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ABSTRACT

Results of experiments in measuring stratospheric humidity
have been presented by various investigators in many different units,
This note contains charts and tables to facilitate the time-consuming
conversion of these various moisture parameters to any desired
common base,
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AIDS FOR COMPUTING STRATOSPHERIC MOISTURE

1. PURPOSE

Conversion of various reported measurements of stratospheric
humidity to a common base is necessary before such measurements
can be compared. Scientists from different fields use widely differing
instruments and procedures. Some report humidity in terms of frost
point (F or C); others use mixing ratio or absolute humidity, Some
refer to English or metric heights; others, to pressures, For rapid
converslon of such readings to a common base and to have, under one
cover, reference material for stratospheric moisture computations,
the formulae, tables, and charts contained in this publication have
been prepared.

There is yet another purpose., Not only the amount of water
vapor in the stratosphere, but the variation with altitude of the various
molsture parameters (mixing ratio, frost point, etc,), has proven to be
a highly controversial subject.l' 2,3 Plotting an ascent on the charts
presented herein shows at a glance the variation with altitude of the
frost point, mixing ratio, vapor pressure, and absolute humidity,

2, EXPLANATION

The two charts (Figs, 1 and 2) differ only in the scale of the
ordinate, That of Fig. 1 has pressure on an approximate logarithmic
scale and the corresponding ICAO Standard Atmosphere heights4 on a
linear scale (in kilometers at the left and in thousands of feet at the
right). The ordinate of Fig. 2 has pressure on a linear scale and the
corresponding ICAO Standard Atmosphere heights on an approximate
exponential scale,

Although both charts can be used imterchangeably, interpola-
tion 1s easiler on Fig., 1 when only the altitude is known and Standard
Atmospheric pressure for the altitude is assumed., Figure 2 should be
used when the pressure is known, Errors can occur when Standard
Atmosphere pressure is assumed for a given height, since actual
pressures can differ markedly from those of the Standard Atmosphere,

(Author's manuscript approved 19 December 1960,)



For example, the Standard Atmosphere pressure at 50, 000 feet is
116, 6 mb; yet at this same altitude at 40°N in Janmary over North
America the pressure exceeds 118 mb some 16 percent of the time,
and it is less than 110 mb about 16 percent of the time (it lies outside
the 110 to 118-mb range 32 percent of the time),

Both charts have for their abscissa the mixing ratioona
logarithmic scale, Slanting lines on the charts are labelled in units
of vapor concentration or absolute humidity {milligrams per cubic
meter) at the top, in frost point (both Celsius and Fahrenheit) in the
middle, and in units of vapor pressure (microbars or thousandths of
a millibar) at the bottom, The simplified formula for mixing ratio,

w, in terms of saturated vapor pressure, over ice, gy and air
pressure, p, was used to compute the lines: W, = 622 esi/p .

These slanting lines were determined by compnting the mixing
ratio corresponding to pairs of values of pressure and vapor pressure;
the latter were chosen to give fixed values of frost point, Lines are
drawn for frost points at 10C-degree Intervals with intervening values
indicated by tick marks between them, For convenience, vapor pres-
sures and absolute humidities for each frost point are given in Table 1,

Table 2 presents the relative humidity (U) as a function of the
ambient temperature and frost-point depression. These tables were
derived from the equation U = 100 e/e sl for various combinations
of e and e si corresponding to known temperatures and frost points,

All computations in the tables and on the charts are based on
saturation with respect to ice, not water, and hence do not extend
above -40°C, the approximate lower limif for supercooled water
droplets, All values are obtained from the Smithsonian Meteorological
Tables? except that vapor pressures for frost points below -100°C
were computed from the Goif-Gratch formula,

3. EXAMPLES

The proper use of the charts and tables is best illustrated by
the following examples:



Q.

Find the mixing ratio at 27 i glven a frost point
of -40°C and assuming standard atmospheric
pressure,

A frost point of -40°C corresponds to a vapor
pressure 128 x 10-3 mb and an absolute humidity
of 119 x 10~3 gm/m3. On the left-hand scale of
Fig. 1, 27 km corresponds to 88,704 feet and a
standard atmospheric pressure of 18,5 mb, This
horizontal line intercepts the sloping line labelled
-490°C at a mixing ratio (on the abscissa) of

4,1 gm/kg,

rind the frost point, given a mixing ratio at
140-mb of 0,0116 gm/ke.

On Fig, 2, the intersection of 0.0116 gm/kg
(abscissa) with 140 mb (ordinate) gives -70°C

(sloping line),
At 100 mb the ambient temperature is -50°C and

the mixing ratio is 0,067, what is the relative
humidity?

From Fiz., 2 we find that the mixing ratio of 0,067
at 100 mb ylelds a frost point of -60°C, Subtracting
the frost point from the ambient temperature (-50°C
minus -60°C) yields a frost-point depression of

10C degrees. Going to Table 2 and using the inter-
section of the -50°C temperature with a frost-point
depression of 10C° yields a relative humidity of

27 percent.



4, SYMBOLS AND SUBSCRIPTS
Symbols and subscripts used in this Note are as follows:

SYMBOLS SUBSCRIPTS
Absolute Humidity Dew or Frost Polint d
Atmospheric Pressure Ice i

Saturation S
Water Vapor W

Correction Factor
Gravitational Acceleration
Length

Mass

Precipitable Water
Specific Humidity

Ratio

Relative Humidity
Temperature

Vapor Pressure

<o oC KRR gEH® TP

Volume

9. DEFINITIONS

Commonly used formulae and/or definitions for stratospheric
humidity computations were extracted from the Smithsonian
Meteorological Tables5 unless otherwise noted,

Absolute Humidity or Vapor Concentration ( pw): The density
of water vapor and dry air is defined as the ratio of the mass of water
vapor (My,P to the volume (V) occupled by the mixture: py, = M_/V.

Dew or Frost-Point Temperature (6 d): The temperature to
which a given parcel of air must be cooled at constant pressure and
constant water-vapor content for saturation to occur. A dew point
below 0°C is called the frost point, 6 It is related to the mixing ratio
and pressure by e; (64) = p Wi,/(0.62197 + Wy,

Mixing Ratio (w): In general, for w3 in g/kg and egy and
p in mb, 3
0,62197 f; egy x 10
W, = .
P-1jeqy

4



Here f is a correction factor for the departure of the mixture from
the ideal gas laws, Since fi ranges from 1,0001 at -100°C and
5 mb to 1,0061 at -40°C and 1100 mb, and since in the stratosphere
ey << p/1000, a valid approximation is f, e = P. Thus the rela-
tion can, in practice, be reduced to Wy = 622 esi/p.

Specific Humidity (q): In a system of moilst air the ratio of the
mass of water vapor to the total mass of the system., For many pur-
poses it may be anpproximated6 by the mixing ratio w:

a= w/(1+ w).

Precipitable Water (W): The precipitable water W in the
layer between pressures Py and Pg is given by any of the three
formulasz' 6,7 involving the mixing ratio w(p) at pressure level p,
the relative humidity U, or the absolute humidity [

1/J]2
W = — w(ip) d
g /o, (p) dp

W= 103Ke_ U Ap/gp ;

W= p x10%L

Here K is the ratio of the molecular weight of water vapor to that of
dry alr, p and e, are inmb, W isin cm, U isin percent,

g 1sin cm/sec?, is in gm/ms, and I is the path length in
meters,

Relative Humidity (U): Strictly speaking, relative humidity is
defined as the ratio of the mol fractlon of water vapor in a mass of air
to the mol fraction of water vapor in a mass of air saturated with water
vapor at the same barometric pressure and temperature, However,
for practical purposes, U is equivalt.-'ent6 to 100 w/w g Or 100 e/es »

Fw




Vapor Pressure (e): The saturation vapor pressure with respect

to ice (esi) at pressure p and temperature 0 1is

ey = pwi/(0.6219‘7 +w) .



Table 1, Vapor Pressure and Absolute Humidity of Water Vapor

Saturated with Respect to Ice, (All values extracted
from Smithsonian Meteorological Tables)

°C  microbars g/ m3 °C microbars g/ m3
-1 1144500 0.106 S0 =71 2.252 00 0,002 11k
)2 102,100 0,095 70 =72 1,936 00 0.002 085
-3 90,980 0,085 65 =73 l.A62 00 0.001 799
=Ll 80,570 04075 55 =7L  1.425 00 0.001 550
=45 71.980 0.058 36 =75 14220 00 0,001 334
wlib 634930 0,060 98 =76 1.042 00 0,001 1L5
~},8 504250 0,048 37 =76 757 70 0.000 8l
~}9 Lheh90  0.043 OL =79 W6LL L0 0.000 719
=50 394350 04038 21 =80  .5L7 20 0,000 61
~01 3Le760 0033 €0 =81 .63 60 0,000 523
=52 30.5670 0,030 05 =82 392 50 0.000 LL5
=53 27,030 0,025 50 =03 .331 50 0.000 378
i 23,600 0.023 53 =6 «279 60  0.000 320
~-55 20.920 0,020 78 -85 .235 30 0,000 271
-56 18,380 0.0186 3L =86 L157 70 0.000 229
=57 16,120 0,016 16 27 165 80 0.000 193
~58 14,130  0.01L 23 ~86  .,130 80 0,000 162
=59 12,360 0.012 51 -85 .116 00 0,000 136
~60 10,800 0.010 98 =00 .09 72  0.000 11l
~51 0.32  0.005 &3 <91 080 L9 0.000 096
=52 84223 0,008 Ll =92 L0806 65 0.000 080
53 74155 0,007 36 93 G055 ;2 0,000 067
N 50225 0,006 L5 =95, WOL5 &4 0,000 055
=55 5405  0.005 53 S5  .037 8L 0,000 oL
=56 L5668 0,004 90 96 031 17  0.000 036
57 L0550  Q.00L 27 =07 L0251 0.000 032
58 3,511 0,003 71 -58 021 01 0,000 026
- =69 3.032  C.003 22 -5 L,017 1  0.0CC 021
=70 2,515 0.002 75 <100  .C1L 03 0,000 018
1 microbar = one thousandth of a millibar (10'3 mb) J
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