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e CURRENT MODES

*MAGIC Winter (MW) model, based on NRLMSISE-00 data:

*Diploma thesis, written in German, from Marijke Haftke who
left MAGIC right afterwards.

e [abulated densities used In CORSIKA

*Frtted integrated optical depth (“'thickness™) used in reflector.

*Studied mainly the atmospheric extinction while the location
of the shower maximum, together with the opening of the
Cherenkov cone at that position, are much more important.

*NRLMSISE-00 I1s not the best model for the troposphere
(they say it themselves on their webpagel).
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e MOLECULAR PROFIEE

» Has effects on size of Cherenkov light pool (via shower altitude
and Cherenkov angle) and transmission of Cherenkov light

» Optical transmission, I.e. integrated density from the emission
point to the ground, has an approximately linear effect on Erec

* [Erec Scales approximately with central light density:

Pc = (hmed — Nobs >_2

because of the modulation of the Cherenkov angle and median
shower height (hmed) (Bernldhr, Astrop. Phys. 12 (2000), 255)

* Aeff more complicated, needs simulations
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e MOLECULAR PROFIEE

*We have excellent Data Assimilation models for La Palma and for Chile (for
free) for temperature and pressure (and hence, density):

* [he NRLMSISE-00 model for 20 to 100 km a.s.l. (MVWV based on I1t)

- http://ccmc.gstc.nasa.gov/modelweb/atmos/nrimsise00.htm

*Global Data Assimilation System (GDAS) from ground to 25 km as.l.

- ftp://arlftp.arlhg.noaa.gov/pub/arc

- e |ECIM AR
- http://weat

nas been tested by IN

nives/gdas|/

-N Torino with very encouraging results

ner.unisys.com/ecmwi/index.php

* [he G2 model has been tested as well, but does not agree well at these
altitude ranges (at least for temperature).

* [The WRF model (based on GDAS).We will look into 1t in the near future
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http://weather.unisys.com/ecmwf/index.php
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* The NRLMSISE-00 models can be downloaded from the

web:
http://ccmc.gstc.nasa.gov/modelweb/atmos/nrimsise00.ntm

* [hey provide data below 20 km, but are not reliable

* [t can be read in Mars with the class MSISFileReaa

* The output will be stored in tree with branches of type
SIS Entry
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CORRELATION OF MAGIC TEMPERATUR
WITH NRLMSISE-00 TEMPERATURE

MSIS vs. MAGIC Weather station (night-time 2013)
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EEECKS ON [HE GDAS MO

ftp://arlftp.arlhg.noaa.gov/pub/archives/gc

« [The GDAS models can be downloaded from the web:

acilv

* Downloading all data means about 2.4 G

3 per month

* A fortran code then allows to pick the corresponding gria

point (on a |® grid)

leclelicoes Trom O to 25 km only (MWW up to 40 KanilERs2s:

pressure levels

« GDAS files can be read in Mars with the

class MGDASFIleRead

* Output will be stored in tree with branches of type

MGDASENtry
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CORRELATION OF THE MAGIC
WEATHER STAT\ON DATA \/\/\TI—I GDAS

GDAS1 vs. MAGIC Weather station (night-time 2013-15) GDAS1 vs. MAGIC Weather station (night-time 2013-15)
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GDAS combined with NRLMSISE-00 (above 25km)

Perfect match for pressure comparison

Systematic shift for temperatures can be explained by local ground effects
(inverse for day-time data)

Even correlation for humidity is good (difficult because of very local variation)
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EHIECKS ON THE ECMWF MO

» The ECMWHF ERA Interim data can be downloaded from:
* https://www.ecmwit.int/en/research/climate-reanalysis/era-interim

» Registration on ECMWF needed

he web server allows to pick the corresponding grid point (on a
0.75° grid)

* Downloading, once selected for La Palma or Chile site, means about
200 Mb per year

* Model goes from O to 50 km with 37 pressure levels and many
parameters available (wind dir, rel. humidity, vorticity...)

« ECMWVF files read with a python code using pygrib (quite slow to
read for yearly data files!)

B ihiles need to be read just once.
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ERIECKS ON THE MOLDEES

- AN@leESine
e eipared GDAS and ECMWEF
* with the MW model
» between them
S ellinh site

» Compared MW and ECMWF

» Compared North and South sites density at |5 km a.s.l.

Barcelona, October 2-5,2017



DAS vs ECMWF (NORTH SITE)

Comparison GDAS-ECMWF 2013-2014-2015 all
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1.2

DAS vs ECMWF (NORTH SITE)

Comparison GDAS-ECMWF 2013-2014-2015 winter
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GDAS vs ECMWF (NORTH SITE)

Comparison GDAS-ECMWF 2013-2014-2015 summer
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GDAS vs ECMWF (NORTH SITE)

GDAS-ECMWF Winter vs Summer
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e COMPLICATED ROPOFAGEES

ABOVE THE CANARY \SLANDS

Ozone partial pressure

* Winter tropopause (DEC,JAN,FEB,MAR, APR)

characterized by multiple thermal || EEETECSE 0 5

tropopauses, which are several kilometers — _11| 3 %

thick and can reach extremely high altitudes Z | —_———EENEEEEIFIN 0ouve T eens oxcoptor Ao s sen B C

of up to 20 km as.l. S 1ol ; S » SRISErE
* Influenced by the sub-tropical jet stream (ST)) 7, = ' """ 5

centered at lower latitudes. 12::: ) 1 | B
» The Summer tropopause (JULAUG,SEP) is = .

: o n 2 Single;TT'e'v'eht;s' (TT> 1l|l-.3'k'm)' S
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tropopause, typical for a tropical upper .
troposphere, with the ST having moved

northwards of the Canary Islands.

5"

« Intermediate months (MAYJUN,OCT, NOV) £ e
show transition behavior between both 53 14
scenarios. T

_L_L
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*]. ]. Rodriguez-Franco & E. Cuevas,. |. Geophys.
R hospheres | 13 (19) 10754 (2013 )
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GDAS vs ECMWF (NORTH SITE)

Density over time at h = 15 km (all)
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FCMWEF (SOUTH SITE)

ECMWF South 2013-2014-2015 all
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FCMWEF (SOUTH SITE)

ECMWF South 2013-2014-2015 winter
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FCMWEF (SOUTH SITE)

ECMWF South 2013-2014-2015 summer
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ECMWE NORTH vs SOUTH

Density over time at h = 15 km (all)
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CONCLUSIONS

* We compared GDAS and ECMWF data for the North site
* Differences between GDAS and ECMWF are of a ~%
* Differences w.rt. the current MW model up to ~10%
« Evident differences In inter-year periods. Single model may not describe well the atmosphere
« We studied ECMWEF data for the South site:
« Compared to MW model
« Same order of difference between models, a bit higher for South
« Comparison to North site density at |5 km
* 3% difference between sites. South has higher density on average
* Smoother transitions between seasons in South

Future prospects:
* Study WRF model with GDAS data and compare with other servers

* Ground validation with weather station and LIDAR data
 Propose new average models. Probably 3
« winter, summer; intermediate

* |Implement to CTApipe
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