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Introduction

Goal of the study:
To perform  the meteorological, and environmental characterization of CTA 
candidate sites.

The sites:

South:
Argentina – Leoncito
Argentina – San Antonio de Los Cobres (SAC)
Chile – Armazones 
Namibia – Aar
Namibia - HESS

North
Mexico – San Pedro Martir
Spain - Teide
United States – Meteor Crater
United States - Yavapai



Site Requirements

● Described in the  Environmental Requirements Document

● Short summary:

– Flat, 3kmx3km south, 1kmx1km North

– Dark sky

– Cloudless weather

– Good infrastructure

– Wind, temperature humidity far from extremes



Basic site data



Candidate Sites List

● South

– Argentina: Leoncito

– Argentina: San Antonio de Los Cobres

– Chile: Armazones

– Namibia: HESS

– Namibia: Aar

● North

– Mexico: San Pedro Martir

– Spain: Tenerife

– USA: Meteor Crater

– USA: Yavapai 



Candidate sites



Southern sites summary



Northern sites summary



Evaluation of site quality

● Night Sky background

● Environmental factors

● Cloudiness

● Final result – number of usable hours for observations per year



Means of characterizing the sites

● Ground based instruments

● Satellite data

● Meteorological long term simulations

Method: 

Use long term studies: simulations satellites, nearby 
observatories, correlate them with  our ground based stations and 
have an unbiased comparison of sites



Ground equipment: ATMOSCOPES
and All Sky Cameras

● ATMOSCOPE: 

– LoNS

– SQMs

– Weather stations

● All Sky cameras

● Mirror samples on all locations



Currently all
masts are 
10m



Location
Date of 

installation
anemometer 
at 10m since

Volume of 
LoNS data to 
be analysed

ASC since SQM since

Leoncito Jan-12 Aug-12 12 months Nov-12 Nov-12

San Antonio Aug-12 Aug-12 2.5 months Feb-12  

Hess Jul-11 to Nov-11 Oct-12 5 months None, use ATOM Sep-12

Aug-12 5.5 months

Aar Nov-11 Apr-12 6 months Nov-11 Sep-12

Teide Aug-11 Dec-12 7 months Oct-12 Dec-12

San Pedro Martir Jun-12 Sep-12 7.5 months Sep-12 Nov-12

Yavapai Jun-12 Sep-12 7.5 months Sep-12 Oct-12

Meteor Crater Jun-12 Sep-12 5.5 months Sep-12 Oct-12

Armazones Jan-13 Jan-13  1 month Coming soon Jan-13

ATMOSCOPE installation



Satellite data

• Polar satellites: every point on Earth observed with the same 
– MODIS

– AVHRR

• every point on Earth observed with the same instrument,  but only 
one or two measurements per night

• Geostationary satellites
– METEOSAT

– GOES

• Various locations observed all the time, comparison of north and 
south locatins, difficult comparison between satellites



GOES and METEOSAT



Amount of satellite data and status

● MODIS: 10 years all sites, current data being downloaded and 
analyzed now

● AVRHH: 1 month trial analysis, decided not to use it

● METEOSAT:  8 years analyzed

● GOES:  data available since 2002. Difficulties in analyzing. Currently 
working on the code by Erasmus. 
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METEOSAT results

Viewed at large angle



MODIS results
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MODIS seasonal changes

Summer rain in Namibia



Weather Simulations

• Contract with an external company (SENES, Ontario, Canada)

• Amount of data: 10 years for each site

• Data provided: hourly data on the site and nearby locations. Provide 
24 various quantities like temperature, humidity, wind speed, wind 
gust, low, medium high clouds, precipitation, albedo etc.

• Status:  Received results for all sites for 10 years:
– 2001-2010: Argentina, Namibia

– 2003-2012: Chile, Mexico, Spain, US 

• Further orders: ordered data simultaneous with ATMOSCOPES



The SENES results (no errors)
HES
S

Aar Leon
cito

SAC Armazone
s

SanPedro Meteor Yavapai Izana

temp 1.000 0.999 0.990 0.984 1.000 0.995 0.986 0.985 1.000

humidi
ty

0.983 0.968 0.965 0.864 0.990 0.943 0.970 0.954 0.967

wind 0.994 0.943 0.986 0.997 0.891 0.947 0.958 0.987 0.931

Env 0.976 0.916 0.942 0.845 0.888 0.908 0.915 0.928 0.908

clouds 0.787 0.804 0.510 0.773 0.842 0.678 0.633 0.645 0.479

clouds
20

0.852 0.878 0.798 0.795 0.918 0.770 0.728 0.730 0.594

All 0.769 0.751 0.487 0.681 0.774 0.647 0.580 0.612 0.464

All20 0.831 0.813 0.756 0.694 0.817 0.730 0.659 0.682 0.571



Environmental conditions

• Methodology:
– Compare SENES simulations with ATMOSCOPE measurements

– Find correlation

– Estimate the real conditions given the results of the SENES 
simulation

– Do it for all the simulated period.

• Results:
– So far: only for Northern sites

– Only places with simultaneous data and SENES

– Recently the results for southern sites were received



SENES Validation: Meteor crater temperature



SPM Temperature



Cloudiness indicators and strategy

• ● More than one source of information
– SENES, MODIS, METEOSAT, GOES, All Sky Cameras, 

● Need to average with proper errorbars
● Errorbars: comparison with all sky camera results.



Cloudiness estimate

This is an example – not the final numbers! Errors need to be worked on. 



Night Sky Background



Starlight fits



NSB results

● Waiting for final slides from Markus



Amount of useful time calculation

Moonless time averaged over 30 years

                                         Cloud free fraction

Fraction of time when all environmental specs are satisfied



Moonless time



Annual observing time estimate

Preliminary!



Summary 

• Data 
– Satellite data in place

– Weather simulations done

– Ground based data partially acquired

• Analysis
– Satellite data: done except GOES

– Weather simulations, being analyzed comparison with ground 
based data

– Ground based data: essential in assessing quality of remote 
data

– Night Sky Background analysis done for most sites 

• Still need to calculate the final numbers



Summary plot – all sites

NSB

Useful time
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