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Objectives of the Project 

In this particular study, we want to compare the GOMOS HRTP with temperature and 

density vertical (stratospheric) profiles from the Rayleigh Lidar (Light Detection and 

Ranging) measurements above Thule (76.5°N, 68.8°W) located in North Western 

Greenland (http://ndacc-lidar.org/) and operated by the group of Dr. di Sarra, ENEA 

(Italian National Agency for the New Technologies, Energy, and Sustainable Economic 

Development). The present study aims to:  

  

• combine the two kind of measurements in order to construct a diagnostic 

data set; 

• perform a cross validation between GOMOS HRTP and the ground based 

data set (Lidar) as references. Such an inter-comparison between two 

fundamentally different measurement techniques is of great importance to 

assess the quality of the GOMOS data; 

• investigate the mean characteristics and variability of gravity wave activity 

from the upper troposphere up to the lower mesosphere; 

• study the thermal structure and possible trends in the middle atmosphere.  
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Introduction: Motivation 

The validation of high resolution atmospheric temperature and density profiles is impacted by 

the presence of gravity waves. 

 

Gravity waves influence the large-scale circulation in the stratosphere by transporting the 

momentum and the energy flux from the troposphere.   Gravity waves have been observed by a 

variety of techniques including radar, lidars and satellite measurements. These wavelike motions 

appear as periodic oscillations in temperature, pressure, and density of the air, as waves 

propagate both vertically and horizontally.  

 

 

Below 35 km, the peak-to-peak amplitude of the wavy structures can be of the order of 10 K. As 

a consequence, two waves out of phase by half wavelength will produce a difference in 

temperature of same order. 

 

The aim of the proposed method is 

 

Analyse temperature perturbations with Morlet wavelet to isolate wave packets in altitude, and 

then to remove as much as possible the gravity wave signals from the GOMOS and correlative 

temperature profiles. 



Introduction: GOMOS instrument 

GOMOS comprises: 

 

2 UV-Visible channels:           2 near infrared channels:  

 

A1:(250-389 nm)                                B1:(756-773 nm) 

A2:(389 -690 nm)                               B2(926-952 nm).  

 

 

The GOMOS (Global Ozone Monitoring by Occultation of Stars)  instrument  is a spectrometer that 

exploits the stellar occultation technique.  

In addition, two fast-photometers operate at 1 

kHz sampling frequency in the blue (470-520 

nm) and in the red (650-700 nm) spectral 

regions, respectively.  

These wavelength regions allow retrieving 

atmospheric vertical profiles of O3, NO2, NO3, 

O2, H2O. 



Introduction: Lidar instrument 

 

The density profile is derived from the lidar Rayleigh signal as 

described in Marenco et al. (1997); the temperature profile is 

derived by applying the hydrostatic equation and the perfect gas 

law.  Profiles with a vertical resolution of 150 m, and a time 

resolution varying between 15 and 30 minutes are used in this 

study. 

The Lidar uses a Nd:YAG laser, three telescopes, and four 

receiving channels to measure the aerosol backscatter ratio and 

depolarization  in the troposphere and lower stratosphere, and the 

atmospheric temperature (T) profile from 24 up to 70 km altitude.  

As part of the Network for Detection of Atmospheric Composition 

Changes (NDACC), a temperature/aerosol lidar is operational at 

Thule (76.5°N, 68.8°W) since a long time (first installation in 1990; 

activation of temperature measurements in 1994).  



Methodology 

1) HRTP/LIDAR co-location criteria: distance < ~550 km; 

2) Stratospheric dynamics (potential vorticity, PV, and maps of stratospheric 

temperature, PV, and geopotential height) Classification; 

3) Interpolation of HRTP/LIDAR profiles to a common grid; 

4) Wavelet analysis of HRTP/LIDAR interpolated profiles; 

5) Waves outside the so called “cone of influence” are discarded; 

6) HRTP/LIDAR comparison of wave-free T and r profiles 



Methodology: Temperature and Density 
co-located profiles 2007-2012 
 

 

2007: 35 coincidences – 13 days 

2009:   6 coincidences –  5 days 

2010:   9 coincidences –  6 days 

2011:    6 coincidences – 5 days 

2012:    1 coincidence  -  1 day 

 



Methodology: NCEP/CPC analyses 

NCEP/CPC analyses, NASA Atmospheric Chemistry and Dynamics Laboratory 
 

Pressure; Geopotential height; Temperature; Potential vorticity 
 

Calculated over Thule on the day of the LIDAR sounding and calculated at the 

same time at the GOMOS tangent altitude position. 

 

 

 

 

 

 

 

 

 

 

NASA GMAO (Global Monitoring and Assimilation Office) maps 

available at http://mls.jpl.nasa.gov/plots/met/ 

Thule is situated close to the polar vortex. 

White dot: position of Thule;  

Black dot: location of the GOMOS profile 



Methodology: NCEP/CPC analyses 

2007 

10 mbar ≈29 km  ; PV>30 PVU Inner vortex 

• Class 0 

 Variable conditions 

• Class 1 

 Inside the polar vortex 

• Class 2 

 Outside the polar vortex 

The profiles are further classified based on 

information on the stratospheric dynamics 

(potential vorticity, PV, and maps of 

stratsopheric temperature, PV, and 

geopotential height) to exclude cases in which 

large temperature or geopotential gradients are 

present above Thule; these cases generally 

correspond with the edge of the polar vortex 

close to Thule 



Methodology: Wavelet analysis 

 Wavelet analysis of GOMOS and LIDAR temperature and density based on Torrence and Compo (Torrence 

and Compo, 1998). 
 

 Analyse temperature and density profiles with Morlet wavelet to isolate wave packets in altitude. 
 

 The continuous wavelet transform possesses the ability to construct a space-frequency representation of a 

signal that offers very good space and frequency localization, so wavelet transforms can analyse localized 

non stationary structures of potentially great interest in the temperature signals. 

 

 

 

 Remove background from temperature and density profiles 

Create wavelet spectrum and 

isolate local maxima within the 

ConeofInfluence (region not 

effected by upper and lower 

altitude limits) 

Cone of Influence 

Significance levels 



Methodology: Wavelet analysis 

Dh (km) = 408 

Dt (h) = 9 

The SONDE (blue) and GOMOS (red) covers from 17 to ~35 km.  

Altitude 

Range 

(km) 

<DT> ±1s (K) 

before wavelet 

analysis 

<DT> ±1s (K) 

After wavelet 

analysis 

 

20 - 25 +1.30 ± 3.49 +1.12 ± 0.60 

25 - 30 +0.52 ± 4.02 +0.80 ± 0.22 

30 - 35 -0.01 ± 2.04 -0.48 ± 1.22 

18 -35 +0.69 ± 3.20 +0.53 ± 0.98 

Iannone R. Q., S. Casadio, and B. Bojkov, 2014: A new method for the validation of the GOMOS 

High Resolution Temperature Profiles products. Annals of Geophysics, doi: 10.4401/ag-6487. 



Results: Case studies and preliminary 
results 

Potential Vorticity 

~44 km 

~30 km 

date hh min Time difference (h) Distance (km) Variability Vortex class 

17-Jan-2007 21 47 -3.9 305 L IN 1 

Temperature 



Results: Case studies and preliminary 
results 



Results: Case studies and preliminary 
results 

~44 km 

~30 km 

date hh min Time difference (h) Distance (km) Variability Vortex class 

19-Jan-2010 13 18 1.3 538 M IN 1 

Potential Vorticity Temperature 



Results: Case studies and preliminary 
results 



Results: Case studies and preliminary 
results - 2009 

2009 

5 mbar 

≈33 km 

 

PV>25 PVU 

Inner vortex 

Class 1 

Inside the polar vortex 

 

Class 2 

Outside the polar vortex 



Results: Case studies and preliminary 
results - 2009 

~30 km 

15/1/2009 

25/1/2009 

Potential Vorticity Temperature 



Results: Case studies and preliminary 
results - 2009 

15/1/2009 

25/1/2009 



Results: Case studies and preliminary 
results - 2009 

Di Biagio et al., 2010: Evolution of 

temperature, O3, CO, and N2O 

profiles during the exceptional 2009 

Arctic major stratospheric warming 

as observed by lidar and mm-wave 

spectroscopy at Thule (76.5°N, 

68.8°W), Greenland. JOURNAL OF 

GEOPHYSICAL RESEARCH, VOL. 

115, D24315. 

 



Results: Preliminary analysis of the 
temperature differences 

Altitude Range (km) <DT> ±1s (K) 
Before wavelet analysis 

<DT> ±1s (K) 
After wavelet analysis 

24 - 32 +0.27 ± 1.02 -0.20 ± 0.51 



Work in progress 

 
• Extension of the meteorological analysis and profile classification to years 2011 

and 2012; 

 

• Investigation of coincidences during winter 2003; 

 

• Investigation of the possibility to use meteorological analyses at a better 

time/space resolution; 

 

• Investigation of possible coincidences at a distance > 500 km;  

 

• Calculation of statistical parameters for the comparison between LIDAR and 

GOMOS profiles, separately for class 1, class 2 for small fluctuations 

characterization.  



Conclusion 

A new method for the comparisons of temperature and density profile data from 

high vertical resolution measurements is described; 

The temperature profiles might be more or less affected by geophysical 

variability due to the presence of the gravity waves and the magnitude of 

uncertainty of the bias is based also on the different conditions in the validation 

exercises, such as location and season; 

The  outcome of the applied method is thus very useful to estimate the 

contribution due to the presence of small-scale fluctuations from the 

temperature and density profiles. 


