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• Observe Cherenkov light from 
particle cascades

• Use atmosphere as calorimeter

• Molecular content and aerosols 
affect transmission of 
Cherenkov light

• Need for good characterization

 3



P. Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018

COMPARED GLOBAL DATA 
ASSIMILATION MODELS

• GDAS Final analysis

• ECMWF ERA-Interim

• MERRA-2

• CFRS
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} Their reanalysis do not cover recent years

}
Study density profiles at different 
heights, select the best model 
and to check wether a single 
epoch was enough to describe 
the atmosphere
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THE GDAS MODEL
• Model goes from 0 to 25 km with 26 pressure levels. 4 values per day for 

each variable
• The NCEP final analysis (GDAS) models can be downloaded from the web:
    ftp://arlftp.arlhq.noaa.gov/pub/archives/gdas1/

• Not a reanalysis
• Downloading all data means about 2.4 GB per month
• A fortran code then allows to pick the corresponding grid point (on a 1º 

grid)
• Python script to select and download GDAS final analysis location specific 

data (2.5 Mb per month)
• Many parameters available

• Grib files need to be read just once (slow to read. Python pygrib). We then 
transform to dataframe files
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ftp://arlftp.arlhq.noaa.gov/pub/archives/gdas1/


P. Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018

THE ECMWF MODEL
• Model goes from 0 to 50 km with 37 pressure levels and many 

parameters available (wind dir., rel. humidity, vorticity, T…). 4 values per 
day for each variable

• The ECMWF ERA Interim (reanalysis) data can be downloaded from:
• https://www.ecmwf.int/en/research/climate-reanalysis/era-interim

• Registration on ECMWF needed
• The web server allows to pick the corresponding grid point (on a 0.75º 

grid)
• Downloading, once selected for La Palma or Paranal site, means about 7 

Mb per month (done with a python script; only works with python 
3.5)

• Grib files need to be read just once (slow to read. Python pygrib). We 
then transform to dataframe files

 6



P. Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018

GDAS VS ECMWF
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Table 1: Data assimilation systems overview

ERA-Interim GDAS
Availability 1979 - present 2006 - present
Grid spacing 0.75◦ 1.0◦
Temporal resolution 6 h 6 h
Selected dataset time span 2012/01 - 2016/12 2012/01 - 2016/12
Closest grid point North 28.5◦N 18.0◦W 29.0◦N 18.0◦W
Closest grid point South 24.75◦S 70.5◦W 25.0◦S 70.0◦W
Pressure levels 37 26

The data can be downloaded for a specific grid point
via a python script and are stored in grib2 format, read-
able also with a python script that we developed. For our
work, and due to the limited spatial resolution, we selected
the closest grid-point to the locations of both CTA sites,
namely 29.0◦N 18.0◦W for the northern site and 25.0◦S
70.0◦W for the southern site.

2.2 ECMWF ERA-Interim

The ECMWF offers the re-analysis (ERA-Interim) of data
based on the 2006 release of the Integrated Forecasting
Systen (IFS). It consists of a dataset that spans from 1979
to present, provided with 2 months delay with respect to
the present date.

The data are structured in 37 pressure levels, from sur-
face level up to 1 hPa. Among all available parameters,
for the purposes of this work we selected the geopotential,
temperature, u- and v-components of the wind and relative
humidity. The spatial resolution of the dataset is 0.75◦ and
its temporal resolution is 6 h.

Data can be downloaded for a specific grid point
through a python script. We selected the closest grid-
points available, namely 28.5◦N 18.0◦W for the Northern
Hemisphere and 24.75◦S 70.5◦W for the Southern Hemi-
sphere site.

3 Results

We downloaded data from 2012 to 2016 (5 complete
years) for both CTA sites and for each one of the two se-
lected DAS. Our scope was to compare these datasets and
study the evolution of the molecular profile data at each
site along these five years.

In all cases, we computed the density for each pres-
sure level and for each moment in time. We then multi-
plied the density by the standard atmosphere density (NS)
and an exponential of the height divided by the standard
height (HS), in order to obtain plots with good visibility
of the relative differences. After that, we computed the
average density, standard deviation and peak-to-peak ex-
treme values for each pressure level. We also compared
the obtained results to those used in recent simulations [9],
labelled PROD3 in the figures.

3.1 Density at 15 km

First we looked at the density as a function of time for a
fixed value of height (or fixed pressure level). We chose
to look at 15 km height, at the onset of the lower strato-
sphere, where deviations are expected to be largest. The
comparison between both sites (see Figure 1) shows that
the annual variations are smoother at the southern site and
that the amplitude is larger at the northern site.

With this in mind, we can define different seasonal pe-
riods for each site, within which the density profile can be
averaged (see Figure 1). We define three of these seasonal
periods for the northern site (that we call winter, summer
and intermediate) and two for the southern site (that we
call winter and summer).

The El Niño and La Niña phenomena are to be taken
into account for the southern site, since they strongly affect
the climate at this particular region of the planet. Taking a
look into the historical data, we observe that El Niño was
active during 2014-2016 and it was one of the strongest El
Niño events ever registered. Despite that, Figure 1 shows
no visible deviation for this particular period, with respect
to other years. This might indicate that El Niño will not
affect much the state of the molecular profile of the atmo-
sphere at the southern site.

3.2 Density over altitude

We compared the two data-sets by looking at the density
over altitude. In Figure 2, we plot the mean density and
its standard deviation as a function of altitude, for each
DAS seasonal period. The behaviour is very similar for
ECMWF and GDAS, and the relative differences are small
between them. However, they are bigger in the southern
site than in the northern one, probably due to the fact that
the southern site has less coverage of close-by radio-sonde
data compared to the northern one. This fact is reflected
in Figure 4 where relative differences between the two dif-
ferent DAS used are displayed as a function of altitude. In
both cases the differences are centered around zero value,
but in the south the dispersion is higher than in the north.
It is also visible the fact that these differences are more
important at altitudes above ∼ 16 km in the north and
∼ 12 km in the south, probably due to the fact that GDAS
has less information at the tropopause level. Nonetheless,
looking at Figure 2, the different seasonal periods can be
clearly distinguished above about 12 km altitude. The bot-
tom parts of Figure 2 show the behaviour of the density
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• Analyzed 5 years of data: from 2012-01-01 to 
2016-12-31

• Compared to atmospheric models used in latest CTA 
instrument simulations (PROD3) 

• Compared North and South sites density at 15 km a.s.l. 
where seasonal variations are largest

• Always selected data with good weather conditions: RH 
< 90% and low wind conditions on ground level

• Produced input files for simulations package (CORSIKA)
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CHECKS ON THE MODEL
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ECMWF NORTH SITE
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• 2012 to 2016 density at 15 
km. We define 3 seasonal 
periods (W, S, I)

• Winter : Jan, Feb, Mar,  Apr, 
15-30 Nov, Dec

• Summer : 20 Jun, Jul, Aug, 
1-15 Sep

• Intermediate: May, 1-19 Jun, 
15-30 Sep, 1-15 Nov 
• October is a 

complicated month
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ECMWF NORTH SITE
• Averaged density over time for every height level
• Thick error bars represent standard deviation of the distribution
• Thin error bars represent peak to peak extremes
• Seasonal variations clearly visible above 12 km
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ECMWF NORTH SITE
Relative difference w.r.t. PROD3
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Relative difference between ECMWF and GDAS
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NORTH SITE
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• 2012 to 2016 density at 
15 km. We define 2 
seasonal periods (W, S)

• Winter : 15-31May, Jun, Jul, 
Aug, Sept, 1-15 Oct

• Summer: Jan, Feb, March, 
1-15May, 15-31 Oct, Nov, 
Dec

• Less amplitude than in 
North

ECMWF SOUTH SITE

El Niño
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ECMWF SOUTH SITE
• Averaged density over time for every height level
• Thick error bars represent standard deviation of the distribution
• Thin error bars represent peak to peak extremes
• Seasonal variations clearly visible above 10 km
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ECMWF SOUTH SITE
Relative difference w.r.t. PROD3
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Relative difference between ECMWF and GDAS
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NORTH SITE

Bigger than in the 
North

Less coverage by 
radio-sondes
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ECMWF CORSIKA INPUT FILE

Table 1: Example of Corsika input file. South summer

Altitude ρ thick n-1 T P pw / p
[km] [g/cm3] [g/cm2] [K] [mbar]
0.0 1.18× 10−3 1.03× 103 2.75× 10−4 2.98× 102 1.01× 103 2.31× 10−2

1.0 1.07× 10−3 9.18× 102 2.49× 10−4 2.93× 102 9.00× 102 1.80× 10−2

2.0 9.58× 10−4 8.17× 102 2.23× 10−4 2.91× 102 8.01× 102 1.32× 10−2

3.0 8.63× 10−4 7.27× 102 2.01× 10−4 2.88× 102 7.13× 102 6.55× 10−3

4.0 7.79× 10−4 6.45× 102 1.82× 10−4 2.83× 102 6.33× 102 3.16× 10−3

5.0 7.06× 10−4 5.71× 102 1.65× 10−4 2.76× 102 5.60× 102 4.06× 10−3

6.0 6.38× 10−4 5.04× 102 1.49× 10−4 2.70× 102 4.95× 102 1.49× 10−3

7.0 5.76× 10−4 4.44× 102 1.35× 10−4 2.63× 102 4.35× 102 6.38× 10−4

8.0 5.19× 10−4 3.90× 102 1.21× 10−4 2.56× 102 3.82× 102 9.75× 10−4

9.0 4.66× 10−4 3.41× 102 1.09× 10−4 2.49× 102 3.34× 102 1.06× 10−3

10.0 4.19× 10−4 2.97× 102 9.78× 10−5 2.42× 102 2.91× 102 1.01× 10−3

11.0 3.76× 10−4 2.57× 102 8.78× 10−5 2.34× 102 2.52× 102 5.63× 10−4

12.0 3.35× 10−4 2.22× 102 7.83× 10−5 2.26× 102 2.17× 102 1.92× 10−4

13.0 2.98× 10−4 1.90× 102 6.96× 10−5 2.18× 102 1.87× 102 6.99× 10−5

14.0 2.63× 10−4 1.62× 102 6.14× 10−5 2.11× 102 1.59× 102 3.33× 10−5

15.0 2.30× 10−4 1.38× 102 5.36× 10−5 2.05× 102 1.35× 102 1.74× 10−5

16.0 1.99× 10−4 1.17× 102 4.65× 10−5 2.00× 102 1.14× 102 1.21× 10−5

17.0 1.72× 10−4 9.82× 101 4.01× 10−5 1.95× 102 9.63× 101 9.83× 10−6

18.0 1.46× 10−4 8.25× 101 3.41× 10−5 1.93× 102 8.09× 101 8.25× 10−6

19.0 1.22× 10−4 6.93× 101 2.85× 10−5 1.94× 102 6.79× 101 8.74× 10−6

20.0 1.01× 10−4 5.83× 101 2.35× 10−5 1.98× 102 5.71× 101 1.08× 10−5

21.0 8.25× 10−5 4.92× 101 1.93× 10−5 2.04× 102 4.82× 101 9.42× 10−6

22.0 6.82× 10−5 4.17× 101 1.59× 10−5 2.09× 102 4.09× 101 2.63× 10−6

23.0 5.69× 10−5 3.56× 101 1.33× 10−5 2.13× 102 3.49× 101 5.72× 10−10

24.0 4.80× 10−5 3.05× 101 1.12× 10−5 2.17× 102 2.99× 101 7.73× 10−6

25.0 4.07× 10−5 2.61× 101 9.50× 10−6 2.19× 102 2.56× 101 1.62× 10−5

26.0 3.46× 10−5 2.23× 101 8.08× 10−6 2.20× 102 2.19× 101 1.31× 10−5

27.0 2.95× 10−5 1.92× 101 6.88× 10−6 2.22× 102 1.88× 101 2.98× 10−6

28.0 2.51× 10−5 1.64× 101 5.84× 10−6 2.25× 102 1.61× 101 4.65× 10−9

29.0 2.13× 10−5 1.41× 101 4.97× 10−6 2.27× 102 1.39× 101 7.32× 10−9

30.0 1.81× 10−5 1.22× 101 4.23× 10−6 2.30× 102 1.20× 101 1.16× 10−8

32.0 1.32× 10−5 9.15 3.09× 10−6 2.36× 102 8.97 1.54× 10−5

34.0 9.78× 10−6 6.89 2.28× 10−6 2.40× 102 6.75 4.43× 10−6

36.0 7.29× 10−6 5.21 1.70× 10−6 2.44× 102 5.11 5.32× 10−6

38.0 5.45× 10−6 3.97 1.27× 10−6 2.49× 102 3.89 1.47× 10−5

40.0 4.10× 10−6 3.03 9.57× 10−7 2.53× 102 2.97 5.84× 10−6

42.0 3.10× 10−6 2.33 7.23× 10−7 2.57× 102 2.28 7.32× 10−7

44.0 2.36× 10−6 1.80 5.50× 10−7 2.60× 102 1.76 2.19× 10−5

46.0 1.81× 10−6 1.40 4.22× 10−7 2.64× 102 1.37 7.49× 10−5

48.0 1.38× 10−6 1.09 3.22× 10−7 2.69× 102 1.06 5.97× 10−5

50.0 1.10× 10−6 8.73× 10−1 2.53× 10−7 2.66× 102 8.39× 10−1 0.00
55.0 6.00× 10−7 4.61× 10−1 1.38× 10−7 2.57× 102 4.43× 10−1 0.00
60.0 3.26× 10−7 2.36× 10−1 7.51× 10−8 2.43× 102 2.27× 10−1 0.00
65.0 1.70× 10−7 1.16× 10−1 3.93× 10−8 2.28× 102 1.11× 10−1 0.00
70.0 8.43× 10−8 5.45× 10−2 1.95× 10−8 2.16× 102 5.23× 10−2 0.00
75.0 3.96× 10−8 2.48× 10−2 9.14× 10−9 2.09× 102 2.37× 10−2 0.00
80.0 1.80× 10−8 1.11× 10−2 4.15× 10−9 2.05× 102 1.06× 10−2 0.00
85.0 8.04× 10−9 4.92× 10−3 1.86× 10−9 2.02× 102 4.66× 10−3 0.00
90.0 3.60× 10−9 2.16× 10−3 8.30× 10−10 1.96× 102 2.03× 10−3 0.00
95.0 1.60× 10−9 9.21× 10−4 3.69× 10−10 1.88× 102 8.61× 10−4 0.00
100.0 6.74× 10−10 3.83× 10−4 1.55× 10−10 1.85× 102 3.58× 10−4 0.00
105.0 2.69× 10−10 1.62× 10−4 6.21× 10−11 1.97× 102 1.52× 10−4 0.00
110.0 1.09× 10−10 7.37× 10−5 2.52× 10−11 2.24× 102 7.01× 10−5 0.00
115.0 4.71× 10−11 3.71× 10−5 1.09× 10−11 2.69× 102 3.63× 10−5 0.00
120.0 2.23× 10−11 2.06× 10−5 5.16× 10−12 3.33× 102 2.14× 10−5 0.00

1

Produced Corsika input file

• For each site
• For each epoch
• For extreme values in 

the density profiles

Produce MC and check 
differences between epochs 
in reconstructed E, among 
other quantities 
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• Investigated long-term variations in the molecular density profiles above both CTA sites
• By observing density at 15 km:

• Smoother transitions between seasons and smaller amplitude in South
• This allows us to propose 3 seasonal periods in the North site and 2 in the South

• Comparing density profiles:
• Confirmed that one seasoal period does not describe well the atmosphere
• Differences between the defined seasonal periods and the PROD3 simulations model:

• PROD3 is more consistent with the summer seasonal period in the North and with the winter in 
the South

• Differences between our profiles and PROD3 can be as large as 9%

• Differences between GDAS and ECMWF are of a ~%
• Created CORSIKA input files for each site and epoch and for selected extreme cases

Future prospects:
• Produce MC with new input cards and evaluate the differences in reconstructed energy.
• Implement in CTA Pipeline (CTApipe)
• Drafting a paper
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CONCLUSIONS


