


The Sun provide
electromagnetic energy
The energy reaches the
target and interacts with it
according to the target’s
properties

Energy emitted or
scattered by the target is
collected by the sensor

The sensor transmits the
electronic information to a
receiving and processing
station and information is
processed into an image

The processed image is
than interpreted
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There are no
meteorological
database on the

hight cloud
cover at

astronomical

sites
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&8 During the night we observe the infrared emission
&l and we have various components of this emission



> “Will the turbulence be strong, regular or quiet?”
.= |+ To optimize and tune the telescope instruments

Atmospheric turbulence is one of the main
limitations for ground based observations.

Site test campaigns are limited to a short time
interval and the local conditions can
considerably change after the installation of
new dome and buildings

About 20% of the available science time
| Great Importance of a model able to
predlct the atmospherlc condltlons




Geostationary satellites

= o Orbit: 36000km. They orbit
= | always above the same
point. Limited field of

Geostationary Weather Sateliite
® Polar-Orbiting Weather Somelite

E

view. =

Higher Time Resolution

 Polar satellites .\H

g4 Orbit: 800km. They pass 5;«

# over the same point N
about every 12 hours X
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BAND3: (H,0) 6.50/7.000m (4Km) k=
BAND4: (IR) 10.20/11.200m (4Km) %







Brightness
Temperature

Jan2008 La Palma

>Higher temperature implies a lower
altitude

>Lower temperature implies a higher
altitude




- “*The pion eer of ¥
= . He was member of American

o Meteorologlcal Society and the American
| Geophysical Union

=l important member of ESO staff

| *He was a consulting meteorologist who
& contributed to work on the siting of

# telescopes, inclusing the SALT and the
S ESO VLT.
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http://www.ametsoc.org/AMS/
http://www.ametsoc.org/AMS/
http://www.agu.org/
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e N, TP ‘T
= The emitted Emlssmn
| monochromatic f{ from the
radiation

¥ of vertical
4 intensity at a

| temperature profile

.l given @

g radiation emitted, determines the
=« region of the atmosphere which
= can be sensed from space at fixed

Transmittance
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B3: Sensitive to the winds, humidity and
to the high altitude phenomena

- - .

P B6: Sensitive to the fog and to [
B the low altitude phenomena '
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Feb 2008 La Palma
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[ a Palma 2008
Correlation 92%
*Paranal 2008
Correlation 98%




Sep 2008 Paranal
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B6: Sensitive to the fog and to
the low altitude phenomena

B3: Sensitive to the winds and
to the high altitude phenomena




Clear, Mixed and Covered Nights
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January 2009

Observing: 156.7 hours
Weather Loss: 156.0 hours
Technical Loss: 18.7 hours
Scheduled Maintenance: 0 hours

Hours Used
Date
Observing | Weather Technical

313Jan 0.0 10.5 0.0
30Jan 0.0 10.5 0.0
29 Jan 6.0 4.5 0.0
28 Jan 10.6 0.0 0.0
27 Jan 10.6 0.0 0.0

26 Jan 10.6 0.0 0.0

251]an 3.6 7.0 0.0
24 Jan 8.6 0.0 2.0

23Jan 9.6 0.0 1.0
22 Jan 0.0 3.0 7.6
21]Jan 9.5 0.0 El

20 Jan 10.2 0.0 0.5

Liverpool Log

Comment

Ice.

Ice.

High humidity second half of night.
Non-photometric

Photometric

Non-photometric

Non-photometric. High humidity at start and end
of night.

Non-photometric. Cass rotator jammed at start
of night.

Non-photometric. Cass torque errors leading to
node reboot & unrelated altitude node reboot.

High humidity at times. Cass rotator jammed.

Photometric. Cass torque errors leading to node
reboot. Also unrelated AZM node reboot.

Photometric. Cass node reboot.

CAMC Log January 2009

090120 RM Obs toda la noche. Buena noche. 15 tiras. Rebuteo en la 12.
9.54 horas buenas. Fluctuaciones.

090121 RM Obs toda la noche (buena). 15 tiras. 10.96 horas buenas.
090122 RM Obs media noche. Tiras 1-11, 2 NotObs. Parada por humedad
en 1y 7.1 horabuena. Problema con Seals al abrir en la 8, observa con
Domo cerrado.

090123 RM Obs casi toda la noche. tiras 1-14, la § NotObs. Rebuteo en 3
y 6. Humedad en 10 y 13. 3.85 horas buenas. Error en single find_act:
archivo que no puede borrar.

o 090124 RM Obs toda lanoche. 11 tiras. 6.21 horas buenas.
B 090125 MS Cortes por lluvia y alta humedad. 5 tiras, 1 hora buena. En la
M apertura del domo despues del cierre por lluvia fallan los seals y observa

las tiras 4 y 5 con el domo cerrado.
IM Modificado automati.pas (linea 1007) para que intente abrir varias
veces si fallan los seals.

o 090126 MS Obs 2/3 de la noche. Empieza tarde por continuos fallos en los

seals. 7 tiras, 6.5 horas buenas.

090127 MS Obs toda la noche. 11 tiras, fluctuaciones.

090128 MS Obs toda la noche. 18 tiras, fallan todas las pares hasta la 12
por camera not idle y despues de un rebuteo en la 11 no vuelve a fallar.
Errores continuos de checksum en el mic 3. Aun asi la punteria fue buena
y todas las tiras estaban bien reducidas, 6 horas buenas y el resto

S fluctuaciones.

o,

o - ~ ™ ".‘ - ‘K;_

| Analysis of clear nights was based on visual inspection of the sky: an
empirical method subject to personal judgment biases
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= | The comparison with the two groups of data
=+ allows us to overcome the limitations of the
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Table 5. Table shows the comparison between the GOES re-
sults and the MODIS results at Mt. Graham in 2009. In the
first column we have the month, in the second column the
coverage detected by GOES, in the third column the percent-

age of clear nights detected by GOES, in the fourth column |

the coverage detected by MODIS and in the fifth column the
percentage of clear nights detected by MODIS. The GOES re-
sults correspond to the analysis of a single night point (2:45
local time).

2009 GOES Mt.Graham NMODIS Mt.Graham

Month Covered Clear Covered Clear

1 33 67 35 65

2 36 64 37 63

3 30 70 31 69

4 27 73 30 70

5 33 67 33 67
5T 43 55 5

10 34 66 36 64
11 :
12

Average

|

Table 6. l'able shows the monthly correlation coefficient at
Mt. Graham in 2009.

Month Punctual Correlation €ajaz
[%] %]
1 93 3
2 93 4
3 97 3 N
4 97 3 oy
5 97 3
6 97 3
7 100 3
8 97 3
9 93 3
10 93 3
11 97 3
12 Q2 3
Average 3




*About 10 points for day | uss Graham 1-18 September 2009 ——MODIS

*MODIS 2 point for day —— B4
- —+~ Mean B4

4

GOES main advantage is the great tporal resolution
*GOES data access is free

‘MODIS data comes already elaborated (Black Box)

‘MODIS data processing is very fast
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Fraction Cloud Cover

Precipitation (imm)

—— MODIS Night
= MODIS Day

0,5 —— GOES Night [
0,4 /\
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Comparison La Silla-Paranal

—— Paranal

= La Silla
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! -AnaIyS|s of about 4000 pomts (nnual averages)

d ‘The cloud cover is increasing at Paranal

*The cloud cover is decreasing at La SiIIa
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"4 2)Correlation between the points of the
afternoon and the points of the night for
cloud cover

B 3)Correlation between the atmospheric
# correlation function and the seeing
measured from the ground

'-: 4) Algorithm for predicting short terms night




The Discrete Fourier Transform (DFT) is the
equivalent of the continuous Fourier Transform for
sighals known only at instants separated by sample
times (i.e. a finite sequence of data)

.00 —
/_ A f(f)('f—j“"f(ﬁ ‘ F(/w) _ Z .ﬂ‘/,'J(_:-_j“"’l":].

lf :()

The Cooley-Tukey algorithm: the most common Fast S
Fourier Transform (FFT) algorithm to calculate DFT §

We analyze three years at Paranal with MODIS (2012- |
2014)
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Table 9. Forecast at Paranal and at La Palma for the year 2009. A — N 1s the correlation between the afternoon
S8 and the next night and N — M is the correlation between the morning and the night before.

Paranal La Palma
™1 Months Days A — N Correlation N — M Correlation A — N Correlation N — M Correlation

.~ | January 31 100.0 100.0 93.5 96.8
o February 28 96.4 100.0 85.7 92.9
March 31 96.8 100.0 90.3 93.5
April 30 96.7 100.0 90.0 96.7
May 31 100.0 96.8 100.0 96.8
June 30 100.0 93.3 90.0 90.0
o July 31 93.5 93.5 96.8 96.8
B August 31 96.8 96.8 96.8 100.0
=4 September 30 100.0 100.0 96.7 100.0
B October 31 100.0 100.0 96.8 96.8
November 30 100.0 100.0 100.0 100.0
December 31 96.8 96.8 96.8 96.8
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- We can make a short-term forecastlng of the night quallty
through the study of day data of this functlon
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: 1+ New model for the study of cloud cover
(Matrix and Remote Sounding)
Long term analysis
Empirical satellite study of the SEEING

Correlation between MODIS and GOES
Physical study of the model
Implementation of the model for short-term

forecast of the night quality
Study of possible climate change in the long

term
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