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Abstract

In this work, a methodologicaframeworkis presentedo automatethe Lifting Condensa-
tion Level (LCL) heightestimateprocessn meteorologicalpplications by assimilating
dependenciesn the saturationmixing ratio from a Skew-T log-P chart. Resultsof the
methodologyimplementatiorshowa high correlationwith the measurementsiadeby at-
mosphericsoundings.In addition,LCL heightmapswerebuilt for the Caribbearregion,
theseweregeneratedby the proposedautomatizegrocessisingdaily reanalysiglatafrom
1948to0 2010.

Keywords. Lifting Condensatiohevel, CloudBaseAltitude, CloudPhysicsEspy’sEqua-
tion.

Un Método Analitico Simplificado para Calcular el Nivel de Condensacién por Ascenso a partir de un
Diagrama oblicuo-T log-P

Resumen

En estetrabajo,se proponeun marcometodoldgicoparaautomatizarel procesode esti-
macionde la alturadel nivel de condensaciémpor ascensdLCL, por sussiglaseninglés)
desdeun enfoquede meteorologiaperativa,considerandda dependenciae unaparcela
de aire convectiva,respectaa la razonde mezclade saturaciénusandoparaesto,un di-
agramaoblicuo-T log-P. Los resultadogle la evaluaciénde la metodologiamuestraruna
altacorrelacioncuandosoncomparadosespect@ medicionesealizadagonradiosondas.
Adicionalmente se muestrael resultadode la generaciérautomatizadale mapasprome-
diosmensualey anualde LCL sobreel Caribe paraunaserietemporalde datoseanalisis
guecomprendalatosdiariosdesdel948a2010.

Palabras Clave. Nivel de Condensaciopor AscensoAltitud de basede Nube,Fisicade
Nubes,Ecuaciénde Espy.

Introduction LCL heightzrc can be estimated by a Skew-T log-P

chart.
The LCL computation has important applications from

a meteorological point of view; as it is a technique long In mathematical terms, wheh, andTy are known the
used to estimate boundary layer cloud heights has beenzcr can be calculated by the equatidn 1 [6], in which
the lifting condensation level (LCL) calculation [4]. The the dry-adiabatic lapse ralfg is approximately.8 K/km,
LCL is defined as the pressure-temperature point at whicrand the dew point lapse ral&e., is 1.8 K/km. There-
a dry-adiabatically rising air parcel of initially specified fore, generally the diference betweEn and 4., is
pressure, temperature, and moisture content reaches satdefined as.0 K/km, and then equatidd 1 is simplified to
uration [18]. On a Skew-T log-P chart, this pointis the [2, whereT,, andT; are expressed in Kelvin and.cr,
interception of the line of constant saturation mixing ra- in meters.

tio w,, drawn from the initial dew point temperattifg,

and the dry-adiabatic, line drawn from the initial sur- To — Ty

face temperaturé,. Thus, if T, and7} are known, the S S 1)
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WhereT, is measured in Celsius. Combining the equa-
zrern = 125(Ty — Ty) 2 tions [3) and[(#), and isolating; - we have:

The approach taken in the equatidn 2 is based upon the
assumption that the dew point temperature lapse rate 7, ., =T, — (0.001296T; + 0.1963)(T, — T,y) (5)
and the dry-adiabatic lapse rate are both constants in the
troposphere. Moreover, gross errors in the ; calcu-
lations could result if the surface temperature and/or the
dewpoint do not represent the thermodynamic profile in
the boundary layer [4]. Considering thR.., varies
from 1.6 to 1.8 K/km, and that it is assumed to be a con-
stant when applying the equatidn 2, uncertainties higher
than200 meters could be expected. Regarding the ac-

The equatiohnl5 is useful, becaus&jfandT; are known,
T can be estimated directly, and with an uncertainty
near t00,5C [1]. This is a starting point that estab-
lishes a conceptual framework to build an analytical ex-
pression to calculater, 1., on the basis of fundamental
atmospheric physics.

curacy level provided by the calculation af-;, from a It is also known that the temperature of the convective
Skew-T log-P chart, where the dependencé gf, on parcel decreases linearly according to the pseudoadia-
the saturation mixing ratio is considered, the availabil- batic lapse rat€'; [5,/11, 12| 18], until it reaches ¢,

ity of an analytical equation to estimatgc, is useful then:

for the automation of the LCL estimate process.

Even when several analytical equations have been pro- Trer =To —Ts(zror — 20) (6)
posed forz ¢ calculation|[1| 10, 17], neither of them

allow the replication, in an automatic way, of the method- Isolating zrcr, and considering that, is the initial
ology of a thermodynamical diagram, such as the Skew- height (in meters) above sea level of the convective par-
T log-P chart. In this paper, an altenative analytical cel, we obtain:

equation is proposed, in order to automate the method-

ology involved in the Skew-T log-P chart to calculate T, — TroL

2oL The main feature of this model is the assimila- oL =%+ —p (7)

tion of the dependence bf;.,, on the saturation mixing 3

ratio from a Skew-T log-P chart. Taking into account As T is a constant in equatidd T{ = 6.5K.km™1,

the dependence dfq.., Onws, an enhancement of the  approximately), it could be analogous to equafibn 1, in

estimation accuracy ofz ¢, is expected. the sense that both lead g, estimates wheff, and
T, are known. However this scenario is only feasible in
Metholodoly a free atmosphere. In contrast, variation$'jnare fre-

quent in a standard atmosphere; hence, there is a posi-
To determinezzcr, in automatic mode, and following  bility to include such changes into the analytical formu-
the procedures established in the Skew-T log-P chart lation by using equationl 8/[8].
methodology, we analyzed mathematic functions that

could explain how the dew point temperature lapse rate 14 Lue)

i iXi i . R'T,
depends on the saturation mixing ratio. In a Skew-T [y =Tg——F (8)
log-P chart, this dependence determines the location of 1+ R,fﬁg]

the interception point between the dry adiabatic line for

the state defined by the initial surface temperature and whereL is latent heatRR’ is the universal gas constant,
the dew point temperature for a convective air parcel.  andc, is the heat capacity at constant pressure [2], the
set of variables presented in equafidn 8 can be consid-
ered constants except the saturation mixing ratio
This last variable could be considered like a function
of Ty (ws(Ty)) [2]. To define thew,(T};) function from
aregression model, an extensive choice of ordered pairs
was achieved from a digitized Skew-T log-P chart, ob-
taining:

When a convective parcel of air ascends adiabatically
in the atmospheres until reaching saturation, the tem-
perature at the LCL heighfl{,1), also known as the
condensation temperature, can be calculated by using
the empirical equation of Barnes [1]. Equatidn 3 shows
the model of Barnes, in which the difference between
Trcr andTy, divided by the difference betwedn and
T, is a constant as a consecuence of the relation between
Trcr andTy. Then the equationl 4 leads to establish a ws = 3, 816620665+ Ta 9)
functional dependence éfonTy.
The purpose of deducing equatidn (9) is to emulate the
T, — Tror Skew-T log-P chart methodology, since the fact that for
k= T T, 3 eachTy, a value forws, was assigned. The set con-
o 7d formed by the equatiorid §] [7/] 8 ahH 9 represents the
conceptual framework to estimatgq;, considering de-
k =0.0012967y + 0.1963 (4) pendences on the saturation mixing ratio. Additionally,
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from equations[{6) and7) we deduce that the pressure

experimented by the air parcel at the LCL height, also
known as the condensation pressure, is given as:

[

DLOL = Dot —wrigy (PLon—20)]

(10)

whereyg is the gravity andR is the gas constant for dry

air. Then, equation10 defines the pressure exerted over

the convective parcel at the LCL point.
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Figure 1: Scatterplot for the condensation temperature betwen
soundings measurements and computations using the Barnes
equation
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Figure 2: Scatterplot for the condensation pressure between
saundings 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 they -y, includes i) computation of
w, by using equation]9, ii) computation &f, using
equation8, iii) computation of .o, by using equa-
tion[d, iv) thezr o, computation using equatién 7, and
v) an option to calculate thercr from equatiori_ID.
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Figure 3: Scatterplot for the saturation mixing ratio between
soundings measurements and the method proposed
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Figure 4: Scatterplotfor LCL height estimatesbetweenthe Espy’s
equation and the method proposed

outputfor 39 soundinggrovidedfor the University of
Wyoming. The variablesT, ¢, prcr andw, have
beencomparedn ascatterplotith the soundingsnea-
surementsand the resultscan be observedn figures
E] and@ respectively.The University of Wyoming's
soundings daot reportthe z; 1, directly, for this rea-
sonthe z; ¢, calculationwereevaluatedy considering
the Es ’sequatio, andtheresultis shownin the
figure@y

Thestations usefor theanalysisarelistedin table(1).

For eachstation,and for eachvariable,a selectionof
monthy measurementslata was taken for the period
from januaryto novemberof 2015. Henceforth,the
resultsreportedon this paper,involve estimatesor a
representativeset of interannualtemporaland spatial
conditions. In addition, in figure[§ are shownthe av-
eragemonthly LCL heightmapsfor a portion of the
Caribbearregion. Thesemapsweregenerateatonsid-
eringdaily reanalysigdatafrom 1948to 2010. In gen-
eral,it could be observedhatthe LCL heightpatterns
matchwell with theannualkconvectiveactivity in there-
gion[13, 14], andalsowith thedynamicbehaviorof the
IntertropicalConvergenc&one(ITCZ) [7,15,19,20].

In order to assess the accuracy of the implementation Someimportantsfeaturesaboutthe feasibility of the
of the method hereby presented, we have compared theimplementatiorof the methodproposedtanbe derived
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Figure 5: Monthly calculation of z;, <, 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 O 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[(H. 1118 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 sured by sounding measurements finding a R squared of
showed a high R squared when is compared with sound- 0.949 for 39 experiments. Fitting performance is max-
ings measurements, it is a remarkable evidence aboutimized for high values oiv;, while for low values an

the quality of this semiempirical expression to deter- alternative fitting strategy could increase the R squared.
mine the condensation temperature of a convective massThe relevance for ensuring a high accuracy for equation
of air, whenT, andT, are known. A key element con- [@, remains in the fact that it will determines the value
sidered in the method was to model the dependencie of the psudoadiabatic lapse rate from equalfibn 8 for a
of LCL on the saturation mixing ratio from equation given dew point temperature. This feature is an advan-
[@. The performance of this equation has been evaluatedtage over the equation of Espy aimed to improve the
in the figure B against the saturation mixing ratio mea- 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. Therite-
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 for ¢ ; for this reason, the evaluation was
performed by the scatterplot between the Espy’s equa-
tion and the method output (see figlire 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 figurel2, is exposed the scatterplot for the condensa-
tion pressure measured by sounding, against the calcu-
lation made using the equatignl10. The fitting perfor-
mance obtained is quite satisfactory, because it is usu-
ful to validate the output generates by the equatidns 5,
[7,[8 and®, as an integrated methodology, to estimate
zror- The approach proposed implicates that ;, de-
pends on the calculated values To1c 1, ws, andzp o,

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 temperaturéy(-1), 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 (equatioql7.18) for convective dynamics. These three
elements combined allowed the calculation of the LCL
height ¢.¢ 1) and the condensation pressupg ).

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.
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