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The Steps of Remote Sensing  
A. The Sun provide 

electromagnetic energy 

B. The energy reaches the 
target and interacts with it 
according to the target’s 
properties 

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

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

E. The processed image is 
than interpreted 
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Night Infrared Emission 

 
Cloud 

Atmosphere Ocean 

Ground 

There are no 
meteorological 
database on the 

night cloud 
cover at 

astronomical 
sites 

It is very 
difficult to 
separate 

these 
components 
from satellite 

During the night we observe the infrared emission 
and we have various components of this emission 



Site Testing 
• To give answer to the questions: 
 “Will the sky be clear?” 
 “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 
needing repetition  because conditions changed 
during execution (Comeron 2008) 

       

Great Importance of a model able to 
predict the atmospheric conditions  



Satellite Data 

• Geostationary satellites  

Orbit: 36000km. They orbit 
always above the same 
point. Limited field of 
view. 

Higher Time Resolution 

• Polar satellites 

Orbit: 800km. They pass 
over the same point 
about every 12 hours 

Theoretical High Spatial 
Resolution 

 

 



GOES 12 AQUA-MODIS 

Orbit always above the same 
point. Limited field of view. 
Higher Time Resolution. 

Pass over the same point 
about every 12 hours. 
Covers the entire globe  



• BAND1: (Visible) 0.55/0.75mm  (4Km) 

• BAND2: (MW)      3.80/4.00mm  (4Km) 

• BAND3: (H2O)     6.50/7.00mm  (4Km) 

• BAND4: (IR)     10.20/11.20mm  (4Km) 

• BAND6: (CO2)      13.30mm       (8Km) 

 

Bands of GOES12 

l Resolution 
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Tenerife 

La Palma 
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David André Erasmus (1955-2007) 

• Statistical Analysis  

• Single Pixel (High noise) and Single Band 
(Limit with Multi Layer Clouds (MLC) ) 

• MAX accuracy  90% (Limits) 

• In some cases large discrepancies with the 
ground  data  

• We have improved the work of ERASMUS 

The pioneer of this type of analysis  

Remote Sounding B3-B4-B6 

Resolution Correlation Matrix (100x100Km) 

Self-calibrated satellite monthly  
threshold 

Punctual Analysis 

• He was member of American 
Meteorological Society and the American 
Geophysical Union  

•Important member of ESO staff 

•He was a consulting meteorologist who 
contributed to work on the siting of 
telescopes, inclusing the SALT and the 
ESO VLT.  

http://www.ametsoc.org/AMS/
http://www.ametsoc.org/AMS/
http://www.agu.org/
http://www.agu.org/


Inversion Data Method 
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Transmittance 

l 

The emitted 
monochromatic 
radiation 
intensity at a 
given l 

Emission 
from the 
earth surface 
at height z0 

Planck function 
profile as function 
of vertical 
temperature profile 
T 

Vertical 
transmittance 
from height z 
to space 

Weighting Function (WF) 
Specifies the layer from which the 
radiation emitted, determines the 
region of the atmosphere which 
can be sensed from space at fixed 
l 
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GOES Weighting Functions 
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Example Paranal Nov2007  

3 Points for Every Night  

Time 2.45/5.45/8.45 



 

84Km 

Matrix vs Single Pixel 

B6: Sensitive to the fog and to 
the low altitude phenomena 

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



 

Matrix vs Single Pixel 

B4 Matrix high standard deviation  
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•La Palma 2008  
Correlation 92% 
•Paranal 2008  
Correlation 98% 



Matrix vs. Single Pixel 
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-24,5

-24

-23,5

-23

-22,5

-68,5 -67,5 -66,5

Longitude

L
a

ti
tu

d
e

Sep2008 Tolonchar

8000

9000

10000

11000

12000

13000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Days

B
ri

g
h

tn
e

s
s

 T
e

m
p

e
ra

tu
re

B4

1P B4

s Pixel s Matrix 

s: Reference Value for 

the Nights Classification  

s: Satellite auto-calibrated       

monthly threshold  

Sep 2008 Paranal  



Atmospheric Correlation Function  



F C.A. (t) Nov2007
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Simulation of the model 

B3, B4 and B6 Trends
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B3: Sensitive to the winds and 
to the high altitude phenomena 

B6: Sensitive to the fog and to 
the low altitude phenomena 



Clear, Mixed, and Covered 
Classification 

Clear, Mixed and Covered Nights
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 Clear TMAX
B-TB < 2s 

 Mixed 2s < TMAX
B-TB < 3s 

 Covered TMAX
B-TB > 3s 



Clear and Stable Nights
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Stable and Clear Classification 

Stable 

Clear 

 Stable lTB-TLl < l1sl 

 Clear lTB-TLl < l2sl 
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The Selected Sites 
for the Model Validation 



Description of LOGBooks 

Analysis of clear nights was based on  visual inspection of the sky: an 
empirical method subject to personal judgment biases 

Liverpool Log 



Paranal Web Pages 

Covered 



Feb2008 Paranal
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Ground Data

Ground-Satellite Data Correlation
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Ground/Satellite 2008 
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MODIS-GOES 12 Comparison 
The comparison with the two groups of data 
allows us to overcome the limitations of the 
individual satellite. At the same time it helps us 
to understand important features of the two 
satellites. 

GOES 12 

MODIS 

Mt. Graham 



 

MODIS-GOES 12 Comparison 



 

•GOES main advantage is the great temporal resolution 

•GOES data access is free 

•MODIS data comes already elaborated (Black Box) 

•MODIS data processing is very fast 

•About 10 points for day 

•MODIS 2 point for day 



Long term analysis 

 

Cloud Cover is decreasing 

Rainfall recorded at the meteorological station of Safford  



•Analysis of about 4000 points (annual averages) 

•The cloud cover is increasing at Paranal 

•The cloud cover is decreasing at La Silla 



•Correlation Coefficient (2007) Paranal-Armazones 0.97 
•Correlation Coefficient (2009) Paranal-Armazones 0.98 
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Forecasting of weather conditions 

 1)Mathematical approach with the Fourier 
transform for the analysis of cloud cover 

2)Correlation between the points of the 
afternoon and the points of the night for 
cloud cover 

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

4) Algorithm for predicting short terms night 
conditions 



Discrete Fourier Transform (DFT) 

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

 

 

 

• The Cooley–Tukey algorithm: the most common Fast 
Fourier Transform (FFT) algorithm to calculate DFT 

• We analyze three years at Paranal with MODIS (2012-
2014)  

 



Paranal 2012 - 2014 Night (Mean 0,13)
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Paranal 2012-2014 DFT Night
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Forecast at Paranal and La Palma  
for the year 2009 

 



Night Quality Forecast 
Paranal Jan2009
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Stable: Clear nights thermally stable, 
thermal inhomogeneity can cause winds, 
high humidity and a variable seeing 

We can make a short-term forecasting of the night quality 
through the study of day data of this function  



Paranal 01-2014

6000

8000

10000

12000

14000

16000

18000

20000

22000

24000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Days

B
T B4

B3

Day Points 

Night Points 

Example Paranal Jan2014  

8 Points for day: 

Time 2.45/5.45/8.45/11:45/14:45/17:45/20:45/23:45 



Paranal 01-2014
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Paranal 01-2014
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Conclusion and Future Work 
• 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 

 



 





Thanks! 


