
 

 

Support for site testing of the European Extremely Large Telescope: 
precipitable water vapour over Paranal 
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1.1 Water vapour and atmospheric models 
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2. LISTORM OF PWO OOER LA SILLA PARAFAL OBSEROATORM FROM ESO 
ARCLIOAL HATA 
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2.1 Satellite data and ground truth 
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2.2 Results from archival data 
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:0': :0*7* 'JJ%$'/0*7 '%* 1&UU*%*(: &( ' (4F+*% $U &FJ$%:'(: '7J*/:72 @( :0* H%$4(1M+'7*1 /'7* :0* $+7*%B':&$(7 7'FJ#* ' 
B*%D 7F'## B$#4F* $U :0* ':F$7J0*%* M ' 7&(H#* #&(* $U 7&H0: :$N'%17 ' 7:'%2 I0* 7':*##&:*M+$%(* &(7:%4F*(: #$$87 1$N( 
%*/$%1&(H '( 'B*%'H* $U b5Z $B*% &:7 U&*#1 $U B&*N ' U*N 7h4'%* 8&#$F*:*%7 &( 7&?*2 I0* H%$4(1M+'7*1 :*#*7/$J*7 47* ' 
7:*##'% /$(:&(44F '7 ' +'/8H%$4(1 7$4%/* N0&#* :0* 7':*##&:*7 %*#D $( 74( #&H0: %*U#*/:*1 +D :0* K'%:0 _=K.@E` $% 
*F&77&$( U%$F :0* K'%:0c7 ':F$7J0*%* _GLKE`2 XZKE '(1 =K.@E 1*:*%F&(* b5Z U%$F '+7$%J:&$( #&(*7 &( :0* (*'%M@. 
_RVVMWVVV (F` N0&#* GLKE F*'74%*7 ' +%&H0:(*77 &( :0* :0*%F'# @. _l2Q n WV2R "F`2 @( '## /'7*7 ' F$1*# $U :0* K'%:0c7 
':F$7J0*%* &(/#41&(H ' J%$U&#* $U :0* 7J':&'# 1&7:%&+4:&$( $U N':*% B'J$4% &7 %*h4&%*1 :$ 1*%&B* b5Z U%$F :0* 
F*'74%*F*(:72  

G&B*( :0*7* 7&H(&U&/'(: 1&UU*%*(/*7 :0* 1*H%** $U h4'(:&:':&B* 'H%**F*(: U$4(1 &7 h4&:* %*F'%8'+#* _"&H2 W`2 @: &7 
&FJ$%:'(: :$ ($:* :0': :0* '/:4'# 1&7:%&+4:&$( $U N':*% B'J$4% &( :0* ':F$7J0*%* &7 4(8($N( U$% '## '%/0&B'# 1':' 
%*H'%1#*77 $U :0* 7$4%/*- 7&(/* :0&7 /'( $(#D +* J%$B&1*1 +D /$(:*FJ$%'(*$47 %'1&$7$(1* #'4(/0*72 I0* 7/'#* 0*&H0: $U 
N':*% B'J$4% &7 :&F* 1*J*(1*(:- :0*%*U$%* '## %*74#:7 +'7*1 $( '%/0&B'# 1':' '%* 'UU*/:*1 +D 7D7:*F':&/ *%%$%7 $U 4J :$ 
OVp '7 ' /$(7*h4*(/* $U 47&(H ' F*1&'( J%$U&#*2  

 
Table 1: =*1&'( b5Z U$% b'%'('# 1*%&B*1 U%$F H%$4(1M+'7*1 7J*/:%$7/$JD '(1 %*F$:*M7*(7&(H +D 7':*##&:* &(7:%4F*(:7 '(1 

U%'/:&$( $U (&H0:7 N&:0 b5Z #*77 :0'( ' H&B*( B'#4*2 "$% /$FJ'%&7$( :0* F*1&'( b5Z U$% ='4(' )*' &7 '+$4: W2Q FF2 

Paranal Median PWO QmmR  PWO S1 mm Q%R PWO S 1.5 mm Q%R PWO S 2 mm Q%R 
IOES O2W q V2] W]2Q ]O SR2] 
GOES O2S q V2Q S2P WP2d ]P 
MERIS O2R q V2] W2Q R2d Od 
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*^/*##*(: 'H%**F*(: +*:N**( XZKE '(1 GLKEm=K.@E &( :0* U$%F $U :&F* 7*%&*7 1&'H%'F7 '%* H&B*( &( U&H4%*7 O :$ S2 
C$ ?*%$MJ$&(: $UU7*:7 $% 7/'#&(H U'/:$%7 0'B* +**( 'JJ#&*1 N0*( /$FJ'%&(H :0* 1':' 7*:72 9 F*1&'( b5Z $U O2W FF &7 
U$4(1 U$% b'%'('# _:'+#* W` +'7*1 $( XZKE 1':' /$B*%&(H :0* J*%&$1 OVVWMOVVP2 I0* 7:'(1'%1 1*B&':&$( H&B*( 1*7/%&+*7 
:0* 7/'::*% 7**( $B*% :0* D*'%72 I0&7 B'#4* &7 &( *^/*##*(: 'H%**F*(: N&:0 :0* J%*B&$47 b5Z %*74#:7 %*J$%:*1 U$% 7&:* 
:*7:&(H U$% Z>I2 E$F* 1%DM+&'7 /'( +* *^J*/:*1 U$% XZKE 1':' 7&(/* 7:'(1'%1 7:'%7 $+7*%B':&$(7 '%* $(#D 1$(* 4(1*% 
/#*'% 78D /$(1&:&$(72 "$% GLKE 1':' ' B'#4* $U O2S FF &7 %*J$%:*12 I0* H*$7:':&$('%D GLKE 7':*##&:* 4(1*%H$*7 */#&J7* 
J*%&$17 $U SP 1'D7 *'/0 :N&/* ' D*'%2 I0* F'^&F4F #$77 $U $+7*%B&(H :&F* &7 ] 0$4%7 0*(/* H$$1 :*FJ$%'# /$B*%'H* &7 
F'&(:'&(*12 G&B*( :0* 7&H(&U&/'(: 1&UU*%*(/*7 &( :0* F*'74%&(H :*/0(&h4*7 :0* $+7*%B*1 'H%**F*(: &7 B*%D %*M'774%&(H- 
'#7$ 7** 7*/:&$( ]2W2 "$% =K.@E :0* F*1&'( b5Z &7 0&H0*% ': O2R FF2 9 1*:'&#*1 '('#D7&7 70$N7 :0': =K.@E 
7D7:*F':&/'##D $B*%*7:&F':*7 b5Z 4(1*% B*%D 1%D /$(1&:&$(7- #*'1&(H :$ ' N*: +&'7 &( :0* F*1&'(2  
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@: &7 &FJ$%:'(: :$ ($:* :0': b5Z $B*% b'%'('# 70$N7 J%$($4(/*1 7*'7$('# B'%&':&$(7 _"&H2 W`2 97 ' %*74#: /$(1&:&$(7 N&## 
+* *(/$4(:*%*1 14%&(H :0* /$4%7* $U ' D*'% :0': '%* 7&H(&U&/'(:#D +*::*% '7 N*## '7 N$%7* :0'( N0': $(* N$4#1 *^J*/: U%$F 
:0* F*1&'(2 I'+#* W :0*%*U$%* '#7$ #&7:7 :0* J*%/*(:'H* $U (&H0:7 N&:0 b5Z /$(1&:&$(7 N*## 74&:*1 U$% @. $+7*%B':&$(7 
_b5Z r O FF`2 I0*7* 7*'7$('# B'%&':&$(7 '%* 7:'+#* $B*% :0* D*'%7- N&:0 J*%&$17 $U 0&H0 b5Z $//4%%&(H 14%&(H :0* 
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Figure 1: .*/$%1 $U J%*/&J&:'+#* N':*% B'J$4% $B*% b'%'('#2 ;$FJ'%&7$( $U b5Z 1':' 1*%&B*1 U%$F XZKE '%/0&B'# 1':' 

'(1 7':*##&:* 1':' U$% :0* J*%&$1 OVVVMOVVP2 b%$($4(/*1 7*'7$('# B'%&':&$(7 '%* *B&1*(: '7 &7 :0* h4'(:&:':&B* 'H%**F*(: 
+*:N**( :0* 1&UU*%*(: 1':' 7*:72 

 

 
Figure 2: ;$FJ'%&7$( $U b5Z 1':' 1*%&B*1 U%$F XZKE '%/0&B'# 1':' '(1 7':*##&:* 1':' s4(* :$ A*/*F+*% OVVP2  
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Figure 3: ;$FJ'%&7$( $U b5Z 1':' 1*%&B*1 U%$F XZKE '%/0&B'# 1':' '(1 7':*##&:* 1':' U$% ='%/0 :$ ='D OVVS2  

 

 
Figure 4: K(#'%H*1 7*/:&$( $U "&H4%* ]2 C$:* :0* *^/*##*(: h4'(:&:':&B* 'H%**F*(: +*:N**( :0* :0%** 1':' 7*:7 '(1 +*:N**( 

XZKE '(1 GLKE '#7$ ': B*%D #$N b5Z B'#4*72 
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3. HEHICATEH PWO CAMPAIGFS 
IN$ 1*1&/':*1 /'FJ'&H(7 :$ F*'74%* b5Z N*%* /$(14/:*1 $( b'%'('# 14%&(H :0* J*%&$17 s4#D ]W7:M94H WV:0 '(1 C$B 
d:0MOV:0- OVVd2 ['7&/ U'/:7 $U :0* &(7:%4F*(:7 47*1 '%* H&B*( &( :'+#* O- N0&#* ' 7:':&7:&/'# 74FF'%D $U :0* $+7*%B':&$(7 
'(1 1':' B$#4F* &7 J%*7*(:*1 &( :'+#* ]2 I0* H$'# N'7 :$ $J*%':* 7*B*%'# &(7:%4F*(:7 &( /$(/*%: &( $%1*% :$ H*: 
&(1*J*(1*(: F*'74%*F*(:7 $U b5Z $B*% ' 7:':&7:&/'##D %*#*B'(: J*%&$1 $U F$%* :0'( ' N**82 I0* 7/0*14#* $U :0* 
%'1&$7$(1* #'4(/0*7 N'7 /'%*U4##D '#&H(*1 N&:0 :&F*7 $U GLKE $+7*%B':&$(7 '7 N*## '7 :0* 1'&#D %'1&$7$(1* #'4(/0 ': 
9(:$U'H'7:' '&%J$%:2 I0* U4## #'4(/0 7/0*14#* 0'1 +**( '4:0$%&?*1 S N**87 &( '1B'(/* +D :0* ;0&#*'( '&%7J'/* '4:0$%&:D2 
"$% *'/0 #'4(/0 7J*/&U&/ J*%F&77&$( N'7 /$(U&%F*1 +D :*#*J0$(* WQ F&( +*U$%* :0* #'4(/02 A*:'&#7 $U :0* %'1&$7$(1* 
/'FJ'&H( '%* 1*7/%&+*1 &( ;0'/$( *: '#WS2 I*/0(&/'# &(U$%F':&$( $( :0* Z>I &(7:%4F*(:7 &7 'B'&#'+#* ': 
0::JemmNNN2*7$2$%Hm7/&mU'/&#&:&*7mJ'%'('#m&(7:%4F*(:72 

 

Table 2: E:':&7:&/'# 74FF'%D $U :0* b5Z /'FJ'&H(7 /$(14/:*1 ': b'%'('# '(1 9%F'?$(*7 14%&(H s4#Dm94H '(1 
C$B*F+*% OVVd2 

Instrument Period Hata collected 
[9;6KE  94H WMWV:0 oWSV 7J*/:%'- /'1*(/* WQM]V F&( 
XZKE s4#D ]W7: g94H P:0 WV2Q 0- oSRQ 7J*/:%' /'1*(/* 4J :$ ]V7 
Z@E@. s4#D ]W7: M 94H Wl:0 oSV 7J*/:%' 
;.@.KE s4#D Od:0 g 94H WQ:0 oQV 7J*/:%' 
@.=9 WW s4#D Od:0 g94H WV:0 oWQV 0T /'1*(/* 7*/$(17 
.'1&$7$(1*7 s4#D OdM 94H WV:0 O] 74//*77U4# #'4(/0*7 *'/0 oW2Q 0 $U 1':'- J%$U&#* 4J :$ OVMOQ 8F 
@.=9 WO 94H ]%1MP:0 oQV 0 *'/0 $( b'%'('# n 9%F'?$(*7- /'1*(/* 7*/$(17 
   
XZKE C$B WW:0 MWR:0 WW 0- oSQV 7J*/:%' /'1*(/* 4J :$ ]V7 
Z@E@. C$B WV:0 M OW7: oOQ 7J*/:%' 
;.@.KE C$B d:0 M OW7: olV 7J*/:%' 
@.=9 WO C$B d%1 M OV:0- /$(: oOVV 0 b'%'('#- /'1*(/* 7*/$(17T #*U: $J*%':&(H 
.'1&$7$(1*7 C$B d:0 M Wd:0 Od 74//*77U4# #'4(/0*7 *'/0 oW2Q 0 $U 1':'- J%$U&#* 4J :$ OVMOQ 8F 
@.=9 WW C$B P:0 M Wd:0 oWOV 0 b'%'('#- PQ 0 $( 9%F'?$(*7 /'1*(/* 7*/ 

 

"$% :0* 7*/$(1 /'FJ'&H( _C$B OVVd` 7/0*14#&(H $U $+7*%B':&$(7 N'7 $J:&F&?*1 :$ F'^&F&?* :0* (4F+*% $U J'%'##*# 
$+7*%B':&$(7 &( $%1*% :$ /%$77MB'#&1':* :0* B'%&$47 &(7:%4F*(:7 '(1 F*:0$172 IN$ @.=97W- P N*%* $J*%':*1 &( J'%'##*# $( 
b'%'('# '(1 9%F'?$(*7- %*7J*/:&B*#D U$% Q (&H0:7 _7** 7*/:&$( ]2]`2 ;'#&+%':&$( $U :0* @. %'1&$F*:*%7 N'7 &FJ%$B*1 
1$&(H 7/'(7 U%$F ?*(&:0 :$ 0$%&?$(- 7$M/'##*1 78DM1&J72 A':' '('#D7&7 N'7 $J:&F&7*1 F'8&(H F'^&F4F 47* $U KEL 
J&J*#&(* 1':' %*14/:&$(2 

A4%&(H :0* :N$ /'FJ'&H(7 $( b'%'('# '( 4(J%*/*1*(:*1 (4F+*% $U &(7:%4F*(:7 0'7 +**( 47*1 :$ 1*%&B* b5Z &( '( 
'7:%$($F&/'# /$(:*^: %*74#:&(H &( 4(&h4* 1':' 7*:72 b'%'##*# /$B*%'H* +D F$%* :0'( $(* &(7:%4F*(: 0'7 +**( '/0&*B*1 $B*% 
*^:*(7&B* J*%&$172 ;'%*U4# /$$%1&(':&$( N&:0 :0* #'4(/0 7/0*14#* $U :0* %'1&$7$(1*7 0'7 '##$N*1 47 :$ 1&%*/:#D B'#&1':* 
:0* &(1&B&14'# F*:0$17 N&:0 %*7J*/: :$ :0* %'1&$7$(1* F*'74%*F*(:7 M :0* '//*J:*1 7:'(1'%1 &( ':F$7J0*%&/ 7$4(1&(HT 
7** 7*/:&$( ]2W2 5*':0*% /$(1&:&$(7 0'B* +**( H$$1 :0%$4H0 F$7: $U :0* /'FJ'&H(7 N&:0 7$F* J*%&$17 $U 0&H0 /&%%472 
b5Z F$7:#D B'%&*1 +*:N**( W '(1 S FF N&:0 7$F* J*%&$17 '7 #$N '7 V2Q FF H&B&(H 47 'FJ#* $JJ$%:4(&:D :$ 7'FJ#* :0* 
%'(H* VMO FF $U &(:*%*7: :$ @. '7:%$($FD _"&H72 Q n l`2 I0* *^/*##*(: :&F* /$B*%'H* J%$B&1*1 +D :0* B'%&$47 &(7:%4F*(:7 
0'7 '##$N*1 B'%&$47 /$FJ'%&7$(7 '(1 *^/*##*(: 'H%**F*(: M U*N :*(:0 $U ' FF M &7 U$4(1 &( F'(D &(7:'(/*72 

;'#&+%':&$( $U :0* @. %'1&$F*:*%7 0'7 +**( &FJ%$B*1 +D J*%U$%F&(H 7/'(7 U%$F ?*(&:0 :$ 0$%&?$(- 7$M/'##*1 78D 1&J72 I0* 
&(/%*'7*1 #&(* $U 7&H0: :0%$4H0 :0* ':F$7J0*%* %*74#:7 &( '( &(/%*'7* $U '+$4: '( $%1*% $U F'H(&:41* &( :0* $+7*%B*1 b5Z 
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V2OQ FF #*B*# $B*% :0* %'(H* $U WMS FF b5Z2 
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Table 3e E4FF'%D $U :0* &(7:%4F*(:':&$( 47*1 14%&(H :0* 1*1&/':*1 b5Z /'FJ'&H(7 

Instrument  Type Location Wavelength 
coverage 

Spectral 
resolution 

Hata product Comments 
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Figure 5: ;$FJ'%&7$( $U b5Z 1':' 1*%&B*1 U%$F :0* B'%&$47 F*:0$17 14%&(H :0* b5Z /'FJ'&H( $( b'%'('# 14%&(H s4#D 

'(1 94H47: OVVd2  E0'%J 7J&8*7 $U 0&H0 b5Z /$%%*7J$(1 :$ J*%&$17 N&:0 7$F* /#$41 /$B*%2 
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Figure 6: ;$FJ'%&7$( $U b5Z 1':' 1*%&B*1 U%$F :0* B'%&$47 F*:0$17 14%&(H :0* b5Z /'FJ'&H( $( b'%'('# 14%&(H C$B*F+*% OVVd2  

 

3.1 Comparison of methods and validation with respect to Radiosondes 

.'1&$7$(1*7 '%* :0* '//*J:*1 7:'(1'%1 F*:0$1 U$% ':F$7J0*%&/ 7$4(1&(H2 L:0*% F*:0$17 U$% 1*:*%F&(&(H '( ':F$7J0*%&/ 
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Table 4: ;$FJ'%&7$( $U B'%&$47 F*:0$17 N&:0 %'1&$7$(1*7 

Instrument Wavelength 
range used 

Fumber 
of data 
points 

PWO 
range 
QmmR 

Correlation 
slope, intercept[ 
R2 

As Col 5 
intercept\0, 
R2 

Adopted 
accuracy 

BACLES RWVMPQV (F Ol V2]Q g WV V2RRkV2OOT V2dR V2POT V2dl WQpT ! V2] FF 

IOES RWVMPQV (F Od V2S g ]2] V2lOkV2SdT V2Rd V2PST V2lP WQpT ! V2] FF 

CRIRES QV]PMQVl] (F SP V2S g O2d V2RQkV2]OT V2RS V2dOT V2RV WQpT ! V2] FF 

OISIR Wd2]MWd2R "F Ol V2l g S W2OOkV2VWT V2lS W2OOT V2lS OVpT ! V2] FF 

IRMA all OV "F QR  V2S g WV V2dlkV2VST V2d] V2dRT V2d] QpT ! V2OQ FF 

IRMA Paranal OV "F SQ V2S g ]2P V2PRkV2WWT V2PS V2dOT V2P] QpT ! V2OQ FF 

GOES La Silla l2R- WV2R "F WR ] g WV V2QSkO-RST V2S] V2dRT V2WO OQpT ! V2Q FF 

GOES Paranal l2R- WV2R "F  QO V2S g S V2OVkW2lVT V2VQ V2dQT MV2Rl OQpT ! V2Q FF 
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Figure 7: ;$FJ'%&7$( $U b5Z F*'74%*1 +D %'1&$7$(1*7 N&:0 @.=9 _4JJ*% #*U:`- ;.@.KE _4JJ*% %&H0:`- XZKE _#$N*% #*U:` 
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3.2 Comparison with GOES 
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Figure _: '` ;$FJ'%&7$( $U b5Z F*'74%*1 +D %'1&$7$(1*7 '(1 GLKE- :0* %*H%*77&$( B'#4*7 H&B*( '%* U$% >' E&##' '(1 
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3.3 PWO offset between Paranal (2635m) and Armazones (3050m) 
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['7*1 $( :0* '('#D7&7 $U %'1&$7$(1* J%$U&#*7 '(1 @.=9 $+7*%B':&$(7 ': +$:0 7&:*7 N* U&(1 :0': '( 'B*%'H* $UU 7*: $U 
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3.4 Findings of the PWO campaigns 
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4. COFCLISIOF 
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