
file://NoURLProvided[06/01/2022 15:38:54]

Riepilogo
06/01/2022 15:38:09

I documenti presentano alcune differenze.

Nuovo documento:
AMT final version
23 pagine (431 KB)
06/01/2022 15:37:48
Utilizzato per la visualizzazione dei risultati.

Documento precedente:
amt-2021-261-manuscript-version2
21 pagine (1.19 MB)
06/01/2022 15:37:48

Inizio: la prima modifica è a pagina 1.

Nessuna pagina eliminata

Come leggere questo rapporto

L'evidenziazione indica una modifica.
Il testo barrato indica il contenuto eliminato.

 indica pagine modificate.
 indica pagine spostate.



1 
 

Inter-comparison of ABL height estimates from different profiling 

sensors and models in the framework of HyMeX-SOP1  

Donato Summa1,2, Fabio Madonna1 , Noemi Franco2, Benedetto De Rosa1,2 and Paolo Di Girolamo2* 

1Consiglio Consiglio Nazionale delle Ricerche—Istituto di Metodologie per l’Analisi Ambientale  
(CNR-IMAA), 85050, Tito Scalo, Potenza,  Italy 5 

2Scuola di Ingegneria, Università degli Studi della Basilicata, via Ateneo Lucano 10, 85100 Potenza, Italy 

*Correspondence to: Paolo Di Girolamo (paolo.digirolamo@unibas.it) 

Abstract. This paper reports results from an inter-comparison effort involving different sensors and models used to measure 

the Atmospheric Boundary Layer height (ABLH). The effort took place in the framework of the first Special Observing 

Period of the Hydrological cycle of the Mediterranean Experiment (HyMeX-SOP1), with the Raman lidar system BASIL 10 

deployed in Candillargues (Southern France) and operating in almost continuous mode over the time period September-

November 2012. ABLH estimates were obtained based on the application of the Richardson number technique to Raman 

lidar and radiosonde measurements and to ECMWF-ERA5 reanalysis data. In the effort we considered radiosondes launched 

in the proximity of the lidar site, as well as radiosondes launched from the closest radiosonde station included in the 

Integrated Global Radiosonde archive (IGRA). The inter-comparison effort also includes ABLH measurements from the 15 

wind profiler, which rely on the turbulence method, as well as measurements obtained from elastic backscatter lidar signals. 

The Richardson number approach applied to the on-site radiosonde data is taken as reference. Measurements were carried 

out throughout the month of October 2012. The inter-comparison is extended to both daytime and night-time data. Results 

reveal a very good agreement between the different approaches, with values of the correlation coefficient R2 for all compared 

sensor/model pairs in the range 0.94 to 0.98. Values of the slope of the fitting line in the regression analysis applied to the 20 

different sensor/model pairs are in the range 0.91-1.08 for daytime comparisons and in the range 0.95-1.03, which testifies 

the very small biases affecting all five ABLH estimates with respect to the reference AHBL estimate, with slightly smaller 

bias values found at night. Results also confirm that the combined application of different methods to distinct sensors and 

model data allow getting accurate and cross-validated estimates of the ABL height in a variety of weather conditions. 

Correlations between the ABLH measurements and other atmospheric dynamic and thermodynamic variables, such as 25 

CAPE, friction velocity and relative humidity, are also evaluated to infer possible mutual dependences.  

 

1. Introduction 

The ABL is lowest portion of the atmosphere, directly in contact and influenced by the Earth’s surface, which  reacts to the 

combined action of mechanical and thermal forcing factors. In this layer, turbulent air motion and vertical mixing induced by 30 

shear and buoyancy forces (Stull, 1988) cause rapid fluctuations of physical quantities such as flow velocity, temperature 

and moisture. The variability of these quantities is frequently considered to estimate the ABLH.  
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The evolution of the ABL structure and height has an important impact on meteorology. Accurate measurements of the 

ABLH allow validating air quality and forecast models and improving specific physical schemes, among others, the 

boundary layer turbulence and shallow convection parameterizations. However, in many cases, the complexity of the 35 

phenomena occurring within the ABL and the influence of advection and local accumulation processes prevents an 

unambiguous determination of the ABLH from e.g. elastic lidar signals, especially when aerosol stratifications are present 

within the ABL (Haeffelin et al., 2012). 

Various methods have been reported in the literature to estimate the ABLH from the vertical profiles of different 

atmospheric variables. The five most used approaches are: 1) the Turbulence method (Stull, 1988),  2) the Temperature 40 

gradient method (Bianco and Wilczak, 2002, Zeng et al. 2004, Seidel at al. 2012), 3) the Richardson number method (Joffre 

et al., 2001, Sicard et al., 2006), 4) the wind (Melgarejo and Deardorff,1974) and wind shear (Hyun et al., 2005) profile 

methods, and 5) the combined cloud top and relative humidity method (Lenschow et al., 2000), this latter being applicable 

only in the presence of stratocumulus-topped boundary layers. A review of these different methodologies was reported by 

Dai et al. (2014). In the present research effort we compare ABLH measurements obtained through the application of the 45 

Richardson number technique to a variety of sensors and model data, namely the Raman lidar BASIL, radiosondes and 

ECMWF-ERA5 analysis data. These results are also compared with ABLH measurements from the wind profiler and from 

elastic backscatter lidar signals. 

The Richardson number method relies on the identification of Richardson number gradients, which is an important 

diagnostic indicator of dynamic flow stability. This method assumes the ABLH to be the level where the so called “bulk 50 

Richardson number” exceeds a specific threshold value, Ribc. The vertical profile of Rib can be calculated from wind speed 

and potential virtual temperature profiles, as originally reported in Hanna (1969) and extensively described in e.g., Stull 

(1988) and Garratt (1994). As the estimate of the Richardson number requires information on both wind and thermodynamic 

profiles, the application of this approach to the Raman lidar relies on thermodynamic profile measurements from this sensor 

and wind measurements from the simultaneous and co-located radiosondes, as the wind measurements are not available from 55 

the Raman lidar. 

ABLH measurements carried out by the wind profiler rely on the turbulence method, which identifies the ABLH as the depth 

of the lowest continuous turbulence layer (Stull, 1988). The turbulent region is determined by tracking the fluctuations of the 

different wind components (U, V, and W), for example through a high-pass wavelet filter (Wang et al. 1999). Such 

fluctuations can be identified in wind lidar and wind profiler data, but measurements can also be performed with radiosondes 60 

and tethered balloons or in-situ sensors on-board scientific aircrafts. 

An alternative and effective method to determine the ABLH rely on the strong sensitivity of elastic backscatter lidar signals 

to suspended aerosol particles and their gradient and on the circumstance that aerosols, being more abundant within the ABL 

than in the free troposphere, can act as tracers of atmospheric motions. Such approach, extensively used in the present inter-

comparison effort, is described in detail in the following section. 65 
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Another convenient, reliable and widely used approach to determine the ABL height and structure both in daytime and night 

time is based on the identification of local maxima in potential temperature vertical gradient profiles as measured by 

meteorological radiosondes (Cramer, 1972; Oke, 1988; Stull, 1988; Sorbjan, 1989; Garratt, 1992; Van Pul et al., 1994; De 

Wekker et al., 1997; Martucci et al.,2007; Behrendt et al., 2011). 

This paper does not represent the first research effort dedicated to an extensive inter-comparison of different ABLH 70 

sensors/methodologies. In a previous paper, Seibert et al. (2000) compared different methods to estimate the ABLH from 

radiosounding data and other instruments and carefully examined advantages and shortcomings of the investigated  

approaches. In the present paper ABLH estimates obtained through the application of the Richardson number technique to 

two sensors (Raman lidar and radiosondes) and to the ECMWF-ERA5 model reanalysis data are compared with ABLH 

measurements from the wind profiler and from elastic backscatter lidar signals. The capability of the Raman lidar BASIL to 75 

perform high-resolution and accurate profile measurements of atmospheric temperature and water vapour, as well as particle 

backscatter profile measurements, allows to obtain ABLH estimates based on both the application of the Richardson number 

approach and the use of elastic backscatter lidar signals. 

The paper outline is the following. Section 2 illustrates the different methods considered in the present research effort to 

determine the ABLH. Section 3 shortly describes the profiling sensors and model data involved in the inter-comparison 80 

effort. Section 4 illustrates the results from the inter-comparison effort. Finally, section 5 provides a summary, concluding 

remarks and indications for possible future follow-on studies. 

 

2 Methods considered for the determination of the ABLH 

2.1 Richardson number method 85 

This method assumes the ABLH to be the level where the so called “bulk Richardson number” exceeds a specific threshold 

value, Ribc. Rib at height z can be calculated from the wind speed and the potential virtual temperature values at z and at 

surface level, as originally reported in Hanna (1969) and extensively described in e.g., Stull (1988) and Garratt (1994). In the 

present research effort the bulk Richardson number has been computed through the following expression: 

ܴ݅௕ሺݖሻ ൌ
൬

݃
௩ሺ0ሻߠ

൰ ൫ߠ௩ሺݖሻ െ ݖ	௩ሺ0ሻ൯ߠ

ሻݖଶሺݑ ൅ ሻݖଶሺݒ
																																																																																				ሺ1ሻ 

where  ߠ௩ሺ0ሻ and ߠ௩ሺ0ሻ is the virtual potential temperature at surface and at height z, respectively, 
௚

ఏೡሺ଴ሻ
is the buoyancy 90 

parameter, and ݑଶሺݖሻ௭and ݒଶሺݖሻ	are the horizontal wind-speed components at height z, respectively.  

The threshold Richardson number Ribc have been reported in a variety of literature papers (Zilitinkevich and Baklanov, 2002; 

Jericevic and Grisogono, 2006; Esau and Zilitinkevich, 2010). Reported values are in the range 0.15 to 1.0, with most widely 

used values in the range 0.25-0.5. One important cause of the large variability of Rib is the thermal stratification in the ABL. 

For example, Vogelezang and Holtslag (1996) reported the Ribc values of 0.16–0.22 in a nocturnal strongly stable ABL and 95 

0.23–0.32 in a weakly stable ABL.  For unstable ABLs, a Ribc value larger than 0.25 is usually needed (Zhang et al., 2014). 
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The ABLH is found by assessing the altitude level where ܴ݅௕ሺݖሻ reaches the Ribc. In the present research effort we are 

considering Ribc=0.25 in stable boundary layers and Ribc=0.45 in convective boundary layers. The main uncertainty affecting 

the ALBH estimate based on the application of Richardson number is related to its sensitivity to atmospheric stability 

conditions and to sounding vertical resolution (Seidel et al., 2012). The ABLH is obtained from both the radiosonde and 100 

model data using the above described algorithm, which is applied from the surface upwards. In case the ABLH falls in 

between two levels, a linear interpolation is applied to determine its exact position.  

In the determination of the bulk Richardson number through the expression (1) the virtual potential temperature and 

horizontal wind-speed components profiles are needed. The vertical profile of the potential virtual temperature can be 

expressed as: 105 

ሻݖ௩ሺߠ    ൌ ܶሺݖሻ ቀ
௉బ
௉ሺ௭ሻ

ቁ
଴.ଶ଼଺

ሾ1 ൅ 0.622 ∗ ߯ுଶைሺݖሻሿ    (2)  

where P0  is the standard pressure (1 atm), T(z) is temperature profile, P(z) is the pressure profile and ߯ுଶைሺݖሻ is the water 

vapour mixing ratio profile. 

Vertical profiles of T(z), P(z) and ߯ுଶைሺݖሻ are available from all sensors/models involved in the inter-comparison effort, 

namely the Raman lidar, the radiosondes launched on-site and those and from the closest IGRA radiosonde station and the 110 

ECMWF-ERA5 analysis data, with the only exception of the wind profiler. The vertical profiles of the horizontal wind-

speed components u(z) and v(z), which are needed to quantify the bulk Richardson number are also available from the same 

sensors/models, with the only exception of the Raman lidar, which only provides the humidity and temperature profile 

measurements needed to determine the virtual potential temperature profile. In this case, the computation of the Richardson 

number is completed with the inclusion of wind-speed profile measurements from the simultaneous and co-located 115 

radiosondes launched in Candillargues. 

 

2.2 Determination of the ABLH from elastic backscatter lidar measurements 

Lidar systems are presently able to provide continuous measurements of atmospheric variables, such as particle backscatter, 

temperature or water vapour concentration profiles, and thus allow providing continuous measurements of the ABLH. In the 120 

present research effort we consider Raman lidar measurement from BASIL collected in Southern France in the period 

September-November 2012 in the frame of HyMeX-SOP1. We focus our attention on the measurements carried out during 

October 2012. 

There are several methodologies to determine the ABLH from elastic lidar signals, which rely on the circumstance that 

aerosols are more abundant within the ABL than in the free troposphere and they can act as tracers of atmospheric motions. 125 

An extensively used methodology relies on the detection of vertical gradients in elastic backscatter lidar signals, associated 

with aerosol concentration gradients.  

The elastic lidar equation, expressed in terms of number of collected photons as function of height, is defined as: 

ሻݖ0ሺߣܲ ൌ ሻݖ0ܱሺߣܲ
ܣ

2ݖ
ቂݎܽ݌ߚሺݖሻ ൅ ሻቃݖሺ݈݋݉ߚ ݈݋݉ܶ

2 ሺݖሻ	ܶݎܽ݌
2 ሺݖሻ ൅ ܾܲ݃݀ሺݖሻ                  (3) 
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where 0 is the emitted and received lidar wavelength, respectively, z is the vertical height, ܲ0ߣis the number of laser emitted 130 

photons, O(z) is the overlap function, A is the telescope collection area, mol(z) and par(z) are the backscatter coefficient for 

molecules and particles, respectively, Tmol(z) and Tpar(z) represent the molecular and particle contribution to atmospheric 

transmissivity, respectively, and Pbgd is the background signal associated with solar irradiance and detectors’ noise. In  order 

to compress the signal dynamical variability and define an uncalibrated quantity proportional to total (molecular + particle) 

attenuated backscattering coefficient, it is often preferable to make use of the range-corrected signals (RCSs), which is 135 

defined as: 

ሻݖሺܵܥܴ ൌ ሻݖ0ሺߣܲൣ െ ܾܲ݃݀ሺݖሻ൧2ݖ
                           (4) 

As the larger vertical variability of the RCS is associated with aerosol vertical gradients, the ABLH is estimated from the 

height derivative of RCS through the expression: 

ܪܮܤܣ ൌ ݉݅݊ ቄ
ௗ

ௗ௭
ൣlog൫ܴܵܥሺݖሻ൯൧ቅ                   (5) 140 

Transitions between different aerosol layers are identified with the minima in expression (5), with the highest amplitude 

minimum, i.e. the largest aerosol gradient, typically indicating the ABLH. This approach relies on the strong sensitivity of 

elastic backscatter lidars to suspended aerosol particles and their gradient and on the capability of aerosols to act as tracers of 

atmospheric motions. It is to be specified that ABLH estimates determined through this approach identify the convective 

boundary layer height during the day, when convective activity is on, and the residual layer during the early morning, the 145 

late afternoon and the night, when convective activity is strongly reduced or suppressed. 

For the specific purposes of our present study, the elastic backscatter signal at 355 nm, P(z), is considered in expression 

(3) (Summa at al., 2013; Vivone et al., 2021). Overlap effects affect lidar signals in the lower few hundred meters, but have 

marginal effects on gradient measurements and consequently the accuracy of ABLH estimates. In fact, overlap effects may 

determine a compression of the elastic signal dynamics, and consequently a reduction of the amplitude of the detected range-150 

corrected signal gradients, but will not cancel these gradients, making the detection of the ABLH still effective. Overlap 

effects are more pronounced when determining the night-time ABLH, especially when this height is within a few tens of 

meters and may fall in the lidar blind region. 

 

3  Profiling sensors and model data involved in the inter-comparison effort 155 

3.1 BASIL System 

The University of BASILicata ground-based Raman Lidar system (BASIL) was deployed in the Cévennes-Vivarais (CV) 

site (Candillargues, Southern France, Lat: 43°37' N, Long: 4° 4' E, Elev: 1 m, figure 1) and operated between 5 September 

and 5 November 2012, collecting more than 600 hours of measurements, distributed over 51 measurement days and 19 

intensive observation periods (IOPs, Di Girolamo et al., 2016; Stelitano et al., 2019). BASIL is capable to perform high-160 

resolution and accurate measurements of atmospheric temperature and water vapour, both in daytime and night-time, based 

on the application of the rotational and vibrational Raman lidar techniques, respectively, in the UV (Di Girolamo et al., 

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 4 del documento precedente a pagina 3 di questo documento

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 3 del documento precedente a pagina 3 di questo documento

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 3 del documento precedente a pagina 3 di questo documento

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 3 del documento precedente a pagina 3 di questo documento

Confronto: inserimenti�
testo
"2ݖ൧ሻݖሺܾ݃݀െܲሻݖሺ0ߣܲൣൌሻݖሺܴܥܵAs the larger vertical variability"

Confronto: inserimenti�
testo
"140"

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 7 del documento precedente

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "temporal resolution (only 2–4 launches per day"

[Nuovo oggetto testo]: " the RCS is associated with aerosolvertical gradients, the ABLH is estimated"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "each station) and a poorgeographical distribution,"

[Nuovo oggetto testo]: " theheight derivative of RCS through the expression:ௗቄ݅݊݉ൌ"

Confronto: inserimenti�
testo
"Transitionsbetween different aerosol layers are identified"

Confronto: inserimenti�
testo
"൯൧ቅሻݖሺܴܥܵൣlog൫ௗ௭"

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 7 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " anuneven distribution density"

[Nuovo oggetto testo]: " the minima"

Confronto: inserimenti�
testo
" expression(5), with the highest amplitudeminimum, i.e. the largest aerosol gradient, typically indicating"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "two hemispheres.The Richardson number method"

[Nuovo oggetto testo]: "ABLH. This approach"

Confronto: inserimenti�
testo
"on the strong sensitivity ofelastic backscatter lidars to suspended aerosol particles and their gradientand"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "identification"

[Nuovo oggetto testo]: "capability of aerosols to act as tracers"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " Richardson number gradients, which"

[Nuovo oggetto testo]: "atmospheric motions. It"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "an important diagnostic indicatorofdynamic flow stability."

[Nuovo oggetto testo]: "to"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: eliminazioni�
testo
" Suchgradients can"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " revealed inwind lidar, wind profiler,radiosonde"

[Nuovo oggetto testo]: " specified that ABLH estimates determined through this approach identify the convective 145 boundarylayerheight during the day, when convectiveactivity is on,"

Confronto: eliminazioni�
testo
" aircraft in- situ sensors’profile data (Sicard et al., 2006)."

Confronto: eliminazioni�
testo
"The ABLH can also be estimated from"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "vertical wind profile, usinge.g."

[Nuovo oggetto testo]: "residual layer during"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "lowest wind-speed maximum height, often referred toas"

[Nuovo oggetto testo]: "early morning,"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "low-level jet (LLJ) height(Melgarejo"

[Nuovo oggetto testo]: "late afternoon"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "Deardorff,1974). The LLJ height"

[Nuovo oggetto testo]: "the night, when convective activity"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "again identifiable"

[Nuovo oggetto testo]: "strongly reduced or suppressed."

Confronto: inserimenti�
testo
" (Summa at al., 2013; Vivone et al., 2021). Overlap effects affect lidar signals"

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 5 del documento precedente

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "windlidar, wind profiler, radiosonde"

[Nuovo oggetto testo]: "the lower few hundred meters, but havemarginal effects on gradient measurements"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "aircraftin-situ sensors’ profile data. 100 The paper outline is"

[Nuovo oggetto testo]: "consequently"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "following.Section 2 shortlydescribes"

[Nuovo oggetto testo]: "accuracy of ABLH estimates. In fact, overlap effects may 150 determine a compression of"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "profiling sensors"

[Nuovo oggetto testo]: " elastic signal dynamics,"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " model data involved in"

[Nuovo oggetto testo]: "consequently a reductionofthe amplitudeof thedetected rangecorrected signal gradients, but will not cancel these gradients, making the detection of"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " intercomparison effort. Section 3 illustrates"

[Nuovo oggetto testo]: "ABLH still effective. Overlapeffects are more pronounced when determining"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "results from"

[Nuovo oggetto testo]: "night-time ABLH, especially when this height is within a few tensofmeters and may fall in"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "inter-comparison effort."

[Nuovo oggetto testo]: "lidar blind region."
I seguenti attributi dell'oggetto testo sono stati modificati: 
   colore di riempimento

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "105 2.1"

[Nuovo oggetto testo]: "3.1"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font

Confronto: eliminazioni�
testo
"110"

Confronto: inserimenti�
testo
"160"

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 5 del documento precedente

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "2Profiling sensors and model data involved"

[Nuovo oggetto testo]: "For the specific purposes ofour present study, the elastic backscatter signal at 355 nm, P(z), is considered"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "the inter-comparisoneffort"

[Nuovo oggetto testo]: " expression"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "This measurement capability makes BASIL aneffective tool for the characterizationofwater vapour 115 inflows in Southern France, which are a key ingredient ofheavy precipitation events"

[Nuovo oggetto testo]: "155 3Profiling sensors and model data involved"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "North-western Mediterranean basin."

[Nuovo oggetto testo]: "inter-comparisoneffort"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font



6 
 

2004, 2009, 2017). This measurement capability makes BASIL an effective tool for the characterization of water vapour 

inflows in Southern France, which are a key ingredient of heavy precipitation events taking place in the North-western 

Mediterranean basin. BASIL also performs profile measurements of particle backscatter at 355, 532, and 1064 nm, particle 165 

extinction at 355 and 532 nm, and particle depolarization at 355 and 532 nm (Di Girolamo et al. 2009b, 2012a, 2012b,  

2018b). 

BASIL makes use of a Nd:YAG laser source capable of emitting pulses at 355, 532 and 1064 nm, with single pulse energies 

at 355 nm, i.e. the wavelength used to stimulate rotational and roto-vibrational Raman scattering from atmospheric 

molecules, of 500 mJ (average optical power of 10 W at a laser repetition rate of 20 Hz). The receiver includes a Newtonian 170 

telescope (45-cm diameter primary mirror). Data are sampled with a rough vertical and temporal resolution of  7.5 m and 10 

sec, respectively, but vertical and temporal smoothing is typically applied when processing water vapour, temperature and 

particle backscatter measurements for the purpose of estimating the ABLH. In the present study we considered a vertical and 

temporal resolution of are 30 m and 5 min, respectively. Based on these vertical and temporal resolutions, water vapour and  

temperature profile measurements from BASIL extend from the proximity of the surface (50-100 m above station level) up 175 

to ~4/~10 km (day/night) and ~6/~20 km(day/night), respectively.   

 

3.2 WIND profiler  

Wind profilers are quite effective and very often used in long-term ABLH measurements as a result of their unattended 

operation over extended observation periods and the availability of networks of operational wind profilers over wide areas of 180 

the globe. However, the operational use of wind profilers is limited by their lack of sensitivity within the surface atmospheric 

layer (up to 500 m), which prevents from an adequate monitoring of the ABLH and structure at night or in the presence of 

shallow ABLs. Additionally, ABLH estimates from wind profilers are sensitive and occasionally affected by the presence of 

insects’ swarms (Larkin, R. 1991; Chapman et al., 2003; Chapman et al., 2011; Gauthreaux et al., 2008). 

The five-beam wind profiler (WPR) used in this study was also deployed in Candillargues, approximately 100 m away from 185 

the Raman lidar. The system is manufactured by Degreane (model PCL 1300) and operates in the UHF band with a primary 

frequency at 1.274 GHz. A detailed description of the WPR, its specifications and main working parameters, data processing 

methodologies and delivered geophysical products is given in Saïd et al. (2016). The WPR operated almost continuously 

throughout the duration of HyMeX-SOP1 (Saïd et al., 2018). For the purpose of the ABLH measurements reported in this 

paper, the WPR was operated in low mode, with a pulse length of 1μs, which allows sampling the lower troposphere from 190 

0.15 to 5.7 km a.g.l., with a vertical resolution of 150 m. The methodology applied to determine the ABLH relies on the 

identification of a distinctive strong peak in the WPR time-height reflectivity plot (Gage et al., 1990), which is associated 

with turbulence-generated radio refractive index fluctuations, associated atmospheric thermodynamic parameters’ 

fluctuations, though the strength of this peak may depend also on other factors. Wind profiling radars are sensitive to scales 

of turbulence that equal half the radar wavelength. At 1.274 GHz, this wavelength is ~20 cm. Therefore the wind profiler is 195 

sensitive to turbulent eddies with spatial dimensions of ~10 cm causing fluctuations in the radio refractive index. In the 
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boundary layer, essentially all scales of turbulence exist from 1-cm wavelengths up. Wind velocity measurements rely on the 

detection of the Doppler shift, assuming that fluctuations in the radio refractive index, dependent on  atmospheric 

thermodynamic parameters, are carried along the mean wind flow. 

 200 

3.3 Radiosoundings 

A radiosonde launching facility was installed and setup in Candillargues in the proximity of the Raman lidar shortly before 

the start of HyMeX-SOP 1 in early September 2012. Radiosondes, manufactured by Vaisala (model: RS92), were launched 

without a predefined schedule, primarily during the intensive observation periods, with a launching rate of up to one launch 

every 1.5 h. The radiosondes were set to provide vertical profiles of atmospheric pressure, temperature, humidity, and wind 205 

direction and speed during both the ascent and descent phases. For the accuracy of pressure, temperature, humidity, and wind 

sensors on-board Vaisala RS92 radiosondes the reader should refer to the company datasheet. 

 

3.4 IGRA DataBase  

ABLH estimates were also inferred from the radiosondes launched from nearest Integrated Global Radiosonde archive 210 

(IGRA) radiosounding station. The specific IGRA station considered in our study is Nimes-Courbessac (lat: 43.8569°N, 

4.4064°E, 60 m asl, WMO index= 7645), typically carrying out four radiosonde launches per day. The launche GPS 

radiosondesare manufactured by Meteomodem (model: M10). IGRA is the most comprehensive, authoritative collection of 

historical and near-real-time radiosonde and pilot balloon observations, with global coverage, maintained and distributed by 

the National Oceanic and Atmospheric Administration’s National Centers for Environmental Information (NCEI). Data were 215 

extracted from the IGRA database (version V2), which was released in 2016 (Durré et al., 2018) and includes enhanced 

quality data with respect to the previous database (version V1). The performance of M10 radiosondes has been assessed and 

verified during the WMO 2010 radiosonde inter-comparison effort in Yangjang (Nash et al., 2011, Madonna et al. 2021). 

 

3.5 ECMWF-ERA5 220 

ECMWF-ERA5 is the latest reanalysis produced by ECMWF, which includes hourly data on regular latitude-longitude grids, 

with a 0.25° x 0.25° resolution (Hersbach et al., 2020). Atmospheric parameters are provided at 2 m and at 36 additional 

pressure levels. ERA5 is publicly available through the Copernicus Climate Data Store (CDS, 

https://cds.climate.copernicus.eu).  

In order to properly carry out the comparisons, the nearest ERA5 grid point to the Raman lidar site was considered. We 225 

assume that the representativeness uncertainty associated with the use of the nearest grid-point to be comparable with the 

uncertainty affecting most interpolation approaches (e.g. kriging, bilinear interpolation, etc.). In general, reanalysis reliability 

can considerably vary depending on the location, time and selected atmospheric variable (Dee et al., 2016).  

 

 230 

Confronto: spostamenti�
testo
Questo oggetto testo è stato spostato da pagina 3 del documento precedente

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 5 del documento precedente a pagina 5 di questo documento

Confronto: inserimenti�
testo
"boundary layer, essentially all scales"

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 6 del documento precedente a pagina 6 di questo documento

Confronto: inserimenti�
testo
"turbulence exist from1-cm wavelengths up.Windvelocity measurements relyon"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "ABLH, its applicability canbe limited by"

[Nuovo oggetto testo]: "detection of"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "presenceof strong reflectivity peaks associated with marked temperature and humidity gradients. This is"

[Nuovo oggetto testo]: "Doppler shift, assuming that fluctuations in"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "primaryuncertainty source WPR-based ABLH measurements. This aspect will be carefully accounted for whencomparing"

[Nuovo oggetto testo]: "radio refractive index, dependenton atmospheric thermodynamic parameters, are carried along"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "different approaches. 160 2.4"

[Nuovo oggetto testo]: " mean wind flow."

Confronto: inserimenti�
testo
"3.3"

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 7 del documento precedente a pagina 7 di questo documento

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 7 del documento precedente

Confronto: inserimenti�
testo
"installed and"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " September 2012 for"

[Nuovo oggetto testo]: " the proximity of the Raman lidar shortly before"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "purposes"

[Nuovo oggetto testo]: "start"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "HyMeX-SOP1. Launchedradiosondes,"

[Nuovo oggetto testo]: " HyMeX-SOP1 in earlySeptember 2012. Radiosondes,"

Confronto: inserimenti�
testo
"205"

Confronto: eliminazioni�
testo
"165"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " The thin-wire temperature sensor,whosemeasurements are usedfor"

[Nuovo oggetto testo]: "For"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "ABLH estimate, is characterized by a veryfast response time"

[Nuovo oggetto testo]: "accuracy of pressure, temperature, humidity,"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "has a hydrophobic coating protection"

[Nuovo oggetto testo]: "wind sensors on-board Vaisala RS92radiosondes the reader should refer"

Confronto: eliminazioni�
testo
" reduce"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "effects of evaporative cooling afteremerging from clouds (Dirsken et al., 2014; Madonna et al., 2020). ABLH estimates are obtained from the radiosonde databased on the application of the temperature gradient method, whichrelies on the identification of maximain the potential170 temperature vertical gradient. Small, but non-negligible uncertainties (0.05 K) may affect radiosonde temperaturemeasurements as a result of the sonde’s pendulummotionand the resulting increased sensor ventilation (Dirksen al., 2014), with again marginal effects on temperaturegradient measurements and consequently ABLH estimates.2.5"

[Nuovo oggetto testo]: "company datasheet. 3.4"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "175"

[Nuovo oggetto testo]: "210"

Confronto: eliminazioni�
testo
"from BASIL and WPR measurements carried out duringHyMeX-SOP1"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "compared with those obtained"

[Nuovo oggetto testo]: " also inferred"

Confronto: inserimenti�
testo
"The specific"

Confronto: inserimenti�
testo
" station considered inourstudy"

Confronto: inserimenti�
testo
"Nimes-Courbessac (lat: 43.8569°N,4.4064°E, 60m asl, WMO index= 7645), typically carrying out fourradiosonde launches per day. The launche GPS radiosondesaremanufacturedby Meteomodem (model: M10). IGRA is"

Confronto: inserimenti�
testo
"215"

Confronto: eliminazioni�
testo
"Data are extracted from version V2IGRAdatabase, which was"

Confronto: eliminazioni�
testo
"ABLH estimates from IGRA radiosondes are obtained based using agin the temperaturegradient method. The specific IGRA station considered in our study is Nimes-Courbessac (lat: 43.8569°N, 4.4064°E, 60 m asl, WMO index= 7645), typicallycarrying out four radiosonde launches per day and using GPS radiosondes manufactured by Meteomodem (model: M10)."

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "was"

[Nuovo oggetto testo]: "has been"

Confronto: eliminazioni�
testo
"to be accurate"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "inter185 comparison"

[Nuovo oggetto testo]: "inter-comparison"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "2021), being again characterized by negligibleuncertainties in temperature gradient measurements and consequently ABLH estimates.2.6"

[Nuovo oggetto testo]: "220 3.5"

Confronto: eliminazioni�
testo
"ABLH estimates from the aforementioned observational sources have been also comparedwith"

Confronto: eliminazioni�
testo
"atmospheric 190 reanalysis. ECMWF-ERA5"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "including"

[Nuovo oggetto testo]: "which includes"

Confronto: eliminazioni�
testo
" a"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "latitudelongitude"

[Nuovo oggetto testo]: "latitude-longitude"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "2020) and atmospheric"

[Nuovo oggetto testo]: "2020). Atmospheric"

Confronto: inserimenti�
testo
"are"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "2m"

[Nuovo oggetto testo]: "2m"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " an"

[Nuovo oggetto testo]: "36"

Confronto: eliminazioni�
testo
"36"

Confronto: inserimenti�
testo
"225"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "comparison,"

[Nuovo oggetto testo]: "comparisons,"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " CV"

[Nuovo oggetto testo]: "Raman lidar"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "considered, assuming the"

[Nuovo oggetto testo]: "considered."

Confronto: eliminazioni�
testo
"Mixed layer"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "180"

[Nuovo oggetto testo]: "Data wereextracted from the IGRAdatabase (version V2), which was"

Confronto: inserimenti�
testo
"data"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: " version(V1)."

[Nuovo oggetto testo]: " database (versionV1)."

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "195"

[Nuovo oggetto testo]: "Weassume that the"

Confronto: eliminazioni�
testo
"205 210 215 220 225"

Confronto: spostamenti�
paragrafo
Questo oggetto paragrafo è stato spostato da pagina 7 del documento precedente



8 
 

4. Results 

In this section we illustrate and discuss the results obtained in the comparison of ABLH estimates obtained from different 

sensors’ measurements (Raman lidar BASIL and radiosondes) and model data (ECMWF-ERA5 analysis) through the 

application of the Richardson number technique. The inter-comparison effort also includes ABLH measurements from the 

wind profiler, which rely on the turbulence method, as well as measurements obtained from elastic backscatter lidar signals.  235 

We first provide a more climatological assessment, focusing on the evolution of the ABLH throughout the month of October 

2012. A separate comparison has been carried out for daytime and night-time cases, at 12:00 UTC and 00:00 UTC, 

respectively (local time is UTC+02:00 hours in this period of the year). The considered sensors and models are averaged 

over a half hour time interval centered over the comparison time, i.e. over the interval 11:45-12:15 UTC in daytime and 

23:45-00:15 UTC at night. Figure 2 illustrates the time evolution of the ABLH as measured/modeled through the above 240 

mentioned sensors/models/approaches, with figure 2a1 focusing on daytime cases and figure 2a2 on  night-time cases. The 

figure includes six distinct ABLH estimates: ABLHs obtained through the application of the Richardson number method to: 

i) the Raman lidar data, the radiosonde data (considering separately (ii) radiosondes launched on-site and (iii) radiosondes 

launched from the closest IGRA station) and (iv) the ECMWF-ERA5 analysis data, (v) ABLHs obtained from wind profiler 

and (vi) ABLHs obtained from elastic backscatter lidar signals. Results reveal a good agreement between the six different 245 

estimates both in daytime and night-time, all of  them revealing the major features associated with ABLH monthly 

variability. 

The Richardson number approach applied to the on-site radiosonde profiles is probably the most reliable approach (lowest 

bias) and, assuming this approach as bias-free, it can be considered as reference. Figures 2b1 and 2c1 illustrate the daytime 

deviations, expressed both in meters and in percentage (%), respectively, between the five reminder ABLH estimates and the 250 

one obtained through the application of the Richardson number approach to the on-site radiosonde profiles, while figures 2b2 

and 2c2 illustrate the night-time deviations. These values are also reported in table 1. With the only exception of few data 

points, deviations are always within ± 200 m and ± 20 %.  

The mean bias throughout the month of October 2012 of each ABLH estimate with respect to the reference value has also 

been computed. The smallest deviations are observed for nigh-time comparisons, with absolute biases in the range 18.2-61.6 255 

m and percentage biases in the range 3.0-26.4 %. More specifically, very smallest biases are found to characterize the ABLH 

estimates obtained through the application of the Richardson number method  (18.2 m /7.4 % for the IGRA radiosondes, 

20.5 m/8.15 % for the Raman lidar BASIL, and 28 m/2.97 % for ECMWF-ERA5 analysis), while slightly large bias values 

are found to characterize ABLH estimates from the wind profiler (47 m/21.7 %) and  ABLH estimates from elastic 

backscatter lidar signals (61.6 m/26.4 %). 260 

Slightly larger absolute deviations are observed for daytime comparisons, with absolute biases in the range 46-151 m and 

percentage biases in the range 6.8-17.5 %. Again, also at night, smaller biases are found to characterize the ABLH estimates 

obtained through the application of the Richardson number method  (46 m/6.76 % for the Raman lidar BASIL, 68 m /9.74 % 

for the IGRA radiosondes, and 105 m/7.6 % for ECMWF-ERA5 analysis), while larger values are found to characterize 
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ABLH estimates from the wind profiler (151 m/17.5 %) and  ABLH estimates from elastic backscatter lidar signals (109 265 

m/14.4 %). 

Figure 3 compares the different ABLH estimates in terms of scatter plots. Each scatter plot includes 31 data points, one per 

day throughout the month of October 2012. Again, the different ABLH estimates are compared both in daytime (panels a1-e1 

in figure 3) and at night (panels a2-e2). A linear fit applied to the data points, using a linear regression function passing 

through zero, with the form Y = A × X. X are the ABLH reference values obtained through the application of the Richardson 270 

number approach to the on-site radiosonde profiles and  Y are the values from the five reminder ABLH estimates. The slope 

of the regression line, i.e. the term A, provides an alternative estimate of the bias of each of the five ABLH estimates with 

respect to the reference, while the correlation coefficient R2 of the linear fit quantifies the degree of agreement between the 

values of the compared ABLH estimates. Values of A and R2  for each ABLH estimate are reported in the table 2a for 

daytime comparisons and in table 2 b for night time comparisons. All values of R2 are in the range 0.94-0.98, which testifies 275 

the high level of agreement between the different ABLH estimates both in daytime and at night, while all values of A are in 

the range 0.91-1.08 for daytime comparisons and in the range 0.95-1.03, which testifies the very small bias affecting all five 

ABLH estimates with respect to the reference AHBL estimate. Again, slightly larger biases are observed for daytime 

comparisons with respect to night-time, this confirming the results already illustrated in the preceding part of the paper. 

More specifically, figure 3a1 compares daytime ABLH estimates obtained through the application of the Richardson number 280 

method to the Raman lidar data with the reference ABLH values, with R2 being equal to 0.98 and A being equal to 1.02, 

which confirms a small bias (2 %) affecting  the ABLH estimate from the Raman lidar data when compared with the 

reference estimate. Identical values of R2 and A are found in the night-time comparison (figure 3a2). Figure 3b1 compares 

daytime ABLH estimates obtained through the application of the Richardson number method to the IGRA radiosonde data 

with the reference ABLH values, with R2 being equal to 0.94 and A being equal to 1.01, which confirms a very small bias (1 285 

%) affecting  the ABLH estimate from the IGRA radiosonde data when compared with the reference estimate. Very similar 

values of R2 and A, 0.95 and 0.98, respectively, are found in the night-time comparison (figure 3b2). Figure 3c1 compares 

daytime ABLH estimates obtained through the application of the Richardson number method to the ECMWF-ERA5 analysis 

data with the reference ABLH values, with R2 being equal to 0.98 and A being equal to 0.91, which confirms a small bias (9 

%) affecting  the ABLH estimate from the ECMWF-ERA5 analysis data when compared with the reference estimate. Values 290 

of R2 and A for the night-time comparison are 0.97 and 0.95, respectively (figure 3c2), which confirm the presence of a 

slightly smaller bias at night with respect to daytime. Figure 3d1 compares daytime ABLH estimates from the wind profiler 

with the reference ABLH values, with R2 being equal to 0.95 and A being equal to 1.08, which confirms a small bias (8 %) 

affecting  the ABLH estimate from the wind profiler when compared with the reference estimate. Values of R2 and A for the 

night-time comparison are 0.95 and 1.03, respectively (figure 3d2), which confirm the presence of a slightly smaller bias at 295 

night with respect to daytime. Finally, figure 3e1 compares daytime ABLH estimates obtained from range-corrected elastic 

backscatter lidar signals with the reference ABLH values, with R2 being equal to 0.96 and A being equal to 1.05, which 

confirms a small bias (5 %) affecting  the ABLH estimate obtained from the range-corrected elastic backscatter lidar signals 
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when compared with the reference estimate. Values of R2 and A for the night-time comparison are 0.96 and 1.02, 

respectively (figure 3e2), which confirm the presence of a slightly smaller bias at night with respect to daytime. 300 

The above results reveal that the different ABLH methods considered in the paper, which refer to different definitions and 

physical (dynamic and thermodynamic) processes, ultimately lead to ABLH estimates that are in very good agreement 

among them, which confirms that turbulent air motion and vertical mixing, induced by shear and buoyancy forces 

(Stull, 1988), cause rapid fluctuations of several physical quantities, such as flow velocity, temperature, moisture and aerosol 

concentration, which are strongly correlated one with the other. This result confirms the correctness of the considered 305 

approach to simultaneously apply different ABLH estimation methods referring to the variability of different physical 

quantities. 

Additional parameters from ERA5 reanalysis data have been considered to corroborate the analysis and interpretation of the 

observed atmospheric features. Figure 4 shows the time evolution of the Convective Available Potential Energy (CAPE, 

panel a), the friction velocity (panel b) and the relative humidity (panel c) from ERA5 reanalysis over the time period 1-31 310 

October 2012. Friction velocity quantifies the vertical transport of momentum, or turbulence generation. It is calculated as 

the square root of the surface stress divided by air density. Friction velocity includes both a turbulent and a viscous 

component. In a turbulent flow, friction velocity is approximately constant within the few lowest meters of the atmosphere. 

This parameter increases with surface roughness. CAPE quantifies atmospheric instability, with large positive values (>400) 

being necessary for the onset of convective activity in a conditionally unstable tropospheric layer. 315 

Peak values in friction velocity are found  in association with the highest ABLH values. During the month of October 2012 

this happens around 18-19 October. This result confirms the important role played by the vertical transport of momentum 

and turbulence in the development of the ABL and in ABLH growth. CAPE values in excess of 100 J kg-1 are observed in 

the time periods 9-11, 19-21 and 25-27 October 2012, but no evident correlation is found with the corresponding time 

evolution of the ABLH. Within all other periods CAPE values are in the range 50-100 J kg-1, which are indicative of high 320 

stability conditions of an atmospheric environment unfavorable to convective activity on these days. Relative humidity 

values are found to experience a large variability, but no clear correlation appear to be present with ABLH estimates.  

We also tried to quantitative correlate ABLH estimates with the variability of CAPE, friction velocity and relative humidity. 

A linear fit was applied to the time series of CAPE day-by-day gradient, the friction velocity and the relative humidity values 

in the  time period 1-31 October 2012 vs. the corresponding ABLH estimates. The correlation between ABLH estimates and 325 

the corresponding CAPE day-by-day gradient values is found to be 0.51 in day-time and 0.46 at night; the correlation 

between ABLH estimates and the corresponding friction velocity values is found to be 0.73 in day-time and 0.79 at night; 

finally, the correlation between ABLH estimates and the corresponding relative humidity values is found to be 0.41 in day-

time and 0.45 at night.  These results reveal a reasonably good correlation between ABLH estimates and corresponding 

friction velocity values and a very mild correlation between ABLH estimates and corresponding CAPE day-by-day gradient 330 

and relative humidity values. 
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For the purpose of assessing the performance in monitoring the short-term variability of the ABLH, our analysis was also 

focused on one specific extended case study, covering the two complete daily cycles on 18 and 19 October 2012 and the 

night in between. Figure 5a illustrates the time-height cross section of the range corrected signals (RCS) at 355 nm as 

measured by BASIL over the time interval from 09:00 UTC on 18 October 2012 to 19:00 on 19 October 2012. The figure 335 

includes approximately 400 consecutive RCS  profiles, each one integrated over a time interval of 5 min and with a vertical 

resolution of 150 m. The six ABLH estimates are also included in the figure, with different symbols being used to identify 

the different ABLH sensors/models/approaches. 

This measurement period is characterized by variable weather conditions, which translate into variable aerosol and water 

vapour concentrations at different altitudes, with the presence of both surface and elevated aerosol and humidity layers.  340 

Such conditions are ideal to assess the performance of the different sensors/models/approaches and their capability to resolve 

the short-term variability of the ABLH. Specifically, on 18 October 2012 an elevated Mesoscale Convective System (MCS) 

is found to transit over the lidar station, with the cloud system base ranging between 2.5 and 4.5 km. Light precipitations are 

observed around 11:00 and 12 UTC, while virga events, with precipitating particles sublimating before reaching the ground, 

are observed later in the afternoon in the time interval 17:00-19:00 UTC. On 18 October 2012 the ABLH is found to descend 345 

from an initial value of 0.8-1.0 km around 09:30 UTC down to a minimum of 0.5-0.7 km around 18:00 UTC and then keep 

almost constant until 23:30 UTC. The limited growth of the ABLH on 18 October is probably associated with the shading 

effect of clouds, which prevent from an effective onset of convective activity. Stratiform clouds are found to transit over the 

lidar site in the time interval 02:00-05:00 UTC on 19 October, with strong evidence of them in the RCSs (cloud base is at 1-

0-1.2 km and vertical extent is ~0.2 km). ). Starting around 07:00 UTC on 19 October stratiform clouds are continuously 350 

present throughout the day, with a cloud base progressively descending from ~1.4 km to ~0.8 km. Evidence of shallow 

orographic stratiform precipitation is also observed throughout the day. All ABLH estimates indicate a marked increase 

around 00:00 on 19 October, with values rising from 0.5-0.7 km up to 1.1-1.3 km. Such abrupt increase in ABLH is probably 

associated with the observed chances in the wind field flow, with the wind direction turning from East to North and the wind 

speed decreasing from ~20 down 3-5 nots, and the consequent change of sounded air masses. All six ABLH estimates are 355 

coherent in revealing this abrupt ABLH increase. 

Coming to the specific details of the comparison between the different ABLH estimates, throughout the day on 18 October 

the six estimates are all in very good agreement, with values always within 200 m one from the other, with the only 

exception of a few data points. Throughout the day on 19 October, despite the potential issues/problems associated the with 

the presence of the thick stratiform clouds and light precipitation, all six ABLH estimates are in reasonable good agreement, 360 

with all values always within 200-300 m. On 19 October ABLH estimates from the wind profiler are systematically found to 

be slightly smaller than all other estimates. The slightly larger bias of the wind profiler with respect to the other ABLH 

estimates was already underlined above when focusing on the climatological analysis throughout the month of October 2012. 

None of the six ABLH estimates appears to be affected by the presence of the thick stratiform clouds, not even the estimates 

based on the use of the elastic backscatter signals. 365 
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Figure 5b illustrates the time-height cross-section of the water vapour mixing ratio measurements carried out by BASIL on 

the same day, which are displayed over the same time intervals considered in figure 5a. A dry layer appears at the ABL top 

throughout most part of the day on 18 October, probably resulting from sub-cloud low-level rain evaporation. This dry layer 

may ultimately have contributed to convection regeneration events observed throughout the passage of the MCS (Li et al. 

2009; Morrison et al. 2009). It is to be specified that rain evaporation significantly contributes to the heat and moisture 370 

budgets of clouds (Emanuel et al., 1994), but few observations of these processes are available (Gamache et al., 1993). Dry 

layers are frequently observed in mid-latitude convective environments as a result of air being advected from different source 

regions under directionally sheared vertical wind profiles (Carlson and Ludlam 1968). Deep convective precipitation events 

are influenced, and frequently favored, by the presence of aerosols and midlevel dry layers, and this circumstance may have 

played a significant role in the formation and development of the observed MCS on this day.  375 

 

5. Conclusions 

In the present paper we illustrate and discuss the results from an inter-comparison effort considering ABL height estimates 

obtained from different sensors, models and techniques. The effort was carried out in the framework of HyMeX-SOP1. 

ABLH estimates were obtained based on the application of the Richardson number technique to Raman lidar and radiosonde 380 

measurements and to ECMWF-ERA5 reanalysis data. The inter-comparison also includes ABLH measurements from the 

wind profiler, which rely on the turbulence method, as well as measurements obtained from elastic backscatter lidar signals. 

A climatological assessment focusing  on the evolution of the ABL height throughout the duration of the month of October 

2012 was provided, with the inter-comparison being extended to both daytime and night-time data.  

In the inter-comparison effort the Richardson number approach applied to the on-site radiosonde data is taken as reference. 385 

Results reveal a good agreement between the different sensors/models/approaches, all of them being able to capture the 

major features ABLH time evolutions. Values of the correlation coefficient R2 in the range 0.94 to 0.98. Biases of the single 

ABLH estimates with respect to the reference ABLH values were also determined through both a simple statistical analysis 

(mean deviation between the single sensors/model values and the reference values) and a regression analysis (slope of the 

linear fit regression line correlating the single sensor/model values and the reference values), with all bias values being 390 

smaller that 9 % in daytime and smaller than 5 % at night. The analysis was integrated with the comparison with a variety of 

atmospheric dynamic and thermodynamic variables from ERA 5, namely Convective Available Potential Energy, friction 

velocity and relative humidity, with friction velocity being found to be one of the main drivers of the ABLH variability.  

The analysis was also focused on one specific case study, covering an extended time interval from 09:00 on 18 October 2012 

to 19:00 UTC on 19 October 2012, including two complete daily cycles, the first one characterized by clear sky conditions 395 

and the second one characterized by the present of low stratiform clouds, which allowed to assess the performance in the 

characterization of the short-term variability of the ABLH in variable weather conditions. 
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Figure 1: Location and two images of the Raman lidar system BASIL operated during HyMex-SOP1 (© Google Maps 2021). 
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Figure 2: Time evolution over the time period 1-31 October 2012 of the six distinct ABLH estimates illustrated in the paper. Panel a1 
illustrates the daytime comparison, while panel a2 illustrates the night-time comparison. “Lidar Rib” stands for ABLH estimates obtained 560 
through the application of the Richardson number method to the Raman lidar data, “RS on-site” stands for ABLH estimates obtained 
through the application of the Richardson number method to the on-site radiosonde data, “IGRA” stands for ABLH estimates obtained 
through the application of the Richardson number method to the IGRA radiosonde data, “ERA5” stands for ABLH estimates obtained 
through the application of the Richardson number method to the ECMWF-ERA5 analysis data, “WP” stands for ABLH estimates obtained 
from wind profiler, and “Lidar RCS” stands for ABLH estimates obtained from range-corrected elastic backscatter lidar signals. Panels b1-565 
b2 and c1-c2 represent the daytime deviations, expressed both in meters and in percentage (%), respectively, between the ABLH estimate 
obtained through the application of the Richardson number approach to the on-site radiosonde profiles and the five reminder ABLH 
estimates. Panels b1 and c1 illustrate the daytime comparison, while panels b2 and c2 illustrate the night-time comparison. 
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Figure 3:  Comparison of the different ABLH estimates expressed in terms of scatter plots. On the x-axes of each plot are the ABLH 
reference values obtained through the application of the Richardson number approach to the on-site radiosonde profiles, while on the y-575 
axes are the values from the five reminder ABLH estimates. Panel a-e represent are for daytime comparisons, panels f-j for night-time. 
Panel a1/a2: “Lidar Rib” vs. “RS on-site”, panel b1/b2: “IGRA” vs. “RS on-site”, panel c1/c2: “ERA5” vs. “RS on-site”, panel d1/d2 “WP” 
vs. “RS on-site”, panel e1/e2: “Lidar RCS” vs. “RS on-site”. The red lines represent the linear fit applied to the data points, using a linear 
regression function with the form Y = A × X.  
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Confronto: eliminazioni�
testo
"2,130118"

Confronto: eliminazioni�
testo
"6,056541"

Confronto: eliminazioni�
testo
"86,47953"

Confronto: eliminazioni�
testo
"-4,05288"

Confronto: eliminazioni�
testo
"-57,8699"

Confronto: eliminazioni�
testo
"11,86546"

Confronto: eliminazioni�
testo
"169,4234"

Confronto: eliminazioni�
testo
"11/10/2012"

Confronto: eliminazioni�
testo
"-23,8331"

Confronto: eliminazioni�
testo
"-145,502"

Confronto: eliminazioni�
testo
"21,21177"

Confronto: eliminazioni�
testo
"129,4983"

Confronto: eliminazioni�
testo
"-23,8331"

Confronto: eliminazioni�
testo
"-145,502"

Confronto: eliminazioni�
testo
"46,19266"

Confronto: eliminazioni�
testo
"282,007"

Confronto: eliminazioni�
testo
"-19,7381"

Confronto: eliminazioni�
testo
"-120,502"

Confronto: eliminazioni�
testo
"32,05204"

Confronto: eliminazioni�
testo
"195,6783"

Confronto: eliminazioni�
testo
"12/10/2012"

Confronto: eliminazioni�
testo
"7,052154"

Confronto: eliminazioni�
testo
"103,7545"

Confronto: eliminazioni�
testo
"-11,2996"

Confronto: eliminazioni�
testo
"-166,246"

Confronto: eliminazioni�
testo
"2,124356"

Confronto: eliminazioni�
testo
"31,2545"

Confronto: eliminazioni�
testo
"6,965664"

Confronto: eliminazioni�
testo
"102,482"

Confronto: eliminazioni�
testo
"-4,84253"

Confronto: eliminazioni�
testo
"-71,2455"

Confronto: eliminazioni�
testo
"7,967093"

Confronto: eliminazioni�
testo
"117,2155"

Confronto: eliminazioni�
testo
"13/10/2012"

Confronto: eliminazioni�
testo
"19,83377"

Confronto: eliminazioni�
testo
"251,5762"

Confronto: eliminazioni�
testo
"-10,716"

Confronto: eliminazioni�
testo
"-135,924"

Confronto: eliminazioni�
testo
"-3,81763"

Confronto: eliminazioni�
testo
"-48,4238"

Confronto: eliminazioni�
testo
"-14,2543"

Confronto: eliminazioni�
testo
"-180,805"

Confronto: eliminazioni�
testo
"8,954122"

Confronto: eliminazioni�
testo
"113,5762"

Confronto: eliminazioni�
testo
"14,19635"

Confronto: eliminazioni�
testo
"180,0699"

Confronto: eliminazioni�
testo
"14/10/2012"

Confronto: eliminazioni�
testo
"-2,64637"

Confronto: eliminazioni�
testo
"-34,4545"

Confronto: eliminazioni�
testo
"12,90717"

Confronto: eliminazioni�
testo
"168,0455"

Confronto: eliminazioni�
testo
"-2,64637"

Confronto: eliminazioni�
testo
"-34,4545"

Confronto: eliminazioni�
testo
"-2,85587"

Confronto: eliminazioni�
testo
"-37,1821"

Confronto: eliminazioni�
testo
"-4,75858"

Confronto: eliminazioni�
testo
"-61,9545"

Confronto: eliminazioni�
testo
"7,269829"

Confronto: eliminazioni�
testo
"94,64986"

Confronto: eliminazioni�
testo
"15/10/2012"

Confronto: eliminazioni�
testo
"9,153866"

Confronto: eliminazioni�
testo
"147,1779"

Confronto: eliminazioni�
testo
"-4,84022"

Confronto: eliminazioni�
testo
"-77,8221"

Confronto: eliminazioni�
testo
"2,934273"

Confronto: eliminazioni�
testo
"47,17789"

Confronto: eliminazioni�
testo
"6,921689"

Confronto: eliminazioni�
testo
"111,2884"

Confronto: eliminazioni�
testo
"-14,1696"

Confronto: eliminazioni�
testo
"-227,822"

Confronto: eliminazioni�
testo
"9,546184"

Confronto: eliminazioni�
testo
"153,4857"

Confronto: eliminazioni�
testo
"16/10/2012"

Confronto: eliminazioni�
testo
"16,5895"

Confronto: eliminazioni�
testo
"210,5889"

Confronto: eliminazioni�
testo
"-9,01293"

Confronto: eliminazioni�
testo
"-114,411"

Confronto: eliminazioni�
testo
"16,5895"

Confronto: eliminazioni�
testo
"210,5889"

Confronto: eliminazioni�
testo
"-22,6369"

Confronto: eliminazioni�
testo
"-287,356"

Confronto: eliminazioni�
testo
"-1,52914"

Confronto: eliminazioni�
testo
"-19,4111"

Confronto: eliminazioni�
testo
"16,92944"

Confronto: eliminazioni�
testo
"214,9042"

Confronto: eliminazioni�
testo
"17/10/2012"

Confronto: eliminazioni�
testo
"12,22715"

Confronto: eliminazioni�
testo
"202,647"

Confronto: eliminazioni�
testo
"5,439218"

Confronto: eliminazioni�
testo
"90,14704"

Confronto: eliminazioni�
testo
"0,159715"

Confronto: eliminazioni�
testo
"2,647041"

Confronto: eliminazioni�
testo
"-20,5803"

Confronto: eliminazioni�
testo
"-341,088"

Confronto: eliminazioni�
testo
"2,754214"

Confronto: eliminazioni�
testo
"45,64704"

Confronto: eliminazioni�
testo
"12,3516"

Confronto: eliminazioni�
testo
"204,7096"

Confronto: eliminazioni�
testo
"18/10/2012"

Confronto: eliminazioni�
testo
"6,75762"

Confronto: eliminazioni�
testo
"142,4221"

Confronto: eliminazioni�
testo
"-3,20642"

Confronto: eliminazioni�
testo
"-67,5779"

Confronto: eliminazioni�
testo
"12,45136"

Confronto: eliminazioni�
testo
"262,4221"

Confronto: eliminazioni�
testo
"-11,0406"

Confronto: eliminazioni�
testo
"-232,688"

Confronto: eliminazioni�
testo
"-4,96199"

Confronto: eliminazioni�
testo
"-104,578"

Confronto: eliminazioni�
testo
"9,453813"

Confronto: eliminazioni�
testo
"199,2465"

Confronto: eliminazioni�
testo
"19/10/2012"

Confronto: eliminazioni�
testo
"16,24552"

Confronto: eliminazioni�
testo
"272,516"

Confronto: eliminazioni�
testo
"-2,5326"

Confronto: eliminazioni�
testo
"-42,484"

Confronto: eliminazioni�
testo
"5,962264"

Confronto: eliminazioni�
testo
"100,016"

Confronto: eliminazioni�
testo
"-21,1963"

Confronto: eliminazioni�
testo
"-355,564"

Confronto: eliminazioni�
testo
"1,521089"

Confronto: eliminazioni�
testo
"25,51602"

Confronto: eliminazioni�
testo
"13,76113"

Confronto: eliminazioni�
testo
"230,8408"

Confronto: eliminazioni�
testo
"20/10/2012"

Confronto: eliminazioni�
testo
"5,858497"

Confronto: eliminazioni�
testo
"98,78675"

Confronto: eliminazioni�
testo
"14,30939"

Confronto: eliminazioni�
testo
"241,2868"

Confronto: eliminazioni�
testo
"5,858497"

Confronto: eliminazioni�
testo
"98,78675"

Confronto: eliminazioni�
testo
"-35,7397"

Confronto: eliminazioni�
testo
"-602,647"

Confronto: eliminazioni�
testo
"9,713288"

Confronto: eliminazioni�
testo
"163,7868"

Confronto: eliminazioni�
testo
"20,27976"

Confronto: eliminazioni�
testo
"341,96"

Confronto: eliminazioni�
testo
"21/10/2012"

Confronto: eliminazioni�
testo
"8,63276"

Confronto: eliminazioni�
testo
"118,009"

Confronto: eliminazioni�
testo
"2,048956"

Confronto: eliminazioni�
testo
"28,00904"

Confronto: eliminazioni�
testo
"8,63276"

Confronto: eliminazioni�
testo
"118,009"

Confronto: eliminazioni�
testo
"-21,9487"

Confronto: eliminazioni�
testo
"-300,036"

Confronto: eliminazioni�
testo
"2,634183"

Confronto: eliminazioni�
testo
"36,00904"

Confronto: eliminazioni�
testo
"12,66817"

Confronto: eliminazioni�
testo
"173,1727"

Confronto: eliminazioni�
testo
"22/10/2012"

Confronto: eliminazioni�
testo
"-4,02414"

Confronto: eliminazioni�
testo
"-46,9601"

Confronto: eliminazioni�
testo
"25,32562"

Confronto: eliminazioni�
testo
"295,5399"

Confronto: eliminazioni�
testo
"-4,02414"

Confronto: eliminazioni�
testo
"-46,9601"

Confronto: eliminazioni�
testo
"-24,3932"

Confronto: eliminazioni�
testo
"-284,659"

Confronto: eliminazioni�
testo
"7,115913"

Confronto: eliminazioni�
testo
"83,03987"

Confronto: eliminazioni�
testo
"18,16206"

Confronto: eliminazioni�
testo
"211,944"

Confronto: eliminazioni�
testo
"23/10/2012"

Confronto: eliminazioni�
testo
"18,59993"

Confronto: eliminazioni�
testo
"258,7681"

Confronto: eliminazioni�
testo
"2,9663"

Confronto: eliminazioni�
testo
"41,26811"

Confronto: eliminazioni�
testo
"5,661753"

Confronto: eliminazioni�
testo
"78,76811"

Confronto: eliminazioni�
testo
"-28,0739"

Confronto: eliminazioni�
testo
"-390,572"

Confronto: eliminazioni�
testo
"0,845877"

Confronto: eliminazioni�
testo
"11,76811"

Confronto: eliminazioni�
testo
"17,14401"

Confronto: eliminazioni�
testo
"238,513"

Confronto: eliminazioni�
testo
"24/10/2012"

Confronto: eliminazioni�
testo
"0,288646"

Confronto: eliminazioni�
testo
"3,30988"

Confronto: eliminazioni�
testo
"21,00043"

Confronto: eliminazioni�
testo
"240,8099"

Confronto: eliminazioni�
testo
"0,288646"

Confronto: eliminazioni�
testo
"3,30988"

Confronto: eliminazioni�
testo
"-17,7676"

Confronto: eliminazioni�
testo
"-203,74"

Confronto: eliminazioni�
testo
"-3,81011"

Confronto: eliminazioni�
testo
"-43,6901"

Confronto: eliminazioni�
testo
"13,88695"

Confronto: eliminazioni�
testo
"159,2403"

Confronto: eliminazioni�
testo
"25/10/2012"

Confronto: eliminazioni�
testo
"2,044014"

Confronto: eliminazioni�
testo
"23,58616"

Confronto: eliminazioni�
testo
"13,74333"

Confronto: eliminazioni�
testo
"158,5862"

Confronto: eliminazioni�
testo
"2,044014"

Confronto: eliminazioni�
testo
"23,58616"

Confronto: eliminazioni�
testo
"-20,9586"

Confronto: eliminazioni�
testo
"-241,845"

Confronto: eliminazioni�
testo
"3,127284"

Confronto: eliminazioni�
testo
"36,08616"

Confronto: eliminazioni�
testo
"12,71101"

Confronto: eliminazioni�
testo
"146,6741"

Confronto: eliminazioni�
testo
"26/10/2012"

Confronto: eliminazioni�
testo
"4,157892"

Confronto: eliminazioni�
testo
"56,28597"

Confronto: eliminazioni�
testo
"19,11674"

Confronto: eliminazioni�
testo
"258,786"

Confronto: eliminazioni�
testo
"4,157892"

Confronto: eliminazioni�
testo
"56,28597"

Confronto: eliminazioni�
testo
"-29,3743"

Confronto: eliminazioni�
testo
"-397,644"

Confronto: eliminazioni�
testo
"1,941767"

Confronto: eliminazioni�
testo
"26,28597"

Confronto: eliminazioni�
testo
"17,79498"

Confronto: eliminazioni�
testo
"240,8931"

Confronto: eliminazioni�
testo
"27/10/2012"

Confronto: eliminazioni�
testo
"-0,12207"

Confronto: eliminazioni�
testo
"-2,34659"

Confronto: eliminazioni�
testo
"-15,728"

Confronto: eliminazioni�
testo
"-302,347"

Confronto: eliminazioni�
testo
"-0,12207"

Confronto: eliminazioni�
testo
"-2,34659"

Confronto: eliminazioni�
testo
"21,81638"

Confronto: eliminazioni�
testo
"419,3863"

Confronto: eliminazioni�
testo
"-5,84424"

Confronto: eliminazioni�
testo
"-112,347"

Confronto: eliminazioni�
testo
"13,76144"

Confronto: eliminazioni�
testo
"264,5426"

Confronto: eliminazioni�
testo
"28/10/2012"

Confronto: eliminazioni�
testo
"3,540505"

Confronto: eliminazioni�
testo
"85,14404"

Confronto: eliminazioni�
testo
"-7,99865"

Confronto: eliminazioni�
testo
"-192,356"

Confronto: eliminazioni�
testo
"-4,776"

Confronto: eliminazioni�
testo
"-114,856"

Confronto: eliminazioni�
testo
"13,38641"

Confronto: eliminazioni�
testo
"321,9238"

Confronto: eliminazioni�
testo
"-4,15226"

Confronto: eliminazioni�
testo
"-99,856"

Confronto: eliminazioni�
testo
"8,598851"

Confronto: eliminazioni�
testo
"206,79"

Confronto: eliminazioni�
testo
"29/10/2012"

Confronto: eliminazioni�
testo
"1,112425"

Confronto: eliminazioni�
testo
"16,06271"

Confronto: eliminazioni�
testo
"-12,2192"

Confronto: eliminazioni�
testo
"-176,437"

Confronto: eliminazioni�
testo
"17,04109"

Confronto: eliminazioni�
testo
"246,0627"

Confronto: eliminazioni�
testo
"10,75179"

Confronto: eliminazioni�
testo
"155,2491"

Confronto: eliminazioni�
testo
"-16,6861"

Confronto: eliminazioni�
testo
"-240,937"

Confronto: eliminazioni�
testo
"14,44795"

Confronto: eliminazioni�
testo
"208,6193"

Confronto: eliminazioni�
testo
"30/10/2012"

Confronto: eliminazioni�
testo
"-18,4436"

Confronto: eliminazioni�
testo
"-193,354"

Confronto: eliminazioni�
testo
"28,05785"

Confronto: eliminazioni�
testo
"294,1457"

Confronto: eliminazioni�
testo
"-8,90484"

Confronto: eliminazioni�
testo
"-93,3543"

Confronto: eliminazioni�
testo
"-5,92194"

Confronto: eliminazioni�
testo
"-62,0829"

Confronto: eliminazioni�
testo
"5,212524"

Confronto: eliminazioni�
testo
"54,64572"

Confronto: eliminazioni�
testo
"17,81113"

Confronto: eliminazioni�
testo
"186,7238"

Confronto: eliminazioni�
testo
"31/10/2012"

Confronto: eliminazioni�
testo
"15,74554"

Confronto: eliminazioni�
testo
"303,3598"

Confronto: eliminazioni�
testo
"11,59323"

Confronto: eliminazioni�
testo
"223,3598"

Confronto: eliminazioni�
testo
"15,74554"

Confronto: eliminazioni�
testo
"303,3598"

Confronto: eliminazioni�
testo
"-41,8573"

Confronto: eliminazioni�
testo
"-806,439"

Confronto: eliminazioni�
testo
"-1,22701"

Confronto: eliminazioni�
testo
"-23,6402"

Confronto: eliminazioni�
testo
"24,41201"

Confronto: eliminazioni�
testo
"470,3316"

Confronto: eliminazioni�
testo
"Mean"

Confronto: eliminazioni�
testo
"4,5938"

Confronto: eliminazioni�
testo
"77,00018"

Confronto: eliminazioni�
testo
"4,485293"

Confronto: eliminazioni�
testo
"44,20317"

Confronto: eliminazioni�
testo
"1,869509"

Confronto: eliminazioni�
testo
"38,11196"

Confronto: eliminazioni�
testo
"-10,8491"

Confronto: eliminazioni�
testo
"-149,735"

Confronto: eliminazioni�
testo
"-0,09949"

Confronto: eliminazioni�
testo
"-9,58046"

Confronto: eliminazioni�
testo
"6,372381"

Confronto: eliminazioni�
testo
"89,22973 Table 1: Relative error in terms of [%] ABL  (m) for each dayin October month  computed forthe different  instruments compared withthe average value. The values represents the mean simple average in term of relative error."

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: inserimenti�
testo
"2000"

Confronto: inserimenti�
immagine
Impossibile trovare un oggetto immagine corrispondente

Confronto: inserimenti�
testo
"05001000"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "1500"

[Nuovo oggetto testo]: "20002500"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
immagine
L'oggetto immagine è stato sostituito
I seguenti attributi dell'oggetto immagine sono stati modificati: 
   dimensioni
 (fare clic per visualizzare l'immagine precedente)

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
immagine
L'oggetto immagine è stato sostituito
I seguenti attributi dell'oggetto immagine sono stati modificati: 
   dimensioni
 (fare clic per visualizzare l'immagine precedente)

Confronto: inserimenti�
testo
"RSon site [m]"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "RS-ABLHIGRA-ABLH"

[Nuovo oggetto testo]: "Rs onsite [m]Lidar Rib [m]150010001500"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: inserimenti�
testo
"1500"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: inserimenti�
testo
"500"

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "MEAN ABLHMEAN ABLH"

[Nuovo oggetto testo]: "0Rs on site [m]RMS nightRMS night2500250020002000"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
immagine
L'oggetto immagine è stato sostituito
I seguenti attributi dell'oggetto immagine sono stati modificati: 
   dimensioni
 (fare clic per visualizzare l'immagine precedente)

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "MEAN ABLHMEAN ABLH"

[Nuovo oggetto testo]: "05001000150020002500"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
immagine
L'oggetto immagine è stato sostituito
I seguenti attributi dell'oggetto immagine sono stati modificati: 
   dimensioni
 (fare clic per visualizzare l'immagine precedente)

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "MEAN ABLH485"

[Nuovo oggetto testo]: "Basil RCS [m]]1500100015001000WP [m]50050000RSon site [m]RS on site [m]]"
I seguenti attributi dell'oggetto testo sono stati modificati: 
   font, dimensioni

Confronto: inserimenti�
testo
"Comparison of the different"

Confronto: eliminazioni�
testo
"obtained from the different sensor/model data"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "plot, with"

[Nuovo oggetto testo]: " plots. On"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "values"

[Nuovo oggetto testo]: " x-axes"

Confronto: inserimenti�
testo
" each plot are"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "mean"

[Nuovo oggetto testo]: "ABLH 575"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "ABLH"

[Nuovo oggetto testo]: "values"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "from"

[Nuovo oggetto testo]: " through the application of the Richardson number approach to"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "5 different sensors/models in"

[Nuovo oggetto testo]: "on-site radiosonde profiles, while on"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "X axes and"

[Nuovo oggetto testo]: "yaxesare"

Confronto: eliminazioni�
testo
"ABLH"

Confronto: eliminazioni�
testo
" each single sensor/model in"

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "Y axes. (a):Radiosondes in Candillargues, (b): IGRA radiosondes, (c): Wind profiler,(d): BASIL, (e): ERA5."

[Nuovo oggetto testo]: " five reminder ABLH estimates. Panel a-e represent are for daytime comparisons, panels f-j for night-time.Panel a1/a2: “Lidar Rib” vs. “RS on-site”, panel b1/b2: “IGRA” vs. “RS on-site”, panel c1/c2: “ERA5” vs. “RS on-site”, panel d1/d2 “WP”vs. “RS on-site”, panel e1/e2: “Lidar RCS” vs. “RS on-site”."

Confronto: sostituzioni�
testo
I seguenti attributi dell'oggetto testo sono stati modificati: 
   dimensioni

Confronto: sostituzioni�
testo
[Oggetto testo precedente]: "For"

[Nuovo oggetto testo]: "20"
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Date 

BASIL (RCS) vs 

RS [12:00] 

BASIL (RCS) 

vs RS [00:00] 

BASIL Rib vs 

RS [12:00] 

BASIL Rib vs 

RS [00:00] 

ERA5 vs RS 

[12:00] 

ERA5 vs RS 

[00:00] 

WP vs RS 

[12:00] 

WP vs RS 

[00:00] 

IGRA vs 

RS [12:00] 

IGRA vs 

RS [00:00] 

St. Dev 

12:00 

St. Dev 

00:00 

[%] [m] [%] [m] [%] [m] [%] [m] [%] [m] [%] [m] [%] [m] [%] [m] [%] [m] [%] [m] [%] [%] 

011012 7.03 90 -9.09 -30 -12.6 -162 -9.09 -30 -0.2 -3 -20.6 -68 1.13 14 50.9 168 16.7 213 54.5 180 10.73 36.3 

021012 -1.1 -13 25. 60 -4.12 -46 25.0 60 -8.7 -97 29.2 70 29.4 329 20.8 50 50.1 559 33.3 80 25.55 4.8 

031012 8.3 94 22.3 60 -12.5 -140 22.2 60 -22. -257 -1.9 -5 -35.7 -400 -20.0 -54 -8.93 -100 -33.3 -90 16.43 24.9 

041012 11.2 140 64.3 180 -4.84 -60 28.6 80 -15.1 -189 21.4 60 7.26 90 37.5 105 7.06 88 -35.7 -100 10.95 36.7 

051012 -0.9 -120 114 160 -5.45 -60 28.6 40 -41.5 -457 -4.3 -6 11.3 125 75.0 105 -30.4 -335 14.3 20 20.89 48.3 

061012 3.51 40 -21.4 -90 -3.51 -40 -7.14 -30 -27.2 -310 14.3 60 -17.1 -195 -8.3 -35 -28.9 -330 -23.8 -100 14.33 15.2 

071012 -17.5 -270 66.6 120 -11.0 -170 33.3 60 -17.8 -274 -24.4 -44 -15.9 -246 13.9 25 -15.7 -243 50.0 90 2.72 35.2 

081012 50.00 270 100 150 12.9 70 20.1 30 28.1 152 23.3 35 35.2 190 20.0 30 -23.2 -125 60.0 90 27.87 35.2 

091012 -9.56 -130 66.5 120 0.74 10 16.7 30 -11.7 -160 22.2 40 27.9 380 37.8 68 14.2 193 50.0 90 16.72 20.4 

101012 49.23 320 9.38 30 18.4 120 3.13 10 -20.9 -136 -23.4 -75 -3.08 -20 42.8 137 -25.4 -165 -21.9 -70 30.78 27.1 

111012 -23.4 -150 53.1 170 39.0 250 9.38 30 39.3 252 -18.8 -60 66.4 425 44.1 141 28.1 180 -25.0 -80 32.99 35.5 

121012 -13.4 -229 25.1 60 -11.1 -189 -12.5 -30 -11.4 -196 -8.3 -20 -12.0 -207 48.8 117 -17.8 -304 62.5 150 2.73 33.4 

131012 64.52 542 41.1 185 16.9 142 2.22 10 -9.29 -78 -30.9 -139 45.2 380 -6.7 -30 34.8 293 -37.8 -170 28.11 31.3 

141012 -15.6 -210 33.3 80 -8.15 -110 41.7 100 -16.4 -222 1.7 4 5.00 68 58.3 140 8.89 120 12.5 30 11.67 22.7 

151012 -10.1 -180 6.74 60 -6.67 -120 3.37 30 -1.94 -35 -13.1 -117 -9.00 -162 -19.1 -170 -15.0 -270 15.7 140 4.77 14.4 

161012 54.88 450 36.3 80 37.8 310 -18.2 -40 -22.2 -182 -5.5 -12 64.0 525 0.0 0 40.9 335 -4.5 -10 33.73 20.6 

171012 21.33 320 21.4 75 13.5 203 -28.6 -100 -18.6 -280 -2.9 -10 10.6 160 28.6 100 16.5 248 -48.6 -170 15.78 32.7 

181012 30.33 373 -14.5 -140 14.0 173 -14.6 -140 3.58 44 15.8 152 11.3 140 31.3 300 16.2 200 25.0 240 9.76 21.8 

191012 -7.62 -157 -2.54 -50 5.83 120 0.51 10 2.91 60 -22.8 -350 -13.7 -283 -31.3 630 -20.6 -425 -7.62 -150 11.11 13.8 

201012 -9.57 -90 33.3 240 13.8 130 15.3 110 -6.06 -57 28.3 204 57.9 545 36.1 260 19.9 188 29.2 210 27.02 8.0 

211012 -16.5 -257 48.8 210 -10.0 -157 2.33 10 -20.7 -323 -12.1 -52 7.37 115 23.3 100 -10.5 -165 -44.2 -190 10.71 35.2 

221012 50.79 320 11.7 40 17.4 110 2.94 10 8.25 52 -20.0 -68 30.1 190 41.2 140 52.7 333 44.1 150 19.77 27.0 

231012 22.00 253 -27.6 -130 11.3 130 14.9 70 -11.3 -130 -24.7 -116 27.8 320 23.4 110 24.5 283 4.3 20 15.89 23.1 

241012 21.52 213 25.3 60 11.4 113 -4.17 -10 -17.1 -170 8.3 20 38.4 380 58.3 140 40.1 398 -25.0 -60 23.43 31.5 

251012 23.96 230 25.5 110 13.5 130 25.5 110 -15.4 -148 -13.0 -56 43.5 418 -20.9 -90 36.7 353 -37.2 -160 23.14 28.4 

261012 43.90 360 13.5 86 19.5 160 29.3 186 10.6 87 15.9 101 35.3 290 53.0 336 -13.1 -108 49.8 316 22.30 18.5 

271012 -2.29 -40 -14.1 -270 3.43 60 -7.29 -140 -3.43 -60 -13.0 -250 -1.71 -30 -10.4 -200 -7.43 -130 -10.9 -210 3.90 2.6 

281012 10.43 240 -11.6 -200 0.87 20 5.23 90 3.91 90 -9.3 -160 12.6 290 -17.6 -303 -3.80 -88 7.6 130 6.76 11.0 

291012 -8.17 -107 13.1 190 -5.34 -70 -7.64 -110 -7.18 -94 15.6 225 29.0 380 7.5 108 -3.24 -43 -15.3 -220 15.76 13.5 

301012 57.5 403 65.5 190 29.0 203 20.7 60 13. 91 9.0 26 36.4 255 44.8 130 91.8 643 48.3 140 30.4 22.6 

311012 60.9 683 13.8 90 25.3 283 10.7 70 -19.7 -220 -28.5 -185 18.7 210 -4.9 -32 26.8 300 41.5 270 28.71 25.8 

Mean 14.4 109 26.4 61.6 6.76 46 8.15 20.5 -7.6 -105 -2.97 -28 17.5 151 21.7 47 9.74 68 7.4 18.2 17.92 24.5 

 
Table 1:  Biases, expressed both in meters and in percentage (%), respectively, of the different ABLH estimates with respect to the one 
obtained through the application of the Richardson number approach to the on-site radiosonde profiles. The data cover the month of 
October 2012 and are separately listed for daytime (12:00 UTC) and night-time (00:00 UTC) comparisons. 
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Table 2: Results from the regression analysis, with values of the correlation coefficient R2 and the regression line slope A, with its 610 
standard deviation (A). Results are reported for both daytime (panel a, 12:00 UTC) and night-time (panel b, 00:00 UTC) comparisons.  
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Figure 4:  ERA5 atmospheric reanalysis for CAPE (panel a). friction velocity (panel b) and relative humidity  (panel c) for the month of 
October 20212. ). Results are reported for both daytime (black lines, 12:00 UTC) and night-time (red lines, 00:00 UTC) comparisons. 615 
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Figure 5: (a) Time-height cross section of the Range Corrected signals (RCS) at 355nm (b) and water vapour mixing ratio and as 620 
measured by BASIL over the time interval from 23:00 UTC on 18 October 2012 to 19:00 on 19 October 2012. The figure also 
includes the different ABLS estimates.  
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Abstract. This paper reports results from an inter-comparison effort involving different sensors/techniques used to measure 


the Atmospheric Boundary Layer (ABL) height. The effort took place in the framework of the first Special Observing Period 


of the Hydrological cycle of the Mediterranean Experiment (HyMeX-SOP1). Elastic backscatter and rotational Raman 10 


signals collected by the Raman lidar system BASIL were used to determine the ABL height and characterize its internal 


structure. These techniques were compared with co-located measurements from a wind profiler and radiosondes and with 


ECMWF-ERA5 data. In the effort we consider radiosondes launched in the proximity of the lidar site, as well as radiosondes 


launched from the closest radiosonde station included in the Integrated Global Radiosonde archive (IGRA). The inter-


comparison effort considers data from October 2012. Results reveal a good agreement between the different approaches, 15 


with values of the correlation coefficient R2 in the range 0.52 to 0.94. Results clearly reveals that the combined application of 


different techniques to distinct sensors’ and model datasets allow getting accurate and cross-validated estimates of the ABL 


height over a variety of weather conditions. Furthermore, correlations between the ABL height and other atmospheric 


dynamic and thermodynamic variables as CAPE, friction velocity and relative humidity are also assessed to infer possible 


mutual dependences.  20 


 


1. Introduction 


The ABL is lowest portion of the atmosphere, directly in contact and influence by the Earth’s surface , which  reacts to the 


combined action of mechanical and thermal forcing factors. In this layer, as a result of turbulent air motion and vertical 


mixing induced by shear and buoyancy forces (Stull, 1988), physical quantities such as flow velocity, temperature and 25 


moisture are characterized by rapid fluctuations. The variability of these quantities  is typically considered to estimate the 


ABL height.  


The evolution of the ABL structure and height has an important impact on meteorology. Accurate measurements of the ABL 


height (ABLH) allows validating air quality and forecast models and improve specific physical schemes, among others, the 


boundary layer turbulence and shallow convection parameterizations. However, the complexity of the phenomena occurring 30 


within the ABL and the influence of advection and local accumulation processes, in many cases prevents an unambiguous 
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determination of the ABLH from e.g. the elastic lidar signals, especially when aerosol stratifications are present within the 


ABL (Haeffelin et al., 2012). 


Various methods have been reported in the literature to estimate the ABLH from the vertical profiles of different 


atmospheric variables. The five most used approaches are: 1) Turbulence method (Stull, 1988),  2) Temperature gradient 35 


method (Bianco and Wilczak, 2002, Zeng et al. 2004, Seidel at al. 2012), 3) Richardson number method (Joffre et al., 2001, 


Sicard et al., 2006), 4) Wind (Melgarejo and Deardorff,1974) and wind shear (Hyun et al., 2005) profile methods, and 5) the 


combined cloud top and relative humidity method (Lenschow et al., 2000), this latter being applicable only in the presence of 


stratocumulus-topped boundary layers. A review of these different methodologies was reported by Dai et al. (2014). Some of 


these approaches are included in the inter-comparison effort illustrated in the present paper. 40 


A convenient, reliable and widely used approach to determine the ABL height and structure both in daytime and night time 


is based on the identification of local maxima in potential temperature vertical gradient profiles as measured by 


meteorological radiosondes (Cramer, 1972; Oke, 1988; Stull, 1988; Sorbjan, 1989; Garratt, 1992; Van Pul et al., 1994; De 


Wekker et al., 1997; Martucci et al.,2007; Behrendt et al., 2011). Specifically, potential temperature tends to keep nearly 


constant with height within the mixed layer. The level of maximum potential temperature vertical gradient identifies the 45 


transition from a convectively unstable region, located below the maximum, to a stable or more stable region, located above 


the maximum (Summa et al. 2013). Gradient-based methods are accurate and effective in the determination of the ABLH, 


especially in case of usual ABL conditions and characteristics (Dang et al., 2019), with small computation costs.  


In the present paper this approach is applied to radiosounding data from one station included in the IGRA database and 


results are compared with independent ABLH estimates from co-located elastic backscatter lidar and wind profiler 50 


measurements, from ECMWF model reanalysis, as well as from other standard methods applied to radiosoundings data. As a 


result of recent technological progresses, lidar systems are presently able to provide continuous measurements of 


atmospheric variables, as particle backscatter or water vapour concentration profiles, and thus allow providing continuous 


measurements of the ABLH. Wind profilers are quite effective in providing long-term ABLH measurements as a result of 


their unattended operation over extended observation periods and the availability of an extensive network of operational 55 


wind profilers over wide areas of the globe. An effective approach to determine the ABLH from wind profiler signal-to-


noise ratio (SNR) measurements was developed by Angevine et al. (1994) in the early nineties. However, the operational use 


of wind profilers is limited by their lack of sensitivity within the surface atmospheric layer (up to 500 m), which prevents 


from an adequate monitoring of the ABLH and structure at night or in the presence of shallow ABLs. Additionally, ABLH 


estimates from wind profilers are very sensitive and frequently affected by the presence of insects’ swarms. 60 


In the present research effort we consider Raman lidar measurement from BASIL collected in Southern France in the period 


September-November 2012 in the frame of HyMeX-SOP1. We focus our attention on the measurements carried out during 


October 2012. This paper does not represent the first research effort dedicated to an extensive inter-comparison of different 


ABLH sensors/methodologies. In a previous paper, Seibert et al. (2000) compared different methods to estimate the ABLH 
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from radiosounding data and other instruments and carefully examined advantages and shortcomings of all investigated  65 


approaches. 


The considered approaches are shortly summarized in what follows. The turbulence method identifies the  ABLH as the 


depth of the lowest continuous turbulence layer (Stull, 1988). The turbulent region is determined by tracking the fluctuations 


of the different wind components (U, V, and W), for example through a high-pass wavelet filter (Wang et al. 1999). Such 


fluctuations can be identified in wind lidar data, but measurements can also be performed with radiosondes and tethered 70 


balloons or in-situ sensors on-board scientific aircrafts. The ascent velocity of tethered balloons can be carefully controlled 


to cope with the desired time-height resolution. However, in case of high wind speed or strong convective activity, tethered 


balloons are inapplicable. A major advantage of the use of aircraft sensors is the simultaneous measurements of both mean 


and turbulent quantities with high sampling rates. However, lack of observations from the lower atmospheric levels may 


result from limitations and restrictions to low level flights. 75 


The temperature gradient method relies on the identification of temperature inversions, which are found to typically cap the 


ABL top and determine a maximum in the potential temperature lapse rate (Bianco and Wilczak, 2002; Martucci et al. 2007). 


Potential temperature (z), which is a function of atmospheric pressure and  temperature, is given by the expression: 


ሻݖሺߠ ൌ ܶሺݖሻ ቀ
௉బ
௉ሺ௭ሻ


ቁ
ೃ
಴೛        (1) 


with  P0  is the standard pressure, T and P are the pressure and temperature, respectively, at altitude z, with is  R/Cp = 0.286. 80 


(z) tends to keep nearly constant with height within the mixed layer. The level of the maximum vertical gradient in potential 


temperature indicates the transition from a convectively unstable region, located below this maximum, to a stable or more 


stable region, located above the maximum. The stable layer at the top of the mixed layer stops the turbulent eddies from 


further rising. Stable layers characterized by increasing temperatures with height (positive lapse rates, called capping 


inversions) can prevent the development of deep convection. During the day, the level at which air parcels become 85 


negatively buoyant corresponds to a main temperature inversion. Such inversions can be identified in radiosonding data, with 


radiosondes providing very accurate information throughout the troposphere. Additionally, radiosonding data can provide a 


long observational record, which is particularly suited for ABLH climatological studies (Madonna et al. 2021). However, 


radiosonde measurements are characterized by lack of temporal resolution (only 2–4 launches per day from each station) and 


a poor geographical distribution, with an uneven distribution density in the two hemispheres. 90 


The Richardson number method relies on the identification of Richardson number gradients, which is an important 


diagnostic indicator of dynamic flow stability. This method assumes the ABLH to be the level where the so called “bulk 


Richardson number for the entire ABL” exceeds a specific threshold value, Ribc. Ribc at height z can be calculated from the 


wind speed and the potential temperature values at z and at surface level, as originally reported in Hanna (1969) and 


extensively described in e.g., Stull (1988) and Garratt (1994). Such gradients can be revealed in wind lidar, wind profiler, 95 


radiosonde and aircraft in- situ sensors’ profile data (Sicard et al., 2006). 
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The ABLH can also be estimated from the vertical wind profile, using e.g. the lowest wind-speed maximum height, often 


referred to as the low-level jet (LLJ) height (Melgarejo and Deardorff,1974). The LLJ height is again identifiable in wind 


lidar, wind profiler, radiosonde and aircraft in-situ sensors’ profile data. 


The paper outline is the following. Section 2 shortly describes the profiling sensors and model data involved in the inter-100 


comparison effort. Section 3 illustrates the results from the inter-comparison effort. Finally, section 4 provides a summary, 


concluding remarks  and indications for possible future follow-on studies. 


 


2  Profiling sensors and model data involved in the inter-comparison effort 
 105 
2.1 BASIL System 
 
The University of BASILicata ground-based Raman Lidar system (BASIL) was deployed in the Cévennes-Vivarais (CV) 


site (Candillargues, Southern France, Lat: 43°37' N, Long: 4° 4' E, Elev: 1 m, figure 1) and operated between 5 September 


and 5 November 2012, collecting more than 600 hours of measurements, distributed over 51 measurement days and 19 110 


intensive observation periods (IOPs, Di Girolamo et al., 2016; Stelitano et al., 2019). BASIL is capable to perform high-


resolution and accurate measurements of atmospheric temperature and water vapour, both in daytime and night-time, based 


on the application of the rotational and vibrational Raman lidar techniques, respectively, in the UV (Di Girolamo et al., 


2004, 2009, 2017). This measurement capability makes BASIL an effective tool for the characterization of water vapour 


inflows in Southern France, which are a key ingredient of heavy precipitation events in the North-western Mediterranean 115 


basin. BASIL makes use of a Nd:YAG laser source capable of emitting pulses at 355, 532 and 1064 nm, with single pulse 


energies at 355 nm, i.e. the wavelength used to stimulate rotational and roto-vibrational Raman scattering from atmospheric 


molecules, of 500 mJ (average optical power of 10 W at a laser repetition rate of 20 Hz). The receiver includes a Newtonian 


telescope in (45-cm diameter primary mirror). Data are acquired with a rough vertical and temporal resolution of  30 m and 


10 sec, respectively, but vertical and temporal smoothing is typically applied when processing water vapour and temperature 120 


profile measurements for data assimilation purposes or process studies. 


 


2.2 Determination of the ABLH from Raman lidar measurements 


There are several methodologies to determine the ABL height from elastic lidar signals, which rely on the circumstance that 


aerosols are more abundant within the ABL than in the free troposphere and they can act as tracers of atmospheric motions. 125 


An extensively used methodology relies on the detection of vertical gradients in elastic backscatter lidar echoes, which result 


from such echoes being much stronger within the ABL than in the free troposphere.  


The elastic lidar equation, expressed in terms of number of collected photons as function of height, is defined as: 


ሻݖ0ሺߣܲ ൌ ሻݖ0ܱሺߣܲ
ܣ


2ݖ
ቂݎܽ݌ߚሺݖሻ ൅ ሻቃݖሺ݈݋݉ߚ ݈݋݉ܶ


2 ሺݖሻ	ܶݎܽ݌
2 ሺݖሻ ൅ ܾܲ݃݀ሺݖሻ                  (1) 
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where 0 is the emitted and received lidar wavelength, respectively, z is the vertical height, ܲ0ߣis the number of laser emitted 130 


photons, O(z) is the overlap function, A is the telescope collection area, mol(z) and par(z) is the backscatter coefficient for 


molecules and particles, respectively, Tmol(z) and Tpar(z) represent the molecular and particle contribution to atmospheric 


transmissivity, respectively, and Pbgd is the background signal associated with solar irradiance and detectors’ noise. In  order 


to compress the signal dynamical variability and define an uncalibrated quantity proportional to total (molecular + particle) 


attenuated backscattering coefficient, it is often preferable to make use of the range-corrected signals (RCSs), which is 135 


defined as: 


ሻݖሺܵܥܴܲ ൌ ሻݖ0ሺߣܲൣ െ ܾܲ݃݀ሺݖሻ൧2ݖ
                           (2) 


The ABL height is estimated from the height derivative of RCSs through the expression: 


ܪܮܤܣ ൌ ݉݅݊ ቄ
ௗ


ௗ௭
ൣlog൫ ோܲ஼ௌሺݖሻ൯൧ቅ                   (3) 


Transitions between different aerosol layers are identified with the minima in expression (3), with the absolute minimum 140 


typically representing the ABLH. For the specific purposes of our present study, the elastic backscatter signal at 355 nm, 


P(z), is considered in expression (2). The methodology is applied to signals with vertical and time resolutions of  30 m and 


5 min, respectively (Summa at al ., 2013; Vivone et al., 2021). Overlap effects affect lidar signals in the lower few hundred 


meters have marginal effects on gradient measurements and consequently ABLH estimates. 


 145 
2.3 WIND profiler  
 
The five-beam wind profiler (WPR) considered in the study was also deployed in Candillargues. The system is manufactured 


by Degreane (model PCL 1300) and operates in the UHF band with a primary frequency at 1.274 GHz.. A detailed 


description of the WPR, its specifications and main working parameters, data processing methodologies and delivered 150 


geophysical products are illustrated in Saïd et al. (2016). The WPR operated almost continuously throughout the duration of 


HyMeX-SOP1 (Saïd et al., 2018). For the ABL height measurements reported in this paper, the WPR was operated in low 


mode, with a pulse length of 1μs. This allows sampling the lower troposphere from 0.15 to 5.7 km a.g.l., with a vertical 


resolution of 150m. The methodology to determine the ABL height relies on the identification of a distinctive strong peak in 


the WPR time-height reflectivity plot (Gage et al., 1990), though the strength of this peak may depend on a variety of 155 


factors. While this approach is very effective in the determination of the ABLH, its applicability can be limited by the 


presence of strong reflectivity peaks associated with marked temperature and humidity gradients. This is the primary 


uncertainty source WPR-based ABLH measurements. This aspect will be carefully accounted for when comparing the 


different approaches. 


 160 


2.4 Radiosoundings 


A radiosonde launching facility was setup in Candillargues in September 2012 for the purposes of HyMeX-SOP1. Launched 


radiosondes, manufactured by Vaisala (model: RS92), were launched without a predefined schedule, primarily during the 
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intensive observation periods, with a launching rate of up to one launch every 1.5 h. The radiosondes were set to provide 


vertical profiles of atmospheric pressure, temperature, humidity, and wind direction and speed during both the ascent and 165 


descent phases. The thin-wire temperature sensor, whose measurements are used for the ABLH estimate, is characterized by 


a very fast response time and has a hydrophobic coating protection to reduce the effects of evaporative cooling after 


emerging from clouds (Dirsken et al., 2014; Madonna et al., 2020). ABLH estimates are obtained from the radiosonde data 


based on the application of the temperature gradient method, which relies on the identification of maxima in the potential 


temperature vertical gradient. Small, but non-negligible uncertainties (0.05 K) may affect radiosonde temperature 170 


measurements as a result of the sonde’s pendulum motion and the resulting increased sensor ventilation (Dirksen al., 2014), 


with again marginal effects on temperature gradient measurements and consequently ABLH estimates. 


 


2.5 IGRA DataBase  


ABLH estimates from BASIL and WPR measurements carried out during HyMeX-SOP1 were compared with those 175 


obtained from the radiosondes launched from nearest Integrated Global Radiosonde archive (IGRA) radiosounding station. 


IGRA is the most comprehensive, authoritative collection of historical and near-real-time radiosonde and pilot balloon 


observations, with global coverage, maintained and distributed by the National Oceanic and Atmospheric Administration’s 


National Centers for Environmental Information (NCEI). Data are extracted from version V2 IGRA database, which was 


released in 2016 (Durré et al., 2018) and includes enhanced quality with respect to the previous version (V1). ABLH 180 


estimates from IGRA radiosondes are obtained based using agin the temperature gradient method. The specific IGRA station 


considered in our study is Nimes-Courbessac (lat: 43.8569°N, 4.4064°E, 60 m asl, WMO index= 7645), typically carrying 


out four radiosonde launches per day and using GPS radiosondes manufactured by Meteomodem (model: M10). The 


performance of M10 radiosondes was assessed and verified to be accurate during the WMO 2010 radiosonde inter-


comparison effort in Yangjang (Nash et al., 2011, Madonna et al. 2021), being again characterized by negligible 185 


uncertainties in temperature gradient measurements and consequently ABLH estimates. 


 


2.6 ECMWF-ERA5 


ABLH estimates from the aforementioned observational sources have been also compared with ECMWF-ERA5 atmospheric 


reanalysis. ECMWF-ERA5 is the latest reanalysis produced by ECMWF, including hourly data on a regular latitude-190 


longitude grids, with a 0.25° x 0.25° resolution (Hersbach et al., 2020) and atmospheric parameters provided at 2m and at an 


additional 36 pressure levels. ERA5 is publicly available through the Copernicus Climate Data Store (CDS, 


https://cds.climate.copernicus.eu).  


In order to properly carry out the comparison, the nearest ERA5 grid point to the CV site was considered, assuming the 


representativeness uncertainty associated with the use of the nearest grid-point to be comparable with the uncertainty 195 


affecting most interpolation approaches (e.g. kriging, bilinear interpolation, etc.). In general, reanalysis reliability can 


considerably vary depending on the location, time and selected atmospheric variable (Dee et al., 2016). Mixed layer 
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parametrizations in atmospheric forecast models typically consider boundary layer height estimates from entraining parcel 


models. However, to guarantee an effective and reliable ABLH monitoring, also in neutral and statically stable atmospheric 


conditions, the bulk Richardson number method is frequently preferred as an independent diagnostic proxy in turbulence 200 


parametrization (Seidel et al., 2012), this also being the method considered in the present paper. The algorithm used in ERA5 


requires approximations, which ultimately increase uncertainties (Seidel et al., 2012): for example, the lack of accurate 


information on the local surface roughness affects friction velocity estimates and, consequently, surface frictional effects are 


ignored in the computation of the bulk shear.  


The ERA5 ABLH is defined as the lowest level at which the bulk Richardson number reaches the critical value of 0.25 in 205 


both convective and stable boundary layers. In ECMWF Integrated Forecasting System (IFS) the bulk Richardson number is 


computed as follows: 


ܴ݅௕ ൌ ݄௕௟
ଶ௚ሺ௦ೡ೓್೗ି௦ೡ೙ሻ


ሺ௦ೡ೓್೗ା௦ೡ೙ି௚௛್೗ି௚௭೙ሻ|∆௎|మ
      (4) 


where The index n identifies the lowest model level and the index hbl identifies the boundary layer height, i.e the level here 


the bulk Richardson number reaches the critical value of 0.25. The virtual dry static energy from the lowest level:  210 


௩௡ݏ ൌ ܿ௣ ௡ܶሺ1 ൅ ௡ሻݍߝ ൅  ௡     (5)ݖ݃


is compared to the virtual dry static energy at the boundary layer top: 


௩௛௕௟ݏ ൌ ܿ௣ ௛ܶ௕௟ሺ1 ൅ ௡ሻݍߝ ൅  ௡       (6)ݖ݃


and 


|∆ܷ|ଶ ൌ ଶ௛௕௟ݑ ൅  ଶ௛௕௟           (7) 215ݒ


 ଶ௛௕௟ being the are the horizontal wind speed components at the ABLH. The ABLH is obtained from both theݒ	and	ଶ௛௕௟ݑ


radiosonde and model data using this algorithm, which is applied from the surface upwards. In case the ABLH falls in 


between two levels, a linear interpolation is applied to determine its exact position.  


In the present paper we provide ABLH estimates based on the application of different approaches with the aim to assess the 


performance achievable with each observational or model data and verify their applicability in different atmospheric 220 


scenarios. In the attempt to ensure the highest possible performance achievable with each observational or model data, 


deviations observed the in the comparison of the different datasets sensors and mothers and approaches are carefully 


analyzed and discussed, also counting for results from previous inter-comparison efforts (Seidel et al., 2012). 


 


3. Results 225 


In this section we illustrate and discuss the ABLH estimates as obtained from measurements/model data through the 


application of the five different approaches/sensors/models illustrated in the previous sections. We first provide a more 


climatological assessment, focusing  on the evolution of the ABLH throughout the duration of the month of October 2012. 


Figure 2 illustrates the time evolution of the ABLH as measured/modeled through these approaches. ABLH lidar estimates 


illustrated and discussed in this paper were obtained from the Raman lidar measurements collected during the period 1-31 230 
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October 2012 by BASIL (Figure 1). Specifically, figure 2a illustrates the mean values obtained by averaging ABLH 


estimates throughout the duration of the day over the time window from 9:00  to 21:00 UTC. This time interval includes 


information from the entire daytime portion of the day, thus allowing to account for the complete duration of the daily 


convective activity, from it activation in the morning to its decay in the evening. The results in the figure 2a reveal a quite 


good agreement between the five different approaches/sensors/models, all of the them being capable to capture the major 235 


features associated with ABLH monthly variability, with the only exception of ERA5 model reanalyses which underestimate 


the ALBH over an extended portion of the considered period (16-31 October 2012). A definitive and unambiguous 


motivation for these lower ABLH values was not identified. A reasonable hypothesis is that the size of the ERA5 model grid 


point is large enough (30 km × 30 km) to limit representativeness of the reanalysis results when compared to point 


measurements. In this regard, it is to be specified that the CV measurement site is located few hundred meters inland and the 240 


ERA5 grid point includes both land and sea areas. Additionally, the second half of the month of August 2012 was 


characterized by a much larger variability of weather conditions and lower horizontal homogeneity of most atmospheric 


variables. 


Figures 2b and 2c illustrate the deviations, expressed both in meters and in percentage (%), between the ABLH estimated 


from the 5 different approaches/sensors/models considered and the mean value of the 5, this latter value being considered as 245 


reference. These values are also reported in table 1. With the only exception of few data points, deviations are always within 


± 200 m and ± 20 %. The mean value of the bias of each sensor with respect to the reference value has also been computed. 


The largest deviations are again observed between ERA5 model and all other sensors during the second half of the month, 


with a negative bias in ERA5 data in the range 11-42 % and about 200-800 m. For the radiosondes in Candillargues, the 


IGRA radiosondes, the wind profiler, BASIL and ERA5, the mean bias with respect to the mean ABLH estimate are 77.0 m 250 


(4.6 %), 44.2 m (4.5 %), 38.1 m (1.87 %), -9.6 m (-0.09 %)and -149.7 m (-10.8 %), respectively. Because of the large bias 


affecting ERA5 data from the second half of the month of October 2012, ERA5 data were removed from the computation of 


the mean reference ABLH in the forthcoming regression analysis. Additionally, when ERA5 data from the second half of the 


month of October 2012 are removed from the mean reference ABLH estimate, the mean bias of the radiosondes in 


Candillargues, the IGRA radiosondes, the wind profiler, BASIL and ERA5 with respect to the mean ABLH estimate are 47.9 255 


m (2.5 %), 15.1 m (2.3 %), 9.0 m (0.2 %), -38.7 m (-2.1 %)and -178.8 m (-12.1 %), respectively. 


Figure 3 compares ABLH estimates obtained from the different sensor/model data in terms of scatter plot. A linear fit is 


applied to the data points, using a linear regression function through zero with the form Y = A × X, with X being again the 


values of  the mean reference ABLH obtained from the 5 different sensors/models and Y being ABLH values from each 


single sensor/model. The slope of the regression line, i.e. the term A, provides an alternative estimate of the bias of each 260 


sensor/model. The correlation coefficient  R2 quantifies the degree of agreement between the values of the compared 


sensors/models. Values of A and R2  for each sensor/model are reported in the table 1. All values of R2 are in the range 0.81-


0.94 (with the only exception of the ERA5, with R2=0.52), which testifies a good level of agreement between the different 


approaches/sensors/models. Specifically, figure 3a compares ABLH values from the radiosondes in Candillargues with the 
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reference ABLH values, with R2 being equal to 0.94 and A being equal to 1.04, which confirms a small positive bias (4 %) 265 


affecting  these radiosondes when compared with the reference estimate. Figure 3b compares ABLH values from the IGRA 


radiosondes with the reference ABLH values, with R2 being equal to 0.81 and A being equal to 1.00, which confirms the 


very good agreement between these radiosondes and all other sensors/models. Figure 3c compares ABLH values from the 


wind profiler with the reference ABLH values, with R2 being equal to 0.93 and A being equal to 1.01, which confirms a very 


small positive bias (1 %) affecting  the wind profiler when compared with the reference estimate. Figure 3d compares ABLH 270 


values from BASIL with the reference ABLH values, with R2 being equal to 0.91 and A being equal to 0.97, which confirms 


a very small negative bias (3 %) affecting  BASIL when compared with the reference estimate. Finally, 3e compares ABLH 


values from ERA5 with the reference ABLH values, with R2 being equal to 0.52 and A being equal to 0.87, which confirms 


the limited level of correlation of ERA5 data with the other sensors and the large negative bias (13 %) affecting  these data 


when compared with the reference estimate. The regression analysis results are summarized in table 2. 275 


Additional parameters from ERA5 reanalysis data have been considered to corroborate the analysis the data and the 


interpretation of the observed atmospheric features. Figure 4 shows the time evolution of the Convective Available Potential 


Energy (CAPE, panel a) and the friction velocity (panel b) from ERA5 reanalysis and relative humidity over the time period 


1-31 October 2012. Friction velocity quantifies the vertical transport of momentum, or turbulence generation. It is calculated 


as the square root of the surface stress divided by air density. Friction velocity includes both a turbulent and a viscous 280 


component. In a turbulent flow, friction velocity is approximately constant within the few lowest meters of the atmosphere. 


This parameter increases with surface roughness. CAPE quantifies atmospheric instability, with large positive values (>400) 


being necessary for the onset of convective activity in a conditionally unstable tropospheric layer. Peak values in friction 


velocity are found  in association with the highest ABLH daily mean values. During the month of October 2012 this happens 


around 18-19 October. This result confirms the important role played by the vertical transport of momentum and turbulence 285 


in the development of the ABL and in ABLH growth. CAPE values on 18-19 October 2012 are in the range 50-10 J kg-1, 


which are indicative of high stability conditions of an atmospheric environment un favorable to convective activity on these 


days. 


We also compared and tried to quantitative correlate ABLH estimates with the variability of specific atmospheric dynamic 


and thermodynamic variables, as CAPE, friction velocity and relative humidity. CAPE daily gradient values were computed 290 


considering the time series of CAPE values during the time interval 1-31 October 2012. A linear fit was applied to the time 


series of CAPE daily gradient and the friction velocity values in the  time period 1-31 October 2012 vs. the corresponding 


ABLH estimates. Considered ABLH estimates are those from ERA5 reanalysis and the mean of the 5 different 


approaches/sensors/models considered above. The correlation between ERA5 ABLH estimates and the corresponding 


friction velocity values is found to be 0.71, while the correlation between the mean ABLH estimates and the ERA5 friction 295 


velocity values is found to be 0.75. The correlation between ERA5 ABLH estimates and the corresponding CAPE daily 


gradient values is 0.49, while the correlation between the mean ABLH estimates and the ERA5 CAPE daily gradient values 


is found to be 0.52. Finally, the correlation between ERA5 ABLH estimates and the corresponding relative humidity values 
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is 0.32, while the correlation between the mean ABLH estimates and the ERA5 relative humidity values is 0.42. These 


values reveal a good correlation between ABLH estimates and corresponding friction velocity values, a very mild correlation 300 


between ABLH estimates and corresponding CAPE daily gradient values and a missing correlation between ABLH 


estimates and corresponding relative values. These results are summarized in table 3.  


For the purpose of assessing the performance in the characterization of the short-term variability, our analysis was also 


focused on one specific case study, covering the daytime portion of 18 October 2012. Figure 5a illustrates the time-height 


cross-section of the particle backscattering coefficient at 355nm, 355(z), as measured by BASIL measurements of over the 305 


time interval 09:26-21:11 UTC on 18 October 2012. The map is conceived as a succession of consecutive 355(z) profiles, 


each one with an integration time of 5 min and a vertical resolution of 150 m. Red dots in the figure identify the ABLH 


values obtained through the application of the approach illustrated in the section 2.2 to BASIL measurements. The yellow 


stars identify the ABLH values determined through the application of the temperature gradient method to the radiosonde 


data. During the measurement session the ABLH is found to vary from an initial value of ~1.5 km around 09:30 UTC to a 310 


maximum value of ~2.3 km around 19:40 UTC, descending down to ~1.7 km around 21:15 UTC. On this day an elevated 


Mesoscale Convective System (MCS) is found to transit over the lidar station, with the cloud system base ranging between 


2.5 and 4.5 km. Light precipitations are observed around 11 and 12 UTC, while virga events, with precipitating particles 


sublimating before reaching the ground, are observed later in the afternoon in the time interval 17-19 UTC. Figure 5a also 


includes ABLH estimates obtained from the application of the temperature gradient method to the the IGRA radisounding 315 


data (blue star), these values being in very good agreement with those simultaneously estimated from the lidar data. 


Figure 5b illustrates the time-height cross-section of the water vapour mixing ratio measurements carried out by BASIL on 


the same day, which are displayed over the same time intervals considered in figure 5a. A dry layer appears at the ABL top, 


probably resulting from sub-cloud low-level rain evaporation. This dry layer may ultimately have contributed to convection 


regeneration events observed throughout the passage of the MCS (Li et al. 2009; Morrison et al. 2009). It is to be specified 320 


that rain evaporation significantly contributes to the heat and moisture budgets of clouds (Emanuel et al., 1994), but few 


observations of these processes are available (Gamache et al., 1993). Dry layers are frequently observed in mid-latitude 


convective environments as a result of air being advected from different source regions under directionally sheared vertical 


wind profiles (Carlson and Ludlam 1968). Deep convective precipitation events are influenced, and frequently favored, by 


the presence of aerosols and midlevel dry layers, and this circumstance may have played a significant role in the formation 325 


and development of the observed MCS.  


 


4. Conclusions 


In the present paper we illustrate and discuss the results from an inter-comparison effort considering ABL height estimates 


from different sensors/techniques. The effort was carried out in the framework of HyMeX-SOP1. A climatological 330 


assessment focusing  on the evolution of the ABL height throughout the duration of the month of October 2012 is provided. 


Results reveal a good agreement between the different sensors/approaches, all of the them being able to capture the major 
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ABL height features, with the exception of ERA5 reanalysis which underestimates the ABL height over an extended portion 


of the considered period (16-27 October 2012). The R2 computed form different sensor are in the range 0.81-0.94, with the 


only exception of the value for ERA5 (0.52). The biases of the single sensors/models with respect to the mean value of the 335 


five, this latter value being considered as a reference, was also estimated. These biases were estimated through both a simple 


statistical analysis (mean deviation between the single sensors/model values and the reference values) and a regression 


analysis (slope of the linear fit regression line correlating the single sensor/model values and the reference values), with all 


bias values being smaller than 4 %, with the only exception of ALBH estimated from ERA5 model reanalyses which 


underestimate the reference ALBH values by 12-13 %. The analysis was integrated with the consideration of a variety of 340 


atmospheric dynamic and thermodynamic variables from ERA 5, with friction velocity found to be one of the main drivers 


of ABL variability. The analysis was also focused on one specific case study, covering the daytime portion of 18 October 


2012, for the purpose of assessing the performance in the characterization of the short-term variability,. 
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Figure 1: Location and two images of the Raman lidar system BASIL operated during HyMex-SOP1. 
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Figure 2: (a), Time evolution of the ABLH over the time period 1-31 October 2012 as measured/modeled through the five approaches 
illustrated in section 2; Deviations, expressed both in meters (b) in percentage (c), between the ABLH estimate from the different 475 
approaches/sensors/models and the mean value obtained from the 5 considered approaches/sensors/models. 
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Table 1:  Relative error in terms of [%]  ABL  (m) for each day in October month  computed for the different  instruments compared with 
the average value. The values represents the mean simple average in term of relative error. 
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Rs- Mean IGRA-Mean Wind Prof -Mean ERA5 -Mean Basil - Mean Standard Deviation 


Rel [%] Abs [m] Rel [%] Abs [m] Rel [%] Abs [m] Rel [%] Abs [m] Rel [%] Abs [m] Rel[%] Abs[m] 
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12 
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12 
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12 
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Confronto: eliminazioni�

testo

"21,2757"



Confronto: eliminazioni�

testo

"197,3616"



Confronto: eliminazioni�

testo

"-30,6635"



Confronto: eliminazioni�

testo

"-284,446"



Confronto: eliminazioni�

testo

"5,644609"



Confronto: eliminazioni�

testo

"52,36156"



Confronto: eliminazioni�

testo

"23,37098"



Confronto: eliminazioni�

testo

"216,7982"



Confronto: eliminazioni�

testo

"06/10/2012"



Confronto: eliminazioni�

testo

"19,75759"



Confronto: eliminazioni�

testo

"207,8747"



Confronto: eliminazioni�

testo

"-23,013"



Confronto: eliminazioni�

testo

"-242,125"



Confronto: eliminazioni�

testo

"19,75759"



Confronto: eliminazioni�

testo

"207,8747"



Confronto: eliminazioni�

testo

"-21,0525"



Confronto: eliminazioni�

testo

"-221,499"



Confronto: eliminazioni�

testo

"4,550281"



Confronto: eliminazioni�

testo

"47,87466"



Confronto: eliminazioni�

testo

"21,06083"



Confronto: eliminazioni�

testo

"221,5864"



Confronto: eliminazioni�

testo

"07/10/2012"



Confronto: eliminazioni�

testo

"-4,4947"



Confronto: eliminazioni�

testo

"-55,7689"



Confronto: eliminazioni�

testo

"4,572255"



Confronto: eliminazioni�

testo

"56,73111"



Confronto: eliminazioni�

testo

"-4,4947"



Confronto: eliminazioni�

testo

"-55,7689"



Confronto: eliminazioni�

testo

"2,061266"



Confronto: eliminazioni�

testo

"25,57555"



Confronto: eliminazioni�

testo

"2,355887"



Confronto: eliminazioni�

testo

"29,23111"



Confronto: eliminazioni�

testo

"4,216315"



Confronto: eliminazioni�

testo

"52,31473"



Confronto: eliminazioni�

testo

"08/10/2012"



Confronto: eliminazioni�

testo

"-11,9695"



Confronto: eliminazioni�

testo

"-111,495"



Confronto: eliminazioni�

testo

"30,43548"



Confronto: eliminazioni�

testo

"283,505"



Confronto: eliminazioni�

testo

"-11,9695"



Confronto: eliminazioni�

testo

"-111,495"



Confronto: eliminazioni�

testo

"-25,6598"



Confronto: eliminazioni�

testo

"-239,02"



Confronto: eliminazioni�

testo

"19,16327"



Confronto: eliminazioni�

testo

"178,505"



Confronto: eliminazioni�

testo

"23,65646"



Confronto: eliminazioni�

testo

"220,3587"



Confronto: eliminazioni�

testo

"09/10/2012"



Confronto: eliminazioni�

testo

"-1,3505"



Confronto: eliminazioni�

testo

"-19,7134"



Confronto: eliminazioni�

testo

"6,356494"



Confronto: eliminazioni�

testo

"92,7866"



Confronto: eliminazioni�

testo

"-1,3505"



Confronto: eliminazioni�

testo

"-19,7134"



Confronto: eliminazioni�

testo

"2,490461"



Confronto: eliminazioni�

testo

"36,35359"



Confronto: eliminazioni�

testo

"-6,14596"



Confronto: eliminazioni�

testo

"-89,7134"



Confronto: eliminazioni�

testo

"4,69116"



Confronto: eliminazioni�

testo

"68,47749"



Confronto: eliminazioni�

testo

"10/10/2012"



Confronto: eliminazioni�

testo

"14,8564"



Confronto: eliminazioni�

testo

"212,1301"



Confronto: eliminazioni�

testo

"-17,0092"



Confronto: eliminazioni�

testo

"-242,87"



Confronto: eliminazioni�

testo

"0,149182"



Confronto: eliminazioni�

testo

"2,130118"



Confronto: eliminazioni�

testo

"6,056541"



Confronto: eliminazioni�

testo

"86,47953"



Confronto: eliminazioni�

testo

"-4,05288"



Confronto: eliminazioni�

testo

"-57,8699"



Confronto: eliminazioni�

testo

"11,86546"



Confronto: eliminazioni�

testo

"169,4234"



Confronto: eliminazioni�

testo

"11/10/2012"



Confronto: eliminazioni�

testo

"-23,8331"



Confronto: eliminazioni�

testo

"-145,502"



Confronto: eliminazioni�

testo

"21,21177"



Confronto: eliminazioni�

testo

"129,4983"



Confronto: eliminazioni�

testo

"-23,8331"



Confronto: eliminazioni�

testo

"-145,502"



Confronto: eliminazioni�

testo

"46,19266"



Confronto: eliminazioni�

testo

"282,007"



Confronto: eliminazioni�

testo

"-19,7381"



Confronto: eliminazioni�

testo

"-120,502"



Confronto: eliminazioni�

testo

"32,05204"



Confronto: eliminazioni�

testo

"195,6783"



Confronto: eliminazioni�

testo

"12/10/2012"



Confronto: eliminazioni�

testo

"7,052154"



Confronto: eliminazioni�

testo

"103,7545"



Confronto: eliminazioni�

testo

"-11,2996"



Confronto: eliminazioni�

testo

"-166,246"



Confronto: eliminazioni�

testo

"2,124356"



Confronto: eliminazioni�

testo

"31,2545"



Confronto: eliminazioni�

testo

"6,965664"



Confronto: eliminazioni�

testo

"102,482"



Confronto: eliminazioni�

testo

"-4,84253"



Confronto: eliminazioni�

testo

"-71,2455"



Confronto: eliminazioni�

testo

"7,967093"



Confronto: eliminazioni�

testo

"117,2155"



Confronto: eliminazioni�

testo

"13/10/2012"



Confronto: eliminazioni�

testo

"19,83377"



Confronto: eliminazioni�

testo

"251,5762"



Confronto: eliminazioni�

testo

"-10,716"



Confronto: eliminazioni�

testo

"-135,924"



Confronto: eliminazioni�

testo

"-3,81763"



Confronto: eliminazioni�

testo

"-48,4238"



Confronto: eliminazioni�

testo

"-14,2543"



Confronto: eliminazioni�

testo

"-180,805"



Confronto: eliminazioni�

testo

"8,954122"



Confronto: eliminazioni�

testo

"113,5762"



Confronto: eliminazioni�

testo

"14,19635"



Confronto: eliminazioni�

testo

"180,0699"



Confronto: eliminazioni�

testo

"14/10/2012"



Confronto: eliminazioni�

testo

"-2,64637"



Confronto: eliminazioni�

testo

"-34,4545"



Confronto: eliminazioni�

testo

"12,90717"



Confronto: eliminazioni�

testo

"168,0455"



Confronto: eliminazioni�

testo

"-2,64637"



Confronto: eliminazioni�

testo

"-34,4545"



Confronto: eliminazioni�

testo

"-2,85587"



Confronto: eliminazioni�

testo

"-37,1821"



Confronto: eliminazioni�

testo

"-4,75858"



Confronto: eliminazioni�

testo

"-61,9545"



Confronto: eliminazioni�

testo

"7,269829"



Confronto: eliminazioni�

testo

"94,64986"



Confronto: eliminazioni�

testo

"15/10/2012"



Confronto: eliminazioni�

testo

"9,153866"



Confronto: eliminazioni�

testo

"147,1779"



Confronto: eliminazioni�

testo

"-4,84022"



Confronto: eliminazioni�

testo

"-77,8221"



Confronto: eliminazioni�

testo

"2,934273"



Confronto: eliminazioni�

testo

"47,17789"



Confronto: eliminazioni�

testo

"6,921689"



Confronto: eliminazioni�

testo

"111,2884"



Confronto: eliminazioni�

testo

"-14,1696"



Confronto: eliminazioni�

testo

"-227,822"



Confronto: eliminazioni�

testo

"9,546184"



Confronto: eliminazioni�

testo

"153,4857"



Confronto: eliminazioni�

testo

"16/10/2012"



Confronto: eliminazioni�

testo

"16,5895"



Confronto: eliminazioni�

testo

"210,5889"



Confronto: eliminazioni�

testo

"-9,01293"



Confronto: eliminazioni�

testo

"-114,411"



Confronto: eliminazioni�

testo

"16,5895"



Confronto: eliminazioni�

testo

"210,5889"



Confronto: eliminazioni�

testo

"-22,6369"



Confronto: eliminazioni�

testo

"-287,356"



Confronto: eliminazioni�

testo

"-1,52914"



Confronto: eliminazioni�

testo

"-19,4111"



Confronto: eliminazioni�

testo

"16,92944"



Confronto: eliminazioni�

testo

"214,9042"



Confronto: eliminazioni�

testo

"17/10/2012"



Confronto: eliminazioni�

testo

"12,22715"



Confronto: eliminazioni�

testo

"202,647"



Confronto: eliminazioni�

testo

"5,439218"



Confronto: eliminazioni�

testo

"90,14704"



Confronto: eliminazioni�

testo

"0,159715"



Confronto: eliminazioni�

testo

"2,647041"



Confronto: eliminazioni�

testo

"-20,5803"



Confronto: eliminazioni�

testo

"-341,088"



Confronto: eliminazioni�

testo

"2,754214"



Confronto: eliminazioni�

testo

"45,64704"



Confronto: eliminazioni�

testo

"12,3516"



Confronto: eliminazioni�

testo

"204,7096"



Confronto: eliminazioni�

testo

"18/10/2012"



Confronto: eliminazioni�

testo

"6,75762"



Confronto: eliminazioni�

testo

"142,4221"



Confronto: eliminazioni�

testo

"-3,20642"



Confronto: eliminazioni�

testo

"-67,5779"



Confronto: eliminazioni�

testo

"12,45136"



Confronto: eliminazioni�

testo

"262,4221"



Confronto: eliminazioni�

testo

"-11,0406"



Confronto: eliminazioni�

testo

"-232,688"



Confronto: eliminazioni�

testo

"-4,96199"



Confronto: eliminazioni�

testo

"-104,578"



Confronto: eliminazioni�

testo

"9,453813"



Confronto: eliminazioni�

testo

"199,2465"



Confronto: eliminazioni�

testo

"19/10/2012"



Confronto: eliminazioni�

testo

"16,24552"



Confronto: eliminazioni�

testo

"272,516"



Confronto: eliminazioni�

testo

"-2,5326"



Confronto: eliminazioni�

testo

"-42,484"



Confronto: eliminazioni�

testo

"5,962264"



Confronto: eliminazioni�

testo

"100,016"



Confronto: eliminazioni�

testo

"-21,1963"



Confronto: eliminazioni�

testo

"-355,564"



Confronto: eliminazioni�

testo

"1,521089"



Confronto: eliminazioni�

testo

"25,51602"



Confronto: eliminazioni�

testo

"13,76113"



Confronto: eliminazioni�

testo

"230,8408"



Confronto: eliminazioni�

testo

"20/10/2012"



Confronto: eliminazioni�

testo

"5,858497"



Confronto: eliminazioni�

testo

"98,78675"



Confronto: eliminazioni�

testo

"14,30939"



Confronto: eliminazioni�

testo

"241,2868"



Confronto: eliminazioni�

testo

"5,858497"



Confronto: eliminazioni�

testo

"98,78675"



Confronto: eliminazioni�

testo

"-35,7397"



Confronto: eliminazioni�

testo

"-602,647"



Confronto: eliminazioni�

testo

"9,713288"



Confronto: eliminazioni�

testo

"163,7868"



Confronto: eliminazioni�

testo

"20,27976"



Confronto: eliminazioni�

testo

"341,96"



Confronto: eliminazioni�

testo

"21/10/2012"



Confronto: eliminazioni�

testo

"8,63276"



Confronto: eliminazioni�

testo

"118,009"



Confronto: eliminazioni�

testo

"2,048956"



Confronto: eliminazioni�

testo

"28,00904"



Confronto: eliminazioni�

testo

"8,63276"



Confronto: eliminazioni�

testo

"118,009"



Confronto: eliminazioni�

testo

"-21,9487"



Confronto: eliminazioni�

testo

"-300,036"



Confronto: eliminazioni�

testo

"2,634183"



Confronto: eliminazioni�

testo

"36,00904"



Confronto: eliminazioni�

testo

"12,66817"



Confronto: eliminazioni�

testo

"173,1727"



Confronto: eliminazioni�

testo

"22/10/2012"



Confronto: eliminazioni�

testo

"-4,02414"



Confronto: eliminazioni�

testo

"-46,9601"



Confronto: eliminazioni�

testo

"25,32562"



Confronto: eliminazioni�

testo

"295,5399"



Confronto: eliminazioni�

testo

"-4,02414"



Confronto: eliminazioni�

testo

"-46,9601"



Confronto: eliminazioni�

testo

"-24,3932"



Confronto: eliminazioni�

testo

"-284,659"



Confronto: eliminazioni�

testo

"7,115913"



Confronto: eliminazioni�

testo

"83,03987"



Confronto: eliminazioni�

testo

"18,16206"



Confronto: eliminazioni�

testo

"211,944"



Confronto: eliminazioni�

testo

"23/10/2012"



Confronto: eliminazioni�

testo

"18,59993"



Confronto: eliminazioni�

testo

"258,7681"



Confronto: eliminazioni�

testo

"2,9663"



Confronto: eliminazioni�

testo

"41,26811"



Confronto: eliminazioni�

testo

"5,661753"



Confronto: eliminazioni�

testo

"78,76811"



Confronto: eliminazioni�

testo

"-28,0739"



Confronto: eliminazioni�

testo

"-390,572"



Confronto: eliminazioni�

testo

"0,845877"



Confronto: eliminazioni�

testo

"11,76811"



Confronto: eliminazioni�

testo

"17,14401"



Confronto: eliminazioni�

testo

"238,513"



Confronto: eliminazioni�

testo

"24/10/2012"



Confronto: eliminazioni�

testo

"0,288646"



Confronto: eliminazioni�

testo

"3,30988"



Confronto: eliminazioni�

testo

"21,00043"



Confronto: eliminazioni�

testo

"240,8099"



Confronto: eliminazioni�

testo

"0,288646"



Confronto: eliminazioni�

testo

"3,30988"



Confronto: eliminazioni�

testo

"-17,7676"



Confronto: eliminazioni�

testo

"-203,74"



Confronto: eliminazioni�

testo

"-3,81011"



Confronto: eliminazioni�

testo

"-43,6901"



Confronto: eliminazioni�

testo

"13,88695"



Confronto: eliminazioni�

testo

"159,2403"



Confronto: eliminazioni�

testo

"25/10/2012"



Confronto: eliminazioni�

testo

"2,044014"



Confronto: eliminazioni�

testo

"23,58616"



Confronto: eliminazioni�

testo

"13,74333"



Confronto: eliminazioni�

testo

"158,5862"



Confronto: eliminazioni�

testo

"2,044014"



Confronto: eliminazioni�

testo

"23,58616"



Confronto: eliminazioni�

testo

"-20,9586"



Confronto: eliminazioni�

testo

"-241,845"



Confronto: eliminazioni�

testo

"3,127284"



Confronto: eliminazioni�

testo

"36,08616"



Confronto: eliminazioni�

testo

"12,71101"



Confronto: eliminazioni�

testo

"146,6741"



Confronto: eliminazioni�

testo

"26/10/2012"



Confronto: eliminazioni�

testo

"4,157892"



Confronto: eliminazioni�

testo

"56,28597"



Confronto: eliminazioni�

testo

"19,11674"



Confronto: eliminazioni�

testo

"258,786"



Confronto: eliminazioni�

testo

"4,157892"



Confronto: eliminazioni�

testo

"56,28597"



Confronto: eliminazioni�

testo

"-29,3743"



Confronto: eliminazioni�

testo

"-397,644"



Confronto: eliminazioni�

testo

"1,941767"



Confronto: eliminazioni�

testo

"26,28597"



Confronto: eliminazioni�

testo

"17,79498"



Confronto: eliminazioni�

testo

"240,8931"



Confronto: eliminazioni�

testo

"27/10/2012"



Confronto: eliminazioni�

testo

"-0,12207"



Confronto: eliminazioni�

testo

"-2,34659"



Confronto: eliminazioni�

testo

"-15,728"



Confronto: eliminazioni�

testo

"-302,347"



Confronto: eliminazioni�

testo

"-0,12207"



Confronto: eliminazioni�

testo

"-2,34659"



Confronto: eliminazioni�

testo

"21,81638"



Confronto: eliminazioni�

testo

"419,3863"



Confronto: eliminazioni�

testo

"-5,84424"



Confronto: eliminazioni�

testo

"-112,347"



Confronto: eliminazioni�

testo

"13,76144"



Confronto: eliminazioni�

testo

"264,5426"



Confronto: eliminazioni�

testo

"28/10/2012"



Confronto: eliminazioni�

testo

"3,540505"



Confronto: eliminazioni�

testo

"85,14404"



Confronto: eliminazioni�

testo

"-7,99865"



Confronto: eliminazioni�

testo

"-192,356"



Confronto: eliminazioni�

testo

"-4,776"



Confronto: eliminazioni�

testo

"-114,856"



Confronto: eliminazioni�

testo

"13,38641"



Confronto: eliminazioni�

testo

"321,9238"



Confronto: eliminazioni�

testo

"-4,15226"



Confronto: eliminazioni�

testo

"-99,856"



Confronto: eliminazioni�

testo

"8,598851"



Confronto: eliminazioni�

testo

"206,79"



Confronto: eliminazioni�

testo

"29/10/2012"



Confronto: eliminazioni�

testo

"1,112425"



Confronto: eliminazioni�

testo

"16,06271"



Confronto: eliminazioni�

testo

"-12,2192"



Confronto: eliminazioni�

testo

"-176,437"



Confronto: eliminazioni�

testo

"17,04109"



Confronto: eliminazioni�

testo

"246,0627"



Confronto: eliminazioni�

testo

"10,75179"



Confronto: eliminazioni�

testo

"155,2491"



Confronto: eliminazioni�

testo

"-16,6861"



Confronto: eliminazioni�

testo

"-240,937"



Confronto: eliminazioni�

testo

"14,44795"



Confronto: eliminazioni�

testo

"208,6193"



Confronto: eliminazioni�

testo

"30/10/2012"



Confronto: eliminazioni�

testo

"-18,4436"



Confronto: eliminazioni�

testo

"-193,354"



Confronto: eliminazioni�

testo

"28,05785"



Confronto: eliminazioni�

testo

"294,1457"



Confronto: eliminazioni�

testo

"-8,90484"



Confronto: eliminazioni�

testo

"-93,3543"



Confronto: eliminazioni�

testo

"-5,92194"



Confronto: eliminazioni�

testo

"-62,0829"



Confronto: eliminazioni�

testo

"5,212524"



Confronto: eliminazioni�

testo

"54,64572"



Confronto: eliminazioni�

testo

"17,81113"



Confronto: eliminazioni�

testo

"186,7238"



Confronto: eliminazioni�

testo

"31/10/2012"



Confronto: eliminazioni�

testo

"15,74554"



Confronto: eliminazioni�

testo

"303,3598"



Confronto: eliminazioni�

testo

"11,59323"



Confronto: eliminazioni�

testo

"223,3598"



Confronto: eliminazioni�

testo

"15,74554"



Confronto: eliminazioni�

testo

"303,3598"



Confronto: eliminazioni�

testo

"-41,8573"



Confronto: eliminazioni�

testo

"-806,439"



Confronto: eliminazioni�

testo

"-1,22701"



Confronto: eliminazioni�

testo

"-23,6402"



Confronto: eliminazioni�

testo

"24,41201"



Confronto: eliminazioni�

testo

"470,3316"



Confronto: eliminazioni�

testo

"Mean"



Confronto: eliminazioni�

testo

"4,5938"



Confronto: eliminazioni�

testo

"77,00018"



Confronto: eliminazioni�

testo

"4,485293"



Confronto: eliminazioni�

testo

"44,20317"



Confronto: eliminazioni�

testo

"1,869509"



Confronto: eliminazioni�

testo

"38,11196"



Confronto: eliminazioni�

testo

"-10,8491"



Confronto: eliminazioni�

testo

"-149,735"



Confronto: eliminazioni�

testo

"-0,09949"



Confronto: eliminazioni�

testo

"-9,58046"



Confronto: eliminazioni�

testo

"6,372381"



Confronto: eliminazioni�

testo

"89,22973 Table 1: Relative error in terms of [%] ABL  (m) for each dayin October month  computed forthe different  instruments compared withthe average value. The values represents the mean simple average in term of relative error."
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Figure 3:  ABLH estimates obtained from the different sensor/model data expressed in terms of scatter plot, with the values of  the mean 
reference ABLH obtained from the 5 different sensors/models in the X axes and the ABLH values from each single sensor/model in the Y 
axes. (a): Radiosondes in Candillargues, (b): IGRA radiosondes, (c): Wind profiler, (d): BASIL, (e): ERA5. The red lines 
represent the linear fit applied to the data points, using a linear regression function with the form Y = A × X. For the purpose 
of highlighting the deviation between the fitting lines and the 1:1 bisectors, these latter have also been reported. 490 
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Table 2: Results from the regression analysis, with values of the correlation coefficient  R2 and the regression line slope A, with its 
standard deviation (A). 
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Figure 4:  ERA5 atmospheric reanalysis for CAPE (panel a), friction velocity (panel b) and relative humidity  (panel c). 510 
  


Summary-FIT Table ሾࢅ ൌ ࡭ ⋅  ሿࢄ
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Correlation 
coefficient 
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On-site RSs  1.04 0.01 0.94 


IGRA-DB 1.00 0.01 0.81 


WindProfiler 1.01 0.01 0.93 


BASIL 0.97 0.01 0.91 


ERA 0.87 0.01 0.52 
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Table 3:  (upper line) Correlation  coefficients of ERA5 and mean ABLH estimates versus the corresponding friction velocity values;  
(mid line) Correlation  coefficients of ERA5 and mean ABLH estimates versus the corresponding CAPE gradient values; (lower line) 
Correlation  coefficients of ERA5 and mean ABLH estimates versus the corresponding relative humidity (RH). 
 


Correlation Index Era5-ABL Mean-ABL 


CAPE 0.49  0.52 


Friction 0.71 0.75 


RH 0.34 0.42 
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Figure 5: Time-height cross-section of the particle backscattering coefficient at 355nm, 355(z), (left panel) and water vapour mixing ratio 
(right panel) over the time interval 09:26-21:11 UTC on 18 October 2012 as measured by BASIL. The map is conceived as a succession of 
profiles of RCS(z). Red dots in panel a identify the ABLH as determined from BASIL measurements based on the application of the 
method illustrated in the section 2.2, while yellow stars identify the ABLH as determined from the radiosonde data based on the 530 
application of the temperature gradient method. 
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