
ARTÍCULO/ARTICLE SECCIÓN/SECTION C
EN CIENCIAS E INGENIERÍAS

AVANCES

A Simplified Analytical Method to Calculate the Lifting Condensation Level from a Skew-T
Log-P Chart

Erith Muñoz 1∗, Rafael Mundaray2, Nelson Falcón3

1Facultad de Ingeniería, Universidad de Carabobo, Carabobo, Venezuela.
2National Institute of Meteorology and Hydrology, Caracas, Venezuela.

3Laboratorio de Física de la Atmósfera y el Espacio Ultraterrestre, FaCYT Universidad de Carabobo,
Apdo postal 129 Avda Bolivar Norte, Valencia Edo Carabobo, Venezuela.

∗Autor principal/Corresponding author, e-mail: erith7@gmail.com

Editado por/Edited by: Cesar Zambrano, Ph.D.
Recibido/Received: 2015/05/19. Aceptado/Accepted: 2015/09/27.

Publicado en línea/Published on Web: 2015/12/30. Impreso/Printed: 2015/12/30.

Abstract

In this work, a methodological framework is presented to automate the Lifting Condensa-
tion Level (LCL) height estimate process in meteorological applications, by assimilating 
dependencies on the saturation mixing ratio from a Skew-T log-P chart. Results of the 
methodology implementation show a high correlation with the measurements made by at-
mospheric soundings. In addition, LCL height maps were built for the Caribbean region, 
these were generated by the proposed automatized process using daily reanalysis data from 
1948 to 2010.

Keywords. Lifting  Condensation Level, Cloud Base Altitude, Cloud Physics, Espy’s Equa-
tion.

Resumen

En este trabajo, se propone un marco metodológico para automatizar el proceso de esti-
mación de la altura del nivel de condensación por ascenso (LCL, por sus siglas en inglés)
desde un enfoque de meteorología operativa, considerando la dependencia de una parcela
de aire convectiva, respecto a la razón de mezcla de saturación, usando para esto, un di-
agrama oblicuo-T log-P. Los resultados de la evaluación de la metodología muestran una
alta correlación cuando son comparados respecto a mediciones realizadas con radiosondas.
Adicionalmente, se muestra el resultado de la generación automatizada de mapas prome-
dios mensuales y anual de LCL sobre el Caribe, para una serie temporal de datos reanálisis
que comprende datos diarios desde 1948 a 2010.

Palabras Clave. Nivel de Condensación por Ascenso, Altitud de base de Nube, Física de
Nubes, Ecuación de Espy.

Introduction

The LCL computation has important applications from
a meteorological point of view; as it is a technique long
used to estimate boundary layer cloud heights has been
the lifting condensation level (LCL) calculation [4]. The
LCL is defined as the pressure-temperaturepoint at which
a dry-adiabatically rising air parcel of initially specified
pressure, temperature, and moisture content reaches sat-
uration [18]. On a Skew-T log-P chart, this point is the
interception of the line of constant saturation mixing ra-
tio w

s
, drawn from the initial dew point temperatureT

d
,

and the dry-adiabaticΓ
d

line drawn from the initial sur-
face temperatureT

o
. Thus, ifT

o
andT

d
are known, the

LCL heightz
LCL

can be estimated by a Skew-T log-P
chart.

In mathematical terms, whenT
o

andT
d

are known the
z
LCL

can be calculated by the equation 1 [6], in which
the dry-adiabatic lapse rateΓ

d
is approximately9.8K/km,

and the dew point lapse rateΓ
dew

is 1.8 K/km. There-
fore, generally the diference betweenΓ

d
andΓ

dew
is

defined as8.0 K/km, and then equation 1 is simplified to
2, whereT

o
andT

d
are expressed in Kelvin andz

LCL

in meters.

z
LCL

=
T0 − T

d

Γ
d
− Γ

dew

(1)
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z
LCL

= 125(T0 − T
d
) (2)

The approach taken in the equation 2 is based upon the
assumption that the dew point temperature lapse rate
and the dry-adiabatic lapse rate are both constants in the
troposphere. Moreover, gross errors in thez

LCL
calcu-

lations could result if the surface temperature and/or the
dewpoint do not represent the thermodynamic profile in
the boundary layer [4]. Considering thatΓ

dew
varies

from 1.6 to 1.8 K/km, and that it is assumed to be a con-
stant when applying the equation 2, uncertainties higher
than200 meters could be expected. Regarding the ac-
curacy level provided by the calculation ofz

LCL
from a

Skew-T log-P chart, where the dependence ofΓ
dew

on
the saturation mixing ratio is considered, the availabil-
ity of an analytical equation to estimatez

LCL
is useful

for the automation of the LCL estimate process.

Even when several analytical equations have been pro-
posed forz

LCL
calculation [1, 10, 17], neither of them

allow the replication, in an automatic way, of the method-
ology of a thermodynamical diagram, such as the Skew-
T log-P chart. In this paper, an altenative analytical
equation is proposed, in order to automate the method-
ology involved in the Skew-T log-P chart to calculate
z
LCL

. The main feature of this model is the assimila-
tion of the dependence ofΓ

dew
on the saturation mixing

ratio from a Skew-T log-P chart. Taking into account
the dependence ofΓ

dew
onw

s
, an enhancement of the

estimation accuracy ofz
LCL

is expected.

Metholodoly

To determinez
LCL

in automatic mode, and following
the procedures established in the Skew-T log-P chart
methodology, we analyzed mathematic functions that
could explain how the dew point temperature lapse rate
depends on the saturation mixing ratio. In a Skew-T
log-P chart, this dependence determines the location of
the interception point between the dry adiabatic line for
the state defined by the initial surface temperature and
the dew point temperature for a convective air parcel.

When a convective parcel of air ascends adiabatically
in the atmospheres until reaching saturation, the tem-
perature at the LCL height (T

LCL
), also known as the

condensation temperature, can be calculated by using
the empirical equation of Barnes [1]. Equation 3 shows
the model of Barnes, in which the difference between
T
LCL

andT
d
, divided by the difference betweenT

o
and

T
d

is a constant as a consecuence of the relation between
T
LCL

andT
d
. Then the equation 4 leads to establish a

functional dependence ofk onT
d
.

k =
T
d
− T

LCL

T
o
− T

d

(3)

k = 0.001296T
d
+ 0.1963 (4)

WhereT
d

is measured in Celsius. Combining the equa-
tions (3) and (4), and isolatingT

LCL
we have:

T
LCL

= T
d
− (0.001296T

d
+ 0.1963)(T

o
− T

d
) (5)

The equation 5 is useful, because ifT
o

andT
d

are known,
T
LCL

can be estimated directly, and with an uncertainty
near to0, 5C [1]. This is a starting point that estab-
lishes a conceptual framework to build an analytical ex-
pression to calculatez

LCL
, on the basis of fundamental

atmospheric physics.

It is also known that the temperature of the convective
parcel decreases linearly according to the pseudoadia-
batic lapse rateΓ

s
[5, 11, 12, 16], until it reachesz

LCL
,

then:

T
LCL

= T
o
− Γ

s
(z

LCL
− z

o
) (6)

Isolating z
LCL

, and considering thatz
o

is the initial
height (in meters) above sea level of the convective par-
cel, we obtain:

z
LCL

= z
o
+

T
o
− T

LCL

Γ
s

(7)

As Γ
s

is a constant in equation 7 (Γ
s
= 6.5K.km

−1,
approximately), it could be analogous to equation 1, in
the sense that both lead toz

LCL
estimates whenT

o
and

T
d

are known. However this scenario is only feasible in
a free atmosphere. In contrast, variations inΓ

s
are fre-

quent in a standard atmosphere; hence, there is a posi-
bility to include such changes into the analytical formu-
lation by using equation 8 [8].

Γ
s
= Γ

d

[1 +
Lws

R
′
To
]

[1 +
L

2
εws

R

′
cpT

2
o
]

(8)

whereL is latent heat,R′ is the universal gas constant,
andc

p
is the heat capacity at constant pressure [2], the

set of variables presented in equation 8 can be consid-
ered constants except the saturation mixing ratiow

s
.

This last variable could be considered like a function
of T

d
(w

s
(T

d
)) [2]. To define thew

s
(T

d
) function from

a regression model, an extensive choice of ordered pairs
was achieved from a digitized Skew-T log-P chart, ob-
taining:

w
s
= 3, 8166e

0,0665∗Td (9)

The purpose of deducing equation (9) is to emulate the
Skew-T log-P chart methodology, since the fact that for
eachT

d
, a value forw

s
was assigned. The set con-

formed by the equations 5, 7, 8 and 9 represents the
conceptual framework to estimatez

LCL
considering de-

pendences on the saturation mixing ratio. Additionally,
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from equations (6) and (7) we deduce that the pressure
experimented by the air parcel at the LCL height, also
known as the condensation pressure, is given as:

p
LCL

= p
o
e
[−

g

RT
LCL

(zLCL−zo)] (10)

whereg is the gravity andR is the gas constant for dry
air. Then, equation 10 defines the pressure exerted over
the convective parcel at the LCL point.

Figure 1: Scatterplot for the condensation temperature between
soundings measurements and computations using the Barnes
equation

Figure 2: Scatterplot for the condensation pressure between
soundings measurements and the method proposed

Results and Discussions

The main advantage of using the methodology proposed,
is the automatization of the LCL calculations following
the methodology of the Skew-T log-P chart. In this con-
text, it is important to remark that the complete proce-
dure to calculate thez

LCL
includes i) computation of

w
s

by using equation 9, ii) computation ofΓ
s

using
equation 8, iii) computation ofT

LCL
by using equa-

tion 5, iv) thez
LCL

computation using equation 7, and
v) an option to calculate thep

LCL
from equation 10.

In order to assess the accuracy of the implementation
of the method hereby presented, we have compared the

Figure 3: Scatterplot for the saturation mixing ratio between
soundings measurements and the method proposed

Figure 4: Scatterplot for LCL height estimates between the Espy’s 
equation and the method proposed

output for 39 soundings provided for the University of 
Wyoming. The variables T

LCL
, p

LCL and w
s have 

been compared in a scatterplot with the soundings mea-
surements, and the results can be observed in figures 
1, 2, and 3 respectively. The University of Wyoming’s 
soundings do not report the z

LCL directly, for this rea-
son the z

LCL calculation were evaluated by considering 
the Espy’s equation (2), and the result is shown in the 
figure 4.

The stations used for the analysis are listed in table (1). 
For each station, and for each variable, a selection of 
monthy measurements data was taken for the period 
from january to november of 2015. Henceforth, the 
results reported on this paper, involve estimates for a 
representative set of interannual temporal and spatial 
conditions. In addition, in figure 5 are shown the av-
erage monthly LCL height maps for a portion of the 
Caribbean region. These maps were generated consid-
ering daily reanalysis data from 1948 to 2010. In gen-
eral, it could be observed that the LCL height patterns 
match well with the annual convective activity in the re-
gion [13, 14], and also with the dynamic behavior of the 
Intertropical Convergence Zone (ITCZ) [7, 15, 19, 20].

Some importants features about the feasibility of the 
implementation of the method proposed can be derived
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Figure 5: Monthly calculation of zLCL for the Caribbean region following the methodology proposed. The data used as input was assimi-
lated from the reanalysis database, taking both the daily surface temperature and the dew point temperature as input variable for the time
series from 1948 until 2010 for a spatial grid conformed by 135 points between the longitude range from -85 to -55, and the latitude 0 to
20. These data was processed using the Statistical Package for the Social Sciences (SPSS) in order to filter and write the data in un specific
format, and the set of equations (5, 7, 8 and 9) were programmed into the Grid Analysis and Display System (GrADS) to calculate the LCL.
It is remarkable the fact that all these LCL maps have been generated in an automatic mode following the conceptual methodology of the
Skew-T log-P chart in a very short period of time.

from these results. For instance, the equation of Barnes
showed a high R squared when is compared with sound-
ings measurements, it is a remarkable evidence about
the quality of this semiempirical expression to deter-
mine the condensation temperature of a convective mass
of air, whenT

o
andT

d
are known. A key element con-

sidered in the method was to model the dependencie
of LCL on the saturation mixing ratio from equation
9. The performance of this equation has been evaluated
in the figure 3 against the saturation mixing ratio mea-

sured by sounding measurements finding a R squared of
0.949 for 39 experiments. Fitting performance is max-
imized for high values ofw

s
, while for low values an

alternative fitting strategy could increase the R squared.
The relevance for ensuring a high accuracy for equation
9, remains in the fact that it will determines the value
of the psudoadiabatic lapse rate from equation 8 for a
given dew point temperature. This feature is an advan-
tage over the equation of Espy aimed to improve the
accuracy of the LCL estimates.
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Identifier Latitude (deg) Longitud (deg) Elevation (m)
SBAT -9.86 -56.10 288
SACO -31.32 -64.22 474
SBBR -15.86 -47.93 1061
SKBO 4.70 -74.13 2548

Table 1: List of sounding stations used for the analysis. The crite-
ria for the selection is based on the geographycal location, and the
elevation of the station, in order to evaluate the results in different
scenarios.

Regarding the LCL height estimates evaluation, the sound-
ings carried out by the University of Wyoming do not re-
port results forz

LCL
; for this reason, the evaluation was

performed by the scatterplot between the Espy’s equa-
tion and the method output (see figure 4). The R squared
is 0.942, which mean that there is a deep correlation
between the two approaches, however the difference in
most of the puntual samples is higher than 200m. De-
pending on the objectives guiding the LCL height com-
putation, the magnitude of this difference can affect sub-
stantially the results, for example, when the LCL height
is used to seed clouds through bombing silver iodide
into the atmosphere [9], the theoretical methodology
demands that the bombing should be done close to the
LCL height for reaching an optimum degree of conden-
sation during the convection process [3], hence, in this
case 200m could be a big source of uncertainty when
a satisfactory quality about results is expected. In this
context, a further research could be oriented to estimate
the level of uncertainty of this method.

In figure 2, is exposed the scatterplot for the condensa-
tion pressure measured by sounding, against the calcu-
lation made using the equation 10. The fitting perfor-
mance obtained is quite satisfactory, because it is usu-
ful to validate the output generates by the equations 5,
7, 8 and 9, as an integrated methodology, to estimate
z
LCL

. The approach proposed implicates thatp
LCL

de-
pends on the calculated values forT

LCL
, w

s
, andz

LCL
,

then the good fitting exhibited against the sounding data
provides a remarkable framework of robustness for the
method proposed.

Conclusions

The main task of this research was to provide a method-
ological framework to automate the LCL height esti-
mates process in meteorological operational applications
by assimilating dependencies on the saturation mixing
ratio from a Skew-T log-P chart. We achieved an in-
tegration of a) the equation of Barnes to estimate the
condensation temperature (T

LCL
), b) the Skew-T log-

P chart approach -used to find a mathematical relation-
ship between the dew point temperature and the satu-
ration mixing ratio in order to take variations on the
pseudoadiabatic lapse rate for each value of the dew
point temperature-, and c) the thermodynamical mod-
els (equation 7, 8) for convective dynamics. These three
elements combined allowed the calculation of the LCL
height (z

LCL
) and the condensation pressure (p

LCL
).

The results shown on this research, lead us to conclude

that the method turned out to be useful to calculate LCL
height. However, we sugest to conduct further analy-
ses in order to determine whether the method could be
applied to other regions and even at a global scale, con-
sidering that its effective implementation could be asso-
ciated to similar levels of uncertainties as the Skew-T
log-P chart approach.

Acknowledgements

The authors thank the Venezuelan HidrometeorologyNa-
tional Institute (INAMEH) for the finantial support, and
also the University of Wyoming for providing the data
for the evaluation of results.

References

[1] Barnes, S. 1968. “An Empirical Shortcut to the Calcu-
lation of Temperature and Pressure at the Lifted Con-
densation Level”. National Severe Storms Laboratory,
ESSa, Norman, Okla.

[2] Bjerknes, J. 1938. “Satured Ascent of Air through a
Dry-adiabatically Descending Environment”.Quart. J.
Roy. Meteor. Soc., 64: 325-330.

[3] Bruintjes, R. 1999. “A Review of Cloud Seeding Ex-
periments to Enhance Precipitation and Some New
Prospects”.American Meteorological Society, 80: 805-
820.

[4] Craven, J. P.; Jewell, R. E.; Brooks, H. E. 2002.
“Comparison between observed convective cloud-base
heights and lifting condensation level for two different
lifted parcels”.Weather and Forecasting, 17: 885-890.

[5] Davies-Jones, R. P. 1974. “Discussion of measurements
inside high-speed thunderstorm updrafts”.Journal of
Applied Meteorology, 13: 710-717.

[6] Espy, J. P. 1841. “The philosophy of storms”. CC Little
and J. Brown.

[7] Hess, P. G.; Battisti, D. S.; Rasch, P. J. 1993. “Main-
tenance of the intertropical convergence zones and
the large-scale tropical circulation on a water-covered
earth”. Journal of the atmospheric sciences, 50: 691-
713.

[8] Holten, J. 2004. “An Introduction to Dynamic Meteo-
rology”. Elsevier academic Press. Washington.

[9] Hsie, E.; Farley, R.; Orville, H. 1980. “Numerical Sim-
ulation of Ice-Phase Convective Cloud Seeding”.Amer-
ican Meteorological Society, 19: 950-977.

[10] Inman, R. 1968. “Computation of Temperature at the
Lisfted Condensation Level”. National Severe Storms
Laboratory, ESSA, Norman, Okla.

[11] Jacobson, M. Z. 2005. “Fundamentals of atmospheric
modelling”. Cambridge University Press.

[12] Lasker, B. M. 1963. ‘Wet Adiabatic Model Atmo-
spheres for Jupiter”.The Astrophysical Journal, 138:
709.



Muñoz et al. Av. Cienc. Ing. (Quito), 2015, Vol. 7, No. 2, Pags. C124-C129

[13] Liu, C.; Zipser, E. J. 2009. “ ‘Warm rain’ in the trop-
ics: Seasonal and regional distributions based on 9 yr of
TRMM data”.Journal of Climate, 22: 767-779.

[14] Muñoz, E.; Busalacchi, A. J.; Nigam, S.; Ruiz-
Barradas, A. 2008. “Winter and summer structure of the
Caribbean low-level jet”.Journal of Climate, 21: 1260-
1276.

[15] Raymond, D. J.; Bretherton, C. S.; and Molinari, J.
2006. “Dynamics of the intertropical convergence zone
of the east Pacific”.Journal of the atmospheric sciences,
63: 582-597.

[16] Sánchez-Lavega, A.; Pérez-Hoyos, S.; Hueso, R. 2004.
“Clouds in planetary atmospheres: A useful application
of the Clausius-Clapeyron equation”.American Journal
of Physics, 72: 767-774.

[17] Schrieber, K.; Stull, R.; Zhang, Q. 1996. “Distributions
of Surface-Layer Buoyancy Versus Lifting Condensa-
tion Level over a Heterogeneous Land Surface”.Journal
of the Atmospheric Sciences, 53: 1086-1107.

[18] Stackpole, J. D. 1967. “Numerical analysis of atmo-
spheric soundings”.Journal of Applied Meteorology, 6:
464-467.

[19] Thompson Jr, R. M.; Payne, S. W.; Recker, E. E.; Reed,
R. J. 1979. “Structure and properties of synoptic-scale
wave disturbances in the intertropical convergence zone
of the eastern Atlantic”.Journal of the Atmospheric Sci-
ences, 36: 53-72.

[20] Waliser, D. E.; Somerville, R. C. 1994. “Preferred lati-
tudes of the intertropical convergence zone”.Journal of
the Atmospheric Sciences, 51: 1619-1639.


