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1. INTRODUCTION

One of the routines in meteorology and weather forecasting is
the determination of the moisture content in the atmosphere.
There are a number of parameters which measure the amount of water
vapour 1in the atmosphere. Those parameters most frequently
encountered in meteorology are listed below:

{a) saturation vapour pressure

(b) mixing ratio

{(c) relative humidity

(d) specific humidity

{e) dew-point temperature

{(f} wet-bulb temperature.

{g) potential temperature of unsaturated moist air

{h) saturation adiabat, equivalent potential temperature,
and wet-bulb potential temperature

(i) lifting condensation level

The values of these moisture parameters give a quantitative
basis to a forecaster’s perception of the wetness of the
atmosphere. They are also computed in numerical modelling as well
as in the determination of stability indices.

Conventionally, these parameters are obtained either by
checking meteorological tables, or using thermodynamic diagrams
such as tephigrams. For many applications, it is more convenient
to compute these parameters using selected algorithms or formulae.
The purpose of this technical note is to summarize different
algorithms and to evaluate their accuracy and relative speeds of
computation.

In section 2, the basic concepts, methods or algorithms of
computation and reference data for the above moisture related
parameters are described briefly. Section 3 presents the results
of a series of comparisons and makes recommendation on the choice
of algorithms for operational applications.



2. MOISTURE PARAMETERS

(a) Saturation vapour pressure

Concept:

A parcel of air becomes saturated with water vapour when the
water vapour is in equilibrium with the liquid phase or solid
rhase. The saturation vapour pressure over a plane surface of
pure water 1is a function of the temperature only and can be
calculated by integrating the Clausius-Clapeyron equation.

Due to the effect of surface tension, impurity of the liquid
or solid phase, and deviation from the ideal gas law, the
saturation vapour pressure of moist air is slightly different from
the saturation vapour pressure over a plane surface of pure water
or pure 1ice. The deviation is however, quite small, and is less

than 0.05 % in the range of temperature and pressure encountered
in meteorology (WMO 1966).

Method of Computation:

The saturation vapour pressure over a plane surface of pure

water or pure Jice 1is obtained by integrating the Clausius-
Clapeyron equatidn

de _ ¥
dT -~ Tv (1)

for which ¥ is the latent heat of vaporization and v the specific
volume at temperature T. The relationship of ¥ and VY with temp-
erature T 1is measured in calorimetric experiments and use is made
of the virial equation

2
w 1 2
Three formulae for the saturation vapour pressure over water
have been obtained from the procedures described above. The first
two were due to Goff and Gratch (1946 & 1949). The saturation

vapour pressure tabulated in the Smithsonian Meteorological Tables
(List 1963) and the International Meteorological Tables (WMO 1966)
were calculated respectively from these two formulae. The third

one is due to Wexler (1976) and takes into account the data
measured in the early 70’s.

Two corresponding formulae for the saturation vapour pressure
over ice due to Goff and Gratch were used for the generation of
the values tabulated in the Smithsonian Meteorological Tables and
the International Meteorological Tables.



Other formulae for the <calculation of saturated vapour
pressure are obtained either by assuming the latent heat of vapor-
ization ¥ to be a constant and using the ideal gas law for the
specific volume in integrating the Clausius-Clapeyron equation, or
bv numerically fitting the values tabulated in the Smithsonian
Meteorological Tables or International Meteorclogical Tables.

(b) Mixing ratio
Concept:

The mixing ratio r of moist air, defined as the ratio of the
mass of water vapour to that of dry air with which the water
vapour is associated, is a measure of the relative number of the
vapour mole fraction to the dry air mole fraction.

Method of Computation:

The mixing ratio is calculated from the vapour pressure and
the atmospheric pressure using the formula

r=€____§_____ (3)
p - e

where € = 0.62198 is the ratio of the molar mass of water vapour
to that of dry air.

Due to deviation from the ideal gas law, the vapour pressure
used in the equation must be adjusted in order to evaluate the
mixing ratio of air. This is accomplished by multiplying the
vapour pressure in equation (3) an adjustment coefficient f and we
have

re e —to fefe (3a)

where f depends on the temperature and pressure of the air parcel
(table 89, List 1963).

(c) Relative humidity

Concept:

The relative humidity R.H. with respect to water of moist air
at pressure p and temperature T, is the ratio in per cent of the
vapour mole fraction to the vapour mole fraction which the air
would have if it were saturated with respect to water at the same
pressure and temperature. In other words, the relative humidity
measures the amount of water vapour present relative to that
allowed at the same temperature and pressure.



Method of Computation:

The relative humidity can be calculated from the vapour
pressure or the dew-point of the air parcel, and the temperature
of the parcel using the formula

e e (T )
R.H.=-—e-s—rfl,—-)—x100/o =—3FT-—)—XIOO% (-l')

or directly measured by a humidity meter which is used in upper-
air soundings.,

(d) Specific humidity
Concept:

The specific humidity S.H. of moist air is the ratio of the
mass of water vapour to the mass of the moist air (including dry
air and water vapour) in which the mass of water vapour is
contained. It is related to the mixing ratio by

r

SoH- —1——:—1‘—

(3)

(e) Dew-point temperature
Concept:

Dew point T 1is the temperature at which the moist air will
become saturated®with the same mixing. ratio and at the same
pressure. Alternatively, the dew-point may be considered as the
temperature at which the vapour pressure of the air will become
saturated i.e. e = es(Td).

Method of Deduction:

The dew=-point T is calculated from the amount of water
vapour in the air b§ considering the vapour pressure as the
saturation vapour pressure at T4. The vapour pressure of the
parcel of air in question is, in turn, computed from the observed
temperature, wet-bulb temperature and pressure, or from relative
humidity and temperature which are measured in upper air
soundings.

(f) Wet-bulb temperature
Concept:

The thermodynamic wet-bulb temperature T of moist air at
temperature T, pressure p and mixing ratio r "is defined as the
temperature T attained by the moist air when brought adiabatical-
ly to saturatlon at the same pressure p by evaporation into the
moist air, of liquid water at pressure p and temperature Te, and

4



containing the amount of dissolved air corresponding to equili-
brium with saturated air of the same pressure and temperature (WMO
1979).

The thermodynamic wet-bulb temperature defined above 1is
obtained in an adiabatic isobaric process, while the pseudo wet-
bulb temperature, which as defined by Normand’s rule, is the:
temperature where the saturation adiabat through the lifting
condensation level crosses the pressure p of the moist air, is
obtained through an adiabatic non-isobaric process. Due to the
difference in the work done against the external pressure in the
two processes, the thermodynamic wet-bulb temperature is slightly
higher than the pseudo wet-bulb temperature. This difference 1is,
however, very small and can be neglected in all meteorological
applications (Shen 1983).

Method of Measurement:

The wet-bulb temperature is measured by embracing the bulb of
a thermometer by a piece of wet cloth part of which is immersed in
a small pool of water.

Relation with Vapour Pressure:

Considering the enthalpy changes in the adiabatic processes
and regarding air and vapour as ideal gases with constant specific
heat capacities, the thermodynamic wet-bulb temperature can be
shown to obey

[r(Tw) ~ r(T)] L
T-T = e . (6)
p PV

If we express the mixing ratio in terms of the ratio of partial
pressures and noting that the vapour pressure is small compared
with the total pressure, we have

C - rC

_1 P pv _
e es(Tw) = P T (T Tw) (7)

or

e x es(Tw) - Ap (T - Tw) (7a)

In practical situations, due to the effects of convection and
diffusion, the measured wet-bulb temperature may deviate from the
value defined above. To compute the vapour pressure from egquation
(7a) and the measured values of the wet-bulb temperature, the
coefficient A must be adjusted to take into account these effects.
The Smithsonian Meteorological Tables suggests a value of
0.000660 * (1 + 0.00115 T, ) for the coefficient A where here T, is
measured in Kelvin. The Hygrometric Tables (UK Met. Office 1864)
recommends a value of 0.799 x 102 for a ventilation of 1 to 1.5
ms™' and BEEEE ( R%%E  1980) a value of 0.667 x 1077
for a ventilation of 3.5 ms”*, The Royal Observatory uses the
value 0.799 x 1073 for the computation of vapour pressure from the
wet-bulb temperature,.



(g) Potential temperature of unsaturated moist air
Concept:

A parcel of unsaturated moist air, when lifted adiabatically
will behave Jjust 1like a parcel of dry air. But due to the
presence of water vapour, the gas constant and the specific heat
capacity at constant pressure and hence the lapse rate, will be
different from those of dry air.

Method of Computation:

The gas constant and the specific heat capacity for moist air
are related to those of dry air through
R =R (1 + 0.608x10°% r)

m

d
¢ =¢ (p,T) (1 + 0.887x10°3 r).
pm pd

Therefore the lapse rate is given by

r =R /C
mp

~R /C (1 - 0.279x107° r). (8)
d pd

m

For the range of pressure and temperature encountered 1in
meteorology, the deviation of I, from the dry adiabatic lapse rate
[ is very small., For example, even if the mixing ratio is 30
g/kg, a value which is exceptionally high and occurs only rarely
near the surface of the tropical ocean, the deviation is about
0.837 % only. As a result the above adiabatic process can be very
well approximated by the dry adiabat. The potential temperature
is represented to a high degree of precision by the Poisson’s
equation

R /C
9 = T ( 1000 ) d" pd (9)

p

(h) Saturation adiabat, equivalent potential temperature
and wet-bulb potential temperature

Concept:

Saturation adiabat is the line on a thermodynamic diagranm,
along which a parcel of air saturated with water vapour changes

adiabatically. Upon up-lifting of the air parcel, if the water
that condensed out remains in the parcel, the process is
reversible and the entropy is conserved. Otherwise the process is

irreversible and is oftenly referred as pseudoadiabatic.



Both reversible and irreversible processes are present in
nature for changes along saturation adiabats. But the irreversi-
ble "pseudoadiabat”" is used for the saturation adiabat in all
calculation due to its relatively simpler formula and the fact
that the differences between the two curves are very small (Yang
et al 1983, Shen 1983, Wallace and Hobb 1977

The equivalent potential temperature 6 is the temperature
where the asymptote of the saturation adiaBat on the tephigram
cuts the 1000 hPa level and the wet-bulb potential temperature 6
is the temperature on the saturation adiabat at the 1000 hP4
level. Any one saturation adiabat is defined by the 8 or 6, and
there is ‘a one-to-one correspondence between the twd potential
temperatures.

Mathematically the pseudoadiabat is defined by the differ-
ential. equation

(Cp + erw) d(inT) - R d(ln(p-ew)) + d(Lvrw/T) =0 (10)

where the first term describes the heat absorbed by the air parcel
due to temperature change, the second term is the work done
against external pressure in expansion and the last one accounts
for the latent heat released during water condensation.

Algorithms: There is no exact integral for the above differential
equation. If we assume that ryC, << C, then we can integrate
equation (10) to get.

g = Bd exp (Lvrw/T) (11)

e

where 8 and @8 are the potential temperatures for dry air and the
equivalgnt potgntial temperature respectively.

Some authors have improved the above simplified formula by
including adjustment factors (Betts and Dugan 1973, Saunders 1975,
Simpson 1978, Bolton 1980). Amongst these formulae, the Bolton's
formula

= -3
( 1000 )0.2804(1—0.297x10 r)
69 =T

P
X exp ( (—3—%—3-’—6— - 0.00254) r (1 + 0.81x1073p) J (12)
LCL

best fits the numerically integrated data and agrees to within

>

0.02 C.



(i) Lifting condensation level

Concept:

The lifting condensation level is defined as the level at
which an air parcel lifted adiabatically first becomes saturated.

Method of Deviation:

Referring to figure 1, the lifting condensation level can be
found by intersecting any two of the following three curves: (i)
the constant mixing ratio line, (ii) the saturation adiabat
throuzh the wet-bulb temperature and (iii) the dry adiabat through
the air temperature.

Alternatively, it is noted that up to the point when the air
parcel is 1lifted to the 1lifting condensation level, the mixing
ratio and the potential temperature (ignoring the negligible
effect of the presence of moisture) of the air parcel are kept

constant. This means that up to the point of the lifting conden-
sation level, the vapour pressure is proportional to the total
pressure. Then with the use of the Poisson’s equation we have
e _ e - .
—-—6—7-R— = TR— = constant = LLCL’ say (13)
T? TP LCL

The temperature at the lifting condensation level can be deter-
mined from the constant C of the air parcel. The pressure at
the lifting condensation t&¥el is then obtained by applying the
Poisson’s equation.



77.

3. COMPARISON AND RECOMMENDATION

(a) Machine used for computation

The computer used for calculation is a 32-bit minicomputer
MV 20000 from Data-General and the programs are written in Fortran

ii.

iii.

iv.

vi.

(b) Saturation Vapour Pressure over Water

Fifteen formulae including the two Goff-Gratch formulae
and the Wexler formula were identified. They are listed
in Appendix C. Computations were carried out using these
formulae for temperature values in the range of meteoro-
logical interest. Table 1 shows the comparison with the
International Meteorological Tables, Smithsonian Meteoro-
logical Tables and their relative speeds of execution.

The Goff-Gratch formula, GG2, agrees exactly with those
values tabulated in the 1International Meteorological
Tables where this formula was the generating formula for
the tables. The small deviations are due to truncation
to 5 significant figures in the International Meteoro-
logical Tables.

The Goff-Gratch formula, GGl, does not evaluate to the
maximum accuracy for the data tabulated in the Smithson-
ian Meteorological Tables in spite of the fact that GGl
was stated to be the formula used to generate the tables.
This may be attributed to the fact that some of the
values contained in the Smithsonian Meteorological Tables
were obtained by interpolation.

The Wexler's formula (for temperatures greater than 0°C)
agrees with the International and Smithsonian Meteoro-
logical Tables to within 0.084 % and 0.071 % respectively
for positive Celsius temperatures but deviates to some
1.3 % for negative temperatures.

Apart from the Goff-Gratch formula GG2, Sargent’'s and
Wobus' formulae best fit the tabulated data. Both are
about three times as fast as the Goff-Gratch formulae and
both their mean accuracies are better than 0.02 % and
0.01 % with reference to the International and Smithson-
ian Meteorological Tables respectively.

Teten’s formula TT1, obtained by integrating the Claus-
ius-Clapeyron equation by assuming a constant value of
the heat of vaporization and ideal gas law, is accurate
to 1.3 % only when compared with the International
Meteorological Tables. The improved formula TT2, with
the coefficients adjusted, is accurate to only 0.75 %.



Recommendations:

ii.

iii.

ii.

iii.

The Goff-Gratch formula, GG2, the version adopted for the
International Meteorological Tables 1is to be used as the
source of data reference. This replaces the old version
GGl while the Wexler’'’s data have not been universally
accepted.

For applications requiring the highest degree of accu-
racy, the saturation vapour pressure can be obtained by
evaluating the Goff-Gratch formula GGZ. For other appli-
cations, both Wobus’' formula and Sargent’s formula are
very accurate and economical in computation time. These
two formulae are recommended for general applications.

Teten’s formula 1is useful for obtaining the inverse
function, i.e. temperature as a function of saturation
vapour pressure., But as will be shown later in section
(3d), there -are other formulae which describe this
relationship better.

(c) Saturation Vapour Pressure over Ice

Three formulae were identified (Appendix D) and compared
[Table 2]. Two of them were the Goff-Gratch formulae GG1
(1946) and GGZ2 (1949) and the third was due to Lowe
(1977). The reference data were obtained from the
International Meteorological Tables.

The Goff-Gratch formula GG2 agrees with the table to the
extent that the precision of the table allows.

The Lowe's formula has a rms percentage deviation of
0.18 % compared to 0.07 % of the Goff-Gratch formula GG2
but the computation speed is triple that of the Goff-
Gratch formula.

Recommendation:

i L

All three formulae are very accurate. The Goff-Gratch
formula GG2 serves as the standard and Lowe's formula,
which 1is computationally the fastest, can be used for
practical numerical calculations.

(d) Temperature from Saturation Vapour Pressure

Three formulae, one by fitting the Smithsonian Meteoro-
logical Tables (Sargent 1980), one by inverting the
Simplified Wexler’s formula SwWl (Bolton 1980} and one by
inverting the Teten's formula were identified (Appendix
E) and compared [Table 3}. The reference data were the
International Meteorological Tables.

10



ii. Sargent’s formula has a rms percentage deviation of 0.051
% compared to over 0.3 % for Bolton’s formula and inverse
Teten’s formula. Both Sargent’s and Bolton's formulae
are about 2 times faster to compute than the inverse
Teten’'s formula.

iii. The suggestion (Stipanuk 1973 re: Profs lib) to improve
the accuracy of using the inverse Teten’s formula by
iterative substitution of Teten’'s formula has also been
tested. The results show no obvious improvement 1in
accuracy.

Recommendation:

i. Sargent’s formula is both accurate and fast. It is rec-

ommended for all applications.
(e) Mixing Ratio

1. In Table 4, saturation mixing ratios were calculated with
and without the adjustment coefficient (equations (3) and
(3a) in section 2(b)) and compared with the International
Meteorological Tables.

ii. Sargent’'s formula is used for WMR1 and WMR2 for the
evaluation of the saturation vapour pressure over water
in the above calculations.

iii. The formula for the evaluation of the adjustment coef-

' ficient was given by Wobus (Profs Library 1982) and is
accurate to within 0.04 % for a pressure greater than 200
hPa, with reference to table 89 of the Smithsonian
Meteorological Tables (List 1963).

iv. With the adjustment coefficient included the maximum
percentage deviation for the formula WMRZ is 0.094 %
compared to 0.479 % for the formula WMR1 without the
adjustment coefficient. The relative speed of execution
is about 1:1.3.

Recommendation:

i'

i‘

Since the accuracy is significantly improved by including
the adjustment coefficient and the speeds of execution do
not differ much, the formula WMR2 (equation (3a)) is
recommended for evaluation of the mixing ratio.

(f) Temperature at the Lifting Condensation Level

Six formulae were identified (Appendix F: equations (1)
to (5) and equation (8)) and compared for the calculation
of the temperature at the lifting condensation level.

11



ii.

iii.

iv.

vi.

vii.

viii.

Ticr1 and TicrLz were derived by intersecting the constant
mixing ratio line with the dry adiabat. TLcL3 was Ob-
tained by numerical curve fitting.

Ticr4 and Ticis use egqguation (13) in section 2(i); the
former was obtained by fitting the data tabulated in the
Smithsonian Meteorological Tables and the latter was
derived from an approximate formula by Bolton (1980).

PTLCL was obtained by approximating the lines of constant
mixing ratio lines and the dry adiabats on the skew T -
log P chart by straight lines (Profs 1lib 1980). The
temperature and pressure at the 1lifting condensation
level are both calculated in this subroutine.

The reference data TLCLFIT were obtained by solving equa-

tion (13) of section 2(i) numerically. The Goff-Gratch
formula GG2 was used for the calculation of the saturat-
ion vapour pressure. The results of comparison are given

in Table 5.

For all the six formulae, the magimum deviatign from the
reference data is rather small (less than 0.5 C). Among

‘them, Tuicrz deviates least (< 0.05 °C) but takes twice

the time for Quna, which has a maximum deviation barely
exceeding 0.1 C.

Other formulae are less accurate and slower than both
Trcrz and TicL3z.

The computation of the reference data, TLCLFIT, requires
a reasonably good first guess and the speed of computa-
tion depends on the precision required. In general the
speed is about 200 times slower TicLez.

Recommendations:

ii.

TrcLa is computationally the fastest and 1is reasonably
accurate (< 0.1°C), and can be used for calculations when
the temperature at the lifting condensation level has to
be evaluated many times and the speed of computation is a
ma jor consideration.

For applications requiring higher precision, the algor-
ithm Ticrz should be used.

(g) Pressure at the Lifting Condensation Level

Pressure at the lifting condensation level is calculated
from the computed temperature (see the above section) at
the lifting condensation level and the given initial
pressure and temperature of the air parcel by using
Poisson’s equation. PTLCL evaluates both temperature and
pressure at the lifting condensation level in the same
subroutine (section (3f)).



ii.

iii.

iv.

vi,

The reference data PFIT1 was computed from the tempera-
ture reference TLCLFIT wusing Poisson’s equation with
moisture taken into account while PFIT2 was computed in a
similar manner but the small effect of moisture in the
dry adiabatic process was ignored. The results of
comparison are given in Table 6.

There is no significant difference between the pressures
obtained by PFIT1 and PFIT2 with and without including
the mixing ratio in Poisson’s equation. This leads
support to the argument given in section (2g). However,
the latter is about twice as fast as the former.

The difference in the pressures PFIT1 and PLCLZ (obtained
by using TLcL2Z as the temperature at the lifting conden-
sation level) is small and is less than 0.4 hPa.

The use of TLcL3 instead of TLCL2 to give the pressure
PLCL3 is reasonably accurate although the maximum devia-
tion is up to 0.8 hPa.

The pressure computed using PTLCL shows a large deviation
especially when the initial pressure of the air parcel is
high.

Recommendations:

ii.

(h)

ii.

PicL2 which is derived from the temperature TLcCL2 at the
l1ifting condensation 1level using the dry adiabatic
approximation is recommended for the calculation of the
pressure at the lifting condensation level.

PLCL3 is only marginally inferior to PLCLZ2, Considering
that computing TicCL3 takes less time, PLCL3 is preferred
if computation speed is a major concern.

Equivalent Potential Temperature, Wet-Bulb Potential
Temperature and Saturation Adiabat

Two formulae for the conversion between the equivalent
potential temperature (EPT) and the wet-bulb potential
temperature (WPT) were obtained by fitting to the values
tabulated in the Smithsonian Mgteorological Tables. The
maximum deviations gre 0.185 C for the ’'WPT - EPT’
conversion and 0.056 C for the ’EPT - WPT’ conversion
[Tables 7 & 8].

For equivalent potential temperature, values obtained
from the simplified formula PTEQl (equation (1) in
Apprendix G) and the improved formula PTEQ2 {(equation (2)
in Appendix G) were compared. The max%mum deviation be-
tween the two formulae is less than 1.5 C but the simpli-
fied formula is faster than the other by about 1.5 times
[Table 9].

13



iii.

iv,

vi.

Three algorithms for the calculation of the wet-bulb
potential temperature were identified and compared. Both
of the two algorithms WPT1 and WPT2 make use of the
corresponding equivalent potential temperature, evaluated
by PTEQRZ. While WPT1 is the numerically fitted formula
in paragraph 1 in this section, WPT2 evaluates the
wet-bulb potential temperature by finding the wet-bulb
temperature at the 1000 hPa 1level, on a saturation
adiabat defined by the equivalent potential temperature.
This 1is achieved by iterative substitution of PTEQ2.
WPT3 is a separate empirical formula. The results of
comparison are shown in Table 10.

There is no reference data available Ffor the direct

evaluation of wet-bulb potential temperature. We may use
WPT1 which 1is correct to within 1°C (error in PTEQ2 +
error in WPT1l) as the reference data. The maximum

deviation of WPT2 from WPT1 is up to 0.26 'C. For WPT3
the deviation_is larger for higher dry-bulb temperatures
at each pressure level, and exceeds 1.5 C for levels
higher than 700 hPa [Table 10].

The relative time of execution for obtaining WPT1l, WPT2
and WPT3 is about 1 : 16.3 : 1.2.

To evaluate the temperature on a saturation adiabat given
the equivalent potential temperature and pressure or
alternatively to find the pressure on a saturation
adiabat given the equivalent potential temperature and
temperature, a convenient method is iterative substitu-
tion of the formula for the equivalent potential temper-
ature (for example items (7) (8) and (9) in Appendix G)
to the required precision. The accuracy and speed of
computation depend on the choice of the iteration formula
and the convergence scheme.

Recommendations:

ii.

For the evaluation of the equivalent potential tempera-
ture for a saturation adiabat, Bolton's formula is
recommended. The simplified formula ((1) in Appendix G)
may be used for high speed computation and when the
accuracy requirement is more relaxed.

For the calculation of the wet-bulb potential tempera-
ture, WPT1 is recommended because WPT2 is slower and WPT3
gives large deviations. We also note that the function f
in WPT3 (equation (6) in Appendix G) may approach zero,
in which case the evaluation of the WPT3 becomes
impossible.

14



ii.

(i) Other Parameters:

Equation 4 in appendix H evaluates the temperature, given
the saturation mixing ratio and pressure of the air
parcel, and equation 5 in the same appendix gives the dew
point from the relative humidity and temperature. They
are accurate to 0.24 C and 0.16 C respectively.

For other parameters where the methods of evaluation have
not been mentioned in previous discussions, they can be
obtained by a combination of the formulae and/or algor-
ithms listed in the appendices.

15
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Figure 1 Saturated and dry adiabats on a tephigram.
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TABLE 1. SATURATION VAPOUR PRESSURE OVER WATER

International Smithsonian
Meteorological Tables Meteorological Tables Time
al a2 bl b2 al a2 bl b2
1 GG1 0626 .0610 .123  .090 L0780 .0756 L1750 .112 2.9
2 GG2 .0061 .0030 040 .013 .0183 .0155 .092 .040 3.0
3 WEX .3899 .1906 1.425 .563 L3772 L1775 1.393 .539 1.3
4 SG .0192 .0159 .067 .038 .0098 .0037 .096 .027 1.1
3 Swl .2217 .1881 .542 .337 .2098 .1750 542,323 0.8
6 SW2 .3910  .2245 1.310 .411 .3899 .2134 1.341 .393 1.4
7 TT1 1.2872 .6281 4,322 2.026 1.2987 .6383 4.352 2.026 1.2
8 TT2 L7471 .3278 2.624 1.133 L7584 .3379 2.635 1.133 1.2
9 WOBRB L0171 .0148 061 .037 .0090 .0041 .090 .026 1.0
10 N@ 0657 .0642 .126 .093 .0811 .0788 177 L 117 2.8
11 RC .0405 ,0387 106 .104 .0528 .0502 144 0127 1.0
12 LW .1403 .0729 .587 .232 .1385 .0797 610 ,257 0.8
13 3B 1.0009 1.0342 1.344 1.344 .9907 1.0225 1.337 1.337 1.4
14 TB1 5.9173 3.1808 18.97 9.499 5.9043 3.1711 18.93 9.499 1.2
15 TB2 .6682 .4260 1.879 1.138 6563 .4173 1.847 1.114 1.3
a - temperature range from -49.9 to 50.9 deg C in steps of 0.1 deg
b - temperature range from =35.9 to 25.9 deg C in steps of 0.l deg
1 - rms percentage deviation
2 - maximum percentage deviation
Time - relative time of execution
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TABLE 2. SATURATION VAPOUR PRESSURE OVER ICE

TEMP IMT GG2 (PCDV) GG1 (PCDV) LW (PCDV)
-42.0 .1021 .10210¢ ,0026) 10211 ¢ .0142) .10212¢( .0153)
-41.0 L1145 .11450( .0043) .114532( .0160) L11453(  .0242)
-40.0 .1283 .12829( -.0103) .12830( .0022) .12832( .0124)
-39.0 .1436 .14359( -.0097) .14360( .0029) .14360( -.0017)
-38.0 .1606 .16056( -.0260) .16058( -.0128) .16034( -.0358)
-37.0 L1794 .17937( -.0161) .17939¢( -.0045) .17933( -.0370)
-36.0 .2002 .20020( -.00214) .20022¢ .0094) .20014( -.0286)
-35.0 .2232 . 22321 .0160) . 22326 .0284) .22316( ~.0202)
-34.0 2487 .24870( -.0004) 24873 ¢( .0120) .24861( -.0375)
-33.0 .2768 .27682¢ .0058) .27685( .0185) L27672( -.0283)
-32.0 .3078 .30784( .0133) .30788( .0266) .30775( -.0176)
-31.0 . 3420 31204 .0121) . 34208 ( .0239) .34196( -.0128)
-30.0 3797 .37972¢( .0041) «37976( .0161) .37965( -.0141)
-29.0 4212 .42118( ~.0056) .42123( .0069) .42113( -.01686)
-28.0 .4668 .46676( ~.0076) .46682( .0051) .46676( -.0088)
-27.0 .5169 .51686( ~-.0072) .51692¢( .0037) .51689( -.0020)
-26.0 .5719 .57186( -.0072) 57194 .0064) .57193¢ .0049)
-25.0 .6322 .63219( -.0013) .63228( .0124) .63230( .0163)
-24.0 .6983 .69833( .0041) 69841 ( .0163) .69848( .0252)
-23.0 .7708 LTT077( -.0035) 77087 ( .0083) LTT094( .0188)
-22.0 .8501 .850U6( -.0048) .85017( .0079) .85026( .0182)
-21.0 .9368 .93677( -.0032) .93689( .0100) .93698( .0188)
-20.0 1.0315 1.03153¢( .0025) 1.03167( .0161) 1.03174¢( .0232)
-19.0 1.1350 1.13501( .0008) 1.13514¢ .0125) 1.13521¢ .0184)
-18.0 1.2479 1.24794/( .0029) 1.24808( L0147) 1.24811¢ .0167)
-17.0 1.3711 1.37109( -.0010) 1.37126( .0115) 1.37121¢ .0081)
-16.0 1.3053 1.30526( -.0027) 1.50545( .0100) 1.50535¢( .0032)
-15.0 1.6514 1.65138( -.0010) 1.65160¢ .0121) 1.65141¢( .0007)
-14.0 1.8104 1.81040¢( .0002) 1.81060¢( .0113) 1.81035( ~-.0026)
-13.0 1.9833 1.98327( -.0014) 1.98350( .0103) 1.98320( -.0052)
-12.0 2.1712 2.17116( -.0018) 2.17142¢ .00899) 2.17104( -.0075)
-11.0 2.3752 2.37519( -.0003) 2.37549( .0120) 2.37504( -.0066)
-10.0 2.5966 2.59662( .0006) 2.59694( .0131) 2.59646( -.0053)

-9.0 2.8368 2.83677( -.0009) 2.83707¢ .0095) 2.83663( -.0060)

-8.0 3.0970 3.09699( -.0003) 3.09740( .0130) 3.09696( -.0011)

-7.0 3.3789 3.37889( -.0003) 3.37928(¢ .0111) 3.37898(¢ .0025)

-6.0 3.6840 3.68398( -.0003) 3.68450¢( .0135) 3.68430¢ .0081)

-5.0 4,0141 4.01411¢ .0002) 4.01459¢( .0121) 4.01462( .0130)

-4.0 4.3709 4.37088( -.0005) 4.37140¢ .0115) 4,37177( .0200)

-3.0 4.7564 4.75646( .0013) = 4.75706( .0140) 4.75769/( .0272)

~-2.0 5.1727 53.17271¢ .0003) 5.17338¢ .0131) 5.17443( .0334)

-1.0 5.6219 5.62184( -.0010) 5.62259( .0122) 5.62416( .0401)

.0 6.1064 6.10640/¢ .0000) 6.10710( .0113) 6.10918¢ .04535)
Rms percentage deviation .007 013 .018
Max percentage deviation .026 .028 045
Relative time of execution 3 5 1

PCDV - Percentage deviation
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TABLE 3.

TEMPERATURE FROM SATURATION VAPOUR PRESSURE OVER WATER

SVP IMT SG (RCDV) BT (PCDV) ITT (PCDV)
06354 -50.0 -49.998( -.004) -50.005( .009) -49.619( -.762)
.08432 -47.5 -47.500(  .001) -47.511( .023) -47.155( -.727)
»1111 -45.0 -45,003( .006) ~-45.017( .038) -44.690( -.689)
L1454 -42.5 ~-42.504( .009) -42.523( .0353) -42.223( -.652)
L1891 -40.0 -40.,002( .005) -40.025( .062) -39.752( -.620)
L2443 -37.5 -37.5304( .010) -37.530( .080) -37.282( -.381)
.3138 -35.0 -35.002( .007) -35.022( ,090) -34.808( ~.549)
4007 -32.5 -32.501( .004) -32.533( .101) -32.332( ~.517)
.5087 -30.0 -30.002( .007) -30.035( .116) -29.856( -.480}
6423 -27.5 -27.503( .010) -27.336( .132) -27.378( -.444)
.8068 -25.0 =25.002( .009) -25.036( .144) -24.897( -.412)
1.0082 -22.5 -22.503( .012) -22.336( .159) -22.415( -.378)
1.2538 -20.0 -20.002( .010) -20.034( .169) -19.930( -.349)
1.5516 -17.5 -17.503( .015) -17.533(  .186) -17.445( -.315)
1.9114 -15.0 -15.002( .016) =15.030( .202) -14.957( -.285)
2:3441 -12.5 -12.502( .018) -12.527( .219) -12.468( -.256)
2.8622 -10.0 -10.002( .023) -10.025( .246) -9.977( -.225)
3.4802 -7.5 -7.502( .026) -7.521( .283) -7.485( ~-.197)
4.2142 -5.0 -5.002( .042) -5.018( .363) -4.992( -.157)
5.0829 -2.5 -2.502( .076) -2.515( .588) -2.497( -.102)
5.4726 -1.5 -1.502( .131) -1.513( .898) -1.499( -.039)
5.6772 -1.0 -1.002( .204) -1.013( 1.291) -1.000( .033)
5.8886 -.5 -.502( .400) -.512( 2.449) -.501( .230)
6.3324 .5 .498( ~-.4086) .489(-2.204) A97( -.546)
6.5653 1.0 .998( -.188) .990(-1.024) «997( -.329)
6.8057 1.5 1.498( -.123) 1.490( -.640) 1.496( -.262)
7.0338 2.0 1.998( -.097) 1.991( -.455) 1.995( -.233)
7.3099 2.5 2.498( -.079) 2.491( -.343) 2.495( ~.211)
7.5743 3.0 2.998( -.061) 2.992( -.261) 2.994( ~-.190)
8.1284 4.0 3.998( -.048) 3.993( -.169) 3.993( ~-.169)
8.7181 5.0 4.998( -.038) 4.994( -.113) 4,992( -.152)
9.3453 6.0 5.998( -.031) 5.995( -.076) 5.992( -.138)
10.012 7.0 6.998( -.026) 6.996( -.0352) 6.991( -.128)
10.720 8.0 7.998( -.029) 7.997( -.039) 7.990( -.122)
11.473 9.0 8.999( -.013) 8.999( -.014) 8.991( ~.100)
12.271 10.0 9.998( -.016) 9.999( -.009) 9.990( -.096)
13.118 11.0 10.999( -.013) 11.000( .000) 10.990( -.087)
14.016 12.0 11.999( -.011) 12.001( .005) 11.991( -.079)
14.967 13.0 12.998( -.014) 13.001( .005) 12.990( -.076)
15,975 14.0 13.998( -.012) 14.001( .008) 13.990( -.069)
17.042 15.0 14.998( -.011) 15.001( .009) 14.991( ~-.062)
18.171 16.0 15.998( -.011) 16.002( .009) 15.991( -.057)
19.365 17.0 16.998( -.011) 17.001( .008) 16.991( -.052)
20.628 18.0 17.999( -.008) 18.002( .010) 17.992( -.044)
21.962 19.0 18.999( -.008) 19.002( .008) 18.993( -.039)
23.371 20.0 19.999( ~.007) 20.001( .006) 19.993( -.034)
24.858 21.0 20.998( -.008) 21.000( .002) 20.993( -.031)
26.428 22.0 21.999( -.007) 22.000( .000) 21.994( -.026)
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TABLE 3. (cont'd)

SVP IMT SG (PCDV) BT (PCDV) TT (PCDV)
28.083 23.0 22.998( -.008) 22.999( -.003) 22.995( -.023)
29.829 24.0 23.999( -.006) 23.998( -.008) 23.996( -.017)
31.668 25.0 24.998( -.006) 24.997( ~.013) 24.996( ~-.013)
33.606 26.0 25.,999( -.005) 25.996( -.016) 25.997( -.01Q)
35.646 27.0 26.999( -.005) 26.994( -.021) 26.998( -.007)
37.793 28.0 27.999( -.005) 27.993( -.027) 27.999( -.004)
40.052 29.0 28.999( -.005) 28.991( -.032) 29.000( -.001)
42,427 30.0 29.999( -.003) 29.988( -.038) 30.000¢ 001)
44,924 31.0 30.999( -.003) 30.986( ~.044) 31.001¢ 003)
47.548 32.0 31.999( -.004) 31.984( -.050) 32.002¢ .006)
50.303 33.0 32.999( -.004) 32.981( -.057) 33.002¢ .007)
53.197 34.0 33.999( -.003) 33.978( -.063) 34.003¢ 010)
56.233 35.0 34.999( -.003) 34.975( ~-.071) 35.004( .012)
59.418 36.0 35.999( -.004) 35.972( ~-.078) 36.005( .013)
62.759 37.0 36.999( -.003) 36.968( ~-.0886) 37.005¢( 014)
66.260 38.0 37.999( -.003) 37.964( =-.094) 38.006( .013)
69.930 39.0 38.999( -.003) 38.960( ~.101) 39.006¢ 016)
73.773 40.0 39.999( -.003) 39.856( -.110) 40.007 ¢ .016)
77.798 41.0 40.999( -.003) 40.951( ~.118) 41.007¢( 017

2.011 12.0 41.999( ~.002) 41.947( -.127) 42.007¢( ,018)
86.419 43.0 42.999( ~-.002) 42.942( -.136) 43.008¢( 018)
91.029 414.0 43.999( -.002) 43.936( -.145) 44.008¢ 017)
95.850 45.0 44.,993( -.002) 44.930( -.154) 45.008( 017)
100.89 46.0 45.999( ~-.002) 45.925( ~-.163) 46 008( .017)
106.13 47.0 46.998( -.004) 46.918{( -.173) 007 ¢ 011
111.65 48.0 47.998( -.003) 47.911( -.185) 48 007 ( 014)
117.40 49.0 49.000( -.001) 48.906( -.192) 49.008¢( .016)
123.39 30.0 49.999( -.002) 49.898( -.204) 50.006( 013}
126.48 50.5 50.498( -.003) 50.394( ~-.210) 50.506( 011)
Rms percentage deviation .051 .316 .335
Max percentage deviation . 406 2.449 762
Relative time of execution 1 1 2

IMT
SG
BT
ITT

PCDV

~ Sargent’s formula

- Bolton’'s
- Inverse Teten’s formulae

- Percentage deviation

Temperature range for calculating deviations:

formula

International Meteorological Tables

-50 to 50.5 deg C in steps of 0.5 deg C
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TABLE 4. SATURATION MIXING RATIO

PRES TEMP IMT WMR1 PCDV WMR2 PCDV
1000 -5.0 2.6440 2.6326(-.429) 2.61447( .0286)
1000 .0 3.8380 3.8223(~-.410) 3.8396( .043)
1000 5.0 5.4940 5.4709(-.420) 5.4957( .032)
1000 10.0 7.7610 7.7280(-.425) 7.7633( .030)
1000 15.0 10.8310 10.7848(-.427) 10.8348( .035)
1000 20.0 14.9510 14.88535(~-.438) 14.9560( .033)
1000 25.0 20.4370 20.3429(-.460) 20.4422( .0235)
1000 30.0 27.6930 27.5602(-.479) 27.6988( .025)
850 -10.0 2.1100 2.1018(-,387) 2.1101( .006)
850 ~5.0 3.1110 3.0995(-.368) 3.1116( .019)
850 .0 4.5180 4.5017(-.361) 4,5191( .023)
850 3.0 6.4700 6.4464(-.363) 6.4713( .020)
850 10.0 9.1460 9.1117(~.373) 9.1473( .014)
850 15.0 12.7760 12.7269(~.384) 12.7775( .012)
850 20.0 17.6550 17.5866(-.387) 17.6585( .020)
700 -15.0 1.7090 1.7034(-.331) 1.7090( .000)
700 -~10.0 2.5620 2.5541(-.309) 2.5624( .014)
700 -5.0 3.7790 3.7678(-.297) 3.7798( .021)
700 .0 5.4920 5.4748(-.313) 5.4922( ,004)
700 5.0 7.8700 7.8451(-.316) 7.8702( .003)
700 10.0 11.1340 11.0991(-.313) 11.1351( .010)
500 -30.0 .6351 .6336(-.241) .6353( .026)
500 -25.0 1.0078 1.0055(-.232) 1.0080( .021)
500 -20.0 1.5670 1.5639(-.200) 1.5677( .042)
500 -15.0 2.3930 2.3873(-.238) 2.3929(-.004)
500 -10.0 3.5900 3.5816(-.234) 3.5898(-.003)
500 -5.0 5.3000 5.2877(-.232) 5.2997(-.006)
300 -40.0 .3930 .3924(~.,156) .3931{ .022)
300 -35.0 . 6523 .6514(-.136) .6525( .028)
300 -30.0 1.0581 1.0567(-.136) 1.0583( .017)
300 -25.0 1.6798 1.6776(-.132) 1.6800( .012)
300 -20.0 2.6140 2.6108(-.122) 2.6144( .017)
200 -50.0 .1979 .1978(-.058) ,1980( .067)
200 -45.0 . 3461 .3459(-.069) .3463( .044)
200 -40.0 .5893 .5888(-.090) .5894( .012)
200 -35.0 .9785 .9776(-.089) .97886( .007)
200 -30.0 1.5877 1.5863(-.085) 1.5878( .006)
Max percentage deviation 479 .094
Relative time of execution 1 1.3

IMT -~ International Meteorological Tables (WMO 1966)

WMR1 - Without including deviation coefficient from ideal gas
WMRZ - Coefficient for deviation from ideal gas included
PCDV - Percentage deviation
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TABLE 5.

TEMPERATURE AT THE LIFTING CONDENSATION LEVEL

TEMP DEWPT TLCLFIT  TLCL1 TLCL2 TLCL3 TLCL4 TLCL3 PTLCL
-30.0 -50.0 -52.986 =-52.857 ~-52.945 -52.883 -53.336 -52.652 -52.814
-30.0 -45.0  -47.350 -47,218 -47.327 -47.284 -47.441 -47.087 -47.242
-30.0 -40.0 -41.642 ~41.622 -41.632 -41.610 -41.645 -41.430 -41.586
-30.0 -35.0 -35.860 =-35.911 -35.858 -35.851 -35.832 -35.631 =-33.840
-30.0 -30.0 -30.000 =-30.078 =-30.000 =-30.000 -29.984 -29.837 <-30.000
-25.0 -45.0 -18.089 =-47.948 -48.058 -48.001 ~-48.203 =-47.818 -147.920
-25.0 =-40.0 ~42.428 -42.400 -42.413 -42.374 -42.434 -42.210 -42.323
-25.0 -35.0 -36.695 =-36.741 -36.690 <-36.671 -36.668 -36.513 -36.642
-25.0 -30.0 -30.887 -30.961 -30.837 -30.883 -30.879 -30.723 -30.869
-25.0 -23.0 -25.000 -25.078 -25.000 -25.000 -24.988 -24.839 -25.000
-20.0 -40.0  -43.192 ~-43.157 -43.171 -43.118 -43.213 -42.968 ~-43.027
-20.0 =-335.0 -37.507 =-37.546 =-37.499 -37.464 -37.477 -37.320 -37.406
-20.0 -30.0 -31.748 -31.819 -31.748 -31.733 -31.730 -31.583 -31.698
-20.0 =-25.0 -25.914 -25.990 -25.916 -25.914 -25.898 -25.753 -25.898
-20.0 -20.0 ~-20.000 =-20.071 =-20.000 -20.000 -19.992 -19.830 =-20.000
-15,0 -35.0 -38.296 -38.329 -38.284 -38.236 -38.273 -38.105 -38.136
-15.0 -30.0 -32.586 -32.652 -32.585 -32.554 -32.370 -32.418 =-32.489
-15.0 -25.0 -26.802 -26.876 -26.806 ~-26.794 -26.797 -26.642 -26.755
-15.0 -20.0 -20.942 -21.012 -20.946 -20.945 -20.941 -20.774 =-20.927
-15.0 -13.0 -15.000 =-15.062 -15.000 =-15.000 =-14.992 =-14.814 -15.000
-10.0 -30.0 -33.400 =-32.462 -33.398 -33.353 <-33.371 -33.230 -33.246
-10.0 -25.0  -27.666 -27.737 -27.871 -27.641 =-27.648 =-27.505 -27.573
-10.0 -20.0  -21.857 =-21.927 -21.864 -21.855 -21.852 =~-21.692 -21.812
-10.0 -15.0 -15.970 -16.033 =-15.975 -15.977 -15.969 -15.788 -15.956
-10.0 -10.0 -10.000 -10.053 -10.000 =-10.000 -10.000 =-9.792 ~-10.000
-5.0 -25.0 -28.506 =-28.574 =-28.512 -28.470 -28.484 -28.343 -28.356
-5.0 -20.0 -22.747 -22.816 =-22.758 -22.734 -22.734 -22.583 ~22.659
-5.0 -15.0 -16.912 -16.976 =-16.923 -16.916 -16.922 -16.734 ~-16.870
-5.0 -10.0 -10.998 -11.052 -11.005 -11.008 -10.984 -10.795 ~-10.986
-5.0 -5.0 -5.000 -5.043 -5.000 -3.000 -5.004 -4.766 -5.000
.0 -20.0 -23.613 -23.681 -23.626 -23.588 -23.594 -23.450 -23.469
.0 -15.0 -17.829 -17.893 =-17.845 -17.824 -17.820 ~-17.654 =-17.745
.0 -10.0  -11.968 -12.024 -11.981 -11.978 -11.961 -11.770 =-11.929
0 -5.0 -6.027 -6.072 -6.03%4 -6.039  -6.027 -5.798 -6.016
0 .0 .000 -.032 .000 .000 .008 262 .000
5.0 =-25.0 -30.120 -30.182 -30.127 -30.069 -30.094 -29.957 -29.825
5.0 -20.0 -24.456 ~24.522 -24.472 -24.421 -21.438 -24.294 -24.245
5.0 =-15.0 ~ -18.721 -18.786 ~-18.741 -18.705 -18.715 -18.349 -18.582
5.0 -10.0 -12.912 -12.970 -12.931 -12.914 -12.906 -12.718 -12.832
5.0 -5.0 -7.025 -7.073 -7.040 -7.039 -7.023 -6.802 -6.989
5.0 .0 -1.056 -1.091 -1.064 =1.071 =1.047 -.800  -1.047
5.0 5.0 5.000 4.978 5.000 5.000 5.008 5.290 5.000
10.0 -20.0 -25.277 -25.342 -25.295 -25.237 =-25.250 =-25.116 -24.989
10.0 -15.0 -19.590 =-19.654 -19.614 -19.564 -19.3590 =-19.420 -19.385
10.0 -10.0 -13.831 -13.890 -13.856 -13.823 -13.820 =-13.641 ~-13.697
10.0  -5.0. ' -7.997 -8.046 -8.019 -8.004 -7.980 -7.779 -7.920
10.0 .0 -2.083  -2.120 -2.099 -2.100 -2.070 -1.833 -2.049
10.0 5.0 3.914 3.890 3.906  3.898 3.922 4.198 3.923
10.0  10.0 10.000  9.987 10.000 10.000 10.004 10.315  10.000
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TABLE

5. (cont'd)

TEMP DEWPT TLCLFIT TLCL1 TLCL2 TLCL3 TLCL4 TLCL5 PTLCL
15.0 -15.0 -20.437 -~20.301 -20.464 -20.406 -20.422 -20.269 -20.153
15.0 -10.0 -14.726 -14.786 -14.756 -14.708 -14.719 -14.540 -14.526
15.0 -5.0 -8.943 -8.995 -8.971 -8.940 -8.930 -8.730 -8.813
15.0 .0 -3.083 -3.123 -3.106 -3.094 -3.066 -2.839 -3.009
15.0 5.0 2.858 2.832 2.842 2.838 2.867 3.136 2.891
15.0 10.0 8.884 8.869 8.877 8.867 8.895 9.194 8.892
15.0 15.0 15.000 14.990 15.000 15.000 15.016 15.337 15.000
20.0 -10.0 -15.598 -15.659 -15.633 -15.574 -15.590 -15.416 -15.323
20.0 -5.0 -9.864 -9.918 -9.899 -9.,851 -9,852 -93.657 -9.670
20.0 .0 -4.056 -4.0938 -4.,087 -4,057 -4.047 -3.818 -3.930
20.0 5.0 1.829 1.801 1.806 1.816 1.848 2.102 1.901
20.0 10.0 7.798 7.781 7.783 7.777 7.812 8.103 7.829
20.0 15.0 13.853 13.844 13.847 13.836 13.855 14.185 13.860
20.0 20.0 20.000 19.987 20.000 20.000 20.012 20.351 20.000
25.0 ~3.0 -10.763 -10.818 -10.803 -10.742 -10.758 -10.559 -10.492
25.0 .0 -5.005 ~5.048 -5.042 -4,995 -4.992 -4.772 -4,814
25.0 5.0 .828 797 .798 .825 .844 1.094 9351
25.0 10.0 6.741 6.723 6.719 6.726 6.758 7.040 6.810
25.0 15.0 12.737 12.727 12.724 12,716 12.750 13.065 12.767
25.0 20.0 18.822 18.811 18.817 18.804 18.840 19.170 18.828
25.0 25.0 25.000 24.975 25.000 25.000 25.008 25.357 25.000
30.0 .0 -5.930 ~5.976 -5.973 -5.911 -5.910 -5.702 -5.664
30.0 5.0 -.148 -.181 -.185 -.138 -.141 .113 .039
30.0 10.0 5.711 5.691 5.682 5.708 5.730 6.004 5.831
30.0 15.0 11.650 11.640 11.631 11.636 11.668 11.973 11.718
30.0 20.0 17.675 17.666 17.665 17.654 17.688 18.020 17.704
30.0 25.0 23.790 23.770 23.787 23.773 23.797 24.146 23.796
30:0 30.0 30.000 - 29.951 30.000 30.000 30.012 30.352 30.000
35.0 5.0 -1.099 -1.134 -1.144 -1.079 -1.090 -.844 -.838
35.0 10.0 4.707 1.686 4.671 4.718 4,727 4.995 4.891
35.0 15.0 10.592 10.580 10.566 10.590 10.602 10.909 10:.710
35.0 20.0 16.558 16.550 16.543 16.546 16.563 16.300 16.625
35.0 25.0 22.612 22.595 22.606 22.593 22.625 22.967 22.641
35.0 30.0 28.758 28.716 28.757 28.742 28.770 29.111 28.764
35.0 35.0 35.000 34.913 35.000 35.000 34.996 35.334 35.000
Max deviation from TLCLFIT

141 044 .103 .349 357 357
Relative time of execution

180 5 2 1 3 5 5
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TABLE 6.

PRESSURE AT THE LIFTING CONDENSATION LEVEL

PRES: DEWPT TLCLFIT PFIT1 PFIT2 PLCL2 PLCL3 PTLCL

1000 5.0 -20.0 -22.75 786.831 786.834 786.719 786.973 793.95
1000 5.0 -10.0 -11.00 923.849 923.853 923.771 923.732 924.76
1000 .0 -15.0 -17.83 789.522 789.527 789.358 1789.576 796.43
1000 .0 -5.0 -6.03 924.857 924.862 924.770 924.708 925.73
1000 5.0 -10.0 -12.91 792.105 792.112 791.910 792.092 798,82
1000 5.0 .0 -1.06 925.822 925.829 925.731 925.652 926.66
1000 .0 .0 -2.08 858.385 858.396 858.223 858.207 861.49
1000 .0 5.0 3.91 926.740 926.750 926.658 926.563 927.56
1000 .0 5.0 2.86 860.062 860.079 859.911 859.868 863.08
1000 .0 10.0 8.88 927.630 927.644 927.5356 927.44d 928,12
1000 .0 5.0 1.83 799.272 799.294 799.038 799.152 805.48
1000 .0 15.0 13.85 928,472 928.491 928.422 928.295 929.24
1000 .0 10.0 6.74 801.475 801.505 801.287 801.336 807.54
1000 .0 20.0 18.82 929.285 929.311 929.257 929.115 930.04
1000 .0 15.0 11.65 803.594 803.636 803.445 803.494 809.53
1000 .0 25.0 23.79 930.063 930.099 930.064 929.912 930.81
850 .0 -20.0 -21.86 723.295 723.298 723.221 723.315 726.30
850 .0 -15.0 -15.97 781.385 784.388 7841.325 784.310 785.19
850 .0 -20.0 -22.75 668.805 668.809 668.711 668.927 674.86
850 w0 -15.0 -16.91 724.979 724.983 T724.875 724,937 727.88
850 .0 -10.0 -11.00 785.271 785.275 785.206 785.172 786.05
850 0 -15.0 -17.83 671.093 671.098 670.954 671.140 676.97
850 .0 -10.0 -11.97 726.590 726.596 T726.468 726.503 729.40
850 .0 -5.0 -6.03 786.128 786.133 786.054 786.002 786.87
850 .0 -10.0 -12.91 673.288 673.296 673.123 673.278 679.00
850 .0 -3.0 -7.03 728.140 728.149 728.006 728.015 730.86
850 .0 .0 -1.06 786.948 786.955 786.871 786.804 787.66
850 .0 -35.0 -8.00 675.398 675.409 675.218 675.344 680.95
850 . 0 .0 -2.08 729.625 729.637 729.490 729.476 732.27
850 .0 5.0 3.91 787.727 787.737 787.659 787.579 788.42
850 .0 .0 -3.08 677.430 677.446 677.242 677.345 682.84
850 .0 5.0 2.86 731.050 731.067 730.924 730.888 733.62
850 .0 10.0 8.88 788.483 788.497 788.423 1788.327 789.15
850 0 5.0 1.83 679.378 679.400 679.199 679.279 684.66
850 .0 15.0 13.85 789.198 789.218 789.159 789.051 789.86
700 .0 -30.0 -32.59 546.788 546.789 546.799 547.040 552.09
700 .0-20.0 -20.94 645.195 645.197 645.161 645.165 645.90
700 .0 -25.0 -27.67 548.823 548.825 548.786 548.995 553.96
700 .0 -15.0 -15.97 645.964 645.966 645.915 645.902 646.63
700 .0 -20.0 -22.75 550.780 550.784 550.703 550.881 555.717
700 .0 -10.0 -11.00 646.694 646.697 646.640 646.613 647.33
700 .0 -15.0 -17.83 552.664 552.669 552.551 552.703 557.50
700 .0 -35.0 -6.03 647.398 647.403 647.339 647.295 648.01
700 5.0 -10.0 -12.91 554.471 554.479 554.337 554.464 559.17
700 5.0 .0 -1.06 648.073 648.081 648.011 647.956 648.66
700 10.0 -5.0 -8.00 556.209 556.219 556.062 556.166 560.78
700 10.0 5.0 3.91 648.715 648.725 648.661 648.594 649.29



TABLE 6. (cont'd)

PRES TEMP DEWPT TLCLFIT PFIT1 PFIT2 PLCL2 PLCL3 PTLCL
500 -35.0 -530.0 -52.27 384.136 384.136 384.327 381.614 388.43
500 -35.0 -40.0 -40.83 458.418 458.418 458.452 458.510 459.02
500 -30.0 -45.0 -47.35 385.838 385.838 385.979% 386.234 390.00
500 -30.0 -35.0 -35.86 459,067 459.067 459.083 459.125 459.64
500 -25.0 -40.0 -42.43 387.476 387.477 387.568 387.793 391.51
500 -253.0 -30.0 -30.89 459,688 459.689 459.688 459.717 460.24
500 -20.0 -35.0 -37.51 389.050 389.051 389.098 389,295 392.96
500 -20.0 -25.0 -25.91 160.283 460.284 460.270 460.285 460.81
500 -15.0 -30.0 -32.59 390.562 390.564 390.571 390.743 394.35
500 -15.0 -20.0 -20.94 460.853 460.855 1460.830 460.832 461,35
300 -10.0 -25.0 -27.67 392.016 392.018 391.990 392.139 395.69
500 -10.0 -15.0 -15.97 461.402 461.405 461.368 461.359 461.88
500 -3.0 -20.0  -22.75 393.414 393.417 393.359 393.487 396.98
500 -5.0 -10.0 -11.00 161.923 461.926 461.885 4€£1.866 462.38
500 .0 -15.0 -17.83 394.759 394.763 394.679 391,788 398.22
300 -50.0 -65.0 -67.04 227.174 227.174 227.368 227.611 229.99
300 -50.0 -535.0 -55.75 273.778 273.778 273.834 273.902 274.19
300 -45.0 -60.0 -62.12 228.318 228.318 228.489 228.706 231.06
300 -45.0 -50.0 -50.78 274.220 274.220 274.265 274.320 274.62
300 -40.0 -55.0 -57.19 229.421 229.421 229.564 229.758 232.08
300 -40.0 -45.0 -45.81 274.644 274.644 274.677 274.721 275.02
300 -35.0 -50.0 -52.27 230.481 230.482 230.596 230.768 233.06
300 -35.0 -40.0 -40.83 275.051 275.051 275.072 275.106 275.41
300 -30.0 -45.0 -47.35 231.503 231.503 231.587 231.740 234.00
300 -30.0 -35.0 -35.86 275.440 275.440 275.450 275.475 275.79
300 -25.0 -40.0 -42.43 232.486 232.486 232.541 232.676 234.91
300 -25.0 -30.0 -30.89 275.813 275.813 275.813 275.830 276.14
200 -65.0 -80.0 -81.79 148.988 148.988 149.135 149.358 151.00
200 -65.0 -70.0 -70.67 181.555 181.5535 181.613 181.685 181.86
200 -60.0 -75.0 -76.87 149.837 149.837 149.985 150.187 151.81
200 -60.0 -65.0 -65.70 181.890 181.890 181.942 182.004 132.18
200 -55.0 -70.0 -71.96 150.657 150.6537 150.789 150.980 152.58
200 -55.0 -60.0 -60.73 182.210 182.210 182.257 182.309 182.50
200 -50.0 -63.0 ~-67.04 151.449 151.449 151.579 151.741 153.33
200 -50.0 -535.0 -55.75 182.519 182.519 182.556 182.601 182.79
200 -43.0 -60.0 -62.12 152.212 1532.212 152.326 152.471 154.04
200 -45.0 -50.0 -50.78 182.813 182.813 182.844 182.880 1823.08
200 -40.0 =535.0 -57.19 152.947 152.947 153.043 153.172 154.72
200 -10.0 -45.0 -45.81 183.096 183.096 183.118 183.148 183.35

Max deviation from PFITI1 .045 347 .811 2.75

Relative time of execution 2 1 1 1 18

Temperature ranges for comparison (in deg C in steps of 5.0 deg)

at 1000 hPa -20 to 30
at 850 hPa -20 to 20
at 700 hPa -30 to 10
at 500 hPa -40 to O
at 300 hPa -60 to -20
at 200 hPa -70 to -30
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TABLE 7.

EQUIVALENT POTENTIAL TEMPERATURE CALCULATED
FROM WET-BULB POTENTIAL TEMPERATURE

WPT EPT EPTC DV
10.0 478.4 478.316 ~-.0841
38.0 454.8 454.903 .103
36.0 434.2 434.369 .139
34.0 416.5 416,315 -.185
32.0 400.5 400.394 ~-.106
30.0 386.2 386.306 .106
28.0 373.8 373.791 -.009
26.0 362.6 362.628 .028
24.0 352.8 352.627 -.173
22.0 343.5 343.627 127
20.0 335.5 335.492 -.008
18.0 328.0 328.107 107
16.0 321.3 321.373 075
14.0 315.3 315.215 ~-.085
12.0 309.6 309.556 ~.044
10.0 304.4 304.340 ~.060
8.0 299.6 299.517 -.083
6.0 295.0 295.043 043
4.0 290.8 290.878 078
2.0 286.9 286.987 087
.0 283.4 283.338 -.062
-2.0 279.9 279.902 .002
-4.0 276.7 276.651 -.049
-6.0 273.6 273.560 -.040
-8.0 270.6 270.606 .006
-10.0 267.7 267.771 071
-12.0 263.0 265.037 .037
-14.0 262.4 262.396 ~.004
-16.0 259.9 259.842 -.038
-18.0 257.4 257.381 -.019
-20.0 255.,0 255.028 .028
WPT = Wet-Bulb Potential Temperature
EPT = Equivalent Potential Temperature {(in K)
(Smithsonian Meteorological Tables)
EPTC = Equivalent Potential Temperature (Calculated);
see Appendix G
DV = EPTC - EPT
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TABLE 8. WET-BULB POTENTIAL TEMPERATURE CALCULATED
FROM EQUIVALENT POTENTIAL TEMPERATURE

EPT WPT WPTC DV
478.4 40.0 40.000 . 000
454.8 38.0 38.000 .000
134.2 36.0 35.997 -.003
416.5 314.0 34.008 .008
400.5 32.0 31.998 -.00z2
386.2 30.0 29.982 -.018
373.8 28.0 28.009 .009
362.6 26.0 26.003 .003
352.8 24.0 24.040 . 040
343.5 2.0 21.969 -.031
335.5 20.0 19.999 -.001
328.0 18.0 17.968 -.032
321.3 16.0 15.978 -.022
315.3 14.0 14.033 .033
309.6 12.0 12.021 .021
304.4 10.0 10.027 027
299.6 8.0 8.035 .035
295.0 6.0 5.975 -.025
290.8 4.0 3.953 -.047
286.9 2.0 1.944 -.056
283.4 0.0 0.027 .027
279.9 -2.0 -2.004 -.004
276.7 -4.0 -3.965 .035
273.6 -6.0 "=5.963 .037
270.6 -8.0 -7.990 .010
267.7 -10.0 -10.038 -.038
265.0 -12.0 -12.022 -.022
262.4 -14.0 -14.004 -,004
259.9 -16.0 -15.973 027
257.4 -18.0 -18.002 -.002
255.0 =20.0 -20.004 -.004

EPT = Equivalent Potential Temperature (in K)
WPT = Wet-Bulb Potential Temperature (in deg C)
Smithsonian Meteorological Tables)
WPTC = Wet-Bulb Potential Temperature (Calculated);
see Appendix G
DV = WPTC - WPT
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TABLE 9. EQUIVALENT POTENTIAL TEMPERATURE AND TEMPERATURE
ON THE SATURATED ADIABAT

PRES TEMP DEWPT EPTZ2 EPT1

1000 .0 -10.0 5.14 5.03
1000 5.0 -5.0 12.58 12.39
1000 5.0 5.0 20.13 19.80
1000 10.0 -5.0 17.75 17.60
1000 10.0 5.0 25.48 25.59
1000 15.0 -5.0 22.93 22.79
1000 15.0 5.0 30.84 30.52
1000 20.0 10.0 42.53 42.18
1000 20.0 15.0 51.09 51.27
1000 25.0 15.0 56.79 56,33
1000 25.0 20.0 68.63 68.78
1000 30.0 20.0 74.61 75.12
1000 30.0 25.0 91.05 91.04
1000 30.0 30.0 113.57 112.11
850 .0 -15.0 17.30 17.26
850 5.0 -5.0 27.56 27.39
850 10.0 .0 37.07 36.88
850 15.0 -3.0 38.46 38.30
850 15.0 5.0 48.30 48.03
850 20.0 5.0 53.97 533.66
830 20.0 15.0 72.69 72.94
700 -10.0 -30.0 19.73 19.73
700 -~-10.0 -20.0 21.77 21.76
700 -5.0 -25.0 26.15 26.19
700 -5.0 -15.0 29.17% 29.13
700 .0 -15.0 34.83 34.83
700 .0 ~-5.0 41.04 40.90
700 5.0 -10.0 43.14 43.10
700 5.0 .0 51.98 52.29
700 10.0 -5.0 52.66 52.52
700 10.0 5.0 65.15 65.52
700 10.0 10.0 75.08 74.64
500 -30.0 -50.0 23.49 23.61
500 -30.0 -40.0 24.03 24.14
500 -25.0 -45.0 29.80 29.90
500 -25.0 -35.0 30.67 30.76
500 -20.0 -40.0 36.26 36.37
500 -20.0 -30.0 37.62 37.72
500 -15.0 -35.0 42.93 $43.02
500 -15.0 -25.0 45.02 45.11
500 =-10.0 -25.0 51.19 51.32
500 -10.0 -15.0 55.76 55.74
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TABLE 9. (cont'd)

PRES TEMP DEWPT EPT2 EPT1
300 -45.0 -65.0 48.64 48.86
300 -45.0 -55.0 48.85 49.08
300 -40.0 -60.0 55.77 56.01
300 -40.0 -50.0 56.15 56.37
300 -353.0 -55.0 62.97 63.22
300 -35.0 -45.0 63.60 63.84
300 -30.0 -50.0 70.28 70.18
300 -30.0 -40.0 71.31 71.55
300 -25.0 ~45.0 77.75 77.95
300 -23.0 ~35.0 79.42 79.66
200 -65.0 -85.0 56.36 56.70
200 -65.0 ~75.0 56.39 56.70
200 -60.0 -80.0 64.29 64.62
200 -60.0 -70.0 64.34 64.66
200 -35.0 -75.0 72.22 2.57
200 -55.0 -65.0 72.33 72.67
200 -50.0 -=70.0 80.18 80.53
200 -30.0 -60.0 80.38 80.73
200 -15.0 -65.0 88.17 88.51
200 -453.0 =-55.0 88.53 88.86

Relative time of execution 1.4 1
Max deviation in Equivalent Potential Temperature = 1.4356

Temperature TEMP ranges for comparison {(in steps of 3.0 deg C):

-20 C to 30 C for 1000 hPa
-20 C to 20 C for 850 hPa
-30 C to 10 C for 700 hPa
-40 C to 0C for 500 hPa
-60 C to -20 C for 300 hPa
-70 C to =30 C for 200 hPa
Dew-point ranges: TEMP - 20 C to TEMP in steps of 5.0 deg C

EPT1 - equivalent potential temperature by simplified
formula; PTER]l in Appendix G

EPT2 - equivalent potential temperature by Belton’s
formula; PTEQ2 in Appendix G
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TABLE 10.

WET-BULB POTENTIAL TEMPERATURE

PRES TEMP DEWPT EPT WPT1 WPTZ DV WPT3 DV
1000 .0 -10.0 5.14 -2.98 -3.17(-.19) -3.24( -.26)
1000 .0 -3.0 7.41 -1.61 -1.81(-.19) -1.82( -.20)
1000 5.0 -5.0 12.58 1.32 1.14(-.18) 1.12( -.19)
1000 10.0 5.0 25.48 7.62 7.46(-.16) 7.55( -.07)
1000 15.0 10.0 37.03 2.23 12.11(-.13) 12.25( .02)
1000 20.0 10.0 42.53 14.16 14.05(-.11) 14.32( .16)
1000 25.0 10.0 48.03 15.94 15.84(-.10) 16.25( .31)
1000 25.0 15.0 56.79 18.51 18.42(-.09) 18.83( .32)
1000 25.0 20.0 68.63 21.56 21.48(-.08) 21.76( .20)
1000 30.0 15.0 62.49 20.03 19.95(-.08) 20.57( .54)
1000 30.0 20.0 74.61 22.94 22.87(-.08) 23.42( .48)
1000 30.0 25.0 91.05 26.30 26.23(-.08) 26.58( .28)
850 -5.0 =-10.0 13.93 2.04 1.86(-.18) 1.83( -.21)
850 .0 -5.0 22.11 6.10 5.94(-.16) 6.00( -.10)
850 5.0 -5.0 27.56 8.51 8.36(-.13) 8.46( -.03)
850 10.0 .0 37.07 12.25 12.12(-.13) 12.39( .13)
850 15.0 .0 42.61 14.19 14. 08(~.11) 14.46( .27)
850 15.0 5.0 48.30 16.02 15.92(-.10) 16.43( L41)
850 15.0 10.0 56.04 18.30 18. 22(—.08) 18.80( .50)
850 20.0 10.0 61.90 19.88 19.80(-.08) 20.62( .74)
850 20.0 15.0 72.69 22.51 22.43(-.08) 23.28( .77)
700 -5.0 -15.0 29.17 9.18 9.04(-.14) 9.06( -.13)
700 .0 -15.0 34.83 11.42 11.29(-.13) 11.41( -.01)
700 .0 -5.0 41.04 13.65 13.54(-.12) 13.89( .24)
700 5.0 -10.0 43.14 1.4.37 14.25(-.11) 14.67( .30)
700 5.0 -5.0 46.85 15.57 15.47(-.10) 16.02( .45)
700 5.0 .0 51.98 17.14 17.05(-.09) 17.76( .62)
700 10.0 ~-5.0 52.66 17.34 17.24(-.09) 18.13( .79)
700 10.0 .0 57.91 18.82 18.74(-.09) 19.78( .96)
700 10.0 5.0 65.15 20.71 20.63(-.08) 21.84( 1.13)
500 -25.0 -40.0 30.14 9.58 9.44(-.14) 9.75( .17)
500 -25.0 -30.0 31.47 10.11 9.97(-.14) 10.11( .00)
500 -20.0 -35.0 36.80 12.15 12.02(-.13) 12.47( .32)
500 -20.0 -30.0 37.62 12.45 12.32(-.12) 12.69( .25)
500 -20.0 -25.0 38.84 12.88 12,.76(-.13) 13.10( .21)
500 -15.0 -30.0 43.77 14,37 14.46(-.11) 15.25( .68)
500 -15.0 -25.0 45.02 14.98 14.88(-.11) 15.62( .63)
500 -15.0 -20.0 46.84 15.57 15.46(~-.10) 16.22( .65)
500 -10.0 -25.0 51.19 16.90 16.81(-.10) 18.20( 1.30)
500 -10.0 -15.0 55.76 18.23 18.14(-.09) 19.61( 1.38)
500 -5.0 -20.0 59.29 19.19 18.11(-.08) 21.47( 2.28)
500 -5.0 -10.0 65.98 20.92 20.84(-.08) 23.39( 2.47)
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TABLE 10. (cont'd)

PRES TEMP DEWPT EPT WPT1 WPTZ DV WPT3 DV
300 -50.0 -70.0 41.54 13.83 13.71(-.11) 14.96( 1.14)
300 -45.0 -65.0 48.64 16.13 16.03(-.10) 18.05( 1.92)
300 -40.0 -60.0 55.77 18.23 18.14(~-.09) 21.36( 3.14)
300 -~-40.0 -50.0 56.15 18.33 18.25(~-.09) 21.36( 3.03)
300 -35.0 =-33.0 62.97 20.16 20.,08(-.08) 25.05( 4.89)
300 -35.0 -50.0 63.21 20.22 20.14(-.08) 25.05( 4.83)
300 -35.0 -40.0 61.22 20.48 20.40(-.08) 25.12( 4.64)
300 -30.0 -50.0 70.28 21.95 21.87(-.08) 29.23( 7.28)
300 -30.0 -45.0 70.68 22.05 21.97(-.08) 29.24( 7.20)
300 -30.0 -40.0 71.31 22.19 22.12(-.08) 29.29( 7.09)
300 -30.0 -35.0 72.30 22.42 22.35(-.08) 29.42( T7.00)
300 -25.0 -40.0 78.40 23.78 23.70(-.08) 34.04(10.27)
300 -25.0 -=35.Q 79.42 23.99 23.91(-.08) 34.16(10.16)
300 -25.0 -30.0 80.96 24.32 24.24(-.08) 34.40(10.08)
200 -60.0 -75.0 64.31 20.50 20.42(-.08) 26.01( 5.51)
200 -60.0 -=70.0 64.34 20.51 20.43(-.08) 26.00( 5.49)
200 -60.0 -63.0 64.41 20.52 20.44(-.08) 25.99( 5.47)
200 -553.0 ~-75.0 72.22 2.40 22.33(-.08) 30.89( 8.49)
200 -35.0 -70.0 72.26 22.41 22.34(-.08) 30.89( 8.47)
200 -53.0 -60.0 72.46 22.416 22.38(-.08) 30.87( 8.41)
200 -50.0 ~-70.0 80.18 24.15 24,07(-.08) 36.54(12.39)
200 -50.0 -60.0 80.38 24.19 24.12(-.08) 36.52(12.33)
200 -50.0 ~55.0 80.60 24,24 24.16(-.08) 36.51(12.27)
200 -45.0 -63.0 88.17 25.76 25.68(-.08) 43.02(17.26)
200 -45.0 =535.0 88.53 25.83 25.75(-.08) 43.00(17.17)
200 -45.0 -50.0 88.91 25.90 25.82(-.08) 42.99(17.09)
Max deviation at 1000 hPa = .26 .54
Max deviation at 830 hPa = .23 STT
Max deviation at 700 hPa = .22 1.24
Max deviation at 500 hPa = .18 6.10
Max deviation at 300 hPa = .15 10.37
Max deviation at 200 hPa = .10 17.26

Relative time of execution (overall procedures)
' 1 16.3 1.2

DV - Deviation

Deviation compared with temperature TEMP ranges {(in steps of 5 deg):

~20 C to 30 C for 1000 hPa
-20 C to 20 C for 850 hPa
-30 C to 10 C for 700 hPa
-40 C to 0C for 500 hPa
-60 C to -25 C for 300 hPa
-70 ¢ to -45 C for 200 hPa

and dew-point ranges: TEMP - 20 C to TEMP in steps of 5 deg C
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APPENDIX A
PHYSICAL CONSTANTS

Molecular weight of water vapour 18.0153 g mol
Apparant molecular weight of dry air 28.9644 g mol !
Molar gas constant for ideal gas R 8.31432 J mol ' K
Gas constant for dry air Rd 287.03 J kg ' !
Gas constant for water vapour Rv 461.51 J kg K1

Specific heat capacity for dry air at constant pressure C

Range of values: 1003 to 1011 J kg ' K

-1

Values used in computation: 1005 J kg;'1 K1
Specific heat capacity for liquid water C
w

Range of values: 4180 to 4770 J kg ' k!

Values used in computation: 4190 J kg.1 K1

Latent heat of vaporization L
v

Range of values: 2.635 to 2.406 x 10° J kg~!

Values used in computation: 2.501 x 10% J kg!
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APPENDIX B
LIST OF SYMBOLS

Svmbol Unit Description

c J kg
p

specific heat capacity of air parcel
at constant pressure
5 specific heat capacity for dry air
° at constant pressure
specific heat capacity faor moist air
at constant pressure
specific heat capacity for water vapour
at constant pressure
hPa vapour pressure of air parcel
hPa saturation vapour pressure
y Y J kg'1 latent heat of vaporization
hPa pressure
hPa pressure at the lifting condensation level
, T g kg™ ! mixing ratio
J kg~! k! gas constant for dry air
gas constant for moist air

.wRH % relative humidity

= =
[

. specific humidity
dry-bulb temperature

dew-point temperature

- 34 -3 4 W ©® BV ™ YO 00
<
-
oq
1]
=3
=

C
C
Lol C temperature at the lifting condensation level
C wet-bulb temperature

ratio qf molar mass of dry air to that of water
lapse rate for dry air

lapse rate for moist air

potential temperature for dry air portion

equivalent potential temperature

@

S @ @ ©_3 3 O,

C
C
C potential temperature
C
C
C

wet-bulb potential temperature

£

All temperature parameters are measured in degrees Celcius unless
specified otherwise, when these parameters are measured in Kelvin.
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APPENDIX C
LIST OF FORMULAE FOR
SATURATION VAPOUR PRESSURE OVER WATER

Goff-Gratch formula (List 1963, Murray 1967) GG1

T = 373.16 K (Steam Point)

s

Temperature in Kelvin

T
- S —_
A= T 1
- _ T
B =1 T
S
log e = -7.,90298 A + 5.02808 * log (A + 1)
10 s 10

- 1.3816 x 1077 % (10 1%-34% B _ )
+ 8.1328 x 1073 % (10 ~3-4914% A _ 4,

+ log10 (1013.246)

Goff-Gratch formula ( HREERE 1980, WMO 1966 & 1979) GG2

T = 273.16 K

r

Temperature in Kelvin

T
- _ r
A =1 .
N
B = T 1
r
log e = 10.79574 * A - 5,028 % log (B + 1)
10 s 10

+ 1.50475E-4 % (1 - 10 ~8-2969 B,

+ 0.42873E-3 % (10 *-75955 A _ 4y + 0.78614

Wexler's formula (Wexler 1976, Bolton 1980) WEX

Temperature T measured in Kelvin

In (100 e ) = 18.87643854 ~ 2.8354721 x 10727

+ 1.7838301 x 10°° T? - 8.4150417 x 10° 19 7°

+ 4.4412543 x 10°'® 1t - §.0170128 x 10° %
- 2.9912729 x 10° —lz + 2.858487 * 1n (T)
T
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4.

Sargent’s formula (Sargent 1980) SG

In (e ) = 1.809567918 + 0.07266296315 T
8

0.2996403370x10™3 T2 + 0.1160464233E-5 T°

0.4606513971x107% T* + 0.2315159066E-10 T°

6

0.1103513356x10° 2 T

Simplified Wexler’s formula (Bolton 1980) SWwl

T
= 2 < 7 %
e 6.112 * exp (17.67 T I35 )

Simplified Wexler'’s formula (Bolton 1980) SWw2

e = 1.7743 x 10°% (T + 273.15)3-%04
s
T

exp (12.992 T 3778 )

Teten’s formula (Bolton 1980) TT1
T
(7.5 = T + 237.3 )

e = 6.1078 * 10

Teten's formula (Riegel 1974) TT2
1 )

7.567 %x ~——m——————r—
( T + 239.7

e = 6.1078 * 10

Wobus' formula (Profs Library 1982) WOB

Vv = 0.99999683 - 0.90826951 x 1072 T
+ 0.78736169 x 10°% T2 - 0.961117958 x 10°°% T3
+ 0.43884187 x 107 7* - 0.29883885 x 107 '% 1°
+ 0.21874425 x 10°'%2 1% - 0.17892321 x 10°'* 17
+ 0.11112018 x 10°® 78 - 0.30994571 x 10° 1'% 71°
e = 6.1078 —0t
8 v8

38



10. Norquist's formula (Norquist 1973 re: Profs Library) NQ
Temperature in Kelvin

A= 11,344 - 0.0303998 T

B = 3.49149 - 1302.8844 %

C = 23.832241 - 5.02808 log10 T
7

- A
{ ¢ - 1.3816 x 10 x 10 +

-3 B
8.1328 x 10 10° - 2949.076 / T }

11. Richards’ formula (Wigley 1974) RC

Temperature in Kelvin

_ ., _ 373.15

A =1 T

B = 13.3185 A - 1.976 A% - 0.6445 A% - 0.1299 A*
e = 1013.25 *x exp (B)

12. Lowe’s formula (Lowe 1977) LW

e = 6.107799961 + 4.436518521 x 10°' T

s

2 2

+ 1.428945805 x 107° T® + 2.650648471 x 107* 13

+ 3.031240396 x 10°% T* + 2.034080948 x 108 1%

+ 6.136820929 x 10°'! T°

13. Berry et.al’s formula (Berry 1945 re: Tabata 1973) 3B

273
T + 273.15

A =

e = 6.105 A% 31 exp (25.22 (1-A))
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14. Tabata's formula (Tabata 1973) TB1

3
.32237885 x 1
9.28603523 - 2-3223788S x 10 ]

TT+273.15

15. Tabata’s formula (Tabata 1973) TB2

N 1000
) T + 273.15
e = 10 ©-42926609 - 1.82717843 A - 0.071208271 a?

8
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APPENDIX D
LIST OF FORMULAE FOR
SATURATION VAPOUR PRESSURE OVER ICE

1. Goff-Gratch formula (List 1963, Murray 1967) GGl

Temperature in Kelvin

. 273.15
A = T
T
B =1- =73
log e = - 9.09718 (A -1) - 3.56654 log  (A)
10 s 10

+ 0.876793 B + log10 (6.1071)

2. Goff-Gratch formula ( $REZE 1980, WMO 1966 & 1979) GG2
T = 273.16 K

r

Temperature in XKelvin

Tr
A= —
log e = -9.09685 * A - 3.56654 * log _ ()
- _9;§%§§3_ + 10.75981

3. Lowe’s formula {(Lowe 1977) LW
e = 6.109177956 + 5.034698970 x 107t T
+ 1.886013408 x 1072 T2 + 4.176223716 x 10°* T3
+ 5.824720280 x 107 T? + 4.838803174 x 107°% T°

+ 1.838826904 x 10°1° T8
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APPENDIX E
LIST OF FORMULAE FOR CALCULATING
TEMPERATURE FROM SATURATION VAPOUR PRESSURE OVER WATER

1. Sargent’'s formula (Sargent 1980) SG
V = 1n (e )
S

T = -22.59529963 + 11.33418988 V

P 3

+ 0.5756940348 V2 + 0.3025080051 x 107! Vv

4 5

+ 0.1778276954 x 1072 v* + 0.7443287646 x 1071 v

+ 0.1129170314 x 10°% v®

2. Bolton's formula (Bolton 1980) BT

V = 1n (es)
T = 243.5 vV - 440.8
- 19.48 -V

3. Inverse Teten's formula (Profs Library 1982) ITT

e

- s
X = log . (—g—yo73~)
B=7.5-X
) X
T = 237.3 ——
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APPENDIX F
LIST OF FORMULAE FOR CALCULATING
TEMPERATURE AND PRESSURE
AT THE LIFTING CONDENSATION LEVEL

1. TLCL1 (Bolton 19890)

Temperature in Kelvin

T - 2840 .
tct - T3.5 In (T) - In (e (T_)) - 1.805

w
(91}

2. TLCL2 (Bolton 1980Ff

Temperature in Kelvin

1

A= —g——35

3. TLCL3 (Wobus re: Profs Library 1982)
S =T - Td = dew-point depression
T, =T-1.2185S +1.278 x 107 TS - 2.19 x 1077 §?
+1.173 x 107> 8% - 5.2 x 107 T 5%

4. TLCL4 (List 1963)

log, (T)

A= 0.286 - loglo(e‘(Td))

T . = 52811771161 x 10% - 2.7855244942 x 107 A
+ 6.1825383673 x 102 A% - 7.1113206422 x 10! A3

+ 4.1693969217 A - -9.8966217588 x 1072 aS
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5. TLCL5 (List 1963, Bolton 1980)

. - es(Td)
T 35011
B = 1n (A) + 17.847274717
T _ 217.8 B
rct 12.992 - B
6. Poisson’s equation with moisture included PLCL1

3.5011
+ 273.15 ) 1 - 0.000293r

7. Poisson’s equation without including moisture PLCL2

T + 273.15 3.5011
pLCL =P ( T + 273.15 )

8. PTLCL (Schlatter 1981 re: Profs Library)
Approximate lines of constant potential temperature and
constant mixing ratio on the skew T - log P chart by

straight lines

A = 4098.026
(T, + 237.3)°
B = 1
- 0.28541 (T + 273.15)
AB (T - Td)
= *
PLCL P exp B - A
T - Td
TLCL=T+A B - A
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APPENDIX G
LIST OF ALGORITHMS FOR CALCULATING
EQUIVALENT AND WET-BULB POTENTIAL TEMPERATURES,
AND TEMPERATURE AND PRESSURE ON THE SATURATION:  ADIABAT

1 .PTEQ!l (Yang et al 1980, Wallace and Hobb 1977)

Temperature in Kelvin;

Air parcel saturated with water vapour

Br
w
T

1000 0.286
5 | exp |

9e=T[
B = 2.6518986 = Lv

(If air parcel is not saturated, lift the air parcel up

to the lifting condensation level and use TLCL instead of

T.)

2. PTEQ2 (Bolton 1980)

Temperature in Kelvin

—_— -3
( 1000 )0.2804(1 0.297x10 °r)
ee = T
P
X exp ( (_i%ﬁlﬁ— - 0.00254) r (1 + 0.81x107%r) )
LCL

3. PTEQR3 Calculate equivalent potential temperature from wet-bulb
potential temperature
{Formula obtained by fitting the parameters in table 78,

List 1963)

6e = 10.18804873 + 1.7688694162 Gw

+ 2.6549216624 x 1072 62 + 5.9275582411 x 10™% ¢ °

w w

+ 5.6218257129 x 10°% 6 * + 3.518910:876 x 107% @

W w

]

+ 6.3019127555 x 107 ¢ ©

w
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4. WPT1 Calculate wet-bulb potential temperature from equivalent
potential temperature

(Formula obtained by fitting the parameters in table 78,

List 1963)
0 = - 6.2609512839 + 6.6480400261 x 107! 0
w
- 5.1338815795 x 10> 6 % + 8.1910107184 x 1075 g 3

e e

+ 4.5363160786 x 10~ ee4 - 6.3992885228 x 10°% g S

e

+ 1.0670460222 x 10711 6 ® - 1.2831483168 x 10°'3 g 7

e e

+ 1.6177730539 x 10°'% g ®

e

5. WPT2 Wet-bulb potential temperature

(Stipanuk 1973 re: Profs Library) WPT2

step i. Calculate equivalent potential temperature with PTEQ2
ii. Calculate wet-bulb potential temperature with TTSAl

6. WPT3 Wet-bulb potential temperature (Profs Library)

T
6 =6+ 6.1071 ( exp (_?%TT—) - exp (‘TT%rT“) )
d

w

where

f(y) = 1.8199427 x 10" + 2.16408 x 107 ' y
+ 3.071631 x 107* y% + 3.895366 x 10°° ¢°
+1.96182 x 10°% y* + 5.293557 x 107! y®

+ 7.399595 x 10" y® - 4.19835 x 107 y7

7. TTSAl Temperature on a pseudoadiabat defined by an equivalent

potential temperature (Yang et al. 1983, Wallace and Hobb
1977)

step 1i. initial guess for T
ii., calculate Ge using PTEQ1

iii. adjust T until deviation from given 6 is small
e
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8. TTSA2 Temperature on a pseudoadiabat defined by an equivalent
potential temperature

Similar to TTSAl but use PTEQ2

9. PPSAl Pressure on a pseudoadiabat defined by an equivalent
potential temperature
Similar to TTSAl but calculate pressure from given
temperature instead of calculate temperature from

given pressure
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APPENDIX H
OTHER FORMULAE

Mixing ratio without correction for deviation from ideal gas

e
r = ¢ —

P €

0.62198

™
1]

Mixing ratio with correction for deviation from ideal gas

r o= fe
=€ p - fe
-6 -7 7500 2
f =1+ 4.5 x 10 p + 5.6 x 10 (T - 12.5 + 5 )

e = 0,62198
The function f fits table 89, List 1963 by Wobus (Profs

Library)

Relative humidity

es(Td)
R.H. = 100 % x —?s-(—;f-)-—-

Temperature from saturation mixing ratio and pressure

(Stipanuk 1973 re: Profs Library)
P

voE et f Fmm e )
T = 10(0.0498646455 y + 2.4082965) _ 7.07475

2
+ 38.9114 x 1000915 ¥y - 1.2038) _ 993 15
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Dew-point from relative humidity and temperature
(Parry 1969 re: Profs Library)

vy = 1.- 0.01 % (R.H.)
T, =T - (14.55 + 0.114 T) y - ({2.5 + 0.007 T) y)°

- (15.9 + 0.117 T) y'*

Specific humidity

r

S.H. = -l—:—r—-
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