‘ at all levels. Our objective in this case was to
generate tables which would be compatible with the general results described in the
previous sections. Eight water vapor categories were defined relative to the
regional mean (as given in the overall results) for the appropriate height, location
and month, These water vapor categories and their corresponding definitions are
listed below.

Category No. Definition

Motor Boating

More than two standard deviations below the regional mean

Between one and two standard deviations below the regional mesn
Between one-half and one standard deviation below the regional mean
Within one-half a standard deviation of the regional mean

Between one-half and one standard deviation above the regional mean

Between one and two standard deviations above the regional mean

0 N on Bt o WY e

More than two standard deviations above the regional mean

The monthly means and variances (applicable to daily values) for Regions 11 and 17
were extracted for six kilometer levels (surface through 5 km). These were then
used to assign water vapor categories to the daily Virginia and Louisiana data.

(In setting up the final tables, we did not distinguish between Norfolk and Wallops
Island or between Burrwood and Boothsville because in each case the stations are
sufficiently close to each other to be equally representative of their respective local
areas. )

Temporal conditional tables were generated at all six height levels and for
both 12 and 24 hour time intervals. In addition, 24 hour conditionals for both noon
and midnight (GMT) were developed. Figures 14 through 16 show sample output
tables for Region 17, Month 1 (January). Two eight by eight conditional tables (for
two height levels) are printed on each computer page. The regional means and
corresponding standard deviations for the appropriate month for all six height levels
are listed just under the identification line at the top of each page. Level 0 indicates
the surface observations, while Levels 1, 2, etc., refer to heights of 1, 2, etc.
kilometers. The first line (F) of each row indicates the actual number of times 2

particular category was entered, The second line (P) indicates the final probabilities
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as determined by dividing through by the marginal sums of the (F) lines, The (T)
column contains the marginal sums. The last data row (labeled TP) presents the
unconditional distribution of water vapor amounts as divided among the eight cate-
gories. The computer printouts for both regions for the remaining levels and
months will be provided to NASA/MSFC separately.

Clearly, any number of other water vapor categorizations, or presentation
formats, could be imagined. The format presented here would be most useful for
research applications in which day to day water vapor variations or departures 4
from the mean are of interest., If the individual station data are sufficiently dif-
ferent from the regional areas, undesirable biases may develop. This situation
could be rectified by using the means of individual data sets to define water vapor
categories, but then every station and time period would have different category
limits, Of course, this might be perfectly acceptable for localized research
studies,

On the basis of the experience gained in developing the detailed tabulations
(examples shown in Figures 14, 15 and 16), we recommend for practical operational
applications of conditional data (such as in mission simulation work) that the follow-

ing guidelines be used:
1) Reduce the number of water vapor categories to a maximum of five.

2) For strictly operational applications, the moisture catégories should
be based on actual water vapor amounts keyed to sensor response
characteristics rather than to season or region. For research studies,

categories centered around the regional means can be used.

3) Stratify the tabulated data by three-month seasons rather than by

month.

4) Drop both the noon and midnight 24 hour conditionals and use only the

12 hour conditionals together with a Markov scaling routine.

In establishing the category limits suggested in Item 2 above, remote sens-
ing systems specialists should be consulted to ensure that the water vapor amounts
fall into physically significant groupings. In Figure 14, for example, it is seen
that the mean water vapor amount at 5 km is 0, 91 g/m3. Given the much larger
water vapor amounts at other levels, even a factor of 2 change in this value may
have no real significance. It may be that different category limits will be required
for different sensor types, although a five-category subdivision of water vapor

amounts should suffice for most seasors,
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4.2 Moisture Content Profiles

The mean moisture content profiles as derived for the regions described in
Section 3.2 reveal an orderly decrease of moisture content with height, Figure 17
is a typical case showing the mean absolute humidity profile for Region 17 in Janusry.
Also shown are the one standard deviation curves about the mean. In order to com-
pare mean curves such as these with the actual day to day water vapor profiles, a
full year (1961) of twice-daily profiles were examined for the Burrwood, Louisiana
station. A variety of listing formats were studied including a tabulation of the actual
absolute humidity values, profiles as normalized by the total water content in the
column, and cumulative normalized profiles. ,

With few exceptions, the actual day to day profiles exhibit only small depar-
tures from the basic class of curve seen in Figure 17, These departures from the

mean and from each other generally fall into three main categories.
1) The total moisture in the column
2) The level at which moisture becomes insignificant

3) The presence (or absence) of a cloud or moist layer at some level

above the surface,

Total Moisture

An estimate of the total moisture in 2 column was determined by adding
together the absolute humidities at all levels including the surface. Although this
procedure is not strictly correct, the regular spacing of the kilometer level insures
that the final absolute humidity total is at least directly proportional to the column
moisture total. For the 730 profiles of the Burrwood 1961 data, the column totals
ranged from 5. 24 g/m3 to 71.54 g/m3 with a mean of about 36.40 g/m3. The fre-
quency distribution of column totals is shown in Figure 18. Clearly the column

totals represent one possible means of stratifying the data.

Last Significant Moisture Level

Curves A and B in Figure 19 repzjesent typical moisture profiles. Both are
similar in shape to the mean curve displayed in Figure 17. They are fundamentally
different, however, in that in curve A measurable moisture occurs as high as 10 km,
while in B the last non-motor-boating value was measured at 2 km. Thus another
way of categorizing moisture profiles would be by specifying the level at which the
absolute humidity falls permanently below some threshold. If only the shape of the
profile is of interest, the profiles could be normalized by the total moisture in the
column, arranged in a cumulative format and finally categorized by the level at

which some percentage of the column total is achieved,
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Moisture Layers

Curve C in Figure 19 is typical of those cases where a cloud or other mois-
ture layer is present at some level above the surface. The lower portion of the
curve begins as usual, approaching or reaching the zero moisture level, but then
increases again when a moist layer is entered. Subsequently it again approaches
zero moisture at higher levels., The presence or absence of such an upper level
moist layer is thus another categorization parameter,.

In about 1% of the cases examined a moisture inversion was noted at the
surface. Curve D in Figure 19 presents one such case. It is readily noted by an
increase or a very small decrease in the moisture content between the surface and
1 km, rather than the more usual 40% decrease. Again, the presence or absence
of such an inversion can be used to establish profile categories, although in this
case, the rarity of the phenomenon limits its applicability to a general classification
scheme.

On the basis of our study we would recommend a categorization scheme
based upon the total moisture content in a column and the presence or absence of
an upper level moist layer. Once this or some other categorization scheme is
adopted, the development of frequency distributions would be straightforward. As
mentioned before, the actual categorization can be tailored to specific research or
operational needs. The potential categorization parameters listed above all lend

themselves to computer processing and decision making,
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5. CONCLUSIONS AND RECOMMENDATIONS

Because the moisture the atmosphere can hold is temperature dependent,
and because the temperature over most regions of the globe undergoes an annual
cycle and a pole to equator increase, analysis of annual average moisture and its
variability lends itself rather well to a homogeneous region classification system.
Analytic descriptions of the monthly mean and daily variance profiles of atmospheric
parameters for each of the 36 homogeneous regions defined in this study closely
approximate the actual profiles computed for each region.

The computer programs written to use the techniques developed here
(Willand et al, 1971)*permit simple access to the parameter profiles and their
variances from the surface to 25 km, given the month, latitude and longitude (or
region number),

These model atmospheric profiles and their variances, when used as input
to atmospheric attenuation models, provide useful guidance as to the range and
degree of degradation to expect in earth resources data obtained from remote
electromagnetic sensors. They may also be used as an aid in the selection of
sensors or spectral bands.

On the basis of the results of this study and the continued requirement for
knowing the degree of atmospheric attenuation to expect on a particular day and at

a specific location, we recommend the following;

1) That the 4-D models be (a) extended upward to 55 km where data

permit and (b) refined where appropriate.

2) That techniques and procedures be developed to allow use of the

models in computer mission simulations,

3) That the feasibility of combining the 4-D models and the cloud
statistics model, to completely describe the expected attenuation,

be investigated.

*Appendix B of this report.
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1. INTRODUCTION

The purpose of this manual is to describe in detail the procedures and pro-
grams necessary to derive monthly mean and daily variance profiles of moisture,
temperature, density and pressure froin the surface to 25 km for any location of the
globe and for any month of the year. The final report on this study (Spiegler and
Greaves, 1971) describes the concepts behind the study and the results. This manual
should be used in conjunction with the information provided in the final report.

Section 2 discusseés the background data processing in some detail to familiarize
the user with the source data. Sections 3 and 4 describe how to use the computer pro-

grams and data to derive the desired atmospheric model profiles.
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2. DATA PROCESSING

For the development of the 4-D models (see Final Report, Spiegler and

Greaves, 1971), the following constant pressure data sets were available,

1) Daily values of temperature, dew point depression and heights for eight
years on the National Meteorological Center (NMC) 1977 point grid. Temperatures
and heights are from 1000 mb to 300 mb; dewpoint depressions from 850 mb to 500
mb (24 reels of tape).

2) Daily values of temperature and height from 100 mb to 10 mb for seven
years on the NMC grid (7 reels of tape).

3) Monthly means and variances of temperature, dewpoint, and height from
the surface to 100 mb (dewpoint, surface to 500 mb) on the 5° latitude-longitude grid
for the northern hemisphere (1 tape).

4) Monthly means of temperature, dewpoint, and height from the surface
to 100 mb (dewpoint to 500 mb) on the 59 latitude-longitude grid for the southern
hemisphere (1 tape).

5) Midseason monthly variances of temperature, height and dewpoint from
850 mb to 100 mb (dewpoint to 500 mb) at every 5° latitude-longitude for the southern

hemisphere (cards).

6) Daily variances of temperature, dewpoint and height from 850 mb to 100

mb (dewpoint to 500 mb) for latitudes 0° to 15° in the northern hemisphere (cards).

The first two data sets were processed to obtain means and daily variances
of temperature, dewpoint and height. Conversion of these variances to a 5° latitude-
longitude grid (using the 16-point Bessel interpolation scheme) allowed the compu-
tation of daily/monthly variance ratios for the northern hemisphere down to 20°N.
Midseason southern hemisphere daily variances poleward of 20°S were then found by
multiplying the variance ratios by the appropriate southern hemisphere monthly
variances, For the southern hemisphere equatorial region, the northern hemisphere
equatorial variances were used. The high altitude northern hemisphere daily vari-
ances, averaged around latitude circles, were applied to the southern hemisphere.
Because northern hemisphere equatorial data and southern hemisphere means were
not available above 100 mb, the data were extrapolated to 30 mb using regression
equations.

The result of the processing to this point was a comprehensive data network
at constant pressure levels, To interpolate all the data to kilometer levels as

required by this study, the following equations were applied.
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where:
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Subscripts:

pl

km

mean temperature

mean dewpoint

mean vapor pressure

mean absolute humidity

mean height

mean pressure

mean density

standard deviation of temperature
standard deviation of dew point
standard deviation of absolute humidity
standard deviaiton of height
standard deviation of pressure

standard deviation of density

the given pressure level at the bottom of an interpolation
interval

the given pressure level at the top of an interpolation
interval

a given altitude

With the values at constant height levels, several other operations were

performed to put the data in final form, The 5° latitude-longitude means were

converted to the NMC grid. Mean and variance profiles from 0 to 15°N were

retained to form the northern hemisphere tropical data set. The southern hemis-

phere midseason variances were applied to months on either side of the midseason

months to complete that data set.
The final NMC data set consisted of a combination of the three groups of

values available on that grid:

1) Means for all parameters from 1 to 16 km and means for surface mois-~

ture (from the original northern hemisphere 5° latitude-longitude grid
converted to the NMC grid).

2) Means for pressure, temperature and density at the surface and daily

variances of all parameters from the surface to 10 km (from the daily
data tapes on the NMC grid for levels up to 300 mb),

3) Means and daily variances of temperature, pressure and density from

17 to 25 km (from the daily high-altitude data tapes).
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All missing values were then interpolated to complete the data set.
The final statistics produced consisted of approximately 9, 000, 000 values

at constant height surfaces recorded on six tapes, as follows:

The NMC Data Set (3 Tapes)

NMCA1 Months 1 - 4 NMC Grid
NMCBI1 Months 5 - 8 NMC Grid
NMCCI1 Months 9 - 12 NMC Grid

These tapes contain means and variances for 1977 points; pressure, temperature,

and density from surface. to 25 km, moisture from surface to 5 km.

The Southern Hemisphere Data Set (2 Tapes)

SHA1 Months 1 - 6 5% Lat-Long Grid
SHB1 Months 7 - 12 5° Lat-Long Grid

These tapes contain means and variances for 1368 points; pressure, temperature,

and density from surface to 23 km, moisture from surface to 5 km.

The Equatorial (0° to 15°N) Data Set (1 Tape)

EQN Months 1 - 12 5% Lat-Long Grid

This tape contains means and variances for 288 points; pressure, temperature,

and density from surface to 23 km, moisture from surface to 5 km.

These tapes were all written in the same format of one point/record, one
file/month. Each record consists of 210 36-bit integer words; the first 208 words
contain data values multiplied by 100, Word 209 contains the point number, and
word 210 contains the month number. The 208 data words are arranged as 26 levels
of means and variances of pressure, temperature, moisture, and density, in that
order. Thus word 1 contains the surface pressure mean; word 27, the surface
pressure variance; word 208, the 25 km density variance. As the number of records
in each file corresponds to the number of points per grid, ‘the NMC tapes have 1977
records/file, the SH tapes have 1368 records/file, and EQN has 288 records/file.
All tapes were written on a UNIVAC 1108 at 556 BPI binary.

Thirty-six regions were defined over the globe based upon the analysis of
moisture data. Each data point was assigned to a given region. All the point
means and variances were processed to devélop region means and variances from
the surface to 25 km. These were output onto tape NHSH, formatted identically to
the above tapes, except that each record corresponds to a region rather than a

point and the months are not separated by end-of-files,
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3. FINAL DATA FORMATS AND COMPUTER PROGRAMS
3.1 Card Deck Description for the Four-Dimensional Atmospheric Model

Two card decks were assembled containing the data necessary to derive the
monthly mean and variance profiles of moisture, temperature, density and pressure
within "homogeneous' regions, defined on the basis of moisture (Spiegler and Greaves,
1971). The first card deck contains the homogeneous region numbers and boundaries.
The second deck contains the necessary coefficients and constants for use with ana-

Iytic functions to generate the atmospheric profiles,
3.1.1 Card Deck Containing Moisture Regions and Boundaries

Data for this deck were extracted from the map shown in Figure 3 of the

final report (Spiegler and Greaves, 1971), as follows;

The homogeneous moisture region boundaries were drawn along one-
degree latitude-longitude lines to facilitate the problem of region
boundary recognition by the computer. The area between 74°S and

80°N is divided into 155 rows extending from the Greenwich meridian
(0° longitude) eastward for 360° of longitude, back to Greenwich., By
scanning eastward along each row, the number of the region encountered
and the value of its terminating longitude (numbers between 0 and 360)
were recorded and punched on cards. Two cards were used to catalog
one row, even though data for some rows did not extend into the second

card., The card setup is illustrated in Figure 1.
3.1.2 Card Deck Containing Constants and Coefficients

Figure 2 illustrates the deck setup for cards containing the constants and
coefficients for calculating the various atmospheric profiles, As can be seen, nine
cards contain all the data for the analytic functions for each region. The top part
of Figure 2 identifies each variable punched on the card and its location on the card.
For example, the first of the nine coefficients to be used for calculating the standard
deviation(s) of the pressure for Region 1 in January begins in column 1 of card 1,
and is punched on the card in the familiar FORTRAN E format. (For example,

0. 1138250E 02 represents the number . 1138250 x 102 or 11,38250,) The remaining
coefficients extend from left to right onto the second card. The next three sets of
nine coefficients are for calculating the temperature or pressure, standard devia~-

tion of the temperature, and the standard deviation of the density, respectively.
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Six coefficients then follow for calculating the absolute humidity. The next three
values are constants punched in a shorter FORTRAN E format, The first is a single
coefficient to be used for calculating the standard deviation of absolute humidity,

The next two are G constants to be used in Eq. (12) below for calculatiﬁg absolute
humidity or its standard deviation, respectively., The sea-level pressure (P0 x 100)
is punched as an integer constant in columns 68 through 73 of the ninth card. Column
76 is always zero. Two integer values (NL, NU) punched in columns 77 through 80
represent the lowest and the highest kilometer levels, respectively, that were

encountered in the original data during the curve-fitting process,.

3.2 Computations*

Equation (9) below, and the proper coefficients, may be used to calculate
temperature (°K), and standard deviations of pressure, temperature and density.
M

8 -1
v = [ 2 a5 ] (9)
n=1
Equation (10) may be used to calculate pressure in millibars.
N n
P = P, eXP[-(g/R) Z *n” /n] . (10)
n-=

Note that the same set of coefficients used in Eq. (9) for calculating temperature
are used in Eq. (10) for calculating pressure. The density can be calculated using

the equation of state, Eq. (11):

p = p/(RT). (11)

The absolute humidity or its standard deviation may be calculated using Eq. (12)

below.

N M
Y = exp (-Gz)[ 2 a zn'l] . (12)
n=1

&

Equation (13) below is used for determining absolute humidity above 5 km:

Y = Y5 exp (-G(z - 5) ). (13)

*Parts of Section 3.3 of the final report, explaining the analytic expressions
derived for calculating the atmospheric profiles, are repeated in this section.
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Variables for these equations are listed below.

Y is the atmospheric variable

is the number of terms in the power series for each variable.
N = 9 for temperature, pressure and the standard deviations of
pressure, temperature, density. N = 6 for absolute humidity

and N = 1 for its standard deviation,

G is a constant determined for each region and month

a are the appropriate coefficients

Z  is altitude above sea level in kilometers

M is always +1 except when calculating temperature where M = -1
P is pressure (millibars)

P0 is sea level pressure (millibars)

g is acceleration due to gravity (. 09807 km/secz)

R is the gas constant (. 0028704°K/sec/cm2)

p is density

Y, is computed absolute humidity at 5 km

The calculation of each parameter at sea level (Z = 0) presents a special case where

values are calculated as follows:

r . Lo
s |
PO

P = 700.0

Absolute humidity = ay

Standard deviation of temperature = a,
Standard deviation of pressure = ay
Standard deviation of density = ay

Standard deviation of absolute humidity = a,
where

a; is the first coefficient for the variable being calculated.

T is temperature
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4. COMPUTER PROGRAMS FOR CALCULATING ATMOSPHERIC PROFILES

Two computer programs were written to use the data punched on cards to
calculate mean monthly atmospheric profiles and daily variances for specified areas
of the world. The programs were specifically written to be used on the UNIVAC 1108
computer at NASA's Marshall Space Flight Center (MSFC) in Huntsville, Alabama.

4.1 Program No. 1

The first program reads in all of the data cards described in Section 3, veri-
fies that all the cards are in proper order and outputs the data onto magnetic tape in
binary format at 556 BPI, This tape is the data source for the second program which
is described below. The resulting tape from this program contains 14 physical

records,

e Record one is 156 words long containing the integer subscript addresses

of the first region number and terminating longitude of a row.

® Record two is 2300 words long containing packed integer region numbers

and terminating longitudes.

® Records three through fourteen contain all of the floating point constants
and coefficients for computing profiles for each month and region. Each

one of records three through fourteen is 1836 words long.

Each record is further broken down into 36 logical records, each of which contains
51 floating point words., The first word of each logical record is the region number
and the second is the month. Words 3 through 51 are the coefficients stored sequen-

tially. An end-of-file terminates the data on tape.
4,2 Program No. 2

The second program was written to calculate monthly mean and variance
profile curves of moisture, temperature, density and pressure from sea level to
25 km for any location of the globe for any month of the year.

4.2.1 Program Input

The magnetic tape generated by Program No. 1 is required by this program

as input for all coefficients for each region and month. The program also requires

input cards containing data indicating the month(s) and region(s) for which the monthly
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means and variances are desired. Figure 3 illustrates where each input parameter
is to be punched for each profile requested. These parameters are listed and

explained below,

Input Parameter Card Columns Definition

Month Integer This is the month for which the
1 and 2 right-justified profile is to be derived.

Region Integer This is the region for which the

5 and 6 right-justified profile is to be derived. (This
is optional.)

Latitude Floating point This is the latitude at which

10 through 19 the profile is to be derived.
Longitude Floating point This is the east longitude at

20 through 29 which the profile is to be derived.
First km level Floating point The first kilometer level of

30 through 39 interest.
Last km level Floating point The last kilometer level of

interest (X25 km).

Kilometer incre- Floating point Incremental level of the profile
ment 50 through 59

If the region number is punched on the card, the latitude and longitude need not

be punched. If the region number is left blank, a latitude and longitude must be
punched so that the program can find the proper region. All other parameters
must appear on the card. The program has the additional capability for computing
values at increments between (whole) km levels, Thus the kilometer values need
not be whole numbers. All floating point numbers must be punched with a decimal
point somewhere within the area allotted for the parameter, Any number of these

input cards may be placed behind the source or object deck of Program No. 2.
4,2.2 Program Output
For each month and region requested, a table of pressure, temperature,

absolute humidity and density means and variances for each kilometer level is

calculated and printed on the printer.
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Table 1 is included here as a sample output of the profile requested on the

card in Figure 3, Below is a list of the units applicable to the profile parameters.

Profile Parameter Units
Pressure mb
Temperature Kelvin
Absolute Humidity (water) g/m>
Density g/ m3
Variances (standard deviad:ion)2
Level km
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